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Abstract

In this work several gases are evaluated concerning their potential for operation as wavelength
calibration standards in high-resolution near-infrared spectroscopy. Up to now astrophysical
radial velocity measurements with precisions of a few m s−1 are performed only in the visual
spectral range. There an absorption cell filled with iodine is used. This work aims on the
extension of this method towards the near-infrared spectral range.
The chemical and physical properties of the substances are investigated, amongst others by
FTIR-spectroscopic measurements. The suitability of such reference gases is restricted by
some constraints. The calibration standard should provide many isolated lines, their ab-
sorption should be sufficiently strong even for short absorption pathlengths. Furthermore
the reference gas should neither be corrosive nor toxic. The appearance of the reference
spectrum significantly depends on the gas pressure and temperature. Hence line broaden-
ing effects such as the pressure induced pressure broadening and the temperature dependent
Doppler broadening become important. Additionally the gas pressure can result in a line
center position shift. Therefore changing physical conditions can affect the stability of the
reference spectrum. In the frame of this work the following gases are investigated: acetylene
(C2H2), iodomethane (CH3I), ammonia (NH3) and carbon monoxide isotopes 13C16O and
12C18O. With exception of iodomethan, which is very toxic and therefore unusable, the re-
maining gases are applicable in the H-band (C2H2 around 1.53µm) and the K-band (NH3 and
CO isotopes around 2.30µm). In the K-band N2O is already used as a calibration standard,
e.g. at ESOs’ VLT CRIRES spectrograph. The gases evaluated in this work significantly en-
able the use of absorption cells for wavelength calibration with CRIRES. Especially ammonia
provides many strong lines even at moderate gas pressure and short absorption pathlength,
and contributes to the extension of the spectral range formerly covered by N2O.
Furthermore an absorption cell is designed, mainly for operation with the CRIRES spectro-
graph. Thus the dimensions are restricted by the available space at this instrument. The
absorption cell is made of glass, which is very resistant against chemicals. In contrast to
the gas cell provided by ESO, the designed cell has wedged windows preventing interference
patterns. The gas cell is permanently sealed in order to avoid any contamination. With
respect to provide an always identic reference spectrum the gas cell should be temperature
controlled.
In addition target objects for astrophysical observations are investigated concerning spec-
tral features usable for radial velocity measurements. These objects include cool giant stars,
low-mass M dwarf stars and Brown Dwarfs. The spectra were calculated using stellar model
atmospheres of the PHOENIX code. In order to estimate the achievable radial velocity pre-
cision observations for the target objects are simulated.



Inhaltsangabe

In dieser Arbeit werden diverse Gase hinsichtlich ihres Potentials als Wellenlängenkalibra-
tionsstandard für hochauflösende, spektroskopische Messungen im nahen Infrarot evaluiert.
Bisher werden astrophysikalische Radialgeschwindigkeitsmessungen mit Präzisionen von weni-
gen m s−1 vorrangig im optischen Spektralbereich durchgeführt. Dafür werden mit Iod
befüllte Absorptionszellen verwendet. Das Ziel dieser Arbeit ist die Erweiterung dieser Meth-
ode auf den Spektralbereich des nahen Infrarot.
Die chemischen und physikalischen Eigenschaften der Substanzen werden untersucht, u.a.
mit FTIR-spektroskopischen Messungen. Die Tauglichkeit derartiger Referenzgase ist durch
mehrere Anforderungen beschränkt. So sollte ein derartiger Kalibrationsstandard möglichst
viele isolierte Linien zeigen, deren Absorption sollte selbst bei kleinen Absorptionslängen
hinreichend groß sein. Außerdem sollte das Referenzgas möglichst weder korrosiv noch tox-
isch sein. Das Erscheinungsbild eines Referenzgasspektrums ist maßgeblich vom Gasdruck
in der Absorptionszelle und der Temperatur abhängig. So kommen einerseits Linienverbre-
iterungsmechanismen wie die durch den Gasdruck induzierte Druckverbreiterung und die
temperaturabhängige Dopplerverbreiterung zum Tragen. Andererseits kann der Gasdruck
auch eine Verschiebung der Linienpositionen bewirken. Eine Änderung der physikalischen
Rahmenbedingungen hat daher Auswirkungen auf die Stabilität des Referenzgasspektrums.
Im Rahmen dieser Arbeit werden folgende Gase analysiert: Azetylen (C2H2), Iodomethan
(CH3I), Ammoniak (NH3) sowie die Kohlenstoffmonoxid-Isotope 13C16O und 12C18O. Mit
Ausnahme von Iodomethan, dessen toxische Eigenschaften gegen eine Verwendung sprechen,
sind die anderen vier Gase als Kalibrationsstandards im H-Band (C2H2 um 1.53µm) und
K-Band (NH3 und CO-Isotope um 2.30µm) einsetzbar. Im K-Band wurde bereits N2O
als Kalibrationsstandard, beispielsweise bei der ESO an VLT CRIRES, eingesetzt. Die in
dieser Arbeit untersuchten Gase ermöglichen eine maßgebliche Erweiterung der Nutzung von
Absorptionszellen als Kalibrationsstandard für CRIRES. Insbesondere Ammoniak trägt mit
seiner Vielzahl von Linien, deren Absorption auch bei niedrigem Gasdruck und kurzen Ab-
sorptionswegen hinreichend groß ist, zur Ausdehnung des bisher durch N2O abgedeckten
Spektralbereiches bei.
Im Weiteren wurde eine Absorptionszelle konstruiert, die vorrangig für den Einsatz mit
CRIRES konzipiert wurde. Daher sind die Abmessungen durch den am Spektrographen
verfügbaren Raum vorgegeben. Die entwickelte Zelle ist aus Glas gefertigt, das gegenüber
chemischen Substanzen sehr beständig ist. Im Gegensatz zur von der ESO verwendeten Zelle
werden keilförmige Fenster verwendet, um etwaige Interferenzen auszuschließen. Die Zelle ist
permanent versiegelt, um jegliche Kontamination zu verhindern. Um ein stabiles Referen-
zspektrum zu erreichen wird empfohlen, die Absorptionszelle auf konstanter Temperatur zu
halten.
Ferner werden Beobachtungsobjekte für die astrophysikalische Anwendung untersucht. Dazu
werden die Objekte bezüglich für Radialgeschwindigkeitsmessungen geeigneter spektraler
Merkmale analysiert. Zu den Objekten zählen kühle Riesensterne, massearme Sterne (Spek-
traltyp M) und Braune Zwerge. Die Spektren dieser Objekte werden mit Modellatmosphären
aus dem Strahlungstransportcode PHOENIX generiert. Um eine qualitative Abschätzung
der erreichbaren Genauigkeiten für Radialgeschwindigkeitsmessungen zu erhalten, werden
Beobachtungen der Objekte simuliert.
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1 Introduction

The radial velocity (RV) of a star is an ideally component of the velocity vector of its center
of mass that lies along the line of sight. Radial velocities are valuable for a variety of astro-
physical investigations, including studies of the structure of the Milky Way Galaxy, the orbits
of long-period binary stars, and the distances to star clusters (see, e.g., Binney and Merrifield
(1998)). Barycentric radial velocities (sometimes referred to as absolute radial velocities) are
measured relative to the barycenter, or center of mass, of the solar system. Such velocities
are often termed heliocentric, though the Sun moves with a speed of ∼13 m s−1 relative to
the barycenter.
Absolute radial velocities of stars in the Galaxy, which describe the radial component of the
stars’ spatial motion in the line of sight towards an observer, are often measured with an
accuracy of only ∼0.5 km s−1. The tangential component projected onto the plain of the
sky is given by the stars’ proper motion. With advances in the accuracy of proper motion
measurements ∼1mas yr−1 (e.g., Perryman et al. (1996)) for many stars, a corresponding
increase in the accuracy of radial velocities is required in order to determine precise absolute
velocities. Meanwhile, the best relative radial velocities, which describes the wobbling of a
star due to a companion’s orbital motion, have precisions of ∼3 m s−1 (Butler et al. (2000))
and new instruments (e.g., HARPS1) are designed to achieve a precision of 1 m s−1 (Bouchy
et al. (2001); Pepe et al. (2000)). These relative velocities have proved useful in the detection
of extrasolar planets (e.g., Marcy et al. (2000)) but they are not necessarily tied to a velocity
zero point. Nonetheless, the precision-velocity instruments have overcome many observa-
tional and technical hurdles related to spectroscopic Doppler-shift measurements, either by
using a gas absorption cell or a fiber-fed comparison lamp spectrum (Valenti et al. (1995);
Butler et al. (1996); Baranne (1999)).
By now the absorption cell method in high-precision radial velocity spectroscopy with preci-
sion of a few m s−1 is limited to the visual spectral range, where the use of an iodine cell is
well approved. In the near-infrared no instrument is published, yet, which uses an absorption
cell while reaching a comparable precision. The precisions reached so far in the near-infrared
with telluric lines are of the order of several 100 m s−1 (Blake et al. (2007)).

Two main scientific goals in near-infrared spectroscopy are represented by (1) the search for
extrasolar planetary mass companions orbiting Brown Dwarfs and low-mass stars, and (2)
the detection of oscillations in brown dwarf atmospheres.
The first extrasolar planets were discovered in 1992 using the radial velocity method. Wol-
szczan and Frail (1992) detected small deviations from the otherwise extremely regular arrival
time of radio pulses from the pulsar PSR1257+12. These deviations were interpreted to be
caused by the presence of three planets in a very close orbit around the pulsar.
In 1995 Mayor and Queloz (1995) presented the first detection of a planet around the solar-
like main sequence star 51Peg. This planet was the first of so called hot Jupiters, gaseous
extrasolar planets with masses up to a few times the mass of Jupiter, that orbit their host
stars in a very close orbit within periods of less than ∼10 days.
The to date lowest-mass planet around a solar-like nearby star (HD40307) was found re-
cently with the radial velocity method with the HARPS spectrograph by Mayor et al. (2008)
in 2008. The system of HD40307 consists of three planets with masses msin i of 4.2, 6.7 and
9.4 MEarth, with orbital periods of 4.3, 9.6 and 20.4 days (June 2008).
Nearly all of the candidate extrasolar planets have been discovered through periodic signals in

1High Accuracy Radial velocity Planet Searcher at the 3.6m telescope on LaSilla/Chile operated by the
European Southern Observatory (ESO)
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high-precision (σRV <15 m s−1) radial velocity surveys. This level of precision is required for
the discovery of extrasolar Jupiter-like planets (which induce a solar RV perturbation with a
semiamplitude of ∼12.5 m s−1). At these small amplitudes, however, one must be concerned
about other astrophysical effects, such as magnetic activity or convective nonuniformities,
which could produce RV variations and possibly inhibit or confuse planet detection.
In not fully convective cool stars (FGK) the relative radial velocity distribution is dominated
by magnetic-related activity. An α-Ω dynamo, whose efficiency strongly increases with faster
rotation, generates the magnetic fields which then drive the activity phenomena. Faster ro-
tation thus leads to more activity. An activity saturation level is reached when the fields are
strong enough to cover the entire stellar surface. The relative spottedness increases towards
lower effective temperature (Teff ) and is sharply enhanced above a critical rotation rate
(Saar et al. (1998)).
Early M dwarf stars are known to be so called fast rotators compared to G and K dwarfs,
which is explained by a lengthening of the spindown timescale. In addition evidences for an
increasing rotation velocity vsin i from spectral type subclasses M1 to M5 had been observed
(Delfosse et al. (1998)). This is explained by a deepening of the convective envelope with
later spectral type for earlier than ∼M2.5 on the zero-age main-sequence (ZAMS) (Charbon-
neau et al. (1997)) and the small-scale nature of the turbulent magnetic field for low-mass
(m.0.3M�), fully convective stars (Durney et al. (1993)).
The rotation-activity relation in the M1-M5 dwarfs is similar to that in G and K stars. Above
a critical rotation velocity (2-5 km s−1) activity in early M dwarfs is saturated.
Mohanty and Basri (2003) investigated the rotation-activity relation on mid-M to L dwarfs.
They found an increase of the rotation velocities from mid-M to L dwarfs. In M dwarfs this
continues the trend of lengthening spindown timescale with later type, which is seen in earlier
types. In L dwarfs this trend is either due to substellarity and comparative youth, or a true
increase in spindown timescale, perhaps due to an only marginally rotation-dependent turbu-
lent dynamo. The rotation-activity saturation connection is observed for M5-M8.5, similar to
that in early M dwarfs, but the critical velocity for saturation is much higher (∼12 km s−1).
A sharp drop in activity is seen at ∼ M9, with later types showing little or no evidence of
chromospheric activity, in spite of being very rapid rotators. This might be explained due to
very high resistivities in the cool, predominantly neutral atmospheres of late M and L dwarfs,
so that the magnetic fields are effectively decoupled from the atmospheres, which causes an
inefficient angular momentum loss through magnetically driven winds. Hence the late type
dwarfs remain rapidly rotating while showing only small activity.
For spectral types FGK it is known that stars with higher rotational velocity vsin i usually
have larger RV scattering (σRV ). These trends are consistent with a phenomenon at least
partly related to magnetic activity.
Old, slowly rotating stars (vsin i ≤ 2 km s−1, Prot ≥ 15days) have the lowest activity-related
radial velocity noise and are therefore the best targets for detection of Jupiter-like planets by
radial velocity methods (Saar et al. (1998)). Considering the results from Mohanty and Basri
(2003) late type M and L dwarfs would give only a small activity related RV scatter σRV ,
which supports the idea of performing radial velocity measurements in the infrared spectral
range. A further argument for forcing radial velocity searches among M dwarf stars is that
they represent a very large fraction of the main sequence stars. Their low mass makes them
promising objects for detection of (very) low-mass companions in their habitable zone, e.g.
so called Super-Earths (Kasting and Catling (2003)).
Up to now roughly 300 extrasolar planets are known, most of them (∼ 94%) were detected
via the radial velocity method. These numbers point out clearly the efficiency of this obser-
vational method.
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The second important scientific goal is the observation of oscillations in the atmospheres of
late-type stellar and substellar objects. Asteroseismology revealed periodical oscillations in
the interior of stars, e.g. due to pressure waves induced by convective motion (e.g. Dravins
(1987)). The Sun shows a 5 minute oscillation, and on the solar-like stars α Cen A & B
p-mode oscillations have been detected, too (e.g. Gelly et al. (1986); Kjeldsen et al. (2005)).
Although the mechanism for driving oscillations in substellar objects is not known so far, it is
likely that, similar to the case of the Sun, Brown Dwarfs do not show spherical-symmetrical
oscillations. Low order p-mode oscillations are more likely to be detectable than high-order
oscillation modes. Oscillations would cause a RV signal variation in the spectra. Because
the pulsations have not been observed yet, the amplitudes of the pulsations can only be esti-
mated. Palla & Baraffe (Palla and Baraffe (2005a) hereafter PBI; Palla and Baraffe (2005b)
hereafter PBII) presented evolutionary and nonadiabatic linear stability models for the ini-
tial phases of contraction of such young very low-mass objects. They found that once the
central temperature reaches the Deuteriumburning limit (Tc ∼ 106 K) the whole interior can
become pulsationally unstable. This so called ε mechanism was already predicted to occur
in fully convective low-mass stars by Gabriel (1964). Further, Palla and Baraffe (2005a,b)
derive pulsation periods depending on the objects mass and age. For a population of similar
age (in young star forming regions as Cha I and σOri) the period increases with the objects
mass. In case of the Sun and other stars the observed acoustic p-mode oscillations can be
described to the first order by simple linear theory (Cox (1980)). Kjeldsen and Bedding
(1995) determined oscillation velocities from photometric variations in Sun-like stars. In the
past years several groups (Bailer-Jones and Mundt (2001); Joergens et al. (2003); Joergens
et al. 2003b; Scholz and Eislöffel (2004)) observed photometric variations on short timescales
for substellar objects. Considering the relations from Kjeldsen and Bedding (1995) these
measurements demand that the expected RV signal for brown dwarf pulsation is of the order
between a few hundred m s−1 and a few km s−1.
Because periodic phases of expansion and contraction, caused by pressure waves in the in-
terior of very low-mass objects, are connected with up- and downward convective motion
of material in their atmospheres they cause a periodical variation in the RV signal and line
intensities in their spectra that can be detected in the near-infrared. The detection of vari-
ability on short timescales is important to place stronger constraints on the input physics of
both evolutionary and stability models. The oscillations offer a unique opportunity to probe
the internal properties and processes, because these affect the observable frequencies. The
confrontation between the measured frequencies and those predicted by models gives insights
into the limitations of the input physics (opacities, mixing) of models and helps to improve
them.
Under condition of adiabatic compression/expansion a small variation of the pressure in the
line forming layer in the objects atmosphere will result in photospheric temperature and
brightness variation (Dravins (1987)). Hence, a high-resolution spectrograph (R&50.000) is
required to detect changing line profiles. For instance, the near-infrared instrument CRIRES
at the Very Large Telescope (VLT) provides the use of a gas cell which allows a more accurate
wavelength calibration and better correction for small variations in the instrumental profile.
This is essential for the determination of temporal variations in line profile shapes.

As further scientific goal the detection of line splitting due to magnetic fields, e.g. in low-mass
stars and Brown Dwarfs is an important issue concerning the (magnetic) activity of such ob-
jects and in the understanding of their physical interior. If existent the magnetic field will
split magnetically sensitive lines into several (up to three) components, which is called the
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Zeeman-effect. Recent works (e.g. Reiners and Basri (2006, 2007); Reiners (2007)) showed
that M dwarfs may have magnetic field strengths of the order of several Kilo-Gauss which
results in line splittings of a few Milli-Angstroem (mÅ).

As the formerly described scientific goals show a high-precision wavelength calibration is
(strongly) necessary in order to measure effects of line center position changes in the order
of a few Milli-Angstroem.
While the European Southern Observatory (ESO) already provides its own gas cell, filled
with N2O, for wavelength calibration on CRIRES2 the usable wavelength range is limited
mainly to small regions in the K band and in the M band. The gas cell consist of a metal
body, two plane-parallel Sapphire windows attached with O-rubber rings, and two valves
on the top for (re-)filling. The advantage of this gas cell is its robustness against breaking.
On the opposite the fact that the gas cell is not sealed, but instead is refilled after some
time, does not guarantee an identic reference spectrum over time. At least a high-resolution
Fourier-transform spectrum must be obtained after each refilling process. Indeed the gas
cell could be filled with any kind of gas but O-rubber rings are not resistant against every
chemical substances, i.e. they represent a potential weak spot in the design.
The motivation of the present work is to extend the wavelength range in the near-infrared
using an absorption gas cell as wavelength standard. Furthermore, considering the technical
restrictions by ESO the gas cell ought to be improved with respect to the former described
drawbacks of the available ESO gas cell. Hence, the main goals of the present thesis can be
described as follows:

1. Classifying suitable objects for observations in the near-infrared by investigating their
spectral features.

2. Characterizing possible reference gases, which could be provided as wavelength calibra-
tion standards in the near-infrared, concerning their physical and chemical properties.

3. Designing an absorption cell, which can e.g. be applied to the VLT CRIRES instrument.

4. Deriving achievable radial velocity precision depending on the applied calibration stan-
dard and the observed object.

This thesis is organized as follows: Chap. 2 introduces the basic concept of the absorption cell
method. After a short historical overview with relation to astrophysical application the basic
physics of absorption spectroscopy are described. In Chap. 3, the theoretical background on
the formation of spectral features is given in the introduction on molecular spectroscopy, as
well as line broadening effects. In Chap. 4, the process of design and construction of an as-
borption cell is described. The properties of several window materials are discussed, and the
process of filling the gas cells. In Chap. 5, the theoretical background of Fourier-transform
spectroscopy is given. Hereafter, in Chap. 6 the requirements on reference gases and the
modeling of reference spectra is described. Then the FTS measurements are discussed, in-
cluding the determination of pressures for operating the gas cells, the temperature dependent
behaviour and resulting effects such as pressure induced line center shifts. Chap. 7 and 8
concentrate on the investigation of astrophysical target objects and achievable accuracies for
radial velocity observations. Finally, a summary is given in Chap. 9 as well as an outlook for
future work.

2CRyogenic Infra-Red Echelle Spectrograph
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2 The Absorption Cell Method

2.1 Basic Concept of the Radial Velocity Method

The determination of variations in the radial velocity signal of a star in a planetary system
due to its orbital motion with respect to the system’s barycenter of mass gives a powerful
instrument in terms of searching for extrasolar planets and substellar planetary mass com-
panions.
Assuming a circular orbit the star’s radial velocity component relative to the system’s barycen-
ter of mass is given by

V∗ =
mp sin iorb
M∗ +mp

√
G(M∗ +mp)

a
, (1)

where M∗ and mp are the masses of the star and the planet, a is the orbital radius, and iorb
is the inclination of the orbital plane to the plane of the sky. The period P of the orbit is
given by Kepler’s third law

P 2 =
4π2a3

G(M∗ +mp)
. (2)

By combination of Eq. (1) and (2) one obtains the relation between the observed orbital
velocity of the star and its orbital period

V∗ = (
2
P

)1/3 mp sin iorb
(M∗ +mp)2/3

. (3)

The observable parameters in radial velocity surveys are the stellar orbital velocity V∗ and
the orbital period P. In combination with an appropriate estimation of the stellar mass M∗
with respect to the star’s spectral type, a lower limit for the planet’s mass mp can be obtained,
which is mp sin iorb. This requires the determination of the orbital inclination iorb, which can
be done in principle from very high-resolution spectroscopic observations of the star itself
by analyzing the line profiles of stellar photospheric absorption lines, which are related to
the projected stellar rotation velocity Vrot sin irot, where irot represents the inclination of the
stellar rotational axis to the line of sight (e.g. Doyle (1988); Doyle et al. (1984); Fekel (1997)).

2.2 The progress of the absorption cell method with time

In the beginning radial velocities were determined using photographic plates. As wavelength
standards emission spectra of arc lamps and hollow cathode lamps were used in order to
calibrate the spectra. A non-marginal factor in the achievable precision of the measurements
was, that the reference spectra did not passed the spectrograph in exactly the same way.
Hence the spectra of the stars and the reference spectra were obtained under different condi-
tions in terms of the signal to noise ratio, and the spectrograph’s instrumental profile. The
achievable accuracy was about a few 100 m s−1.
In order to limit or avoid these problems Griffin (1973) suggested to use telluric lines as wave-
length standard. They expected to obtain a significant improvement in the determination of
radial velocities, because now both spectra, the one of the target object and the reference
spectrum, were detected in absorption and passed the spectrograph under equal conditions.
But this was also associated with further restrictions:
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1. the chosen wavelength range in the stellar spectrum must contain a sufficient number
of telluric lines

2. stellar and telluric lines should not be blended

3. the telluric lines must be sufficiently stable, which depends on the species of telluric
lines and the scale height, i.e. the height of the atmospheric layers where these lines
are formed. Due to air mass motions these lines could be shifted.

Griffin (1973) claimed, that they would achieve an accuracy of the order of 10 m s−1 with
their improvement. Additionally they discussed restrictions concerning the applicability of
the accuracy they aimed at. Hence the method would:

1. be applicable only for a few observable stars

2. be applicable only for certain spectral ranges

3. require very high spectral resolution

4. sufficiently short and careful records are required (∼6-10 minutes), in order to avoid
line smearing

5. require a sufficiently stable spectrograph over time

6. require temporal stable temperature and air pressure

7. account for influence due to strong atmospheric mass motions

Although the methods by Griffin (1967) and Serkowski (1972) had lead to an improvement in
terms of the required record times by the use of photomultipliers, they could not substantially
improve the photographic accuracy. The lack of a method that provided an accuracy better
than ∼500 m s−1 still hampered a lot of research fields in astrophysics. By then the field of
the search for extrasolar planets around other solar-like stars became the most driving power
in this context. Because the Sun’s motion around the common barycenter of the Sun and
Jupiter is about 13 m s−1, the radial velocity observations required an accuracy of about 10
m s−1.
The answer of high-precision radial velocity measurements of stars is the simultaneous su-
perposition of the velocity calibration device and the stellar spectrum during the observation
of the star. Hence any shifts of the wavelength scale due to instrumental effects, e.g. seeing,
illumination of the entrance slit, instabilities of the spectrograph and of the detector, influ-
ence both spectra (the target star as well as the reference spectrum) in the same manner.
Since the invention of the absorption cell method by Campbell and Walker (1979) a new
milestone was placed in using the radial velocity method. They used for the first time an
absorption cell filled with hydrogen-fluoride (HF). The light of the observed star had to
pass through the absorption cell before reaching the spectrograph, thus both spectra (star
and cell) were recorded on the detector after simultaneously passing the spectrograph under
equal conditions. An important advance of the absorption cell method was that the gas
pressure in the cell could be controlled, hence line shifts due to changing pressure could be
widely avoided. By the usage of an appropriate reference gas the superposition of stellar and
telluric lines could be limited. Also the development of the charged coupled devices (CCDs)
enabled improvements compared to the formerly used photographic plates because now the
wavelength points were defined by discrete pixels. In addition the improvement in the CCD
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characteristics lead to a higher performance in radial velocity measurements.
This new method proposed the following restrictions to the used reference gases:

1. The gas should cover a wide spectral range and provide many absorption lines.

2. The absorption lines should be sufficiently strong for an absorption pathlength which
is compatible with the instrument design.

3. The lines should be separated by a few Angstrom, in order to avoid blending with the
stellar lines.

4. The lines should be accompanied by a minimum of weak lines.

5. An overlap with telluric lines should be minimized.

Campbell and Walker (1979) achieved an accuracy of about 15 m s−1 with their HF-cell, until
then an unmatched precision by the radial velocity method. An unneglectable disadvantage
of the hydrogen-fluoride was its high corrosive character against a large number of materials,
as well as its high toxicity.
With great effort Murdoch et al. (1993) went on to control the systematic sources of errors of
the hitherto technique, by using an optic fibre together with a carefully temperature stabilized
spectrograph, but without an absorption cell. With this instrumentation they could reach
an accuracy of about 55 m s−1 for observations of bright solar-like stars.
At the same time the absorption cell method was further developed independently by Marcy &
Butler (1993) and Cochran and Hatzes (1994). Both were using an iodine cell. The absorption
cell was permanently sealed and temperaturestabilized, in order to obtain an everytime identic
reference spectrum (see Fig.1). The velocities are determined from the shift between the gas
cell spectrum and a stellar template spectrum. If necessary both spectra are corrected for
the spectrograph’s instrumental profile, in order to obtain a best possible match with the
star+cell spectrum.

The explanations above refer to observations in the visible spectral range, i.e. below 1µm. Al-
ready in the 1980s Deming et al. (1987) extended this method to the near-infrared. For their
observations of the Sun in integrated light they used the Fourier Transform Spectrometer
on the McMath Telescope at Kitt Peak National Observatory (Arizona/USA) together with
an absorption cell of 25cm length filled with nitrogen dioxide (N2O) at 20 Torr pressure. In
contrast to simple (diatomic) molecules, a number of more complex molecules show rotation-
vibration harmonics, which are characterized by many equally spaced lines and bands mainly
in the infrared. From their observations Deming et al. derived a radial velocity accuracy σRV
of about 5 m s−1.

2.3 Basic Physics of Absorption Spectroscopy

2.3.1 Lambert-Beer’s-Law

The change in light intensity caused by light absorption and light scattering is described by
the Lambert-Beer law. It is a mathematical means of expressing how light is absorbed by
matter. The law states that the amount of light emerging from a sample is diminished by
three physical phenomena:
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Figure 1: From top to bottom the panels show (a) the absorption spectrum of an iodine cell,
(b) the spectrum of a star observed without the iodine cell, and (c) the spectrum of the star
taken through the iodine cell in front of the spectrograph (Figure 4 from Cochran and Hatzes
(1996)).

1. the amount of absorbing material in its pathlength

2. the distance the light must travel through the sample

3. the probability that the photon of that particular wavelength will be absorbed by the
material

This relationship may be expressed as

A = εlC, (4)

where A is the absorbance, ε is the molar absorption coefficient [m2 mol−1], l is the absorp-
tion pathlength [m], and C is the concentration [mol m−3]. This relation states that the
absorbance A is directly proportional to the concentration C.

2.3.2 Transmittance

As a beam of light passes through an absorbing medium, the amount of light absorbed in any
unit volume is proportional to the intensity of incident light times the absorption coefficient
ε. Consequently, the intensity of an incident beam drops exponentially as it passes through
the absorber. This relationship when expressed as Lambert’s Law is

T = 10−εCl or T = 10−A, (5)

where T is the transmittance, ε is again the molar absorption coefficient, C is the molar
concentration of the absorber, and l is the pathlength in cm.
In a simplified approach, the transmittance T can be expressed as the intensity of the inci-
dent radiation, I0 which is ratioed to the light emerging from the sample, I. The ratio I/I0 is
referred to as transmittance or simply T.
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2.3.3 Absorption

The transmittance T can be plotted against the concentration, but the relationship is not
linear. The negative log10 of the transmittance is, however, linear with the concentration.
Therefore, the absorption is measured as

A = −log10(
I

I0
) or A = −log10(T ). (6)

2.4 The Role of the Absorption Cell in the RV Data Reduction Process

As already mentioned in the former subsections the iodine absorption cell method was in-
vented for precise determination of stellar radial velocities in the visible spectral range by
Marcy & Butler (1993) and Cochran and Hatzes (1994). Having the instrumental equipment
is nice, but obtaining the radial velocity precision that was aimed at, additionally required
an appropriate data reduction technique. The basic concept of this by now well approved
technique is described in Butler et al. (1996) and will be reviewed in this section.
The intention of using an absorption cell is to determine the spectrograph’s instrumental
profile3 which deforms the intrinsic line shape of the observed spectral lines. The instrumen-
tal profile depends on several physical parameters, e.g. optical aberrations, which means it
is often a function of the position at the detector. Therefore a very high-resolution Fourier
Transform spectrum of the absorption cell is required, giving the intrinsic, undisturbed spec-
trum of the reference gas used. During the observational campaign a spectrum of the same
absorption cell is taken with the spectrograph, which imprints its individual instrumental
profile onto the reference gas spectrum (see Eq.(7)). Now, the instrumental profile can be
determined by deconvolution of the deformed observed gas cell spectrum and the FTS gas cell
spectrum, the latter one resampled to the spectral resolution of the observation. Assuming
that the spectrograph is constant over the time of the observation, the determined instrumen-
tal profile is used to deconvolve the intrinsic stellar spectrum from the one observed without
the imprinted absorption cell spectrum. The intrinsic stellar spectrum derived is then used
as a model spectrum in the ongoing data reduction.
The observed spectrum Iobs can be described as follows

Iobs(λ) = k[TAC(λ)IS(λ+ ∆λ)]⊗ IP, (7)

where k is a normalization factor, TAC is the absorption cell transmission function, IS is
the intrinsic stellar spectrum, ∆λ is the Doppler shift, IP is the instrumental profile of the
spectrograph, and ⊗ represents the convolution.
The next step is a cross-correlation technique in which the observed spectrum, now con-
sidering the spectra of the object and absorption cell which were taken simultaneously, are
convolved with the determined instrumental profile IP. As given in Eq.(7) the observation
is modeled by multiplication of both spectra (star and cell) convolved with the determined
instrumental profile. Therein, the stellar model spectrum is Doppler shifted relative to the
reference cell spectrum until it matches the observation. The applied Doppler shift then gives
the star’s radial velocity at the time of the observation.
The shape of the instrumental profile is often described by an assumed functional form, e.g.
a Gaussian or a sinc function, and a single width parameter that depends on the spectro-
graph’s size of the entrance slit. The IP’s shape is affected by several factors, e.g. diffraction

3In 1D case the perturbing function is called instrumental profile (IP), whereas in the 2D case it is called
the point spread function (PSF)
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by the entrance slit and subsequent optical edges, temporally variable refraction by air, im-
perfections in the optics, scattering within transmission elements and by impurities on optical
surfaces (dust). Hence, there are additional structures contributing to the IP, which is nom-
inally describable by a Gaussian or sinc function.
As in Valenti et al. (1995) the IP is often characterized as the normalized sum of one cen-
tral and several satellite Gaussians. To produce an asymmetric IP extra Gaussians can be
placed at the wing of the extended side. The centers of the Gaussians and the widths of the
satellite Gaussians are set a priori, depending on slit sizes of the spectograph used. The free
parameters in the specification of the IP are the amplitudes of the satellite Gaussians and
the width of the central Gaussian, while the central Gaussian’s amplitude is constrained by
normalization. In order to model the IP a nonlinear least square technique is used, which ad-
justs the parameters of the IP. The best fit of the analytically determined IP that reproduces
the observed spectrum is then used for further analysis. In total the model consists of n+3
free parameters, supposing two parameters for a linear dispersion relation, one parameter for
the Doppler shift, and n parameters for the description of the IP.
The second part of the data reduction deals with the radial velocity determination. The ob-
served spectrum is divided into so called chunks of a certain pixel number. For each of these
chunks a dispersion relation is fitted. The FTS spectrum of the absorption cell is resampled
to this determined wavelength scale using a spline interpolation algorithm.
The Doppler shift of the object’s spectrum is given by z=∆λ/λ, which is one of the free
parameters in the analysis. A shift of the modeled stellar spectrum is applied for each indi-
vidual chunk. At the end a number of Doppler shifts equal to the number of the chunks is
derived, and afterwards statistically evaluated for a final value representing the star’s radial
velocity.
The determination of the radial velocities implies also to worry about several error sources,
that inhibit the achievable radial velocity precision σRV . The main sources are photon-limited
errors, wavelength calibration errors, errors caused by the spectrometer’s IP, detector related
errors, and errors caused by the objects’ photospheric turbulence. For a detailed review see
Butler et al. (1996).
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3 Introduction to Molecular Spectroscopy

This section will deal with the theoretical aspects of infrared spectroscopy. The purpose is
to give a general overview of infrared spectroscopy, and to introduce current concepts and
to show what kinds of physical data can be obtained. There are many books available on
the theory of infrared spectroscopy. The content and figures given here are mainly based on
Meloan (1963). The requirements for absorption of infrared radiation will be discussed first.
The techniques used in spectroscopy in order to determine the energy levels by measurements
of the frequencies of light absorbed (or emitted) by a system, vary with the region of the
electromagnetic spectrum.
For example differences between rotational energy levels of molecules correspond to frequen-
cies lying in the mid-infrared region, while differences in molecular vibrational energies corre-
spond to the near-infrared frequencies. Visible and ultraviolet frequencies result from differ-
ences in atomic and molecular electronic energies involving excitation of a valence electron.
X-ray frequencies occur due to differences in atomic and molecular electronic energies involv-
ing innershell electrons, while γ-ray frequencies correspond to differences between nuclear
energy levels.

3.1 Absorption of Infrared Radiation

If one assumes having a box of molecules at room temperature where these molecules are
moving in all directions, they are rotating and the individual atoms in the molecules are
also vibrating with respect to each other. So the question is how do these moving molecules
interact with infrared radiation ?
From classical electrodynamics the following conditions must be complied by a molecule: (1)
it must have a vibrational or rotational frequency corresponding to that of the electromag-
netic radiation, and (2) the molecule must have a dipole moment that changes in magnitude
and/or direction in the radiation field.
The first criterion can easily be described physically as following: the radiation consists of
a magnetic and an electric field component while the molecule has an electric field. When
the molecule’s electrical field is rotating or vibrating at the same frequency as the incoming
radiation then a transfer of energy can take place.

Figure 2: Dipole moment µ

The second criterion, the changing dipole moment, is physically less simple describable. The
molecule needs a medium to transfer the energy from the incident radiation to the molecule.
This kind of coupling medium is assumed to be the dipole moment. Different atoms differ
in their electronegativity. If such atoms combine to form a molecule, the centers of gravity
of the positive and negative electrical charges may not coincide, and the molecule may have
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a permanent dipole moment. The dipole moment µ is a vector which is orientated from the
center of gravity of the positive charges towards that of the negative charges (Fig.(2)). It is
defined as the product of the size of the charge q and the distance r between the charges:

µ = q × r. (8)

Hence, there result some special cases. In linear molecules composed of atoms of the same
electronegativity no change in dipole moment is produced by symmetric vibrations, so radi-
ation will not be absorbed (see Figure 3). In case of antisymmetric vibrations there results a
net change in dipole moment hence incident energy can be absorbed (see Figure 4).

Figure 3: Symmetrical vibration.

If the linear molecule is formed by atoms of different electronegativity then a permanent
dipole exists, which is necessary from the rotational point of view. When the radiation enters
the region of the (rotating) molecule, the electrical field seen by the incident radiation on
one side is different to that of the other side and net work can be done, i.e. energy can be
transferred. In case of a rotating symmetric, linear molecule the electrical field seen on both
sides is of opposite amount and hence cancels out, i.e. the net work is zero and no energy
transfer becomes possible (see Figure 5).
So there occurs the question what happens to the molecule when the energy is transferred

? From classical point of view a rotator will simply rotate faster, a vibrator will not change
its frequency of vibration but will increase its amplitude. In quantum mechanical manner
only certain rotational and vibrational frequencies are allowed. Either way the molecule’s
energy is increased, and usually the molecule will lose this amount of energy and return to
its original energy level by collisions with other molecules.
Vibrational frequencies are of the order of 1014Hz and rotational frequencies are 1011Hz, so
they fall into the infrared wavelength region. Absorption bands for rotational spectra are
quite sharp, while the bands for vibrational spectra are broader. The broadening results
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Figure 4: Antisymmetrical vibration.

Figure 5: Symmetrical rotator.
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from the rotational levels that are associated with each vibrational level (see Figure 6).
Figure 7 shows a vibration band when radiation is absorbed by the molecule having the

Figure 6: Rotational and vibrational energy levels.

indicated energy levels. The center of the band is the normal vibration-vibration transition.
If one gains a quantum of rotational energy, then one has more energy and a higher frequency
(λ2), if one loses a quantum of rotational energy, one has less energy and a lower frequency
(λ3).

Experimentally, to make bands narrower, the population of the rotational states must be
reduced, i.e. the temperature of the sample must be lowered.

3.2 Vibrational Spectra

Using the laws of classical mechanical motion the theoretical principals of infrared spec-
troscopy can be described. Assuming a diatomic molecule of atoms with the masses m1 and
m2. If the atoms m1 and m2 are vibrating in such a way that the center of gravity of the
molecule does not change, then this motion is called a fundamental vibration. The frequency
of this fundamental vibration for a harmonic oscillator is given by

f =
1
2
π ×

√
k

µ
(9)

where k is the force constant and µ is the reduced mass of the molecule. For a diatomic
molecule the reduced mass is

µ = m1 ×
m2

m1 +m2
(10)

The larger the force constant, the shorter the bond distance between the atoms in the
molecule. If the frequency is determined from the absorption spectra, the relative strength
of the bond can be determined.
So how many fundamental vibrations can a molecule have, and are they all infrared active ?
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Figure 7: A vibration band (separations greatly enlarged).

In order to describe a molecule one needs three coordinates for each atom in the molecule,
i.e. 3N coordinates, where N is the number of atoms in the molecule. The factor 3 accounts
for the modes of spatial motion per atom (translation, vibration and rotation). If one is
only interested in the (fundamental) vibrations, then number is given by 3N-6 fundamental
vibrations. But not all computable fundamental vibrations are observed in the infrared, i.e.
they are not infrared active. This is due to the lack of a dipole moment, degeneracy, and low
intensity. The most symmetric vibrations are assigned with the lowest band number, e.g. f1.
The energy of a vibration of a two-particle system of reduced mass µ and force constant k is
given by

Ef =
h

2π

√
k

µ
× f + 1 (11)

where f is the vibrational quantum number with the values 0,1,2, etc.. Even if f=0 there
remains an amount of vibrational energy, the so called zero-point energy. Usually vibrational
energies are of the order of tenths of electron volts.
From the relation above one can see that for a harmonic oscillator the frequency will be the
same regardless of which transition is made, i.e. the distance of the energy levels is equidis-
tant. Hence the net result is a vibration band occuring as a single intense band in the region
generally between 2 to 25 µm.
In case of an anharmonic oscillator frequencies different from the fundamental frequencies be-
come possible. If the dipole is not a linear function of the displacement from the equilibrium
position or if the vibration is not completely harmonic, the absorption spectra will contain
absorption frequencies corresponding to transitions others than the fundamental vibration.
The overtone transition is an integral multiple of the fundamental. If the molecule has a
center of symmetry, then two rules about the overtones must be considered: (1) all overtones
of the totally symetrically vibrations are forbidden, and (2) the odd overtones (2f , 4f ,...) of
the asymmetrical vibrations are forbidden.
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A combination transition is the sum or difference of two fundamentals, whereas in general
the sum combinations are of much higher intensity than the corresponding difference com-
binations. A mechanical anharmonicity is caused by anharmonic vibration, an electrical
anharmonicity by nonlinear changes in the dipole moment.

3.3 Rotational Spectra

In the case of dealing with the rotation of molecules one has to distinguish between rigid
and nonrigid rotators. In general the different types of rotation can be distinguished by the
moment of inertia, which is defined as follows:

Σ = Mi × r2
i (12)

In case of a diatomic molecule I = M1r1
2+M2r2

2, whereas the moment of inertia consists of
three components, one for each of the spatial directions X, Y and Z. Here

r1 = (
M2

M1 +M2
)× ri and r2 = (

M1

M1 +M2
)× ri (13)

so the moment of inertia results as

I = (
M1M2

M1 +M2
)r2 = µ× r2 (14)

where µ is the reduced mass of the molecule.
The types of rotation depend on the structure of the molecules, hence there are (1) linear
molecules, (2) spherical-top molecules, (3) symmetrical-top molecules and (4) asymmetrical-
top molecules. For linear molecules one of the moments is zero and the other two are equal.
Molecules of this type are for example HF, HCl, HI, HCN, CO2 and N2O. For spherical-top
molecules all three moments of inertia are equal, i.e. if it is a perfect rotator, there will be no
infrared rotational spectra, since there is no permanent dipole moment to change direction.
Molecules of this class are for example CCl4 and CH4. The symmetric-top molecules have
two equal moments of inertia while the third one is different but unequal zero. For instance
molecules like CH3F, CH3Br, CH3I, CH3Cl, and NH3 belong to this type. Asymmetrical-top
molecules have three moments of inertia that are different from each other. These are for
example H2O, H2S and H2CO.
The rotational energy of a molecule is given by

Er =
1
2
Iω2 (15)

where ω=2π is the angular velocity of the rotation and I is the moment of inertia, again. Typ-
ically the rotational energies are of the order of hundredths of electron volts. The rotational
energy can also be described as

E =
h2J(J + 1)

8π2I
(16)

where J is the rotational quantum number. With the angular momentum P=ωI the rotational
energy E=P 2

2I , so P can be expressed as

P =
h

2π
×

√
(J(J + 1)) ∼ hJ

2π
(17)

and
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ω =
h

2
×

√
(J(J + 1)) ∼ hJ

2
(18)

so that the rotational frequency is given by

frot =
h

4π2I
×

√
(J(J + 1)) ∼ hJ

4π2I
(19)

thus the rotational frequency increases linearly with J.
A rotational transition is associated with a change in energy levels

f̄ =
(Eexc − Egrd)

hc
. (20)

If F(J)= E
hc then

F (J) =
h

(8π2cI)
× J(J + 1) = BJ(J + 1) (21)

where B= h
(8π2cI)

is the rotational constant in cm−1. So

f̄ = BJ ′(J ′ + 1)−BJ ′′(J ′′ + 1)J ′ (22)

corresponds to the excited state, whereas J′′ corresponds to the lower state. For rotational
transitions only ∆J=+1 is allowed, so J′=J′′+1. Then

f̄ = B(J ′′ + 1)(J ′′ + 2)−BJ ′′(J ′′ + 1) = 2B(J ′′ + 1) (23)

set J′′=J=0,1,2,3 etc.

f̄ = 2cB
√
J(J + 1) ∼ 2cBJ (24)

As result the spectrum for the simple linear rotator consists of a series of equidistant lines.
The first one (J=0) is located at 2B and the separation between the lines is 2B. With the
above equations the moment of inertia of molecules can be determined from infrared spectra
and once they are known interatomic distances can be obtained for diatomic and symmetric
linear triatomic molecules.
For nonrigid rotators the moment of inertia will change due to vibrational oscillations of the
molecule’s components, hence a correction term has to be applied. Then for a linear nonrigid
rotator

F (J) = BJ(J + 1)−DJ2(J + 1)2 (25)

D depends upon the vibrational frequency ω and is given by

D =
4B3

ω2
. (26)

The spectra of nonrigid rotators are essentially similar that of rigid rotators, except that the
spacing between the peaks is no longer constant. With increasing J the separation slightly
decreases, while D is generally small, in the order of few times 1.10−4cm−1 of B.
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3.4 Rotation-Vibration Spectra

In real physics rotation and vibration do not occur (completely) independent from each other.
A molecule will stretch during rotation due to the centrifugal force and this changes its effec-
tive shape and adds to the anharmonicity of the vibration and lowers the rotational energy.
Hence this results in less widely spaced energy levels at higher frequencies f . In addition the
stretching causes a change in the average value of the internuclear distance during vibration.
If both, rotation and vibration change the energy of the molecule simultaneously, then absorp-
tion occurs in the near-infrared region. This offers the opportunity to evaluate for instance
rotational constants from near-infrared spectra if they are sufficiently resolved, rather than
perform far-infrared spectroscopy to do so.
The following explanation treats only the simplest case, in which it is assumed that the
vibrational and rotational contributions can be added directly without correcting them for
interaction effects.
The rotation-vibration spectrum consists of frequencies of both components, i.e. the frequen-
cies of a band are given by

f = ∆(Erot + Evib)×
1
h
. (27)

The sum of the rotational and vibrational energy is

Erot + Evib =
h2m(m+ 1)

8π2I
+ (f +

1
2

)× hf0 (28)

where m is the molecular rotation quantum number.
For a simultaneously transition from the vibrational state f1 to f2 and the rotational transi-
tion m1 to m2 the frequency is given by

f =
hm2(m1 + 1)−m1(m1 + 1)

8π2I
+ f0(f2 − f1). (29)

Since ∆m = ±1 and for the vibrational band, f2-f1 = 1, the frequency is

f = f0 +
2hm
8π2I

. (30)

The frequency f0 fixes the position of the rotation-vibration band center, while the second
term describes the rotational fine structure separation in the band.

The rotation-vibration spectrum is divided into three components, the so called R-, P- and
Q-branch (see Fig.8). The first (R) is a series of lines with frequencies higher than f0. They
belong to values for m=J+1, where m is an integer number 1,2,3, etc. while ∆m=1. The
P branch contains the opposite, i.e. lines with frequencies lower than f0 for m=-J, such as
-1,-2,-3,etc., and again ∆m=1. For transitions where ∆m=0 a series of lines about the band
center is formed, this is the Q branch, but often these lines can only be seen at very high
spectral resolution.
As in the section about rotation spectra one can now distinguish the rotation-vibration spec-
tra for different types of molecules.
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Figure 8: Methane spectrum modeled with LBLRTM.

(1) Linear molecules
If only vibrations occur the dipole moment changes along the longitudinal axis, hence only
the P and R branches will be formed. In case the dipole moment is changed perpendicular
to the longitudinal axis the Q branch will be formed additionally. The vibrations can also
be divided into two types, (a) parallel vibrations, i.e. the atoms move along the axis of
the molecule,and (b) perpendicular vibrations, where the atoms move perpendicular to the
molecules’ axis. Thus selection rules for these two modes result. For (a) ∆J=±1 so only
the P and R branches are allowed which then have frequency differences of h

4π2I
between the

lines, and frequency gaps at the band centers of h
2π2I

. In perpendicular mode only transitions
where ∆J=0,±1 are allowed. This results in the Q branch, which appears only as a single
line due to unsufficient resolution of most instruments, but in fact is a series of closely spaced
lines.

(2) Symmetrical-top molecules
The rotational energy is given by

Erot =
h2J(J + 1)

8π2IA
+ (

1
IC
− 1
IA

)× k2h2

8π2
(31)

where J is the quantum number characterizing the total angular momentum of the moelcule, k
is the quantum number for the angular momentum about the symmetry axis fo the moelcule,
IC is the moment of inertia about the molecules’ symmetry axis, and IA is the other moment
of inertia. Generally k is equal or less than J.
The parallel bands have the selection rules ∆J=0,±1 with ∆k=0, i.e. this is similar to
the perpendicular band of linear molecules. For perpendicular bands the selection rules
are ∆J=0,±1 with ∆k=±1. This results in quite complex spectra, since changes in J are
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accompanied by changes in k. For each change in k a complete band with P, R and Q branch
results, corresponding to the changes ∆J=0,±1.
For a change from k to k+1 the bands are called positive subsidiary bands, while for k to k-1
they are called negative subsidiary bands. The frequencies for the individual branches are
given by
P-branch:

f = f0 −
h

4π2IA
× [J + (

IA
IC
− 1)(k − 1

2
)] (32)

for J=k,k+1

R-branch:

f = f0 +
h

4π2IA
× [J + (

IA
IC
− 1)(k − 1

2
)] (33)

for J=k+1,k+2

Q-branch:

f = f0 −
h

4π2IA
× (

IA
IC
− 1)(k − 1

2
) (34)

(3) Spherical-top molecules
The selection rules are ∆J=0,±1, i.e. simple P, R and Q branches occur, as for linear
molecules having perpendicular bands. The line spacing can be written as

∆λ =
h

4π2IA
(35)

(4) Asymmetrical-top molecules
In this case all moments of inertia are different, and the resulting spectra are much more
complex. Hence a description is omitted at this place.
The determination of line spacing for near-infrared spectra allows to determine several molec-
ular characteristics, such as moments of inertia, bond distances, and other physical constants.
Of course there are some molecules having a complex appearance in the near-infrared, instead
it would be advisable to investigate these in the far-infrared region.

Because in the study presented in this thesis I concentrated on the near-infrared regions (1-
2.5/5.0µm), mostly only spectral features caused by vibrational oscillations of the molecules
were relevant, while rotational frequencies fall into the far-infrared regime.

3.5 Spectral Line Intensity

The intensity of light I(ν) at a given wavenumber ν passing through a homogeneous gas is
decreased along the absorption path dx by

dI(ν) = −αikI(ν)dx, (36)
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where αik represents the absorption coefficient [cm−1] of the gas for a transition between the
energy levels i and k. The transition depends on the population densities Ni and Nk of the
upper and lower level with the associated statistical weights gi and gk, as well as the optical
absorption cross section σik [cm2] of each absorbing molecule. The absorption coefficient is
then given by

αik(ν) = σik(ν)[Ni −
gi
gk
Nk] (37)

which can be simplified to

αik(ν) = σik(ν)Ni for Nki. (38)

In case of linear absorption, i.e. the intensity is small enough, the population density Ni is
independent of I. Integrating eq.(36) and substituting eq.(38) results in

I(ν) = I0(ν)exp[−σ(ν)NL], (39)

where L is the length of the interaction region.
The absorption coefficient is strongly depending on the frequency around an absorbing fea-
ture. The peak absorption coefficent at the line center ν0 [cm−1] can be described as the
product of the integrated line strength S (eq.47) and a peak-normalized line shape function
f(ν), which carries the entire frequency dependence of the absorption coefficient

α(ν) = Sf(ν − ν0), (40)

where the function f(ν-ν0) is normalized to unity so∫ + inf

− inf
f(ν − ν0)dν = 1. (41)

Hence, a given molecular absorption line is characterized by its integrated line strength S,
which is independent of pressure, while the line shape function f(ν) has the same analytical
form for all transitions, but its exact form depends on the line broadening mechanisms.
The integrated absorption over a spectral line is related to the Einstein coefficents for ab-
sorption and stimulated emission between the energy levels i and k of a transition by∫

overline
αik(ν)dν =

hνik
c

Ni

gi
(1− giNk

gkNi
)Bi (42)

where Ni and Nk denote the population of the lower and upper levels i and k, the term in
parentheses represents a contribution for a reduced net absorption due to stimulated emis-
sion.
The most probable interaction of an isolated molecule with electromagnetic radiation is ab-
sorption via coupling between the radiation’s electric field and the electric dipole moment of
the molecule. Transitions related to higher electric multipole moments, or to interaction of
magnetic dipole moment with the magnetic field are also possible, but comparatively weak.
Assuming that the interaction of matter and radiation is only via an electric-dipole interac-
tion, the Einstein coefficient Bik is related to the weighted transition moment squared Rik by

Rik =
3h2

8π3
Bik. (43)
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The fundamental equation (42) is independent of temperature since no equilibrium assump-
tion has been made yet. In case of local thermodynamical equilibrium (LTE), the number
of molecules per unit volume in the state i at temperature T is given by the Boltzmann
statistics. Thus, one can write

giNk

gkNi
= exp(−c2νik

T
) (44)

and

Ni

gi
= exp(−c2Ei

T
)
N

Q(T )
(45)

where Ei [cm−1] represents the lower state energy, N is the molecular number density, c2 the
second radiation constant (c2 = hc / k = 1.438769 cm K), and Q(T) is the total internal
partition function which is given by

Q(T ) = Σigiexp(−
c2Ei
T

). (46)

Substituting equations (43) and (44) in (42) then gives the integrated linestrength S

S =
8π3

3hc
N

Q(T )
νikexp(−

c2Ei
T

)[1− exp(−c2νik
T

)]Rik. (47)

Given the molecule’s linestrength at some reference temperature Tref the linestrength S for
a transition at some temperature T can be determined as

S(T ) = S(Tref )
Q(Tref )
Q(T )

exp(−c2Ei/T

exp(−c2Ei/Tref )
[1− exp(−c2νik/T )]

[1− exp(−c2νik/Tref )]
. (48)

The third term on the right in Eq.(48) accounts for the ratio of Boltzmann populations, and
the fourth term for the effect of stimulated emission, which only becomes significant in the
far-infrared and at high temperatures.
It should be considered that even though S describes the transition between two discrete
energy levels i and k, the absorption feature is not strictly monochromatic. There is al-
ways a spectral distribution around the central frequency ν0=(Ei-Ek)/h corresponding to a
molecular transition with the energy difference ∆E=Ei-Ek between upper and lower levels.
This pheneomenon is due to the fact of spectral line broadening mechanisms discussed in the
following section.

3.6 Spectral Line Profiles

Spectral lines can be described by different line profile functions, as these are Gaussian,
Lorentzian, and Voigt profiles. The latter one is a convoluted combination of the previous
ones.

The Gaussian Profile is given by

G(λ) =
1√
πσ
× exp−(

λ− λ0

σ
)2 (49)

The Lorentzian Profile is given by
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F (λ) =
1

2π
× γ

(λ− λ0)2 + (γ2 )2
(50)

The Voigt profile is defined as a convolution of the Gaussian and the Lorentzian profiles:

V (α, x) = const×
∫ ∞
−∞

exp(−y2

α2 + (x− y)2
dy (51)

where the const= 1√
π∆λD

α
π , and α= λ2

4πc
γ

∆λD
and x=λ−λ0

λD
.

3.7 Line Broadening Effects

A spectral absorption or emission line does not occur at one precise frequency, instead the
line has a measurable width. A convenient measure of this width is the so called Full Width
at Half Maximum (FWHM), which corresponds to the line’s half peak intensity in the fre-
quency interval ν0+∆ν and ν0-∆ν. The finite line width has different reasons: (1) the natural
linewidth, and line broadening effects, such as (2) Doppler broadening and (3) pressure or
collisional broadening.
The real line shape profile can be described by a Voigt profile. The Voigt profile function is
given as a convolution of a Gaussian profile, which dominates the line core, and a Lorentzian
profile, which dominates the line wings.

(1) The natural line broadening
Natural line broadening arises due to an uncertainty ∆E in the energy of the involved energy
levels. Due to the uncertainty principle ∆E and the finite lifetime ∆τ are related in such a
way that they result in a spatial uncertainty ∆x which gives an uncertainty in the wavelength
λ. Hence the spectral line is broadened by an amount ∆λ. The natural broadening is the
same for all molecules in an ensemble, because it is asscociated with the finite lifetimes τ of
the quantum level, which is related to the transition probability of a energy level. Therefore
it is decribed as a homogeneous broadening mechanism. In the infrared region it is neglible
compared to other lineshape effects (Davis (1996)).

(2) Thermal Doppler broadening
At low gas pressures the Doppler width, which is due to the thermal motion of the absorbing
molecules, is the major contributor to the spectral linewidth. At thermal equilibrium the
molecules follow a Maxwellian velocity distribution, hence the distribution of the emitted
frequencies fG(ν) is given by

fG(ν) =
c

ν0

√
m

2πkT
exp[−(

m

2kT
)(
c2

ν2
0

)(ν − ν0)2] (52)

where k is the Boltzmann constant, m is the molecule’s mass, T the absolute temperature
[K]. This equation represents the so called normalized Doppler-broadened lineshape function,
which covers a range of frequencies, because many molecules of different velocities are being
observed. The FWHM of this function represents the Doppler width of the molecule(s) and
is given by

∆ν =
ν0

c

√
8kT ln2
m

= 7.1623× 10−7ν0

√
T

M
(53)
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where ν0 is the center line frequency [cm−1], T is the gas temperature [K], and M=NAm the
molar mass of the molecule [g/mol].

(3) Pressure or Collisional broadening
The theory of pressure broadening uses different simplifications corresponding to the actual
circumstances, these are the so called quasi-static theory, and the impact theory. The former
one assumes that the perturbed particle is fixed with respect to the radiating particle. Due to
the presence of the perturber, the energy levels of the radiator are shifted, hence a wavelength
displacement of the spectral line occurs. The second simplification assumes the perturbation
as a single, discrete encounter, which disturbs the phase of the emitted light wave by a certain
amount. The pressure broadening ∆νp is given by

∆νp[cm−1] =
2
c

√
16NAπ

Mk
(r1 + r2)2 p√

T
(54)

where M is the molar mass of the molecule, k is the Boltzmann constant, p is the gas pressure,
T is the absolute Temperature [K], and r1 and r2 represent the radii of the radiator and the
perturbing particle, respectively.

3.8 Pressure Shift

As reported by Margenau (1932) a systematic discussion of the influence of pressure on the
appearance of spectral lines must distinguish between line formation in emission and absorp-
tion. In case of emission numerous factors, such as Stark effects, discharge, or pole effects,
may play an important role. While for line formation in absorption these disturbances are
absent. Following the experimental results of Füchtbauer et al. (1923) the pressure shift
is generally proportional to the density of the perturbing gas. Equation (25) in Margenau
(1932) gives the pressure dependent wavelength shift for a displaced line, which is usually to
the red.
The physical reason for a line displacement (of lines formed in absorption) is a shift of energy
levels due to the close encounter of particles, at separations where the van der Waals forces
become important and the particles’ energy potentials are influenced.
The pressure shift theory describes a proportionality to the density of the perturbing gas;
the direction of the pressure shift (i.e. towards blue or red wavelengths) is a property of the
individual transition and/or band (e.g. Dhib et al. (2007)). A dependence of the pressure
shift on the temperature exists, but is small at normal temperatures (Margenau (1932)).
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4 Absorption Cell Design

In the present chapter I will give an overview on different types of absorption cell designs.
Furtheron I discuss the pros and cons of different window materials. I will give reasons for
the design steps chosen for the gas cells built in this work, and describe the assembly and
procedure the gas cells were filled.

4.1 Absorption Cell Types

In practice two types of absorption cells can be distinguished, single path cells and multiple
path cells, the latter one also called White cells, named after its inventor White (1942). As
the term of the multiple path cell explains, the incident beam passes through the cell several
times. The cell consists of three spherical, concave mirrors, one of them (B) at one end side
and the others two (A and A′) at the second end of the cell, while the mirrors have the same
radii of curvature (Fig.9). The centers of curvature of A and A′ are on the front side of mirror
B, and the center of curvature of B is halfway between A and A′.

Figure 9: The multiple path cell consists of two spherical mirrors, which are placed so that
the center of curvature falls on the surface of the opposite mirror. The incident beam is
reflected three times before it leaves the cell. S is the light source, D the detector array, A,
A′, and B are the points of focussed images.

With this kind of construction the length of the cell can be minimized while the absolute
pathlength can be increased, and gases with low absorption coefficient can be investigated.
The amount of gas inside the cell can also be decreased, an argument that counts especially
in case of toxic substances. The disadvantage of this type is the loss of light at each reflection
on the mirrors’ surfaces, which could be limited by using special anti-reflection coatings. In
addition a multiple path cell requires a special design because the aperture for the incident
beam and the passed through beam are at the same side of the cell. And the longer the
intended pathlength, the higher the number of reflections at the mirrors, i.e. the larger the
cell diameter has to be which is restricted by the instruments’ dimensions. Anyway, due to
the available space at the CRIRES spectrograph I decided to use a single path cell, where the
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light is transmitted through the cell only once. Thus the loss in intensity due to reflection is
minimized because of less optical surfaces.

4.2 First Design

Because the developed absorption cell was planned to be operated, e.g. at ESO’s VLT
CRIRES instrument, the design process had to consider special instrument restrictions. The
minimum optical clear diameter of the cell should be 22mm to have sufficient field for acqui-
sition and nodding. Due to the telescope beam size of ∼22mm when passing the absorption
cell, a multiple path design appeared to be quite unfeasible, otherwise the cell would have
required (much) larger dimensions (i.e. diameter), or even a completely different design.
Recently ESO provided its own gas cell for CRIRES instrument calibration. Their gas cell
is made of metal, with two valves on the top side for (re)filling. The plane-parallel Sapphire
windows are attached to the cell body with an O-ring seal placed in between for isolation.
In the first phase the absorption cell introduced in the present work is designed to have a
valve on the top side. But in the final design the cell is permanently sealed after filling,
i.e. there is no valve left on the cell body, avoiding a source for leaks. The gas cell body
is made of Borosilicate glass (Schott Duran), which is in contrast to the ESO cell, resistant
against the most of chemical substances, even against corrosive ones, and it has a very small
temperature dependent extension coefficient. Due to the fact that the cell body and windows
are not made of the same material, i.e. they have different thermal extension coefficients,
there might occur tensions between both components. Otherwise the vacuum stable glue,
which was used to fix the windows onto the cell body might compensate any inhomogeneous
extension. Since this is a weak point of the design, there haven’t been any leakage problems
during the measurements. For further reasons also discussed in chapter 6 the absorption cell
should be operated under temperature controlled conditions.
A valve was attached to the side for evacuating and filling (see Fig.10). In the first ver-
sion plane-parallel windows (2.5mm thick) were attached at both sides using vacuum stable
epoxyd glue. The windows were made of Sapphire, which has a wide transmittance (∼0.2-5
µm) useful for infrared measurements. In total the gas cells had an absorption pathlength of
∼160mm on average and a diameter of 25mm.
Before the parts of a gas cell were put together they were first cleaned in an ultrasonic-bath,
afterwards flushed with destilled water and dried with compressed air. The windows were
glued onto the cell body and hardened for at least 24 hours in a heated environment of a 60
Watt Tungsten lamp. The cells were then evacuated to a pressure of about 10−4-10−5mbar
and checked for leaks.
The glue was an ordinary commercial product (Uhu endfest 300), an epoxy resin containing
Dimethyl-Dipropylene-Triamine, a substance that shows spectral features typical for the cor-
responding molecular bondings between 1000-2000cm−1, hence outside the spectral ranges
that were of interest in the present work. A spectrum of the glue was obtained during the
measurement campaign at ESO in Garching in early 2008. The spectral features in Figure 12
originate from the telluric spectrum. Due to a lack of spectral features resulting from the glue
a contamination of the examined reference gases could be neglected. Nonetheless a chemical
reaction could be observed in the cells filled with iodomethane, there the glue turned from
colourless to brown due to the iodine in the iodomethane (see Fig.11). The way of fixing the
windows with the glue instead of using an O-ring seal, as is the case for the ESO absorption
cell, has the advantage that the chemical resistance of the O-ring depends on the material,
which in some cases is nonresistent against a number of chemical substances, e.g. ammonia.
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Figure 10: First version gas cell. Plane-parallel windows made of Sapphire are used. The
windows at both sides are parallel to each other. The shown gas cell is prepared for measure-
ments at variable temperatures, therefore a heating wire is wrapped around the cell body.

Figure 11: Evidence for a chemical reaction between the glue and iodomethane. The glue
changed its colour from transparent to brown due to the iodine in the iodomethane gas.
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The filling process for the chosen substances was carried out in cooperation with the Insti-
tute for Anorganic Chemistry at Hamburg University. The filling assembly consisted of a gas
reservoir, a pipeline and the gas cell (see Figure 13). Before opening the reservoir and the
gas cell the pipeline was evacuated. Then the valves of the reservoir as well as of the emptied
gas cell were opened until an equal pressure of certain value was achieved. Afterwards the
valves were closed again.
This procedure worked well as long as the substances were gaseous under norm conditions,
but for others like iodomethane (fluid under norm conditions) the procedure must had to be
modified (see Figure 14). In this case the substance was filled into the gas cell with a pipette.
The cell body was cooled from the outside by a layer of pulp that was fixed to the body and
saturated with acetone. Additionally liquid nitrogen was flushed over the cell body. So the
substance was trapped frozen in the cell, which was then evacuated. After defrosting the cell
the gas pressure inside was determined by the amount of the substance that remained after
evacuation. Although this method might not be a high-end solution it worked quite well.
In order to avoid fringing patterns, which appeared in the measurement campaign in Garch-

Figure 12: The spectrum of Dimethyl-Dipropylene-Triamine, the epoxy resin containing glue
which was used to fix the windows onto the cell body. The glue does not have additional
spectral features in the relevant wavelength range of interest. The visible spectral features
originate from telluric lines.

ing in January 2008 (see Chapter 6) the final gas cell bodies were designed with wedged ends
(∼10◦), and the windows were also wedged with an angle of 2◦ (see Figure 15). Again the
cell bodies were made of Borosilicate glass. The average pathlength of the cells were set to
∼160mm as before, while the diameter was set to 50mm, according to the original ESO gas
cells. For these gas cells we used CaF2 windows that also have a broad high transmittance
in the near infrared, but are less expensive than Sapphire. As before the windows were glued
onto the cell bodies. On the side of the cell bodies a valve for evacuating and filling was
placed, but was removed after filling the cells, in order to seal them finally. The sealing
procedure was carried out by a glassblower.
In order to protect the cell from destruction, e.g. breaking, it should be placed in a cover,
which could be made of an isolation material, such as polyurethane foam in case the cell has
to be heated. Then of course a heating mechanism, like a wire wrapped close around onto
the cell body, has to be implemented before.
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Figure 13: The filling assembly and procedure. Scheme of the filling station consisting of the
gas reservoir R, the gas cell G, the pipeline valves V, and the pump P. All components are
connected by a pipeline.

Figure 14: The modified filling procedure. The cell body is wrapped with a layer of pulp,
which is moistened with acetone. Additionally liquid nitrogen is spilled over the cell in order
to cool it down. The liquid is put into the cell using a pipette, and cools down inside the cell
body. Then the cell is evacuated, only the frozen liquid remained.
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Figure 15: Final version gas cell. Wedged windows made of Calcium Fluoride (CaF2) are
used, which are aligned by an angle of ∼ 10◦ with respect to the plane perpendicular to the
optical axis.

4.3 Infrared Materials

In this section the chemical and physical properties of a few window materials are evaluated.
These materials were used or could be used for measurements in the near infrared. The
transmission curves are taken from www.korth.de and www.newport.com.

Potassium Bromide (KBr) is a colorless cubic crystal. It can be cleaved easily and has a
soft, easiliy scratchable surface. It is hygroscopic, i.e. it is easily affected by humidity. Its
refraction index is ∼1.53 at λ=9.7µm. The transmittance is about 85-90% over almost the
whole range between 2-20µm.

Figure 16: Transmittance curve for Potassium Bromide (KBr).

Synthetic Sapphire (Al2O3) combines several important properties, such as its high mechani-
cal strength which avoids scratches on the surface. The crystal structure is hexagonal, which
does not cleave. Its relatively high refractive index of ∼1.77 causes a quite large deviation
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of light at refractive borders. The transmittance is about 85-90% between 0.3-5µm for a
layer of 3mm thickness. Additionally Sapphire shows a high resistence even against strong
corrosive substances such as acids. In spite of all this advantages the drawback is that its a
quite expensive material.

Figure 17: Transmittance curve for Sapphire (Al2O3).

Calcium Fluoride (CaF2) is a colorless crystal of cubic structure, which is soluble in ammo-
nium salts but insoluble in water. Due to its structure it easily scratches and cleaves. Its
refractive index changes only from ∼1.50 at λ ≈=0.2µm to ∼1.40 at λ ≈4.4µm. Calcium
Fluoride shows a high transmittance of ∼95% between 0.2-7.0µm.

Figure 18: Transmittance curve for Calcium Fluoride (CaF2).

Fused Silica (SiO2) is made of quartz, but does not cause double refraction. It is insoluble
in water. Its refractive index is about 1.45 at λ ≈1.0µm. The transmittance is about 90%
between λ ≈0.25-2.5µm, but is disturbed by absorptions at 2.2µm and 2.7µm due to water.

There remains a number of much more materials, a lot of them are usable for the mid-infrared
range. But a main argument for the materials used were the transmittance and resistence
against corrosive substances. Hence I decided to use windows made of Sapphire and Cal-
cium Fluoride, respectively. The former ones were used as windows of plane-parallel type for
the gas cells of smaller diameter (∼25mm) during the pressure and temperature charactistic
measurements in Garching (see Chapter 6). For the final gas cells wedged windows made of
Calcium Fluoride were used, because these were available as wedged windows and were less
expensive than the Sapphire windows.
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Figure 19: Transmittance curve for Fused Silica (SiO2).

4.4 Rationale for the final cell design

When a beam of light passes a refractive surface, e.g. a cell window, it is distorted twice, at
the front and the back side. The distortion depends on the refractive indices of the medium
outside the cell, usually air so that n=1, the refractive index of the cell window material and
the index of the medium inside the cell. Usually, the gas pressure is small, i.e. one can assume
vacuum for the cell’s interior, hence the refractive index n≈1. Furthermore, the distortion is
proportional to the thickness of the cell windows and the absolute absorption path length of
the cell.
Assuming the cell consists of two plane-parallel windows, which are mounted parallel to each
other at both ends of the cell. If an incident monochromatic beam passes the window with
an angle of 0◦, then the beam will not be distorted in total. In case of non-monochromatic
light the incident beam is enlarged due to the wavelength dependence of refraction. For
monochromatic light the plane-parallel windows will cause interference between the two sur-
faces of the windows, which act as a resonator. This results in a fringing pattern in the
spectral continuum as shown in Figure 11. The whole cell will act as a resonator, too, but
the resulting frequency of this additional pattern will be lower. The frequency ∆ν of the
interference pattern is proportional to 1

2nd , where n is the refractive index of the resonator
material, and d is the length of the resonator. Hence, the lower the thickness of the win-
dows the higher the frequency. For the cells of the first design in this work plane-parallel
windows were used, their thickness was ∼2.5mm, the refractive index of the windows was
nSapphire=1.74. The observed fringing pattern showed a frequency of about 1.25cm−1 (see
Figure 20). This corresponds to a resonator length of ∼2.3mm, which is in good agreement
with the window dimensions.
In order to avoid interference between the surfaces the windows can be mounted at a fixed

angle, i.e. both ends of the cell are orientated in opposite direction to each other (see Figure
21). Of course the beam is distorted due to refraction at the windows’ surfaces, but the
beam leaves the window under the same angle as the incident one. Both beams are parallely
shifted, but this cancels out due to the second window at the other end of the cell. The
magnitude of the parallel shift depends on the refractive index of the window material as well
as the window thickness. Theoretically the total absolute shift of the beam is zero. But due
to the parallelism of the windows’ surfaces the interference inside a window still remains.
The interference inside the windows can additionally be avoided by the use of wedged win-

dows, i.e. they have a varying thickness over the diameter instead of a constant value. A
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Figure 20: Detected fringing pattern caused by interference inside the plane-parallel windows
on the absorption cell.

Figure 21: Refraction and deflection of the incident beam when passing through an absorption
cell with parallele windows. In total the beam stays parallele to the incident beam direction
and the shift due to diffraction cancels out.
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cut through such a window shows a trapezium-like cross section as shown in Figure 22 . The
wedged windows act as a dispersive prism, i.e. the beam leaves the windows under a distinct
angle, which is given by

δ = Θi1 + arcsin[(sinα)(n2 − sin2Θi1)1/2 − sinΘi1cosα]− α (55)

where Θi1 is the angle of the incident beam with respect to the windows′ surface, α is the
wedge angle of the windows, and n the refractive index of the window material. As an exam-
ple for a wedging angle of αw=2◦ and an inclination of 10◦ with respect to the optical axis,
hence Θi1=12◦, the resulting dispersion angle is ∼0.9◦ at each window.
When using wedged windows the incident beam passes the absorption cell not parallel to
the optical axis, but instead is deflected. Hence, there results a drift of the beam along
the absorption path. The longer the pathlength of the cell the larger is the deflection with
respect to the optical axis. Due to the deflection the beam incidents onto the second window
under a different angle, resulting in an emitted beam that slightly differs from the incident
one before passing the absorption cell. In Figure 22 this scenario is shown for a cell with
wedged windows made of Calcium Fluoride (CaF2, n=1.45), that are orientated by an angle
of 10◦ relative to the optical axis. Then the different angles have valus as follows: α12=12◦,
β12=8.24◦, α23=6.24◦, β23=9.07◦, α32=10.92◦, β32=7.51◦, α21=9.51◦, and β21=13.86◦. So
the total deflection of the passing beam is ∼1.9◦. This total deflection cancels out out when
the wedged windows are fixed by an angle of 180◦ to each other.

Figure 22: Refraction and deflection of the incident beam when passing through an absorption
cell with wedged windows.
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5 Fourier-Transform Spectroscopy

At this point I will give a briefly overview on Fourier-transform spectroscopy. This includes
the basic theoretical principles, the instrumentation, a brief history on the interferometer,
and the advantages and disadvantages of a Fourier spectrometer. For more detailed informa-
tion on the theory many literature is available, e.g. Genzel (1975); Knözinger (1976) (and
references therein).

A Fourier-Transform Infrared (FTIR) spectrometer is an instrument for aquisition of qualita-
tive and quantitave information of present molecules in the infrared wavelength regime. The
atoms inside of molecules ’collect’ vibrational and rotational energy. An infrared spectrum
is obtained when radiation is propagated through a probe and the amount of absorbed ra-
diation at a certain wavelength is determined. The energy correlated to an absorption peak
corresponds to the vibrational energy of a chemical bonding in the molecule.
A vibration is called infrared active only when the dipole moment is changing at the same
time. Therefore diatomic molecules such as N2, O2, H2, and Cl2 as well as noble gases cannot
absorb infrared energy.
An infrared spectrum is a graphical visualization of the infrared transmission as a function
of wavelength. Usually the intensity is given versus wavenumber, which allows to give a
linear scale. The transmission T is defined as the amount of infrared radiation that passes
through the probe, divided by the incident radiation. If no radiation is absorbed at a certain
wavelength then T=1 or the throughput equals 100%, respectively.
With the incident intensity I0 and the passed through intensity I the transmission T can be
written as

T =
I

I0
(56)

The absorption A can be written as decadic logarithm of the inverse transmission

A = log10(
1
T

) (57)

The advantage of the absorption scale is the direct proportionality between the optical path-
length and the concentration.

Brief history of FTIR spectroscopy
The development of interferometry began in the year 1880 when Dr. Albert A. Michelson
invented the interferometer in order to (1) measure the light’s speed and (2) to calibrate the
meter by using a known wavelength of a spectral line. The FTIR-method is based on the
principle of two interfering beams which produce a signal that is called interferogram. The
interferogram presents the intensity of the interference signal as a function or the optical delay
line. Both domains, the pathlength and the frequency, are replaceable by the mathematical
Fourier-transformation.
Although the optical design of the Michelson interferometer is known since more than 100
years, the advantages invented by computer techniques in the late 1970s / early 1980s lead
to successful application. But the industrial application was done just in the recent years.
Nowadays several different FTIR-spectrometers are on the market, which are often distinc-
tive by the kind of interferometer used. A typical FTIR spectrometer consists of a radiation
source element, the interferometer (also called modulator), a probe, the detector and the
required electronic components and data reduction software.
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Figure 23: Michelson interferometer.

The basic principle can be described by the classical Michelson interferometer (see Figure 23).
The infrared radiation source emits a broadband infrared radiation, which then is lead to the
beam splitter. In addition the interferometer consists of a fixed mirror and a movable one.
Inside the interferometer the radiation is modulated. The beam is then splitted into to equal
beams using the beam splitter, which is half-transparent. The beam splitter reflects one half
of the incident beam while the other half is passed trough. At the mirrors both beams are
reflected back in the same way towards the beam splitter where the two beams interfere with
each other. In case of completely constructive interference the intensity is increasing with
the square of the amplitudes of both waves

I = A2
1 +A2

2 (58)

where I is the intensity and Ai (i=1,2) describe the waves’ amplitudes. The signal resulting
from the radiation passing through the interferometer is called the interferogram. At a certain
wavelength the interferometer forms a cosine wave in the interferometer’s pathlength domain.
Then the interferogram is passed through the probe where the incident modulated radiation
is absorbed by the molecules at characteristic wavelengths of the gas. Afterwards the ra-
diation’s intensity is recorded at a detector. The incoming signal is digitized, a computer
performs the Fourier-transformation and determines the infrared spectrum of the investigated
probe.

Fourier Transformation
The principle of Fourier spectroscopy can only completely understood with knowing how the
Fourier integrals are treated mathematically. Here I will only represent the basics, for deeper
information the literature is quoted.
The Fourier transformation describes the mathematical process of converting a signal from
the amplitude-time domain into the amplitude-frequency domain and vice versa. The sig-
nal is rapidly collected in the time domain and afterwards converted into the conventional
frequency domain. By time it became possible to recalculate the data with sufficient mathe-
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matical functions in order to apply digital filter functions or other useful functions for signal
manipulation. Therefore an inverse Fourier transformation is needed in order to convert the
data back into its original format. The most important equation in this content is a relation
between light intensity I(x) measured at the detector and the spectral energy density B(i) at
a certain wavenumber ν.

I(x) =
∫ ∞
−∞

B(ν) cos 2πνxdν (59)

B(ν) =
∫ ∞
−∞

I(x) cos 2πνxdν (60)

Both equations can be converted into each other using the mathematical tool of Fourier trans-
formation. The first one describes the change of the energy density as a function of pathlength
difference, which represents the interference pattern. The second one is the change of inten-
sity as a function of wavenumber.

Eq.(59) can also be written as

I(x) = 2
∫ ∞

0
B(ν) cos 2πνxdν, (61)

but this would require to know the resulting interferogram for all pathlength differences
between 0 and ∞. Because that is impossible to realize it is rather necessary to modify the
relations above. As will be shown this is a question related to finite spectral resolution.
Assuming the interferogram is measured to a maximum pathlength difference xmax, this
corresponds to a multiplication of I(x) with a rectangular aperture R(x) which equals the value
1 between -xmax to +xmax and zero outside this range. With respect to the mathematical
convolution theorem the Fourier-transform of the product I(x).R(x) has to be formed, hence

i(ν)⊗ r(ν) =
∫ ∞
−∞

I(x).R(x) cos 2πνxd = 2
∫ ∞

0
I(x).R(x) cos 2πνxd. (62)

The rectangular aperture r(ν) represents a scanning function which scans and deforms the
true spectrum i(ν). The scanning function has a half-width of 1

2xmax
, i.e. the finite resolution

of ∆ν. The disadvantage of this scanning function is that it produces side-maxima o that
the absorption lines are accompanied by a satellite-structure. In practice appropriate scan-
ning functions are used in order to avoid such additional structures. This procedure is called
apodization (see Figure 24).

In the digitized analysis the integral in eq.(62) is approximated with a sum. Therefore the
interferogram has to be sampled, which is performed by an analog-digital-converetr (ADC).
The sampling depends on the maximum wavenumber νmax (λmin) in the spectrum. In order
to determine the cos2-contribution of λmin in the interferogram the individual sampling points
must be separated by at least λmin

2 . Thus the sampling difference ∆x in the interferogram is
given by

=
1

2νmax
. (63)

Advantages of the Fourier-spectroscopy
With respect to the conventional spectroscopy with gratings and prisms the Fourier-spectroscopy
benefits from the multiplexing (Fellgett (1951)) and the throughput (Jacquinot (1954)). As-
suming a slit spectrograph which is used to measure z spectral elements of spectral width
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Figure 24: Illustration of truncation and apodization.

∆ν. Measuring a single element ∆ν at a certain signal-to-noise ratio (SNR) the time τ is
requested. For almost constant intensities of the spectral elements in total the time t=z is
needed for the proposed SNR. In contrast in the Fourier-spectrometer all spectral elements
z contribute simultaneously to the interferogram. Hence two scenarios can be distinguished.
(1) The interferogram is produced over the same total time t=z. During the total time t a
statistical benefit of

√
z in the SNR results. (2) The interferogram is produced in the time τ

but is repeated z times. The averaged signal again leads to a statistical improvement
√
z in

the SNR. In case of scanning only narrow spectral bands the advantage diminishes compared
to a slit spectrograph.
The advantage related to the throughput results from rotational symmetry around the beam
direction as is the case of the Michelson interferometer, i.e. circular apertures are used which
is not the case for slit spectrographs. The so called light conductance, which depends on the
area A of the collimator with focus f and the solid angle Ω, determines the amount of light
through the instrument and subsequently the SNR.
Both advantages enable measurements at very high spectral resolution even at low signal
intensities. An additional advantage is the fast scanning spectroscopy which enables mea-
surements ith scanning times of ≤1s.

Error sources
In the first order significant errors are recognizable already in the interferogram. These are
for instance a drift in the signal intensity, which results in a wrong spectrum at very low
wavenumbers, asymmetries in the interferograms are caused by insufficient adjustment of
the instrument. In the mathematical sense the Fourier-transformation is a linear relation.
Therefore the detector used should be linear proportional to the signal intensity, otherwise
this expresses in a flattened top of the interferogram’s central maximum.
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6 Characterization of the Reference Gases

In this chapter I will describe the general requirements for reference gases. Furthermore I will
discuss the physical and chemical properties of reference gases suitable for different bands in
the near-infrared found so far in this work. Additionally I will present model spectra for the
reference gases.

6.1 Requirements and restrictions

Following Campbell and Walker (1979) there are some restrictions to reference gases. A gas
used for generating a reference spectrum should have the following properties:

1. It should be transparent except for a set of strong absorption lines in the required
spectral range where one wants to observe.

2. The lines should be strong for an absorption path of less than one meter depending on
the available space for a gas cell in the spectrograph used, and the type of reference cell
(single or multiple path).

3. The lines should be separated by several angstroms so that unblended stellar lines can
be seen in between.

4. There should be a minimum of weak lines accompanying the strong lines.

5. The reference spectrum should not overlap any telluric band.

6. The gas should not be corrosive to the cell material, and should not be toxic in order
to prevent contamination in case of a leak.

7. The gas cell should be sealed in order to avoid contamination due to other substances
in case of refilling and to guarantee impermeability.

8. The gas cell should be temperature stabilized to a certain level in order to prevent
pressure shifts of the wavelength standard.

6.2 Physical and chemical characteristics

In the present work I was looking for gases that could be used as wavelength calibration
standards in the near infrared, especially in the J-, H- and K-band, i.e. between 1.0-2.5µm,
always considering the restrictions given in section 6.1. In order to find information on such
gases databases (e.g. HITRAN, see Rothman et al. (2005); Guelachvili and Rao (1993)) and
a lot of literature was searched for. Until this work, only very few reference gases were used
in the near infrared for astrophysical applications. Deming et al. (1987) used a N2O gas cell
with 25cm absorption pathlength at a pressure of 20 Torr (∼27mbar) in order to measure
the radial velocity of solar 12C16O lines near 2.3µm. The ESO also provides such a gas cell.
For the GIANO instrument at the Telescopio Nacionale Grande (TNG at Teneriffa/Spain)
a gas cell filled with a mixture of halogenides (HCl, HBr, HI) is foreseen. This cell has an
absorption path of 0.5m and will be operated at normal pressure (750 Torr ≈ 1 bar).
In this study no suitable gas or substance was found that would provide a sufficient reference
spectrum for the J-band. For the H-band acetylene (C2H2) is usable in a small range from
∼1.5-1.55µm. For the K-band it was found that isotopes of carbon monoxide, either as a
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single gas or as a mixture, would be an alternative to the used existing N2O. Additionally
ammonia (NH3) provides a spectrum over quite a wide range in the K-band, that would
complement the CO isotopes and N2O. Acetylene (C2H2) also provides some lines in the
K-band, but these are strong enough only for pressures ≥1bar, but then the line broadening
becomes clearly visible. In case of the H-band methyl iodide (CH3I), also called iodomethane,
comes along with many lines. But concerning the above restrictions (at least) No. (6) and
(7) in section 6.1 caution is advised in order to use it due to its toxicity. Anyway a very high
spectral resolution (R&105) would be necessary to properly resolve its spectral features.
In the following the physical and chemical properties of the above reference gases will be
presented for the different spectral bands (H & K).

6.2.1 H-band

In the H band (∼5700-6900cm−1) acetylene and methyl iodide were investigated. In addition
it was tried to detect the 3ν band of the carbon monoxide isotopes, but these transitions
were too weak for detection at the used pressures (see Table 2 in Sect. 6.4).

Acetylene:
Acetylene (C2H2) is a simple gaseous hydrogen-carbon under normal conditions. This gas is
odourless, not toxic, and almost unsoluble in water (only 1.23g/kg at atmospheric pressure).
Usually it is used for welding, so it is highly flammable and forms explosive mixings with air
at volume parts between 2.3-82% under atmospheric pressure. But keeping in mind that only
a very small amount of gas is needed for the gas cell it remains fairly safe. Acetylene has a
molar mass of 26.04 g/mol, a density of 1.18 g/l, the boiling point is at -83.8◦C. The molecule
has a linear structure with three bindings between the two carbon atoms and a single bind-
ing between the carbon and hydrogen atom (see Fig.25). These bindings cause vibrations
which show typical transitions. Acetylene has a quite simple rotation-vibration spectrum in
the H-band in the range 6494-6623cm−1 and in the K-band 4430-4785cm−1 providing almost
equidistant lines (see Fig.29). In conclusion acetylene is a well suitable reference gas candi-
date, at least in the-H band.

Iodomethane:
Iodomethane (CH3I), also called methyl iodide, is a colourless liquid under normal condi-
tions. It has an acrid odour. The boiling point at 42◦C is low, so it evaporates quite fast,
even at room temperature. The melting point is at -66.45◦C. The density is 2.2789 g/cm3,
its molar mass is 141.9 g/mol, thus much heavier than all the other gases described here.
The molecule has a tetraeder-like structure very similar to methane, but one of the four hy-
drogen atoms is replaced by an iodine atom (see Fig.26). Due to its more complex structure
the molecule has a few typical vibrations. Iodomethane provides a large number of features
in the H band between 5920-6210cm−1 (see Fig.30), but requires a very high spectral res-
olution of ∼0.005cm−1 (R∼106) to properly resolve the features. With lower spectroscopic
resolution (R∼35000) only the band heads are visible. It also shows features in the K-band
between 4200-4600cm−1 (see Fig.30). In contrast to acetylene the iodomethane is very toxic,
i.e. highly cancerogene. The required high spectral resolution, which cannot be provided by
CRIRES or competitive instruments, and the toxicity inhibit its application as a reference
gas.
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Figure 25: Molecular structure of Acetylene (C2H2). Each of the two carbon atoms has four
vacant electrons for bindings, the hydrogen atoms have one electron. The carbon atoms are
bound by a triple binding whereas each hydrogen and carbon atom are bound by a single
one.

Figure 26: Molecular structure of iodomethane (CH3I). The large atom on the left represents
the iodine atom, on the right side a methyl-group, made of a carbon atom (center) and three
hydrogen atoms, is shown.
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6.2.2 K-band

In the K-band (∼4100-5000cm−1) mainly ammonia and two carbon monoxide isotopes were
investigated. As mentioned above also acetylene and iodomethane provide some lines, but
due to reasons of pressure broadening and toxicity they are not primary suitable gases for
this band.

Ammonia:
Ammonia (NH3) is a colourless gas with a characteristic pungent odour. The molar mass is
17.0306 g/mol, the density is 0.720 kg/m3 . Its melting point is at -77.73◦C, the boiling point
at -33.34◦C. It is highly soluble in water (89.9g/100ml at 0◦C). For the measurements I used
water free ammonia (purity 99.98%), distributed by Linde AG Germany, in order to avoid
spectral features contributed by water. Ammonia has a trigonal pyramidal molecular struc-
ture (see Fig.27). It provides spectral features over a wide range between ∼4000-5200cm−1.

Figure 27: Molecular structure of ammonia (NH3). The blue atom in the center represents
the nitrogen, the other three white atoms are hydrogen.

Carbon Monoxide:
Carbon Monoxide (CO) forms six stable isotopic species (12C16O, 12C17O, 12C18O, 13C16O,
13C17O, 13C18O), from which the 2ν bands of 12C18O and 13C16O in the K-band at ∼2.3µm
were investigated. The remaining isotopes have on the one side very weak intrinsic inten-
sities, thus high gas pressures would be necessary, but then line broadening would clearly
affect their spectra. On the other side the spectra of these isotopes are located at longer
wavelengths, i.e. in regions overlayed with the telluric spectrum, where observations would
not be effective. In addition these isotopes are intrinsically very rare, hard to extract from a
natural abundant mixture and therefore quite expensive.
Carbon monoxide is a colourless, odourless gas under normal conditions. It consists of one
carbon and one oxygen atom which form a linear molecule with a partial triple bond (see
Fig.28). It is a toxic gas due to its oxygen binding property. But with respect to the very
small amount of CO needed for the usage in the gas cell it is quite safe. The molar mass of
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the two isotopes is 30 g/mol for 12C18O and 29 g/mol for 13C16O, respectively. The melting
point is at -205◦C, the boiling point at -192◦C. The spectra of CO isotopes are quite simple
due to the rotation-vibration oscillations and provide many (almost) regularly spaced lines.
The low gas pressure needed and the regularly spectrum make it a well suitable reference gas.

Figure 28: Molecular structure of carbon monoxide (CO).

The presented reference gases were investigated in detail with respect to their behaviour at
different pressures and temperatures. Therefore a measurement campaign with an FTIR
spectrometer was carried out in cooperation with ESO in Garching in early 2008. The results
of this campaign are presented in Sect. 6.4.

6.3 Modeling Spectra

6.3.1 LBLRTM - Line By Line Radiative Transfer Model

The radiative transfer model code LBLRTM4 was applied before carrying out real mea-
surements, in order to evaluate the potential reference gases concerning of suitable spectral
features, with respect to the constraining absorption cell parameters. This radiative transfer
model code is a product by the Atmospheric and Environmental Research Inc. (AER), which
was developed in order to model the Earth’s atmosphere.
Usually a radiative transfer model divides the atmosphere into several layers, e.g. of sim-
ilar height. The pressure-temperature profile is then computed for each layer assuming a
predefined gradient, starting with the lowest layer. The pressure and temperature values
determined at the layer’s borderline are used as starting values for the next layer. This com-
putational scheme was modified for the calculation of the gas cell spectrum. The number of
layers was limited to one, the layer height was set to the gas cell’s pathlength. The gas cell
spectra were then computed for different pressure values.
Because the radiative transfer model code (LBLRTM) uses the HITRAN database (Roth-
man et al. (2003, 2005)) as input only the following gases could be modeled: CO isotopes,
ammonia, acetylene. Due to missing HITRAN data the spectra for methyl iodide could not
be modeled.

4LBLRTM heritage is from FASCODE (Clough et al., 1981, 1992) with its initial development at AER
supported under the Department of Energy ARM Program. The Department of Energy ARM Program and
NASA, through a subcontract with the Jet Propulsion Laboratory, support the continued advancements of
LBLRTM.
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A grid of modeled spectra for each gas was computed varying the temperature, the partial
and total pressure for each gas in order to estimate an individual suitable range of pressures
before the gas cells were filled. In the same manner the spectra were modeled afterwards, i.e.,
after the gas cells were filled and measured with the FTIR spectrometer, in order to deter-
mine the real pressure inside the individual gas cells. It was found that the modeled spectra
did not fit the measured spectra by 100 percent. In detail not all visible spectral features
could be fitted at once exactly with respect to the line strengths. Hence concentration on
the strongest features was performed. With respect to these constraints the filling pressures
could be determined with an uncertainty of approximately ±5mbar.
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Figure 29: Spectrum of acetylene (C2H2), modeled with the atmospheric radiation transfer
code LBLRTM, for the H-band from 6450-6700cm−1 at pressure of 75mbar (top) and for the
K-band from 4400-4800cm−1 at pressure of 1000mbar (bottom), with pathlength of 160mm,
temperature of 296K.
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Figure 30: Spectrum of Iodomethane (CH3I) taken with a Fourier Transform Spectrometer
for the spectral ranges 5800-6250cm−1 (top) and 4200-4550cm−1 (bottom). Because the
HITRAN database didn’t contain any information about iodomethane, the spectrum couldn’t
be modeled. Instead an observed spectrum is shown here. The gas cell had an absorption
path of 160mm. The pressure in the cell was ∼280mbar, the temperature was 293K.
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Figure 31: Modeled spectrum of ammonia (NH3) in the K-band range between 4050-
4680cm−1, with pathlength of 160mm, temperature of 293K and pressure of 70mbar.
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Figure 32: Model spectra of carbon monoxide isotopes. The first overtone transition (2ν)
in the K-band around 4170cm−1 is shown for 12C18O (top) and a mixture of 90% 13C16O
and 10% natural abundant CO isotopes (bottom). The model parameters are pathlength of
160mm, temperature of 293K and a pressure of 125mbar for 12C18O and 195mbar for the
13C16O mixture, respectively.
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Figure 33: Calculated Doppler broadening half widths for the investigated calibration
standards. The reference wavelength was set to 6536cm−1 for acetylene, 6135cm−1 for
iodomethane and 4348cm−1 for ammonia and carbon monoxide.

Figure 34: Calculated pressure broadening half widths for the investigated calibration
standards. The reference wavelength was set to 6536cm−1 for acetylene, 6135cm−1 for
iodomethane and 4348cm−1 for ammonia and carbon monoxide.
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Figure 35: Illustration of pressure broadening for 13C16O. The spectra were recorded while
the gas cell was opened and the CO was replaced by air. The partial pressure of CO decreases
from high pressure (black) to low pressure (yellow), while the total pressure inside the gas cell
increases up to 1 atm. Before opening there was only CO inside the gas cell, thus the total
pressure equaled the partial pressure (black spectrum). At this high-pressure condition the
line width is dominated by pressure broadening due to collisions between the CO molecules.
Although after opening the gas cell the total pressure inside is increasing and the number of
potential colliding molecules is growing the lines get narrower due to a decreasing amount of
CO.
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6.4 FTIR Measurements

In January 2008 a measurement campaign was carried out in cooperation with ESO at Garch-
ing. This campaign aimed at the characterization of pressure and temperature dependent
behaviour of the so far identified reference gases in the H and K band. These gases were two
isotopes of carbon monoxide (12C18O, 13C16O), ammonia and iodomethane. At the time of
the campaign the acetylene was not available, so measurements could not be performed for
this gas. For each reference gas three cells with different pressures were prepared in order
to find an optimum operation value. The temperature dependent measurements covered the
range from -20◦C to +60◦C, simulating the values (including extrema) expected, e.g. at the
Cerro Paranal (Chile).
The following sections describe the data aquisition and data reduction, and the results con-
cerning pressure and temperature dependent properties will be discussed.

6.4.1 Data Aquisition

For the measurements a commercial FTIR spectrometer, the Thermo Nicolet 5700, was used.
This spectrometer comes along with two light sources (white light, IR Globar), beamsplitters
(CaF2, KBr) and detectors (InGaAs, DTGS KBr) covering the whole range between 1-10µm.
Table 6.4.1 summarizes the available settings of the spectrometer. The highest possible
resolution of the instrument was 0.125cm−1 which corresponds to a spectral resolution of
R∼32000-48000 between 4000-6000cm−1, the range covered in the measurements.
For the measurements the gas cells of the first design version were used, i.e. the ones with
plane-parallel windows. A fringe pattern in the continua of the spectra was recognized very
soon, resulting from the interference inside the windows (see Figure 36). According to the
simple relation for an interferometer the optical retardation is given by

∆λ =
1

∆ν
= 2nd (64)

where n describes the refraction index, and d is the path difference of the interferometer. The
average optical retardation ∆ν was determined to be 1.25cm−1. With the refractive index
n≈1.74 for the Sapphire window material this resulted in a path difference of ∼2.3mm which
corresponded to the thickness of the Sapphire windows (2.5mm).
In order to find a sufficient minimum of this pattern the cells were fixed on a rotating table
in the optical path of the spectrometer (see Fig. 37). Then short term scans were performed
to locate the optimum position at which the final scans were carried out. For demonstration
that this pattern can be eliminated in principle in the data reduction a gas cell for each of the
gas species (CO and ammonia) was measured in filled and empty status at room temperature.
Because the position of the pattern varies along the wavelength scale (phase shift) due to
expansion of the cell with changing temperature these measurements (at filled and emptied
status) had to be carried out for all temperatures in order to correct the spectra for this
pattern. Since this turned out to be not practicable, the pattern was minimized in advance
by adjusting the cells’ positions into the best possible position.
Another effect that can be well eliminated using the measurements of the emptied gas cell
is contamination due to telluric lines. Figure 42 shows such an example in the spectrum of
12C18O. Also line blends with telluric lines could be ’repaired’ by this method.

In order to decrease the noise in the measurements the spectral range of the scans was care-
fully limited to the regions of interest. Test scans were carried out in order to determine the
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setting detector beam splitter light source
A DTGS KBr CaF2 IR
B DTGS KBr CaF2 white light
C DTGS KBr KBr IR
D DTGS KBr KBr white light
E InGaAs KBr white light
F InGaAs KBr IR
G InGaAs CaF2 IR
H InGaAs CaF2 white light

Table 1: FTIR settings of the spectrometer used for the measurements.

optimum scanning period with respect to the achieved signal-to-noise ratio (SNR). No signif-
icant increase in quality of the spectra was found for scanning periods longer than 64 scans.
The 64 scans corresponded to a record time of ∼31 minutes using the InGaAs detector, which
was mainly used. For the measurements at varying temperatures the scanning period was set
to 16 scans (∼8min) for T<20◦C due to difficulties in maintaining a constant temperature
(see Sect.6.4.5). Additionally long time scans were performed, mostly overnight, in order to
cover the spectral range between 2.5-10.0µm, using the DTGS detector. These records were
performed with scanning periods of 850-1600 scans, corresponding to several hours record
time.

6.4.2 Data Reduction

The main data reduction was performed using IDL and IRAF5. The basic reduction included
the extraction of the spectra, fitting an appropriate dispersion relation and flux normalization.
In detail at first a continuum shape function was fitted using the spectrum of the emptied gas
cell(s). This function was then adapted to the individual spectra taken at different tempera-
tures by multiplication with an appropriate factor. For spectra taken at temperatures below
20◦C depressions in the continua became clearly visible (see Fig.47), hence the continuum
shape in between the spectral features appeared unclear. But using the continuum shape
function of the empty cell made it possible to normalize the spectra. For normalization the
spectra were divided by the individually determined continuum shape functions (see Fig.38).
The main goal was the determination of the line center positions of the investigated refer-

ence gases. Therefore a line fitting procedure provided by IRAF was used. At this point the
spectra of carbon monoxide and ammonia must be discriminated. While carbon monoxide
provides almost equally spaced isolated lines the spectrum of ammonia contains, at least
in some regions, a number of partially blended lines. Hence in case of ammonia a line de-
blending algorithm for the line center fitting procedure was applied. The principal fitting
algorithm was the same for all spectra, independent of the gas species. The individual spec-
tral lines were fitted with a Voigt profile in combination with a least-square fitting algorithm.
The spectra were splitted in chunks of 100 cm−1 width. The resulting parameters from
the line profile fit gave the line center position, absorption strength and equivalent width
for each spectral line (see Appendix Tables 8 and 9). In order to determine the achievable
accuracies for the fitting parameters measurements taken under similar conditions (identic

5http://iraf.noao.edu
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Figure 36: Ringing pattern (top panel) due to interference in the plane-parallel cell windows.
The lower panel shows the spectrum after division by the empty-cell spectrum. Although
there remains a small residual of the ringing pattern the improvement by using an empty-cell
spectrum becomes clearly visible.

cell, equal ambient temperature, identic spectrometer settings) for each gas species were per-
formed. Then the fitted parameters for the individual lines were compared. For the carbon
monoxide isotopes an accuracy for the fitted line center positions of (-3×10−4±3×10−4)cm−1

for 12C18O and (3×10−4±2×10−3)cm−1 for 13C16O was determined (Fig.39-41). In case
of ammonia the accuracy gave (0.005-0.01)cm−1, where lines with absorption below ∼5%
showed a significant worser fit accuracy. The determination of line absorptions resulted in
an accuracy of (-0.002±0.027)% for 12C18O and (-0.013±0.028)% for 13C16O, while ammonia
showed an accuracy of (-2.5.10−4±0.024)%. The fit for equivalent widths gave an accuracy
of (-3×10−4±3×10−4)cm−1 for 12C18O, and (5.6×10−3±4.9×10−3)cm−1 for 13C16O, and (-
0.004±0.057)cm−1 for ammonia.
In summary the line center position fit accuracy depends on the total number of lines and
whether they are (strongly) blended or not, the line absorption accuracy is in the single-digit
range (3%), while the equivalent width fit accuracy is ∼10−3cm−1.

6.4.3 Additional Corrections

The correction of the ringing pattern is shown exemplary for the carbon monoxide isotope
12C18O in Figure 36. The normalized spectrum of the filled cell is divided by the one of the
empty cell and clearly improves the spectrum. Even if the ringing pattern cannot be fully
eliminated it is possible to reduce this kind of noise significantly.
Because the ringing pattern shifted with temperature variation along the wavelength direction
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Figure 37: The rotatable mounting was used to align the gas cell in the optical path of the
FTIR spectrometer in order to minimize the ringing pattern in advance.

Figure 38: An example for the basic data reduction of the spectra (here 13C16O). Top:
spectrum of the empty cell (black) and fitted shape of the continuum (green). Middle:
Spectrum of carbon monoxide (black), overlayed the fitted continuum shape (green) from
upper spectrum displaced by multiplication with an appropriate factor. Bottom: Normalized
spectrum of carbon monoxide after division by the continuum shape function. (The spectra
were shifted by an arbitrary offset.)
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Figure 39: The panels show the determined precision for the line center position fit at equal
temperatures (20◦C), 12C18O (top), 13C16O (middle), NH3 (bottom). The deviating data
points, with low and high line numbers, mainly correspond to weak lines with line absorptions
of 5% of the continuum. In contrast strong lines give a better fitting precision.
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Figure 40: The determined precision for the line absorption fit at equal temperatures (20◦C)
of 12C18O (top), 13C16O (middle), and NH3 (bottom). While for weak carbon monoxide lines
the precision decreases, for ammonia an almost constant precision is determined.
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Figure 41: The determined precision for the equivalent width fit at equal temperatures (20◦C)
for 12C18O (top), 13C16O (middle), NH3 (bottom). The deviation is strongest for weak lines
(low and high line numbers) in case of carbon monoxide, while it is almost constant for
ammonia.
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due to expansion of the glass (cell body and windows), the correction could not be applied to
all spectra. In fact it would be necessary to repeat the temperature dependent records with
the identic emptied cell in order to allow for a correction. Because such measurements had
not been performed it was not possible to eliminate this interference pattern for all obtained
spectra. Rather it was tried to find an optimum position in advance in the lightpath of the
spectrometer at which the pattern was minimized in the scanned wavelength range.
Similar to the previously described correction for the ringing pattern also telluric lines and
line blends can be corrected using a spectrum of the (identic) empty gas cell. Figure 42
shows a spectrum of carbon monoxide before and after the correction for telluric lines. For-
tunately the investigated wavelength regions were almost free of telluric lines. In case of
carbon monoxide as well as for ammonia there appeared almost no blends between telluric
lines and the reference gas lines. As shown the correction is possible to a high degree. But
this would again require to repeat the spectra aquisition of the empty cell at different tem-
peratures, otherwise the interference pattern would be imprinted onto the spectra.

Figure 42: Beside the interference pattern also telluric lines could be eliminated by using
a spectrum of the identic but emptied cell. The upper panel shows the spectrum of the
gas (black) and a spectrum of the identic empty cell (green) taken under similar conditions.
The pattern in both spectra was well reproducable. Telluric lines, either isolated (e.g. at
4045cm−1) or blended with the CO lines (e.g. at 4088cm−1), could be identified by use of the
reference spectrum. The lower panel shows the corrected absorption cell spectrum (green).



6.4 FTIR Measurements 59

6.4.4 Gas Cell Pressures

For each gas species three gas cells with different filling pressures were investigated aiming on
the determination of an optimum range of operation. Table 2 summarizes the used pressure
values in detail. Figures 43-45 show the spectra of 12C18O, 13C16O, and NH3 for the pressures
given in Table 2.

Filling Pressures
gas species pressures [mbar]

12C18O 60 125 175
13C16O 95 180 280

NH3 30 70 105
CH3I 60 180 290

Table 2: Individual filling pressures for the different gas species.

As is described by the Lambert-Beer’s-law (see Sect.2.3.1) the absorption is directly propor-
tional to the amount of the absorbing material, i.e. the concentration, in the considered
volume. Because the gas cell can be treated as a sealed system of constant pathlength the
pressure inside the cell is directly proportional to the concentration, hence is proportional to
the absorption.
The carbon monoxide isotopes’ 2ν rotational-vibrational bands have a simple spectrum in
the K-band, and the absorption is relatively strong. With an absorption length of 160mm
and 125mbar pressure an absorption of ∼50% for the stronger lines of 13C16O and ∼40%
absorption at 190mbar for 12C18O were achieved. Although the broadening becomes visible
in the line wings of the individual lines they are sufficiently spaced so line blending does not
occur, yet, even in the high-pressure (175mbar, 280mbar) gas cells. But the medium pressure
gas cells already provide sufficient line absorptions for a reference spectrum of CO.
The ammonia spectrum is complementary to the carbon monoxide in the K-band and pro-
vides much more lines but which then are partly blended. With the medium pressure gas cell
(70mbar) line absorptions up to 70% were achieved. A comparison with the high-pressure
(105mbar) spectrum revealed already line blending at least for a few lines, i.e. the influence
of pressure broadening increases. Considering the line absorptions and line broadening effects
pressures between ∼50-80mbar would be a recommended value for operation of an ammonia
gas cell.

6.4.5 Temperature

In order to investigate the stability of reference gas spectra under changing temperature
conditions, as they are expected to occur for instance at the Cerro Paranal (Chile), measure-
ments for temperatures between -20◦C to + 60◦C were performed. This temperature range
included also extreme values for completeness.
The gas cells were prepared in the following way. For the high-temperature measurements
(hereafter, the hot measurements, ≥20◦C) a thermo-wire was wrapped around and fixed onto
the gas cell with a thermo-resistent tape. The thermo-wire was connected to a controllable
power supply, allowing to adjust voltage and/or current in order to adjust a certain temper-
ature. Along the gas cell four temperature sensors were placed for controlling and recording
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Figure 43: Comparison of three pressures of 99.64% pure 12C18O, (a) 60 mbar, (b) 125 mbar,
and (c) 175 mbar for a pathlength of 160mm. The spectrum of CO is quite similar and
provides almost equally spaced lines in the P and R branch. The achievable line absorptions
for the strongest lines in the 2ν band range from ∼20-25% at the low pressure (a) to ∼45-50%
at the high pressure (c). Even in the high pressure spectrum the lines are not blended, yet,
due to pressure broadening.

the temperature during the measurements. Two sensors were positioned close to both win-
dows, another one at the bottom, and one on the top of the cell body (see Fig.46). The
sensitivity of the individual sensors was given with liberately ±2◦C. For the low-temperature
measurements (hereafter, the cold measurements, <20◦C) the gas cell was cooled down by
sputtering a frost spray onto the cell body. During the cold measurements a mask was put
on the cell in order to protect the windows and the FTIR spectrometer from the spray. Once
a constant temperature was reached the scans were started. Due to the method used to cool
down the cell it was difficult to reach a homogeneous temperature, often the windows were
slightly warmer compared to the center. Figure 48a-c shows the temperature control records
for the cells filled with 12C18O, 13C16O, and NH3. As can be seen keeping the temperature
constant below ∼10◦C was much more complicated, while at the heating process a plateau-
like value could be reached. Therefore the cold measurements were recorded with 16 scans,
while the hot ones were recorded with 64 scans.
In addition three cells filled with Iodomethane were prepared, which is liquid under normal
conditions (boiling point at 42◦C). But due to its toxicity and safety reasons the measure-
ments at variable temperatures had not been carried out as was done for the other gases.
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Figure 44: Comparison of three pressures of 90% pure 13C16O, (a) 95 mbar, (b) 190 mbar,
and (c) 280 mbar for a pathlength of 160mm. The strongest lines in both branches of the 2ν
band reach line absorptions between ∼30-35% at the low pressure (a) and ∼60-65% at the
high pressure (c). As for 12C18O the pressure broadening doesn’t lead to line blending, yet.

In order to characterize the gas species the change of line absorption intensities with temper-
ature relative to the values at the lowest measured temperature (-20◦C) was determined. In
general it can be said that not all lines behave in the same manner. This can be explained
with the different filling ratio of the molecular energy states. At lower temperatures mainly
ground and/or low level states are filled, with increasing temperature the ratio is shifted to
higher level states. Hence with increasing temperature formerly (very) weak lines grow with
respect to their absorption intensities while stronger lines (slightly) weaken.
Tables 8, 9 & 10 (see Appendix) summarize the measured line absorption intensities for the
carbon monoxide isotopes 12C18O, 13C16O and ammonia. The relative change over the whole
temperature range is ≤10% for the individual lines.
In case of ammonia it was more difficult to apply the line profile routine for the spectra at
temperatures below 20◦C because on the one hand side the cell windows became steamy and
the signal went quite weak. On the other side a depression in the spectra’s continuum ap-
peared (see Fig.47). The applied fitting routine for blended lines did not worked sufficiently.
Hence only the spectra for ≤20◦C were considered in the reduction. The effect of temperature
dependent change in line absorption intensity was determined to be of the order ∼5%, i.e.
slightly lower than for carbon monoxide, except for a few lines which changed by ∼10%.
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Figure 45: Comparison of three pressures of pure NH3, (a) 3 mbar, (b) 70 mbar, and (c) 105
mbar. The filling of the gas cell in panel (a) obviously failed and resulted in a far too low
pressure, and a further analysis showed that the gas cell was additionally contaminated with
water. Ammonia shows a much more complex spectrum with some blended lines. The line
absorptions at maximum reach ∼60-70% at the medium pressure (b) and ∼70-80% at the
high pressure (c). The spectrum for the high pressure (c) reveals the growing effect of line
broadening.
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Figure 46: The gas cells were prepared for variable temperature measurements. The brown
wires are the four temperature sensors attached at different places spreaded along the cell.

Figure 47: The clearly visible depression in the continua for spectra of 13C16O (upper panel)
and NH3 (lower panel) at temperatures ≤ 10◦C which hampered the fit of the real continuum
shape.
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Figure 48: Temperature control records from low to high temperatures for 12C18O (top),
13C16O (middle), NH3 (bottom). Reaching a constant temperature below 20◦C was much
more complicated than during the heating process (≥20◦C), where a plateau-like phase of
almost constant temperatures was reached. Thus the number of scans was limited to 16 for
cold measurements, and 64 for hot ones, respectively.

6.4.6 Pressure Shift

The fundamental requirement on a wavelength calibration standard is its self-contained sta-
bility. A significant parameter in this context is the pressure dependent line shift coefficient.
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For the calibration standards in the present work pressure shift coefficients from other studies
were presented by other groups, but these refer only to different wavelength regions. Swann
and Gilbert (2002) investigated the carbon monoxide isotope 13C16O in the 1.5µm region,
and Dhib et al. (2007) determined the pressure shift coefficient for NH3 in the 10µm region.
In the HITRAN database which was used for instance for modeling the gas cell spectra (see
Sect. 6.3) no pressure shift values were available for the wavelength regions of carbon monox-
ide and ammonia used in this study.
Assuming a terminated thermodynamical system the temperatures from the hot and cold
measurements were converted into pressures by the relations for an ideal gas. The unper-
turbed, zero pressure line centers were then determined by using the fitted line center positions
from the variable temperature measurements. Following Füchtbauer et al. (1923), Margenau
(1932), Swann and Gilbert (2002) the pressure shift of spectral lines is linearly proportional
to the gas pressure and usually directed to the red. Subsequently the relative change in the
line center position vs. pressure for each line was determined and fitted by a linear regression.
With respect to the individual line absorption strengths, which were taken as weighting factor
in order to count for decreasing fitting accuracy of weaker lines, the weighted mean of the
value for the line shift was determined. Using this value the zero-pressure line centers were
calculated and compared to the literature values from the HITRAN database (see Tables 11,
12 & 15).
For the CO isotopes the pressure shift coefficient was determined for 36 lines of 13C16O and
for 28 lines of 12C18O. These lines near 2.3µm are related to the first overtone of the 2ν
rotation-vibration band. The lines for ammonia were treated separately for the correspond-
ing transitions (39-9, 40-13, 41-13, 42-9) between 4100cm−1 and 4600cm−1.

Carbon Monoxide
Figure 49 shows the pressure shift coefficient versus line center for 12C18O and 13C16O. In case
of 13C16O the pressure shift coefficient was positive for all lines (except one) with increasing
pressure while for 12C18O the values visually alternate around the zero. The weighted mean
pressure shift coefficient was 3×10−5cm−1 per mbar for 12C18O, and 1×10−5cm−1 per mbar
for 13C16O, respectively.Figure 50 compares the extrapolated zero-pressure line centers for
12C18O and 13C16O with reference values from the HITRAN database. The uncertainty (1σ)
is 7×10−3cm−1 for 12C18O and 1×10−2cm−1 for 13C16O.

Ammonia
In case of ammonia the pressure shift coefficient was determined for lines of four different
transitions in the region 4100-4600cm−1 (see Table 15) and is shown in Figure 51. The
individual pressure shift values range between 0.8×10−5cm−1 per mbar to 1.4×10−5cm−1

per mbar and -2.6×10−4 per mbar. Although I analysed line transitions different to that in
Dhib et al. (2007), who investigated ammonia around 10µm, the results in this work are of
comparable order to their measurements. I also obtained results of different signatures, as is
reported by Dhib et al. (2007) who pointed out that the direction of line shifts strongly de-
pend on the vibrational band. The difference between extrapolated zero-pressure line center
positions and the HITRAN reference values are shown in Figure 52.

The presented gas species were investigated concerning their usability as wavelength stan-
dards in spectroscopic measurements. The pressure shifts determined from the temperature
conversion of these standards correspond to stabilities of ∼1-3m/s per mbar for CO and
∼5-20m/s per mbar for NH3. In order to reach radial velocity precisions of a few m/s it is
therefore strongly recommended to use a temperature controller together with the gas cell at
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the spectrograph, otherwise the wavelength standard itself would not be sufficiently stable.
For example a variation of 10 Kelvin would cause a pressure variation of ∼5mbar, accordlingly
this would give a shift in line center positions of ∼10m/s.
Pressure shift coefficients for the 2ν rotational-vibrational band of two carbon monoxide
isotopes (12C18O, 13C16O) and for ammonia (NH3) in the K-band between 4000-4600cm−1

have been determined from FTIR spectroscopic measurements. Both CO isotopes showed a
similar behaviour, with a shift of 3×10−5cm−1 per mbar for 12C18O, and 1×10−5cm−1 per
mbar for 13C16O, respectively. The spectral lines were shifted towards higher wavenumbers,
i.e. blueshifted. This result is in contrast to the behaviour found by Swann and Gilbert
(2002) for the 3ν transitions in the H-band. Also their pressure shift coefficient values are
a magnitude larger compared to the ones in the present work. Unfortunately there are no
other reference values available in the literature, hence the measurements presented here are
possibly the first for carbon monoxide at these wavelengths. From the present point of view
it cannot completely excluded that the sign of the CO pressure shift is varying for transitions
in different bands, as is reported e.g. for ammonia. The pressure shift coefficient of four
line transitions of ammonia was determined to be between -2.6×10−4cm−1 per mbar and
1.4×10−5cm−1 per mbar. These results are in agreement with measurements reported by
Dhib et al. (2007), although they were obtained at a different wavelength range (∼10µm).

Figure 49: The left panel shows the pressure shift coefficent vs. wavenumber for the individual
lines of 12C18O, the right panel is for 13C16O.

Figure 50: The panels show the difference between derived zero-pressure wavenumbers and
HITRAN wavenumbers for 12C18O (left) and 13C16O (right). The lines at higher wavenumbers
are of weaker intensity.
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Figure 51: The pressure shift coefficent vs. wavenumber for the ammonia line transitions (a)
39-9, (b) 40-13, (c) 41-13, and (d) 42-9.
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Figure 52: Deviation between the extrapolated zero-pressure line centers and reference line
center positions from the HITRAN database for the ammonia line transitions (a) 39-9, (b)
40-13, (c) 41-13, and (d) 42-9.



6.4 FTIR Measurements 69

Figure 53: Overview of the reference gases in the K-band. The to date available N2O (black)
provided by ESO in comparison with gases investigated in this work, NH3 (red), 12C18O
(blue), 13C16O (yellow), and C2H2 (green). This plot clearly illustrates the extension of the
wavelength range for the use of a gas absorption cell as calibration standard.

The extension of the usable wavelength range for spectroscopy in combination with a gas
absorption cell standard as a wavelength calibrator is visualized in Figure 53. It shows the
K-band wavelength range with the formerly available N2O (black) at ∼ 50mbar pressure,
which is used in the ESO gas absorption cell. The other gases are acetylene (green) at
∼1bar, ammonia (red) at ∼70mbar and the CO isotopes 12C18O (blue), 13C16O (yellow) at
∼120mbar and ∼190mbar. This plot reviews the potential of the gas species investigated in
this work that can be used for wavelength calibration of spectrographs. The gases can be
operated at moderate gas pressures (except acetylene), providing sufficient line absorptions
while the pressure induced line broadening is of acceptable order.
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7 Target Line Atlas

Suitable target objects for observations in the near-infrared are mainly those whose maximum
of the spectral energy distribution is located in the near-infrared spectral range, i.e. stellar and
substellar objects of spectral type M, L, and T. These spectral types correspond to effective
temperatures from ∼4000K down towards ∼1000K, such objects are cool giant stars, M dwarf
stars, and Brown Dwarfs.
In order to investigate stellar and substellar target objects with respect to suitable spectral
features, that could be used for relative radial velocity measurements in the near-infrared
a sort of a spectral atlas was intended to be compiled. Due to a lack of available high-
resolution spectra (R∼105) for targets in the near-infrared a grid of synthetic model spectra
was calculated using the stellar radiative transfer code PHOENIX (Hauschildt and Baron
(1999)).
The features, which was searched for, should be on the one side characteristic for the different
groups of target objects and otherwise comply similar restrictions as the reference gases used
for the absorption cell (see Sect. 6.1). In detail these are the following:

1. The lines should be strong enough for detection at the used spectral resolution and the
expected signal-to-noise ratio.

2. The lines should be separated by several angstroms, in such a way that blending with
other lines is minimized.

3. There should be a minimum of weak lines accompanying the strong lines.

4. The lines should not overlap neither any telluric band nor the lines of the reference gas.

The search for applicable spectral features was limited to the commonly known spectral
bands, which enable ground-based observations, i.e. the J, H, and K band. In the first order
this was done independently from the availability of reference gases in these spectral bands.
But in the second order the positions of the spectral features had to match the wavelength
ranges of reference gases used in the absorption cell. In addition the overlay with telluric
lines in these bands should be limited to a minimum. Figure 54 shows the J, H and K band
spectral ranges together with the telluric spectrum and the so far found reference gases from
this work (see Sect.6). The telluric features in the spectral windows result mainly from water,
carbon dioxide, methane and to a lower amount from nitrogen dioxide.
Furthermore, the intention of this investigation was to carry out a qualitative search rather

than a quantitative determination of usable spectral features for the different targets. The
spectral features found (see Tables 4 & 16-23) were analyzed with respect to showing trends
depending mainly on the objects’ effective temperature. In the following section the spectra
of proposed target objects will be reviewed.

Due to the fact that the gas cell(s) developed in this work mainly aim on operation at the VLT
CRIRES instrument, the attached plots (Figures 55-63) for the target objects were created
with respect to the instrument specific wavelength settings. The CRIRES spectrograph con-
sists of a detector array of four Aladdin chips of 1024×512 pixels each with an inter-detector
gap of nominally 283 pixels. The rough estimated wavelength range per detector is between
80Å in the J-band and 100Å in the K-band.



7.1 Basic Information on PHOENIX 71

Figure 54: Spectral bands J, H and K in the near-infrared. The telluric spectrum (black)
limits the usable range (orange) for observations. In the H and K band the reference gases
from this work are overplotted, these are acetylene (H & K band) and ammonia and carbon
monoxide (K band).

7.1 Basic Information on PHOENIX

PHOENIX is a 1D stellar radiative transfer code that was developed to construct (non)local
thermal equilibrium (NLTE and LTE) model atmospheres for dwarf and giant stars all over
the HRD, Brown dwarfs, extrasolar planets, etc.. For the computation several physical as-
sumptions are made, such as a spherical symmetry, a hydrostatic equilibrium, energy conser-
vation, and many more. For more detailed information see Hauschildt & Baron (1999) and
the PHOENIX manual.

7.2 The calculated grid of target objects

The model spectra were computed for different kind of target objects, these were cool giant
stars (1500K≤3500K), low mass M dwarfs (3000K≤4000K) and Brown Dwarfs (1500K≤3000K).
The parameters used for the grid were the effective temperature Teff , the radius R, and the
mass M of the proposed target objects. An overview of the grid parameter space is given in
Table 3.
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PHOENIX model grid parameters
object mass radius Teff

[M�] [R�] [K]
Giant Stars 3-5 3-10 1500-3500
M Dwarfs 0.1-0.5 0.1-0.3 2800-3800

Brown Dwarfs 0.02-0.06 0.1 1000-3000

Table 3: Parameter grid for the PHOENIX model spectra.

The stepsize in wavelength scale used was ∼0.1Å corresponding to the assumed spectral reso-
lution of R∼105 (@1µm) for the VLT CRIRES spectrograph, which is a potential instrument
the absorption cell might be operated with.
The spectra were computed using the available models, i.e. in the effective temperature range
between 1000K≤4000K.
The output from the PHOENIX code is a modeled spectrum, that gives the stellar flux at its
surface in erg/s/cm2/cm. Comparing the spectrum of a chosen effective temperature with
a corresponding blackbody function shows, that e.g. in the near-infrared (J, H, K band) a
mismatch occurs due to absorption by dust formation in the object’s atmosphere.In order to
obtain a normalized spectrum for a quantitative analysis of the behaviour of spectral features
with effective temperature, the blackbody function was adopted by an individual multiplica-
tive factor until it fitted the spectral energy distribution around the maximum region.



7.2 The calculated grid of target objects 73

T
ab

le
4:

O
ve

rv
ie

w
of

th
e

do
m

in
an

t
m

ol
ec

ul
ar

an
d

at
om

ic
sp

ec
tr

al
fe

at
ur

es
fo

r
pr

op
os

ed
ta

rg
et

ob
je

ct
s

in
th

e
ne

ar
-i

nf
ra

re
d

w
av

el
en

gt
h

re
gi

m
e.

T
ar

ge
t

O
b
je

ct
s

-
sp

ec
tr

al
fe

at
u
re

s
fr

om
J

to
M

b
an

d
ob

je
ct

s
J

H
K

L
M

G
ia

nt
s

Fe
H

,
H

2
O

H
2
O

,
O

H
,

C
O

2
H

2
O

,
C

O
2

H
2
O

,
Si

O
H

2
O

,
C

O
Fe

,
K

,
N

a,
M

g
Fe

,
Si

,
C

a
K

,
N

a,
T

i

M
D

w
ar

fs
Fe

H
,

T
iO

,
H

2
O

H
2
O

,
O

H
,

C
O

2
H

2
O

,
C

H
4
,

C
O

H
2
O

,
C

H
4

H
2
O

,
C

O
K

,
T

i,
A

l,
N

a

B
ro

w
n

D
w

ar
fs

Fe
H

,
H

2
O

C
H

4
,

H
2
O

C
H

4
,

C
O

H
2
O

,
C

H
4

H
2
O

,
C

O



74 7 TARGET LINE ATLAS

In general it can be said that the lower the effective temperature, the higher is the amount
of molecular compounds. Depending on temperature the molecular structures get influenced
until the bindings are broken up, in such a way that the spectral feature disappears and
doesn’t account anymore to the usable features. For instance methane (CH4) mainly exists
for Teff . 2500K.

7.2.1 Cool Giants

Giant stars of spectral type M correspond to Teff ∼1500K to ∼3500K. Depending on the
Teff their spectra are dominated by molecular compounds and some features of alkali metals
(see Table 4).

J-band
As can be seen in Figures 55-57 which represent the synthetic spectra corresponding to the
CRIRES wavelength settings, the spectra become quite noisy for decreasing Teff . While for
higher Teff the spectral continuum is well determined and features are quite clearly visible
the number of spectral features becomes confusing for lower Teff in all three bands. In the
J-band especially alkali lines are present, such as KI and NaI, which become stronger with
lower Teff . Beside several TiI lines are present that weaken towards lower Teff and disap-
pear for Teff . 2000K.

H-band
The H-band is strongly dominated by distinct OH bands whose intensity decreases towards
lower Teff . But also potassium (KI) is present, sodium (NaI), as well as magnesium (MgI),
iron (FeI), titan (TiI) and water features are present.

K-band
Since the K-band spectra for Teff=3500K looks tidy compared to the ones at lower Teff

the features are easier to identify, these correspond to atomic species like K, Na, Ca, Ti and
Fe for wavelengths below 2.3µm. From ∼2.3µm redwards the bands of carbon monoxide are
dominating at all shown Teff , although their visibility is best in the 3500K spectrum.

7.2.2 M Dwarfs

J-band
The grid for effective temperatures for the M Dwarfs was set from 2800K to 3800K, in steps
of 100K. In the J-band clearly spectral lines of alkali metals such as KI, NaI are present.
While the absorption of these lines gets stronger with decreasing Teff , they strongly broaden
up. In addition lines of TiI and AlI are present for Teff & 3500K, their intensity strengthens
towards increasing Teff . Beside these lines also band features of molecules like FeH, TiO
and H2O are visible. From 2800K up to ∼3200K the FeH features weaken and subsequently
disappear.

H-band
As was the case for the M Giant stars the bands of OH are the dominant features in the
H-band in M Dwarf stars, too. On the other side there exist quite large regions in between
without any significant feature over the whole range of effective temperatures shown here.
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Consequently these very few features would be placed only at one of the four available de-
tectors (on CRIRES).

K-band
The region below ∼2.3µm is quite unsuitable due to the fact that there are only a few strong
KI features around 2.207µm. These lines weaken and broaden with decreasing Teff . The KI
features are best placed using the setting 26/1/i ranging from ∼2.18µm to 2.218µm. In con-
trast for λ2.3µm the bands of carbon monoxide are the dominant features. Their absorption
gets stronger towards lower Teff .

7.2.3 Brown Dwarfs

J-band
Due to the (low) effective temperatures the dominant features are resulting from molecules
such like H2O and FeH. With decreasing temperature the spectra get more confusing. The
formerly clearly visble alkali lines are now blended with features of the molecules, and in
addition they are quite strongly broaden.

H-band
Features of methane (CH4) and water dominate the H-band regime.

K-band
Mainly bands of methane and carbon monoxide (for λ &2.3µm) dominate the appearance in
the K-band, and strengthen with decreasing effective temperatures. The methane features
are often blended (and/or remain unresolved), hence they are not suitable for measurements.



Figure 55: M Giants spectra - J band. Teff from top to bottom: 3500K, 3000K, 2000K,
1500K.



Figure 56: M Giants spectra - H band. Teff from top to bottom: 3500K, 3000K, 2000K,
1500K. The spectrum at the bottom corresponds to acetylene.



Figure 57: M Giants spectra - K band. Teff from top to bottom: 3500K, 3000K, 2000K,
1500K. The spectrum at the bottom corresponds to ammonia.



Figure 58: M Dwarf spectra - J band. Teff decreases from top (3800K) to bottom (2800K).



Figure 59: M Dwarf spectra - H band. Teff decreases from top (3800K) to bottom (2800K).
The spectrum at the bottom corresponds to acetylene.



Figure 60: M Dwarf spectra - K band. Teff decreases from top (3800K) to bottom (2800K).
The spectrum at the bottom corresponds to ammonia.



Figure 61: Brown Dwarf spectra - J band. Teff decreases from top (3000K) to bottom
(1500K).



Figure 62: Brown Dwarf spectra - H band. Teff decreases from top (3000K) to bottom
(1500K). The spectrum at the bottom corresponds to acetylene.



Figure 63: Brown Dwarf spectra - K band. Teff decreases from top (3000K) to bottom
(1500K). The spectrum at the bottom corresponds to ammonia.
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8 Radial Velocity Accuracies

In order to describe the quality of the radial velocity technique, and further to evaluate the
usability of the investigated reference gases from this work for the absorption cell method,
a software tool would be recommended. There are several approved radial velocity codes,
developed and used by the different research groups which are searching for extrasolar plan-
ets by the radial velocity method. These groups are observing mainly in the visual spectral
range, hence they are using an iodine absorption cell for wavelength calibration. Instead of
developing a completely new software tool for application of the here presented gases in the
near-infrared, it rather seemed to be more feasible and efficient to modify an already existing
code for application to near-infrared data.
The common principle of the radial velocity codes is described in Sect.8.1. In Sect.8.2 the
modification for new reference gases is discussed, while in Sect.8.3 the results for the achiev-
able radial velocity accuracy for simulated observations of different target objects are given.

8.1 Radial Velocity Determination

The determination of relative radial velocities consists mainly of three steps: (1) the determi-
nation of the spectrograph’s instrumental profile (hereafter IP), (2) the determination of the
template spectrum, and (3) a cross-correlation of the spectral components in order to match
the observed spectrum.
The analysis requires the following components: (I) a high-resolution Fourier-transform (here-
after FTS) spectrum of the used gas cell, (II) a pure gas cell spectrum observed with the
spectrograph, (III) a spectrum of the target object observed with the same spectrograph, and
(IV) a simultaneously observed spectrum of the target object and the gas cell with the same
spectrograph.
In the first step the spectrograph’s IP is derived from the gas cell spectra (I) and (II). The
FTS spectrum is assumed to contain no additional disturbing IP, i.e. it represents the intrin-
sic gas cell spectrum. The spectrum is splitted into chunks of a certain width. For each of
these chunks the wavelength scale is fitted individually with a polynomial function. Further
the IP is determined for each chunk. As discussed in Valenti et al. (1995) the IP can be
described e.g. by a gaussian function or a combination of several gaussians. This function
is determined by least-square-algorithm fitting routines whereas the width and height of the
gaussians are free parameters.
In the ongoing extraction process the target template spectrum (III) is splitted into chunks
corresponding to the ones of the gas cell spectrum before. Again the wavelength scale for
each chunk is fitted, then the observed gas cell spectrum is trimmed to these spectral ranges.
In the next step the template spectrum is shifted with respect to the gas cell spectrum and
both components are multiplied with each other. Then the formerly determined IP is con-
volved with this spectrum. The resulting spectrum is cross-correlated against the observed
spectrum (IV) until their difference (χ2) is minimized. This process is done for each chunk,
and finally a weighted mean out of the radial velocities is calculated, representing the target’s
radial velocity shift.
The spectrum of the absorption cell plays a fundamental role concerning the wavelength cali-
bration of the observed spectrum and in the determination of the spectrograph’s instrumental
profile.
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8.2 Modification for other reference gases

A high-resolution FTS-like spectrum of the reference gas was calculated with the radiative
transfer model code LBLRTM (see Sect.6.3). Due to the HITRAN database which was
used as reference for the molecular data the fundamental spectral resolution corresponds to
∼10−5cm−1. No artificial instrumental profile was applied to the spectrum calculated from
this database.
In order to obtain an estimation for the achievable goodness (σRV ) of the derived relative
radial velocities, observations with an absorption cell were simulated for different target
objects. Therefore synthetic spectra were calculated using the PHOENIX stellar radiative
transfer code (Hauschildt and Baron (1999)) to simulate the spectral features of target objects
(see also Sect.7). According to the foreseen application of the gas cell at the VLT CRIRES
instrument the simulated target spectra were calculated with a spectral resolution of R∼105,
which is the nominal value of the spectrograph. In addition a Doppler shift was applied to
the spectra.
For the analysis presented here the process of radial velocity extraction was simplified in such
a way that the additional implementation of a simulated instrumental profile for a spectro-
graph was skipped.
The observations were simulated for settings as provided by the ESO VLT CRIRES instru-
ment in order to match conditions for real observations as close as possible. The width of a
single detector is about 80-90Å (∼25-30cm−1) in the H-band, and about 100Å (∼20 cm−1)
in the K-band.
Because parameters such like the target’s photometric luminosity, and hence exposure time,
are correlated to the achievable signal-to-noise ratio (SNR) of the observation, the simulation
was performed for different SNR values.
A main difference between the iodine in the visual spectral range and the reference gases in
this work is the density of spectral lines in a certain wavelength interval. While the iodine
provides about 30 lines per Å, the gases found for the near-infrared have much less lines. The
line number density of ammonia is on average ∼3 lines per Å, acetylene gives ∼2 lines per
5 Å, each of the CO isotopes gives on average 1 line per 15Å, which would double if both
isotopes would be operated simultaneously in the same gas cell. Subsequently to obtain a
regular wavelength calibration the width of the spectral chunks must be set properly. With
ammonia suitable results were obtained for 10Å per chunk, while for carbon monoxide and
acetylene the width of the spectral chunks had to be set to ∼20-25Å.
In the following subsections the estimated radial velocity accuracies σRV are discussed for
the different target objects, i.e. for stellar objects (Cool Giant stars, M dwarf stars) and
substellar objects (Brown Dwarfs) for several effective temperatures and SNR.

8.3 Cross-Correlation

The determination of the relative radial velocities is based on a cross-correlation process
between a template spectrum and the real observation of a target. Therefore it can be
suspected that the accuracy of the radial velocity strongly depends on the accuracy of the
cross-correlation technique. It can be shown that the cross-correlation itself mainly depends
on the signal-to-noise ratio of the observation.
The parameter reduced χ2 represents a quantitative value for the goodness of the fitting
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process between the modeled spectrum and the observed one. It is given by

χ2
red =

Σ(data−modelσdata
)2

degrees of freedom
(65)

In case of an almost perfect match between the modeled and real observation the expected
value for the reduced χ2 would be (much) lower than 1. Due to the fact that the number of
degrees of freedom is limited the best value for the reduced χ2 differs from this theoretical
value, and instead it is larger than 1.
For the estimation on the radial velocity accuracy σRV observations of targets (Cool Giants,
M Dwarfs and Brown Dwarfs) with different quality, i.e. different signal-to-noise ratios, were
simulated. The tables 5-7 give the resulting accuracies. As expected the σRV is the lowest for
high signal-to-noise ratios. In addition the σRV variies over the effective temperature while
the signal-to-noise ratio is fixed. This results from the temperature dependent number of
abundant spectral features, i.e. with decreasing effective temperature some molecular species
become stronger and more numerous. Hence, the number of spectral features for realigning
the spectra in the cross-correlation process grows and subsequently the σRV gets lower.

Cool Giant Stars
σRV [m s−1] from cross-correlation

effective temperature
SNR 1500K 2000K 3000K 3500K
500 1 1 1 2
200 3 2 2 3
100 6 5 5 6
50 11 7 11 12
10 41 29 39 39

Table 5: Radial velocity accuracies from cross-correlation for Cool Giants.

M Dwarf Stars
σRV [m s−1] from cross-correlation

effective temperature
SNR 2800K 3400K 3800K
500 1 3 2
200 3 6 7
100 7 9 10
50 8 12 12
10 17 12 21

Table 6: Radial velocity accuracies from cross-correlation for M Dwarfs.

8.4 Empiric relation

For comparison to the formerly determined radial velocity accuracies σRV also the empirical
relation (for slowly rotating stars), intended by Artie Hatzes, was used. This relation is
applied to determine the achievable radial velocity accuracy from spectroscopy in the visual
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Brown Dwarfs
σRV [m s−1] from cross-correlation

effective temperature
SNR 1600K 1900K 2300K 2500K 2800K
500 1 1 1 1 1
200 2 2 3 2 3
100 3 4 6 4 6
50 5 9 9 8 9
10 12 16 21 13 16

Table 7: Radial velocity accuracies from cross-correlation for Brown Dwarfs.

spectral range and is described as

σRV = 1.45× 109 × 1
SNR×

√
B ×R

, (66)

where SNR is the signal-to-noise ratio of the observation, B is the spectral range covered
with the detector, and R gives the spectral resolution of the used instrument. The estimated
accuracies σRV are shown in Figure 64 for spectral resolutions R of 30.000, 50.000, 67.000
and 100.000, the SNR is ranging from 10 to 250, and different number of CRIRES detectors,
between a single detector and the complete detector range, was used.
As can be seen already from Eq.(66) the radial velocity accuracy improves for observations
performed with high spectral resolution and a widely covered spectral range. While these
two parameters are usually fixed for an instrument the only interchangeable parameter is the
quality of the obtained spectrum, i.e. the achievable signal-to-noise ratio. Thus the depen-
dence of σRV is roughly 1/SNR.
The comparison of both estimations on σRV is shown in Figure 65 for the different target
objects. It can be seen that at least for signal-to-noise ratios larger than ∼50 both relations
give a similar radial velocity accuracy. For lower quality of the spectra the distribution (1σ
error) of the σRV from the cross-correlation for the individual chunks is in the range of the
mean value itself, and for reasons of clarity it is not plotted in the figure. Due to the agree-
ment of both estimations the validation of the relation by Hatzes can be expanded even into
the near-infrared spectral range.
In the continuing evaluation process of the achievable radial velocity accuracy the determina-
tion of the instrumental profile will be included. Furthermore, real observations are planned
in order to proof the validation of the estimated theoretical accuracies.

In the continuing evaluation process of the achievable radial velocity accuracy the determina-
tion of the instrumental profile will be included. Furthermore, real observations are planned
in order to proof the validation of the estimated theoretical accuracies.
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Figure 64: Estimated radial velocity accuracy σRV for spectral resolutions of R=30.000 (upper
left), R=50.000 (upper right), R=67.000 (lower left), and R=100.000 (lower right). The
horizontal dashed-dotted line represents the threshold of 10m/s.
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Figure 65: Estimated radial velocity accuracy σRV from Hatzes-relation and cross-correlation
technique. The mean of the σRV from the cross-correlation was calculated for the CRIRES
wavelength setting 24/-1/n in the K band, spanning a range of all four available detectors.
The calculation was carried out for different target objects: Brown Dwarfs (top), M Dwarfs
(middle), and Cool Giants (bottom).
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9 Summary

The present work aimed at the development and provision of a precise wavelength calibration
standard for high-resolution spectroscopy in the near-infrared. This included the investigation
and evaluation of suitable, potential reference substances, as well as the process of designing
and preparation of a gas absorption cell for operation at a telescope. Furthermore, the suit-
able target objects had to be characterized concerning their usability for high-resolution, near-
infared spectroscopy, mainly with respect to relative radial velocity determination. Moreover,
both items had to be combined in terms of determining the achievable radial velocity accu-
racies for the different target objects from simulated observations. In the present work five
new reference gases (acetylene, ammonia, carbon monoxide isotopes, iodomethane) were in-
vestigated, of which four were classified as well usable wavelength calibration standards in
the H- and K-band. The exception was denoted by iodomethane, which had to be rejected
due to its high potential of health risks, although it fulfilled the majority of the requirements
on suitable reference gases (see Sect.6.1).
The evaluation of reference gases presented in this work make it feasible to extend the ab-
sorption cell method from the optical spectroscopy into the near-infrared wavelength regime.
With respect to restrictions, e.g. line broadening, acetylene is the only so far found gas species
applicable in the H-band around 1.53µm. Although acetylene provides spectral features in
the K-band, these features are intrinsically much weaker and would require a gas pressure
of &1 bar for suitable line strengths of &10%, but then results into clearly broadened line
profiles. The remaining ones of the investigated gas species, i.e. ammonia and the carbon
monoxide isotopes 12C18O and 13C16O, are much more efficient in the K-band regime. For
these a gas pressure of a few ten mbar is sufficient in order to obtain suitable line absorptions
of &10%, with respect to the limited absorption pathlength of 16cm for the gas cells used in
this work. At the same time the line profile widths remain almost unaffected due to pressure
broadening under these conditions. While acetylene and the carbon monoxide isotopes give
spectra with regularly, almost equidistant spectral lines the ammonia comes up with a more
complex spectrum and higher line number density. Furthermore, ammonia covers a much
larger wavelength range than the other gases. The suitable wavelength range reaches from
∼2.18-2.36µm, whereas the carbon monoxide isotopes extend this range at the red edge from
∼2.36 to 2.45µm. Finally, the usable wavelength range for the application of absorption cells
as precise wavelength standards is significantly extended by this work (see Fig.53).
As mentioned above the potential gas species were investigated with respect to their usability
as wavelength calibration standard. This included the behaviour under variable physical con-
ditions, such as different gas pressures and temperatures. A main issue in characterizing the
gases included the determination of the pressure shift coefficients for ammonia and the carbon
monoxide isotopes. Since there are no reference values available for the wavelength regions
concerning this work, the determination was done for the first time here (see Sect.6.4). The
pressure shift coefficients for the 2ν rotational-vibrational band of the carbon monoxide near
4237cm−1 isotopes were measured. Both isotopes showed a similar behaviour, with a shift
of 3×10−5cm−1 per mbar for 12C18O, and 1×10−5cm−1 per mbar for 13C16O, respectively.
The spectral lines were shifted towards higher wavenumbers, i.e. they were blueshifted. This
result is in contrast to the behaviour found by Swann and Gilbert (2002) for the 3ν transi-
tions in the H-band. A conceivable explanation is the non-conformable behaviour for different
transitions, as is observed for ammonia by Dhib et al. (2007) and confirmed in this work. In
addition the pressure shift coefficient values given by Swann and Gilbert (2002) are a magni-
tude larger compared to the measurements presented here. For ammonia the pressure shift
coefficient of four line transitions was determined to be between -2.6×10−4cm−1 per mbar
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and 1.4×10−5cm−1 per mbar. These results do well agree with measurements performed by
Dhib et al. (2007), although they were obtained at another wavelength (∼10µm).
Beside the pressure dependent characteristics the gases were investigated concerning their
stability at different temperatures (see Sect.6.4). The temperature ranged from -20◦C to
+60◦C. Although the line absorptions did not vary much (≤10% of the continuum for CO,
≤5% for NH3) for the three gases, the changing temperature affects the gas pressure inside
the absorption cell. Subsequently the varying gas pressure will cause a pressure shift of the
reference spectrum. In fact this would result in the following consequences. If the gas cell
is not stabilized concerning the operating temperature the gas spectrum will no longer be
stable, hence, it will be unsuitable as a wavelength calibration standard. The above derived
pressure shift coefficients correspond to line center position shifts of ∼2m s−1 per mbar for
the carbon monoxide and ∼5-20m s−1 per mbar for ammonia. As concluding remark it is
recommended to operate the absorption cell(s) under temperature stabilized conditions, e.g.
using a temperature control device with a precision of ∼1K. It should also be thought to
obtain FTS-spectra of the absorption cell(s) at different temperatures in advance in order to
choose the ’right’ one for the data analysis.
The second part of this work dealed with the evaluation of target objects concerning their
suitability for radial velocity measurements in combination with the above described refer-
ence gases. These objects included heavy, cool giant stars, low-mass M dwarf stars, and
substellar objects such as Brown Dwarfs. With the PHOENIX stellar radiative transfer code
by Hauschildt and Baron (1999) high-spectral resolution (R=105) synthetic spectra were cal-
culated for the near-infrared wavelength regime. In these spectra it was searched for usable
spectral features that could be used for radial velocity determination. While the giant stars
provide a large number of spectral features in all three spectral bands (J, H, K) between
1-2.5µm, the M dwarfs and Brown Dwarfs show quite poor spectra in the H-band with only
a few OH features, but otherwise unresolved molecular bands (see Sect.7). In case of the
giant stars and the M dwarfs the spectra become more confused with decreasing effective
temperatures, thus the earlier sub-spectral types of them are more suitable for spectroscopic
measurements. On the other hand, as is clearly visible for all three groups of target objects,
the molecular features become more abundant and stronger with decreasing effective temper-
atures.
Finally, the achievable radial velocity accuracies σRV for the proposed target objects were
estimated in combination with the reference gases from this work. This was done in two
ways, on the one side a cross-correlation for simulated observations was performed and on
the other side an empiric relation for spectroscopy in the visual was used to estimate the σRV .
Both techniques result in very similar radial velocity accuracies for signal-to-noise ratios of
&50. The σRV is about 10m s−1 depending on the signal-to-noise ratio of the observation.
For lower signal-to-noise ratios the cross-correlation technique results in lower mean values
for σRV (∼10-40m s−1), but the 1-σ errors are in the same range as the mean, and therefore
almost reaches the σRV -values of the empiric relation. This leads to the assumption that in
the first order the empiric relation from the visual range can be applied to the near-infrared
for estimation of the radial velocity accuracies.

Outlook
In fact it would be useful to proof the estimated radial velocity accuracies with real obser-
vations at a telescope. But the project did not benefit from any guaranteed time at any
telescope. Instead the common way of the application for observing time had to be passed
through. Although proposals were submitted during the last observing periods, unfortu-
nately no observing time, e.g. at ESO telescopes, could be received from the observing
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programmes committee (OPC). In the continuing evaluation process of the achievable radial
velocity accuracy the determination of the instrumental profile will be included. Therefore
FTS measurements of the final absorption cells will be carried out, e.g. either at Lund Uni-
versity in Sweden or at FTS McMath-Pierce telescope at the Kitt Peak National Observatory
in Arizona/USA. Furthermore, real observations are planned in order to proof the validation
of the estimated theoretical accuracies and to apply the absorption cell(s) for the different
science cases.
The search for more reference gases also in other bands will be performed. For instance in the
J-band up to now no reference gas was found. Maybe investigating more complex structured
gases might overcome this problem in the future.
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11 Appendix (CD)

In this chapter the data tables from the FTS measurements (see Chap.6) and the target
object analysis (see Chap.7) are summarized. Due to the large amount of entries these tables
are placed on the data CD. The structure of the appendix is as follows:

Table 8 12C18O 2ν-band
line centers (cm−1), absorption (cu)6 equivalent width (cm−1) vs. temperature

Table 9 13C16O 2ν-band
line centers (cm−1), absorption (cu), equivalent width (cm−1) vs. temperature

Table 10 NH3

line centers (cm−1), absorption (cu), equivalent width (cm−1) vs. temperature
Table 11 12C18O 2ν-band - pressure shift coefficient
Table 12 13C16O 2ν-band - pressure shift coefficient
Table 13 12C18O 2ν-band - change in line absorption (cu) vs. temperature
Table 14 13C16O 2ν-band - change in line absorption (cu) vs. temperature
Table 15 NH3 - pressure shift coefficient
Table 16 Cool Giant stars spectral features - J band
Table 17 Cool Giant stars spectral features - H band
Table 18 Cool Giant stars spectral features - K band
Table 19 M Dwarf spectral features - J band
Table 20 M Dwarf spectral features - H band
Table 21 M Dwarf spectral features - K band
Table 22 Brown Dwarf spectral features - H band
Table 23 Brown Dwarf spectral features - K band

6cu - continuum units
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Table 10: Ammonia - fitted line center, line absorption and equivalent
width vs. temperature.

line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
4104.34521 -0.025 -0.011 -0.014 -0.017 -0.016 0.005 0.014 0.017 0.006 0.018
4107.78418 -0.025 -0.028 -0.019 -0.022 -0.070 0.004 0.002 0.003 0.002 0.018
4108.70605 -0.030 -0.032 -0.029 -0.049 -0.028 0.004 0.004 0.005 0.004 0.002
4109.57715 -0.018 -0.020 -0.020 -0.026 -0.026 0.004 0.005 0.007 0.006 0.008
4110.07910 -0.041 -0.024 -0.029 -0.033 -0.035 0.002 0.005 0.007 0.005 0.008
4111.56494 -0.017 -0.028 -0.030 -0.029 -0.027 0.005 0.011 0.015 0.009 0.010
4114.35303 -0.048 -0.045 -0.041 -0.039 -0.039 0.008 0.009 0.008 0.007 0.006
4115.70801 -0.040 -0.039 -0.042 -0.050 -0.049 0.011 0.011 0.014 0.015 0.017
4118.88818 -0.021 -0.020 -0.022 -0.023 -0.018 0.006 0.006 0.008 0.005 0.004
4119.13086 -0.016 -0.017 -0.015 -0.018 -0.015 0.004 0.007 0.004 0.003 0.004
4120.92285 -0.010 -0.014 -0.019 -0.025 -0.026 0.003 0.006 0.005 0.006 0.012
4127.86279 -0.029 -0.022 -0.026 -0.025 -0.022 0.004 0.003 0.003 0.002 0.004
4128.33887 -0.022 -0.024 -0.019 -0.029 -0.019 0.005 0.003 0.004 0.004 0.008
4129.73486 -0.026 -0.029 -0.039 -0.036 -0.034 0.004 0.005 0.003 0.006 0.008
4129.87402 -0.029 -0.028 -0.037 -0.035 -0.030 0.006 0.005 0.009 0.006 0.006
4130.99219 -0.029 -0.033 -0.037 -0.044 -0.039 0.009 0.011 0.013 0.013 0.011
4131.68018 -0.028 -0.029 -0.031 -0.034 -0.035 0.007 0.006 0.007 0.008 0.009
4132.60889 -0.028 -0.030 -0.031 -0.033 -0.032 0.005 0.008 0.009 0.007 0.008
4134.18799 -0.041 -0.042 -0.038 -0.045 -0.047 0.011 0.012 0.016 0.009 0.013
4134.36621 -0.034 -0.043 -0.054 -0.052 -0.058 0.004 0.004 0.003 0.010 0.007
4138.24902 -0.031 -0.029 -0.029 -0.034 -0.028 0.006 0.005 0.007 0.007 0.004
4140.18115 -0.010 -0.008 -0.004 -0.008 -0.008 0.002 0.001 0.007 0.001 0.001
4141.03418 -0.015 -0.022 -0.026 -0.028 -0.029 0.003 0.004 0.006 0.006 0.005
4143.39990 -0.015 -0.011 -0.014 -0.018 -0.010 0.003 0.002 0.006 0.004 0.002
4144.61182 -0.033 -0.024 -0.032 -0.032 -0.031 0.004 0.003 0.006 0.005 0.004
4145.39111 -0.026 -0.026 -0.055 -0.030 -0.024 0.004 0.003 0.002 0.003 0.005
4146.46484 -0.025 -0.020 -0.020 -0.023 -0.022 0.006 0.004 0.005 0.004 0.005
4147.44678 -0.021 -0.025 -0.030 -0.037 -0.033 0.003 0.003 0.005 0.004 0.004
4148.78711 -0.026 -0.024 -0.029 -0.026 -0.027 0.005 0.004 0.004 0.004 0.004
4150.12793 -0.020 -0.021 -0.018 -0.020 -0.022 0.004 0.004 0.003 0.003 0.004
4151.13818 -0.030 -0.027 -0.031 -0.029 -0.030 0.007 0.006 0.007 0.006 0.006
4151.93799 -0.055 -0.057 -0.061 -0.067 -0.063 0.010 0.009 0.011 0.013 0.011
4152.52588 -0.028 -0.030 -0.026 -0.028 -0.030 0.008 0.009 0.009 0.007 0.008
4152.78809 -0.049 -0.049 -0.055 -0.057 -0.062 0.011 0.010 0.009 0.013 0.012
4153.25488 -0.049 -0.051 -0.058 -0.064 -0.062 0.013 0.013 0.016 0.017 0.015
4153.97705 -0.024 -0.022 -0.022 -0.026 -0.026 0.005 0.003 0.003 0.005 0.004
4155.28809 -0.010 -0.006 0.000 -0.011 -0.008 0.002 0.002 0.001 0.002 0.002
4155.67578 -0.014 -0.012 -0.014 -0.018 -0.011 0.003 0.002 0.003 0.004 0.002
4156.97705 -0.015 -0.014 -0.020 -0.021 -0.017 0.003 0.002 0.003 0.005 0.003
4157.52197 -0.010 -0.011 -0.002 -0.007 -0.009 0.004 0.002 0.002 0.002 0.002
4160.19678 -0.030 -0.034 -0.029 -0.041 -0.041 0.007 0.006 0.005 0.009 0.008
4161.38086 -0.012 -0.010 -0.004 -0.013 -0.012 0.003 0.002 0.095 0.003 0.002
4162.37500 -0.041 -0.041 -0.037 -0.038 -0.036 0.015 0.014 0.012 0.013 0.011
4164.73389 -0.011 -0.015 -0.014 -0.012 -0.016 0.004 0.003 0.003 0.003 0.002
4165.09814 -0.016 -0.019 -0.014 -0.020 -0.023 0.004 0.003 0.002 0.005 0.004
4166.84082 -0.018 -0.028 -0.023 -0.024 -0.019 0.005 0.003 0.005 0.008 0.004
4168.63184 -0.055 -0.054 -0.050 -0.050 -0.050 0.016 0.015 0.013 0.014 0.013
4169.37305 -0.017 -0.017 -0.018 -0.018 -0.014 0.003 0.002 0.004 0.005 0.001
4169.99805 -0.029 -0.026 -0.022 -0.027 -0.027 0.011 0.009 0.007 0.008 0.008
4170.43213 -0.024 -0.021 -0.026 -0.034 -0.024 0.011 0.010 0.013 0.014 0.010
4171.43994 -0.039 -0.038 -0.036 -0.043 -0.040 0.009 0.008 0.008 0.011 0.008
4172.21289 -0.083 -0.084 -0.084 -0.082 -0.081 0.014 0.015 0.015 0.014 0.014
4172.67383 -0.076 -0.078 -0.081 -0.094 -0.093 0.020 0.021 0.020 0.024 0.023
4173.15186 -0.103 -0.100 -0.111 -0.111 -0.105 0.027 0.022 0.030 0.029 0.026
4173.41113 -0.034 -0.040 -0.037 -0.030 -0.030 0.006 0.007 0.005 0.004 0.004
4174.15479 -0.064 -0.064 -0.070 -0.081 -0.068 0.041 0.040 0.040 0.040 0.039
4174.57324 -0.059 -0.060 -0.064 -0.061 -0.063 0.008 0.008 0.009 0.009 0.008
4174.92822 -0.030 -0.032 -0.037 -0.030 -0.032 0.006 0.005 0.003 0.006 0.005
4175.40723 -0.022 -0.018 -0.024 -0.028 -0.021 0.004 0.002 0.004 0.006 0.003
4175.83203 -0.024 -0.023 -0.024 -0.020 -0.019 0.005 0.005 0.007 0.004 0.003
4176.11719 -0.034 -0.034 -0.027 -0.033 -0.032 0.008 0.008 0.004 0.007 0.008
4176.62305 -0.006 -0.012 -0.009 -0.020 -0.013 0.004 0.002 0.006 0.006 0.002
4177.53320 -0.013 -0.009 -0.006 -0.016 -0.012 0.006 0.004 0.004 0.007 0.004
4178.32715 -0.052 -0.052 -0.049 -0.047 -0.043 0.011 0.011 0.011 0.010 0.008
4178.89502 -0.009 -0.006 -0.005 -0.013 -0.004 0.003 0.001 0.001 0.003 0.001
4179.26416 -0.007 -0.016 -0.011 -0.014 -0.007 0.002 0.000 0.002 0.003 0.001
4179.43311 -0.009 -0.010 -0.011 -0.012 -0.008 0.001 0.003 0.003 0.001 0.001
4179.83301 -0.018 -0.017 -0.014 -0.017 -0.015 0.007 0.006 0.004 0.006 0.005
4180.45215 -0.010 -0.022 -0.017 -0.019 -0.012 0.001 0.001 0.003 0.005 0.001
4181.25195 -0.029 -0.025 -0.019 -0.032 -0.022 0.011 0.009 0.003 0.016 0.017
4181.73291 -0.008 -0.007 -0.014 -0.016 -0.021 0.015 0.009 0.013 0.007 0.001
4183.57812 -0.013 -0.014 -0.010 -0.020 -0.021 0.006 0.005 0.054 0.005 0.005
4184.15283 -0.005 -0.006 -0.009 -0.013 -0.006 0.001 0.000 0.002 0.004 0.000
4184.56006 -0.016 -0.015 -0.010 -0.013 -0.010 0.003 0.005 0.003 0.002 0.002
4184.80811 -0.046 -0.042 -0.037 -0.044 -0.042 0.013 0.010 0.006 0.013 0.013
4185.30176 -0.021 -0.020 -0.018 -0.025 -0.017 0.005 0.003 0.002 0.008 0.003
4189.90283 -0.009 -0.003 -0.008 -0.018 -0.012 0.010 0.020 0.001 0.006 0.003
4190.39307 -0.037 -0.035 -0.040 -0.041 -0.033 0.009 0.008 0.012 0.011 0.008
4191.07910 -0.014 -0.012 -0.010 -0.020 -0.017 0.005 0.002 0.002 0.007 0.004
4191.69287 -0.031 -0.031 -0.035 -0.036 -0.028 0.008 0.007 0.010 0.009 0.006
4192.46387 -0.110 -0.110 -0.107 -0.112 -0.106 0.023 0.020 0.020 0.024 0.020
4193.00879 -0.063 -0.065 -0.070 -0.068 -0.062 0.010 0.010 0.012 0.011 0.009
4193.33496 -0.077 -0.078 -0.076 -0.075 -0.075 0.016 0.015 0.013 0.016 0.015
4194.75293 -0.019 -0.016 -0.009 -0.022 -0.017 0.011 0.008 0.015 0.012 0.007
4195.81885 -0.045 -0.045 -0.043 -0.045 -0.045 0.009 0.009 0.009 0.008 0.008
4195.97900 -0.044 -0.045 -0.043 -0.048 -0.048 0.010 0.009 0.008 0.010 0.010
4196.25684 -0.078 -0.078 -0.080 -0.081 -0.077 0.015 0.013 0.013 0.017 0.014
4196.68213 -0.035 -0.035 -0.038 -0.037 -0.032 0.008 0.008 0.010 0.009 0.007



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
4197.03418 -0.006 -0.008 -0.003 -0.010 -0.008 0.001 0.002 0.001 0.000 0.001
4197.27197 -0.023 -0.024 -0.021 -0.024 -0.022 0.006 0.004 0.002 0.008 0.004
4198.32812 -0.030 -0.030 -0.024 -0.026 -0.026 0.009 0.007 0.004 0.009 0.006
4199.72803 -0.016 -0.010 -0.010 -0.022 -0.011 0.017 0.021 0.068 0.021 0.021
4208.09814 -0.037 -0.045 -0.045 -0.046 -0.048 0.006 0.008 0.007 0.007 0.015
4209.37891 -0.043 -0.060 -0.060 -0.068 -0.075 0.006 0.009 0.008 0.009 0.016
4211.79492 -0.029 -0.039 -0.034 -0.046 -0.057 0.005 0.007 0.006 0.006 0.015
4212.68115 -0.084 -0.078 -0.079 -0.081 -0.086 0.013 0.011 0.013 0.014 0.017
4213.21924 -0.075 -0.072 -0.068 -0.066 -0.073 0.017 0.017 0.014 0.011 0.013
4213.62012 -0.186 -0.178 -0.176 -0.191 -0.192 0.039 0.036 0.037 0.045 0.048
4215.10596 -0.045 -0.045 -0.046 -0.043 -0.046 0.006 0.006 0.007 0.006 0.010
4217.20215 -0.176 -0.172 -0.167 -0.175 -0.181 0.043 0.041 0.037 0.043 0.054
4217.43506 -0.042 -0.040 -0.045 -0.043 -0.041 0.005 0.004 0.006 0.005 0.003
4217.76611 -0.095 -0.105 -0.105 -0.103 -0.095 0.016 0.018 0.019 0.017 0.024
4218.26611 -0.030 -0.029 -0.026 -0.027 -0.029 0.009 0.007 0.005 0.007 0.012
4221.92822 -0.012 -0.015 -0.007 -0.007 -0.017 0.003 0.003 0.225 0.352 0.009
4222.83789 -0.029 -0.032 -0.033 -0.122 -0.040 0.005 0.006 0.006 0.003 0.012
4223.62207 -0.293 -0.029 -0.030 -0.037 -0.038 0.005 0.004 0.005 0.006 0.007
4224.22217 -0.026 -0.030 -0.024 -0.040 -0.036 0.005 0.006 0.004 0.003 0.010
4224.93701 -0.055 -0.058 -0.082 -0.087 -0.077 0.007 0.007 0.010 0.010 0.012
4226.73389 -0.026 -0.032 -0.031 -0.031 -0.039 0.005 0.006 0.005 0.005 0.012
4228.13623 -0.032 -0.036 -0.030 -0.035 -0.045 0.008 0.010 0.007 0.009 0.017
4230.30811 -0.017 -0.021 -0.018 -0.013 -0.008 0.012 0.015 0.015 0.016 0.005
4231.78711 -0.033 -0.037 -0.037 -0.042 -0.046 0.007 0.009 0.007 0.009 0.016
4232.91797 -0.018 -0.022 -0.035 -0.021 -0.034 0.002 0.003 0.002 0.003 0.007
4233.37402 -0.059 -0.103 -0.064 -0.055 -0.058 0.009 0.007 0.010 0.010 0.009
4233.69580 -0.115 -0.102 -0.102 -0.097 -0.106 0.018 0.017 0.017 0.015 0.019
4234.44922 -0.010 -0.011 -0.010 -0.016 -0.023 0.004 0.006 0.004 0.006 0.010
4235.48389 -0.010 -0.016 -0.006 -0.006 -0.024 0.005 0.006 0.005 0.011 0.007
4235.78418 -0.033 -0.027 -0.024 -0.031 -0.034 0.004 0.004 0.003 0.005 0.009
4236.77686 -0.018 -0.009 -0.008 -0.008 -0.019 0.004 0.008 0.009 0.004 0.008
4237.74902 -0.018 -0.024 -0.025 -0.023 -0.032 0.005 0.007 0.007 0.005 0.011
4238.44092 -0.084 -0.082 -0.080 -0.091 -0.085 0.015 0.013 0.012 0.016 0.016
4238.65576 -0.069 -0.066 -0.072 -0.063 -0.064 0.012 0.011 0.014 0.011 0.006
4239.01807 -0.101 -0.118 -0.097 -0.096 -0.110 0.018 0.022 0.017 0.017 0.023
4239.46582 -0.049 -0.051 -0.060 -0.062 -0.073 0.010 0.009 0.013 0.013 0.014
4240.19678 -0.018 -0.024 -0.024 -0.026 -0.034 0.006 0.008 0.008 0.010 0.015
4240.60596 -0.023 -0.026 -0.032 -0.036 -0.040 0.004 0.004 0.004 0.006 0.007
4242.18994 -0.010 -0.029 -0.034 -0.033 -0.034 0.008 0.006 0.007 0.008 0.010
4244.53613 -0.018 -0.021 -0.023 -0.028 -0.030 0.003 0.003 0.003 0.006 0.006
4245.05615 -0.016 -0.021 -0.024 -0.022 -0.032 0.002 0.003 0.005 0.003 0.005
4245.55322 -0.039 -0.039 -0.038 -0.045 -0.047 0.008 0.008 0.006 0.010 0.008
4245.82520 -0.032 -0.035 -0.039 -0.044 -0.048 0.005 0.005 0.007 0.008 0.007
4246.14502 -0.018 -0.025 -0.028 -0.027 -0.034 0.002 0.004 0.005 0.004 0.005
4246.68018 -0.019 -0.020 -0.023 -0.016 -0.025 0.005 0.005 0.002 0.006 0.008
4248.26416 -0.059 -0.056 -0.072 -0.077 -0.079 0.009 0.008 0.010 0.012 0.012
4248.79492 -0.035 -0.038 -0.039 -2.027 -0.050 0.005 0.006 0.006 0.012 0.009
4249.88184 -0.025 -0.028 -0.030 -0.023 -0.031 0.006 0.009 0.009 0.003 0.010
4249.45801 -0.012 -0.012 -0.014 -0.010 -0.024 0.002 0.002 0.002 0.032 0.004
4250.37109 -0.079 -0.085 -0.088 -0.100 -0.112 0.015 0.016 0.015 0.016 0.023
4251.47607 -0.016 -0.020 -0.020 -0.031 -0.033 0.004 0.005 0.004 0.004 0.011
4252.86279 -0.079 -0.086 -0.097 -0.099 -0.114 0.016 0.017 0.020 0.020 0.026
4253.19189 -0.028 -0.025 -0.024 -0.030 -0.024 0.005 0.003 0.003 0.009 0.005
4253.85107 -0.192 -0.197 -0.189 -0.170 -0.180 0.041 0.047 0.044 0.038 0.045
4254.61914 -0.086 -0.097 -0.109 -0.113 -0.121 0.018 0.017 0.022 0.032 0.033
4254.99023 -0.008 -0.019 -0.023 -0.014 -0.013 0.008 0.009 0.006 0.007 0.005
4256.31494 -0.036 -0.043 -0.043 -0.049 -0.056 0.006 0.008 0.007 0.008 0.011
4256.74902 -0.026 -0.024 -0.028 -0.032 -0.035 0.005 0.004 0.004 0.008 0.007
4257.79199 -0.022 -0.023 -0.022 -0.026 -0.028 0.004 0.006 0.004 0.006 0.007
4258.05908 -0.052 -0.043 -0.042 -0.046 -0.044 0.009 0.006 0.006 0.008 0.006
4258.51807 -0.030 -0.314 -0.039 -0.042 -0.052 0.004 0.005 0.006 0.007 0.005
4258.85400 -0.020 -0.020 -0.019 -0.019 -0.023 0.005 0.008 0.005 0.005 0.008
4259.31299 -0.228 -0.216 -0.212 -0.217 -0.210 0.051 0.048 0.048 0.056 0.053
4259.60986 -0.047 -0.046 -0.046 -0.041 -0.036 0.006 0.006 0.006 0.005 0.000
4259.96289 -0.126 -0.128 -0.124 -0.133 -0.137 0.018 0.020 0.019 0.020 0.022
4260.56592 -0.019 -0.029 -0.031 -0.033 -0.035 0.008 0.006 0.006 0.013 0.014
4260.92188 -0.078 -0.060 -0.065 -0.070 -0.080 0.006 0.007 0.008 0.008 0.005
4261.19287 -0.076 -0.089 -0.090 -0.096 -0.111 0.016 0.020 0.020 0.022 0.034
4261.48193 -0.039 -0.039 -0.042 -0.044 -0.049 0.009 0.008 0.009 0.013 0.009
4262.36279 -0.052 -0.048 -0.049 -0.058 -0.063 0.007 0.007 0.007 0.010 0.010
4263.38721 -0.020 -0.022 -0.022 -0.024 -0.030 0.003 0.004 0.005 0.008 0.009
4263.81885 -0.051 -0.058 -0.062 -0.068 -0.074 0.010 0.011 0.010 0.013 0.015
4264.30322 -0.044 -0.048 -0.052 -0.057 -0.063 0.009 0.009 0.010 0.015 0.013
4265.01318 -0.016 -0.019 -0.018 -0.024 -0.033 0.003 0.003 0.003 0.006 0.007
4266.71289 -0.086 -0.091 -0.095 -0.104 -0.104 0.017 0.017 0.017 0.022 0.023
4267.83105 -0.037 -0.038 -0.040 -0.043 -0.040 0.006 0.006 0.004 0.007 0.009
4268.24902 -0.194 -0.200 -0.217 -0.224 -0.229 0.034 0.035 0.041 0.045 0.039
4268.76611 -0.050 -0.057 -0.058 -0.063 -0.079 0.008 0.009 0.009 0.010 0.012
4269.23486 -0.055 -0.060 -0.065 -0.076 -0.072 0.021 0.022 0.024 0.032 0.029
4270.28320 -0.110 -0.114 -0.117 -0.137 -0.142 0.018 0.017 0.018 0.026 0.022
4271.01807 -0.029 -0.033 -0.036 -0.624 -0.051 0.004 0.005 0.005 0.007 0.006
4271.44482 -0.025 -0.027 -0.029 -0.034 -0.039 0.006 0.005 0.005 0.012 0.011
4272.40283 -0.118 -0.135 -0.130 -0.141 -0.158 0.022 0.026 0.024 0.028 0.033
4273.19482 -0.030 -0.029 -0.033 -0.042 -0.040 0.011 0.009 0.011 0.020 0.015
4274.39111 -0.038 -0.036 -0.044 -0.042 -0.041 0.006 0.005 0.007 0.009 0.009
4274.98877 -0.128 -0.138 -0.142 -0.155 -0.173 0.025 0.027 0.027 0.032 0.038
4275.37891 -0.039 -0.082 -0.040 -0.043 -0.050 0.006 0.004 0.005 0.006 0.006
4275.74902 -0.040 -0.041 -0.046 -0.054 -0.052 0.012 0.017 0.015 0.020 0.020
4276.14600 -0.077 -0.129 -0.078 -0.083 -0.089 0.013 0.010 0.011 0.014 0.017
4276.88184 -0.099 -0.108 -0.116 -0.131 -0.147 0.022 0.023 0.024 0.031 0.030
4278.10498 -0.116 -0.125 -0.136 -0.144 -0.160 0.023 0.025 0.029 0.032 0.033
4278.94482 -0.041 -0.048 -0.040 -0.052 -0.062 0.009 0.007 0.006 0.013 0.012



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
4279.97803 -0.185 -0.203 -0.190 -0.209 -0.215 0.037 0.039 0.037 0.045 0.045
4280.56592 -0.079 -0.092 -0.096 -0.096 -0.112 0.016 0.016 0.018 0.020 0.018
4280.90918 -0.028 -0.032 -0.035 -0.042 -0.054 0.004 0.005 0.005 0.007 0.004
4281.34277 -0.012 -0.013 -0.018 -0.021 -0.023 0.003 0.002 0.002 0.006 0.004
4281.60303 -0.027 -0.025 -0.026 -0.046 -0.034 0.004 0.003 0.004 0.006 0.003
4282.00098 -0.059 -0.056 -0.050 -0.055 -0.050 0.010 0.008 0.006 0.009 0.011
4282.24316 -0.087 -0.100 -0.105 -0.107 -0.118 0.016 0.018 0.020 0.021 0.019
4282.92383 -0.042 -0.044 -0.084 -0.061 -0.060 0.008 0.006 0.006 0.013 0.010
4283.25098 -0.113 -0.126 -0.130 -0.129 -0.140 0.023 0.028 0.029 0.027 0.026
4283.80713 -0.137 -0.142 -0.147 -0.161 -0.169 0.043 0.041 0.045 0.054 0.059
4284.64600 -0.087 -0.088 -0.090 -0.097 -0.110 0.024 0.021 0.022 0.029 0.032
4285.47607 -0.118 -0.118 -0.116 -0.128 -0.129 0.024 0.023 0.021 0.030 0.021
4285.71387 -0.055 -0.057 -0.063 -0.058 -0.071 0.010 0.010 0.011 0.009 0.014
4286.14990 -0.094 -0.094 -0.096 -0.114 -0.113 0.015 0.014 0.014 0.022 0.018
4286.58789 -0.110 -0.115 -0.116 -0.115 -0.124 0.023 0.022 0.023 0.025 0.025
4287.19189 -0.105 -0.112 -0.137 -0.141 -0.154 0.017 0.017 0.020 0.024 0.022
4287.60791 -0.316 -0.311 -0.310 -0.309 -0.305 0.081 0.079 0.078 0.083 0.082
4288.74805 -0.163 -0.165 -0.180 -0.178 -0.187 0.042 0.041 0.047 0.048 0.054
4289.43604 -0.177 -0.164 -0.182 -0.175 -0.172 0.050 0.041 0.051 0.054 0.050
4290.29395 -0.171 -0.187 -0.176 -0.189 -0.182 0.065 0.077 0.060 0.074 0.074
4290.93994 -0.268 -0.253 -0.272 -0.255 -0.258 0.057 0.049 0.058 0.056 0.051
4291.66504 -0.234 -0.230 -0.234 -0.237 -0.235 0.065 0.059 0.061 0.067 0.082
4292.11914 -0.358 -0.346 -0.338 -0.336 -0.324 0.092 0.093 0.092 0.096 0.089
4292.97998 -0.092 -0.100 -0.090 -0.084 -0.077 0.008 0.005 0.004 0.003 0.023
4293.08691 -0.120 -0.134 -0.140 -0.147 -0.124 0.114 0.095 0.100 0.113 0.057
4294.26904 -0.221 -0.250 -0.239 -0.251 -0.269 0.039 0.045 0.044 0.049 0.057
4295.39990 -0.037 -0.039 -0.037 -0.033 -0.034 0.008 0.004 0.006 0.011 0.012
4296.67822 -0.082 -0.086 -0.085 -0.096 -0.100 0.016 0.016 0.016 0.018 0.018
4297.04199 -0.281 -0.290 -0.298 -0.326 -0.333 0.056 0.056 0.058 0.070 0.070
4297.50098 -0.107 -0.104 -0.115 -0.119 -0.122 0.029 0.026 0.033 0.034 0.037
4298.27393 -0.092 -0.088 -0.097 -0.096 -0.100 0.018 0.015 0.017 0.018 0.025
4299.76416 -0.112 -0.129 -0.126 -0.071 -0.137 0.043 0.033 0.037 0.100 0.043
4299.96924 -0.063 -0.086 -0.066 -0.063 -0.074 0.082 0.148 0.098 0.075 0.109
4301.15918 -0.086 -0.104 -0.094 -0.098 -0.111 0.012 0.018 0.014 0.014 0.022
4302.46191 -0.168 -0.177 -0.179 -0.179 -0.192 0.037 0.043 0.044 0.042 0.051
4303.08984 -0.068 -0.067 -0.066 -0.063 -0.062 0.015 0.017 0.017 0.014 0.022
4303.86816 -0.090 -0.099 -0.104 -0.104 -0.115 0.023 0.028 0.030 0.028 0.037
4304.81885 -0.263 -0.267 -0.267 -0.268 -0.290 0.046 0.047 0.047 0.046 0.058
4305.28320 -0.136 -0.139 -0.142 -0.141 -0.154 0.023 0.023 0.025 0.024 0.026
4305.63281 -0.043 -0.047 -0.048 -0.046 -0.053 0.015 0.017 0.017 0.014 0.023
4306.57080 -0.270 -0.283 -0.288 -0.293 -0.313 0.053 0.056 0.058 0.058 0.069
4307.02588 -0.019 -0.020 -0.019 -0.019 -0.028 0.003 0.004 0.004 0.003 0.005
4307.36523 -0.030 -0.033 -0.033 -0.035 -0.043 0.005 0.006 0.006 0.005 0.009
4307.81006 -0.174 -0.175 -0.180 -0.182 -0.195 0.033 0.033 0.035 0.035 0.039
4308.17090 -0.033 -0.038 -0.038 -0.039 -0.050 0.016 0.020 0.015 0.017 0.030
4308.65576 -0.019 -0.019 -0.020 -0.020 -0.024 0.004 0.004 0.004 0.004 0.008
4309.11182 -0.017 -0.016 -0.015 -0.012 -0.017 0.003 0.002 0.002 0.001 0.003
4309.37500 -0.046 -0.050 -0.050 -0.050 -0.056 0.008 0.009 0.009 0.008 0.010
4309.64111 -0.095 -0.101 -0.099 -0.105 -0.116 0.019 0.021 0.018 0.021 0.027
4310.36621 -0.249 -0.259 -0.262 -0.268 -0.288 0.053 0.055 0.056 0.057 0.065
4310.72119 -0.468 -0.471 -0.466 -0.471 -0.499 0.095 0.097 0.094 0.097 0.109
4311.56201 -0.085 -0.089 -0.086 -0.088 -0.103 0.020 0.020 0.020 0.020 0.030
4312.31494 -0.129 -0.134 -0.126 -0.132 -0.134 0.034 0.038 0.031 0.035 0.041
4312.61914 -0.113 -0.113 -0.115 -0.116 -0.118 0.023 0.018 0.023 0.023 0.023
4313.21094 -0.316 -0.309 -0.303 -0.306 -0.298 0.068 0.057 0.059 0.061 0.062
4313.45117 -0.177 -0.184 -0.128 -0.112 -0.192 0.040 0.044 0.028 0.018 0.077
4314.06885 -0.093 -0.096 -0.090 -0.094 -0.099 0.018 0.019 0.015 0.017 0.022
4314.66699 -0.078 -0.082 -0.078 -0.079 -0.076 0.018 0.020 0.016 0.016 0.013
4315.00879 -0.301 -0.296 -0.292 -0.296 -0.310 0.062 0.060 0.058 0.064 0.079
4315.27100 -0.088 -0.093 -0.092 -0.090 -0.095 0.017 0.019 0.018 0.017 0.016
4315.61084 -0.092 -0.089 -0.085 -0.083 -0.084 0.016 0.016 0.014 0.013 0.013
4315.95410 -0.389 -0.392 -0.390 -0.399 -0.410 0.079 0.079 0.077 0.083 0.090
4316.37305 -0.174 -0.168 -0.163 -0.159 -0.161 0.054 0.055 0.052 0.049 0.050
4316.96289 -0.389 -0.395 -0.395 -0.406 -0.423 0.079 0.080 0.078 0.084 0.095
4317.54395 -0.181 -0.173 -0.167 -0.163 -0.163 0.039 0.037 0.035 0.035 0.036
4318.06396 -0.084 -0.079 -0.076 -0.070 -0.065 0.018 0.018 0.016 0.013 0.011
4318.52295 -0.346 -0.333 -0.323 -0.320 -0.341 0.080 0.076 0.071 0.076 0.094
4319.23291 -0.143 -0.135 -0.129 -0.143 -0.124 0.027 0.025 0.023 0.041 0.025
4319.49805 -0.071 -0.071 -0.067 -0.098 -0.077 0.011 0.011 0.009 0.021 0.013
4319.75000 -0.076 -0.064 -0.067 -0.056 -0.062 0.015 0.010 0.011 0.008 0.010
4319.98389 -0.166 -0.178 -0.179 -0.184 -0.189 0.035 0.039 0.038 0.040 0.044
4320.57910 -0.137 -0.138 -0.136 -0.138 -0.150 0.025 0.025 0.025 0.025 0.030
4321.17822 -0.226 -0.226 -0.226 -0.228 -0.250 0.041 0.041 0.041 0.042 0.051
4322.95215 -0.020 -0.027 -0.030 -0.378 -0.033 0.003 0.004 0.004 0.005 0.009
4323.95996 -0.222 -0.221 -0.222 -0.223 -0.238 0.042 0.040 0.040 0.041 0.045
4324.17188 -0.301 -0.307 -0.306 -0.305 -0.313 0.062 0.065 0.065 0.066 0.074
4325.35303 -0.015 -0.019 -0.021 -0.027 -0.028 0.003 0.003 0.004 0.004 0.007
4326.43701 -0.203 -0.202 -0.200 -0.199 -0.218 0.034 0.034 0.035 0.034 0.039
4327.47119 -0.015 -0.016 -0.018 -0.019 -0.022 0.004 0.004 0.005 0.005 0.006
4327.99023 -0.015 -0.011 -0.011 -0.011 -0.013 0.002 0.002 0.002 0.001 0.002
4328.84277 -0.301 -0.302 -0.303 -0.305 -0.342 0.052 0.052 0.053 0.053 0.062
4329.26807 -0.298 -0.300 -0.300 -0.296 -0.294 0.063 0.064 0.065 0.064 0.062
4330.04980 -0.222 -0.228 -0.232 -0.237 -0.247 0.044 0.046 0.047 0.049 0.054
4332.39893 -0.013 -0.015 -0.021 -0.019 -0.023 0.002 0.002 0.004 0.003 0.006
4333.01123 -0.093 -0.086 -0.082 -0.078 -0.081 0.022 0.020 0.020 0.019 0.023
4333.28809 -0.383 -0.388 -0.392 -0.396 -0.404 0.076 0.077 0.080 0.082 0.087
4334.35693 -0.425 -0.416 -0.417 -0.418 -0.435 0.083 0.079 0.079 0.085 0.100
4334.56396 -0.149 -0.155 -0.149 -0.142 -0.136 0.028 0.029 0.029 0.026 0.022
4407.57178 -0.054 -0.003 -0.019 -0.020 -0.024 6.102 0.010 0.004 0.004 0.007
4335.75293 -0.015 -0.017 -0.019 -0.023 -0.030 0.003 0.003 0.004 0.005 0.009
4336.34717 -0.017 -0.020 -0.021 -0.021 -0.023 0.004 0.004 0.005 0.004 0.007
4337.46094 -0.629 -0.625 -0.623 -0.622 -0.666 0.164 0.164 0.164 0.166 0.191



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
4339.49805 -0.195 -0.192 -0.188 -0.188 -0.195 0.033 0.032 0.033 0.034 0.035
4339.85889 -0.003 -0.013 -0.004 -0.004 -0.010 0.002 0.002 0.028 0.006 0.023
4340.82617 -0.010 -0.011 -0.012 -0.013 -0.013 0.002 0.002 0.002 0.002 0.005
4341.05713 -0.065 -0.062 -0.061 -0.062 -0.062 0.010 0.009 0.009 0.010 0.011
4342.24023 -0.007 -0.003 -0.003 -0.006 -0.007 0.004 0.016 0.018 0.004 0.005
4342.39600 -0.338 -0.340 -0.337 -0.325 -0.329 0.073 0.077 0.077 0.073 0.082
4342.56201 -0.173 -0.168 -0.166 -0.168 -0.170 0.027 0.025 0.024 0.026 0.029
4343.03223 -0.296 -0.297 -0.298 -0.301 -0.318 0.061 0.061 0.062 0.064 0.073
4344.58105 -0.068 -0.071 -0.073 -0.078 -0.086 0.010 0.011 0.012 0.014 0.021
4345.11719 -0.015 -0.017 -0.017 -0.019 -0.026 0.002 0.003 0.003 0.003 0.005
4345.56494 -0.015 -0.018 -0.019 -0.023 -0.029 0.002 0.003 0.003 0.004 0.009
4346.48389 -0.285 -0.285 -0.284 -0.284 -0.307 0.054 0.056 0.055 0.056 0.068
4347.37305 -0.270 -0.265 -0.260 -0.256 -0.263 0.054 0.055 0.055 0.056 0.063
4348.39307 -0.371 -0.366 -0.360 -0.358 -0.379 0.062 0.062 0.061 0.062 0.075
4349.58398 -0.032 -0.027 -0.030 -0.028 -0.025 0.007 0.011 0.009 0.003 0.003
4350.51416 -0.418 -0.421 -0.415 -0.403 -0.424 0.086 0.093 0.091 0.085 0.097
4350.90576 -0.424 -0.421 -0.418 -0.415 -0.451 0.082 0.081 0.081 0.081 0.091
4352.32324 -0.390 -0.380 -0.373 -0.362 -0.376 0.101 0.098 0.095 0.091 0.103
4352.51904 -0.289 -0.282 -0.277 -0.273 -0.257 0.044 0.045 0.046 0.046 0.045
4355.33203 -0.564 -0.555 -0.533 -0.540 -0.542 0.134 0.132 0.118 0.129 0.130
4355.91016 -0.540 -0.553 -0.539 -0.552 -0.552 0.111 0.117 0.108 0.120 0.122
4356.15088 -0.193 -0.193 -0.187 -0.185 -0.181 0.034 0.035 0.034 0.035 0.034
4356.46289 -0.004 -0.005 -0.019 -0.006 -0.012 0.003 0.013 0.037 0.005 0.048
4357.31982 -0.093 -0.097 -0.102 -0.105 -0.114 0.017 0.018 0.020 0.021 0.026
4358.65918 -0.237 -0.225 -0.220 -0.208 -0.223 0.048 0.046 0.046 0.043 0.052
4359.24512 -0.098 -0.101 -0.102 -0.101 -0.105 0.018 0.019 0.019 0.018 0.019
4359.60400 -0.337 -0.335 -0.333 -0.328 -0.332 0.067 0.068 0.068 0.067 0.072
4360.17090 -0.218 -0.211 -0.206 -0.199 -0.216 0.036 0.036 0.036 0.034 0.040
4360.82910 -0.014 -0.016 -0.018 -0.017 -0.018 0.003 0.003 0.003 0.003 0.020
4362.22900 -0.042 -0.041 -0.040 -0.033 -0.042 0.009 0.010 0.011 0.008 0.018
4362.45020 -0.028 -0.030 -0.031 -0.038 -0.036 0.005 0.005 0.005 0.006 0.007
4363.38379 -0.454 -0.441 -0.435 -0.422 -0.432 0.101 0.099 0.098 0.095 0.105
4364.18506 -0.260 -0.253 -0.249 -0.244 -0.246 0.046 0.044 0.044 0.043 0.047
4364.83887 -0.052 -0.054 -0.056 -0.055 -0.062 0.011 0.011 0.012 0.011 0.016
4365.04590 -0.022 -0.024 -0.025 -0.025 -0.029 0.003 0.003 0.003 0.003 0.006
4366.17920 -0.005 -0.007 -0.004 -0.005 -0.008 0.001 0.003 0.013 0.000 0.024
4366.56494 -0.025 -0.029 -0.031 -0.034 -0.046 0.003 0.004 0.004 0.004 0.006
4366.90479 -0.086 -0.090 -0.091 -0.093 -0.098 0.017 0.018 0.017 0.017 0.019
4368.06592 -0.320 -0.305 -0.297 -0.293 -0.302 0.058 0.052 0.051 0.051 0.058
4368.66406 -0.463 -0.455 -0.447 -0.442 -0.454 0.111 0.111 0.106 0.107 0.116
4369.72900 -0.028 -0.027 -0.028 -0.034 -0.037 0.005 0.004 0.004 0.004 0.008
4370.73193 -0.061 -0.064 -0.069 -0.073 -0.087 0.010 0.009 0.011 0.012 0.014
4371.03711 -0.142 -0.140 -0.131 -0.122 -0.128 0.028 0.030 0.027 0.023 0.026
4371.44385 -0.118 -0.132 -0.135 -0.102 -0.099 0.020 0.031 0.031 0.017 0.015
4371.66895 -0.213 -0.146 -0.142 -0.151 -0.133 0.037 0.025 0.024 0.025 0.023
4372.55908 -0.554 -0.541 -0.530 -0.526 -0.537 0.125 0.121 0.113 0.113 0.126
4374.04590 -0.022 -0.025 -0.027 -0.030 -0.040 0.003 0.004 0.004 0.004 0.008
4374.43896 -0.093 -0.095 -0.098 -0.129 -0.106 0.018 0.019 0.021 0.030 0.027
4374.57715 -0.077 -0.080 -0.082 -0.141 -0.089 0.012 0.012 0.013 0.028 0.014
4374.94189 -0.031 -0.032 -0.036 -0.039 -0.092 0.005 0.005 0.006 0.005 0.006
4376.05078 -0.641 -0.623 -0.616 -0.601 -0.615 0.154 0.148 0.147 0.142 0.158
4376.30811 -0.116 -0.117 -0.116 -0.113 -0.110 0.020 0.022 0.021 0.020 0.019
4376.66992 -0.028 -0.032 -0.033 -0.033 -0.035 0.005 0.006 0.006 0.005 0.005
4376.99219 -0.054 -0.060 -0.063 -0.066 -0.092 0.007 0.009 0.009 0.009 0.013
4377.37695 -0.293 -0.281 -0.275 -0.265 -0.269 0.054 0.051 0.050 0.048 0.055
4377.68994 -0.075 -0.070 -0.067 -0.061 -0.051 0.012 0.012 0.012 0.010 0.007
4377.87305 -0.119 -0.117 -0.116 -0.114 -0.118 0.022 0.023 0.024 0.024 0.031
4378.06201 -0.094 -0.094 -0.096 -0.095 -0.093 0.015 0.016 0.017 0.015 0.018
4378.68799 -0.016 -0.019 -0.022 -0.022 -0.031 0.002 0.003 0.003 0.003 0.006
4379.18994 -0.024 -0.030 -0.034 -0.035 -0.046 0.003 0.005 0.006 0.006 0.010
4379.61719 -0.101 -0.110 -0.115 -0.118 -0.132 0.016 0.019 0.020 0.019 0.027
4380.58594 -0.212 -0.209 -0.206 -0.198 -0.213 0.044 0.046 0.047 0.044 0.054
4381.31592 -0.439 -0.432 -0.426 -0.415 -0.440 0.091 0.092 0.090 0.088 0.100
4381.89502 -0.169 -0.180 -0.185 -0.188 -0.199 0.026 0.030 0.032 0.032 0.036
4382.84277 -0.062 -0.028 -0.035 -0.033 -0.036 0.002 0.004 0.006 0.005 0.013
4383.87305 -0.245 -0.250 -0.252 -0.256 -0.283 0.052 0.056 0.057 0.060 0.076
4384.29199 -0.035 -0.039 -0.039 -0.044 -0.046 0.006 0.008 0.010 0.010 0.011
4385.45801 -0.458 -0.450 -0.445 -0.435 -0.461 0.106 0.106 0.108 0.102 0.129
4386.85010 -0.279 -0.254 -0.265 -0.245 -0.245 0.077 0.095 0.062 0.103 0.109
4388.51611 -0.358 -0.336 -0.325 -0.317 -0.335 0.079 0.070 0.067 0.068 0.080
4389.33301 -0.126 -0.131 -0.132 -0.141 -0.162 0.028 0.027 0.026 0.030 0.044
4389.56299 -0.059 -0.057 -0.056 -0.054 -0.048 0.016 0.014 0.014 0.013 0.013
4390.11914 -0.225 -0.222 -0.216 -0.217 -0.233 0.043 0.041 0.039 0.041 0.053
4390.42676 -0.324 -0.313 -0.304 -0.294 -0.302 0.069 0.068 0.066 0.064 0.066
4390.75098 -0.295 -0.294 -0.286 -0.283 -0.303 0.056 0.058 0.055 0.056 0.071
4391.38916 -0.145 -0.157 -0.153 -0.275 -0.166 0.022 0.028 0.026 0.059 0.033
4391.71777 -0.029 -0.041 -0.040 -0.046 -0.055 0.004 0.009 0.006 0.008 0.017
4393.13818 -0.248 -0.271 -0.268 -0.274 -0.316 0.063 0.082 0.078 0.079 0.120
4393.83496 -0.622 -0.615 -0.607 -0.592 -0.618 0.140 0.143 0.141 0.135 0.147
4394.50586 -0.257 -0.255 -0.260 -0.255 -0.270 0.042 0.042 0.047 0.043 0.051
4395.61523 -0.438 -0.400 -0.404 -0.413 -0.419 0.094 0.075 0.083 0.097 0.104
4395.95703 -0.238 -0.232 -0.223 -0.208 -0.228 0.048 0.047 0.042 0.033 0.043
4396.52100 -0.158 -0.133 -0.123 -0.153 -0.190 0.064 0.046 0.030 0.070 0.108
4396.96484 -0.096 -0.086 -0.095 -0.082 -0.112 0.014 0.010 0.014 0.009 0.019
4398.17822 -0.652 -0.205 -0.191 -0.178 -0.162 0.144 0.040 0.033 0.027 0.022
4398.71777 -0.091 -0.121 -0.111 -0.105 -0.115 0.010 0.025 0.017 0.015 0.011
4399.34814 -0.082 -0.073 -0.061 -0.057 -0.035 0.003 0.015 0.010 0.008 0.003
4399.49316 -0.071 -0.102 -0.110 -0.117 -0.115 0.008 0.014 0.016 0.014 0.014
4399.72021 -0.252 -0.239 -0.261 -0.249 -0.246 0.044 0.043 0.068 0.069 0.048
4400.70410 -0.242 -0.237 -0.234 -0.229 -0.227 0.056 0.053 0.054 0.053 0.053
4402.14502 -0.268 -0.270 -0.260 -0.259 -0.255 0.051 0.053 0.051 0.051 0.051
4402.42285 -0.292 -0.295 -0.287 -0.282 -0.275 0.051 0.055 0.051 0.050 0.047



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
4403.31299 -0.344 -0.339 -0.325 -0.321 -0.318 0.061 0.061 0.053 0.054 0.054
4404.16699 -0.231 -0.220 -0.208 -0.197 -0.193 0.040 0.038 0.034 0.031 0.032
4404.67822 -0.465 -0.468 -0.466 -0.465 -0.469 0.094 0.095 0.094 0.093 0.095
4406.23193 -0.344 -0.327 -0.315 -0.304 -0.297 0.073 0.068 0.065 0.063 0.064
4406.45703 -0.171 -0.182 -0.185 -0.192 -0.193 0.028 0.031 0.032 0.033 0.034
4406.80078 -0.068 -0.072 -0.075 -0.082 -0.083 0.013 0.012 0.013 0.015 0.015
4407.75488 -0.050 -0.049 -0.047 -0.052 -0.051 0.012 0.011 0.010 0.014 0.013
4408.49414 -0.578 -0.574 -0.573 -0.572 -0.573 0.116 0.113 0.112 0.114 0.115
4408.92676 -0.157 -0.159 -0.157 -0.157 -0.155 0.022 0.024 0.023 0.024 0.023
4409.18994 -0.218 -0.212 -0.211 -0.212 -0.210 0.059 0.057 0.058 0.059 0.059
4409.52100 -0.107 -0.106 -0.108 -0.111 -0.112 0.023 0.024 0.023 0.026 0.026
4410.33301 -0.102 -0.103 -0.104 -0.112 -0.111 0.017 0.017 0.017 0.020 0.019
4411.10498 -0.660 -0.646 -0.638 -0.635 -0.632 0.131 0.126 0.124 0.124 0.125
4411.46484 -0.231 -0.229 -0.226 -0.224 -0.217 0.048 0.049 0.049 0.051 0.049
4412.10400 -0.103 -0.104 -0.105 -0.112 -0.115 0.019 0.017 0.017 0.020 0.021
4412.52197 -0.583 -0.567 -0.556 -0.548 -0.536 0.111 0.107 0.104 0.105 0.101
4413.32178 -0.181 -0.170 -0.165 -0.159 -0.155 0.035 0.031 0.030 0.031 0.030
4413.49805 -0.225 -0.229 -0.229 -0.230 -0.229 0.048 0.050 0.050 0.053 0.052
4413.80078 -0.107 -0.102 -0.100 -0.099 -0.096 0.016 0.015 0.014 0.015 0.014
4414.26123 -0.284 -0.276 -0.272 -0.271 -0.267 0.056 0.052 0.051 0.054 0.052
4414.44385 -0.185 -0.197 -0.204 -0.214 -0.221 0.036 0.039 0.041 0.045 0.046
4414.90479 -0.056 -0.052 -0.051 -0.049 -0.049 0.009 0.008 0.008 0.008 0.008
4415.30078 -0.009 -0.005 -0.006 -0.009 -0.007 0.008 0.001 0.001 0.009 0.003
4416.16602 -0.353 -0.352 -0.351 -0.351 -0.348 0.069 0.070 0.070 0.072 0.071
4416.69189 -0.007 -0.006 -0.007 -0.011 -0.010 0.004 0.002 0.003 0.008 0.005
4417.35693 -0.053 -0.058 -0.059 -0.063 -0.065 0.007 0.008 0.008 0.009 0.009
4417.66211 -0.297 -0.290 -0.287 -0.289 -0.281 0.055 0.055 0.054 0.058 0.056
4418.51123 -0.360 -0.348 -0.342 -0.337 -0.330 0.070 0.066 0.065 0.066 0.065
4418.86621 -0.332 -0.324 -0.318 -0.319 -0.310 0.057 0.057 0.056 0.059 0.055
4419.78809 -0.299 -0.283 -0.273 -0.269 -0.259 0.076 0.073 0.071 0.074 0.071
4420.37793 -0.422 -0.405 -0.397 -0.390 -0.377 0.082 0.078 0.076 0.077 0.073
4420.99902 -0.443 -0.447 -0.450 -0.459 -0.460 0.077 0.079 0.080 0.084 0.084
4421.79297 -0.229 -0.217 -0.211 -0.209 -0.199 0.055 0.053 0.053 0.057 0.054
4422.12402 -0.148 -0.149 -0.150 -0.153 -0.152 0.021 0.021 0.021 0.022 0.022
4422.64111 -0.057 -0.064 -0.066 -0.076 -0.080 0.010 0.011 0.011 0.015 0.015
4423.03711 -0.021 -0.022 -0.027 -0.030 -0.032 0.004 0.003 0.004 0.007 0.006
4423.99805 -0.222 -0.222 -0.222 -0.228 -0.223 0.040 0.040 0.040 0.044 0.042
4425.21484 -0.143 -0.150 -0.154 -0.164 -0.167 0.037 0.040 0.041 0.047 0.044
4425.54492 -0.274 -0.266 -0.264 -0.261 -0.257 0.059 0.057 0.057 0.057 0.057
4425.97803 -0.624 -0.617 -0.613 -0.612 -0.607 0.120 0.120 0.119 0.120 0.118
4426.43994 -0.063 -0.062 -0.063 -0.065 -0.063 0.012 0.013 0.013 0.015 0.014
4426.77783 -0.271 -0.260 -0.256 -0.251 -0.241 0.050 0.048 0.048 0.048 0.045
4427.05078 -0.053 -0.062 -0.055 -0.058 -0.064 0.007 0.011 0.009 0.010 0.013
4427.67822 -0.197 -0.178 -0.173 -0.171 -0.162 0.101 0.088 0.088 0.093 0.082
4428.02002 -0.192 -0.205 -0.207 -0.212 -0.217 0.051 0.054 0.055 0.057 0.061
4428.44482 -0.159 -0.165 -0.166 -0.171 -0.169 0.023 0.026 0.026 0.028 0.027
4429.22510 -0.641 -0.625 -0.617 -0.615 -0.607 0.124 0.119 0.118 0.119 0.116
4429.56885 -0.056 -0.063 -0.066 -0.070 -0.070 0.011 0.015 0.015 0.018 0.017
4430.04395 -0.264 -0.267 -0.268 -0.275 -0.273 0.052 0.053 0.054 0.059 0.057
4430.47314 -0.028 -0.029 -0.030 -0.034 -0.035 0.004 0.004 0.005 0.005 0.005
4430.97705 -0.214 -0.213 -0.211 -0.211 -0.209 0.041 0.042 0.041 0.043 0.043
4431.23779 -0.283 -0.281 -0.279 -0.280 -0.274 0.053 0.053 0.054 0.055 0.053
4431.68701 -0.150 -0.145 -0.144 -0.145 -0.141 0.027 0.025 0.025 0.026 0.025
4432.01221 -0.336 -0.333 -0.331 -0.329 -0.324 0.064 0.064 0.064 0.064 0.064
4432.30811 -0.069 -0.072 -0.071 -0.071 -0.068 0.014 0.015 0.015 0.018 0.015
4433.18896 -0.131 -0.133 -0.134 -0.135 -0.136 0.031 0.031 0.032 0.034 0.035
4433.55908 -0.539 -0.533 -0.528 -0.526 -0.516 0.119 0.120 0.119 0.122 0.117
4434.40479 -0.036 -0.042 -0.046 -0.053 -0.056 0.005 0.006 0.007 0.009 0.009
4434.80420 -0.315 -0.302 -0.295 -0.290 -0.279 0.066 0.064 0.062 0.064 0.060
4435.48291 -0.320 -0.310 -0.306 -0.302 -0.295 0.056 0.054 0.054 0.055 0.053
4435.96094 -0.091 -0.094 -0.097 -0.100 -0.099 0.017 0.018 0.019 0.021 0.019
4436.42188 -0.174 -0.177 -0.179 -0.185 -0.186 0.030 0.030 0.031 0.034 0.034
4436.92676 -0.305 -0.293 -0.286 -0.280 -0.269 0.054 0.053 0.052 0.053 0.050
4437.91504 -0.258 -0.248 -0.245 -0.244 -0.238 0.059 0.057 0.057 0.061 0.059
4438.20801 -0.130 -0.132 -0.132 -0.133 -0.130 0.025 0.027 0.027 0.027 0.025
4438.69580 -0.029 -0.032 -0.033 -0.039 -0.040 0.005 0.005 0.006 0.009 0.008
4439.24023 -0.214 -0.212 -0.211 -0.213 -0.208 0.037 0.037 0.038 0.040 0.038
4440.11914 -0.163 -0.163 -0.157 -0.159 -0.156 0.036 0.038 0.037 0.041 0.039
4441.40088 -0.168 -0.171 -0.173 -0.179 -0.182 0.027 0.027 0.028 0.031 0.031
4441.64307 -0.359 -0.352 -0.349 -0.345 -0.338 0.080 0.079 0.080 0.080 0.078
4442.22412 -0.031 -0.038 -0.039 -0.044 -0.043 0.005 0.007 0.008 0.009 0.008
4443.24023 -0.023 -0.025 -0.026 -0.022 -0.025 0.007 0.008 0.010 0.016 0.009
4443.55322 -0.260 -0.249 -0.243 -0.232 -0.229 0.046 0.044 0.042 0.039 0.040
4443.93896 -0.426 -0.408 -0.400 -0.389 -0.378 0.094 0.090 0.089 0.087 0.085
4444.20801 -0.082 -0.084 -0.086 -0.089 -0.088 0.014 0.015 0.016 0.017 0.016
4444.81396 -0.261 -0.263 -0.263 -0.263 -0.265 0.049 0.049 0.050 0.051 0.052
4445.01221 -0.203 -0.192 -0.186 -0.182 -0.171 0.042 0.040 0.040 0.041 0.037
4445.46484 -0.040 -0.040 -0.041 -0.049 -0.044 0.008 0.008 0.008 0.008 0.010
4445.86816 -0.076 -0.078 -0.079 -0.080 -0.078 0.015 0.017 0.018 0.020 0.018
4446.39990 -0.128 -0.133 -0.135 -0.137 -0.135 0.052 0.056 0.058 0.062 0.062
4447.08887 -0.045 -0.050 -0.053 -0.057 -0.059 0.006 0.007 0.008 0.008 0.009
4447.59277 -0.331 -0.326 -0.323 -0.322 -0.318 0.062 0.061 0.061 0.062 0.061
4448.36621 -0.142 -0.141 -0.138 -0.137 -0.135 0.048 0.048 0.049 0.050 0.050
4448.78418 -0.110 -0.109 -0.110 -0.111 -0.111 0.017 0.017 0.017 0.018 0.017
4449.33301 -0.058 -0.063 -0.060 -0.062 -0.061 0.011 0.012 0.012 0.012 0.012
4450.03809 -0.685 -0.672 -0.666 -0.660 -0.652 0.156 0.153 0.153 0.152 0.150
4451.17383 -0.093 -0.092 -0.091 -0.091 -0.092 0.029 0.030 0.033 0.034 0.037
4451.66797 -0.557 -0.538 -0.529 -0.517 -0.509 0.100 0.094 0.092 0.089 0.089
4451.99023 -0.305 -0.296 -0.289 -0.279 -0.270 0.062 0.063 0.062 0.060 0.057
4452.58984 -0.133 -0.133 -0.139 -0.141 -0.139 0.030 0.030 0.032 0.031 0.034
4453.06299 -0.052 -0.055 -0.055 -0.054 -0.054 0.008 0.009 0.010 0.009 0.009
4453.66406 -0.088 -0.087 -0.086 -0.086 -0.085 0.017 0.017 0.018 0.016 0.017



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
4454.83887 -0.134 -0.132 -0.132 -0.127 -0.128 0.027 0.027 0.028 0.025 0.026
4455.24902 -0.498 -0.476 -0.466 -0.452 -0.444 0.115 0.107 0.106 0.103 0.104
4455.62402 -0.025 -0.028 -0.029 -0.030 -0.031 0.006 0.009 0.010 0.008 0.009
4455.86182 -0.022 -0.027 -0.028 -0.030 -0.033 0.003 0.005 0.004 0.005 0.006
4456.41309 -0.149 -0.145 -0.144 -0.139 -0.141 0.029 0.028 0.029 0.026 0.028
4456.79297 -0.008 -0.012 -0.014 -0.014 -0.016 0.001 0.002 0.003 0.002 0.003
4457.00879 -0.018 -0.024 -0.025 -0.026 -0.032 0.003 0.004 0.004 0.004 0.006
4457.64502 -0.006 -0.005 -0.006 -0.010 -0.007 0.003 0.007 0.010 0.227 0.006
4458.53516 -0.041 -0.043 -0.046 -0.046 -0.048 0.008 0.009 0.010 0.009 0.011
4458.84814 -0.134 -0.127 -0.124 -0.118 -0.117 0.026 0.024 0.023 0.022 0.023
4459.14600 -0.080 -0.083 -0.086 -0.083 -0.087 0.015 0.016 0.017 0.016 0.017
4459.53809 -0.079 -0.076 -0.074 -0.068 -0.066 0.015 0.015 0.015 0.013 0.013
4459.89697 -0.016 -0.015 -0.016 -0.014 -0.017 0.004 0.003 0.003 0.002 0.004
4460.46582 -0.053 -0.062 -0.060 -0.068 -0.065 0.011 0.011 0.014 0.011 0.015
4461.10693 -0.056 -0.055 -0.056 -0.056 -0.059 0.011 0.010 0.010 0.010 0.011
4461.55420 -0.389 -0.371 -0.363 -0.349 -0.341 0.082 0.079 0.078 0.074 0.074
4462.22607 -0.047 -0.052 -0.053 -0.054 -0.056 0.010 0.012 0.012 0.012 0.013
4462.54785 -0.101 -0.097 -0.097 -0.095 -0.096 0.018 0.015 0.015 0.014 0.015
4462.90723 -0.381 -0.369 -0.362 -0.352 -0.343 0.071 0.071 0.070 0.069 0.068
4463.52881 -0.026 -0.026 -0.027 -0.033 -0.028 0.005 0.005 0.006 0.004 0.006
4463.99609 -0.045 -0.047 -0.050 -0.052 -0.054 0.006 0.007 0.007 0.008 0.008
4464.31689 -0.047 -0.050 -0.053 -0.055 -0.056 0.009 0.010 0.011 0.011 0.012
4464.66699 -0.081 -0.085 -0.089 -0.092 -0.094 0.023 0.024 0.025 0.026 0.027
4465.09717 -0.102 -0.105 -0.107 -0.111 -0.112 0.023 0.023 0.024 0.025 0.026
4465.54590 -0.146 -0.147 -0.148 -0.149 -0.147 0.039 0.041 0.042 0.043 0.042
4466.32178 -0.740 -0.722 -0.715 -0.705 -0.695 0.200 0.193 0.190 0.188 0.186
4466.77588 -0.036 -0.040 -0.042 -0.044 -0.044 0.008 0.010 0.011 0.012 0.012
4467.18115 -0.028 -0.028 -0.029 -0.032 -0.030 0.005 0.005 0.005 0.007 0.005
4467.69580 -0.068 -0.068 -0.071 -0.072 -0.072 0.013 0.012 0.014 0.015 0.015
4468.25000 -0.028 -0.037 -0.043 -0.045 -0.048 0.004 0.006 0.007 0.008 0.008
4468.61719 -0.129 -0.128 -0.129 -0.132 -0.132 0.025 0.023 0.024 0.025 0.025
4468.97900 -0.025 -0.026 -0.027 -0.028 -0.026 0.004 0.005 0.006 0.007 0.006
4469.98877 -0.036 -0.041 -0.044 -0.048 -0.051 0.009 0.009 0.009 0.011 0.011
4470.19922 -0.021 -0.021 -0.025 -0.022 -0.027 0.003 0.004 0.005 0.003 0.006
4470.58105 -0.010 -0.012 -0.010 -0.010 -0.013 0.002 0.002 0.003 0.010 0.003
4472.10400 -0.133 -0.131 -0.129 -0.131 -0.127 0.029 0.028 0.028 0.030 0.029
4472.92090 -0.486 -0.467 -0.457 -0.446 -0.432 0.113 0.109 0.108 0.108 0.104
4473.91602 -0.418 -0.402 -0.396 -0.389 -0.378 0.082 0.078 0.077 0.078 0.075
4474.56006 -0.042 -0.044 -0.043 -0.046 -0.043 0.007 0.008 0.008 0.011 0.008
4475.58398 -0.012 -0.014 -0.015 -0.019 -0.018 0.002 0.002 0.003 0.004 0.004
4476.03320 -0.007 -0.007 -0.007 -0.008 -0.008 0.002 0.002 0.001 0.004 0.002
4476.67383 -0.083 -0.078 -0.074 -0.069 -0.065 0.016 0.015 0.014 0.015 0.014
4477.16699 -0.525 -0.512 -0.504 -0.499 -0.487 0.122 0.120 0.118 0.119 0.115
4478.47705 -0.155 -0.149 -0.145 -0.145 -0.138 0.034 0.033 0.032 0.036 0.033
4479.08203 -0.010 -0.011 -0.012 -0.015 -0.014 0.002 0.003 0.003 0.005 0.004
4479.95898 -0.364 -0.348 -0.339 -0.330 -0.321 0.069 0.066 0.064 0.064 0.063
4480.45898 -0.016 -0.021 -0.022 -0.024 -0.022 0.009 0.012 0.011 0.015 0.013
4481.51514 -0.319 -0.310 -0.304 -0.298 -0.290 0.057 0.057 0.056 0.057 0.055
4482.05908 -0.023 -0.025 -0.025 -0.028 -0.027 0.005 0.007 0.006 0.008 0.006
4482.34814 -0.049 -0.053 -0.055 -0.060 -0.063 0.012 0.014 0.015 0.018 0.019
4482.67920 -0.027 -0.030 -0.032 -0.036 -0.037 0.005 0.006 0.007 0.008 0.008
4483.20605 -0.029 -0.032 -0.033 -0.034 -0.033 0.006 0.007 0.007 0.008 0.007
4484.13721 -0.720 -0.708 -0.700 -0.690 -0.679 0.191 0.188 0.187 0.185 0.181
4484.68994 -0.618 -0.610 -0.598 -0.592 -0.588 0.145 0.145 0.131 0.132 0.131
4486.47119 -0.003 -0.009 -0.036 -0.037 -0.033 0.041 0.817 0.009 0.010 0.008
4486.20312 -0.015 -0.024 -0.016 -0.037 -0.025 0.002 0.001 0.002 0.002 0.003
4486.40723 -0.043 -0.040 -0.040 -0.038 -0.037 0.015 0.019 0.016 0.019 0.017
4487.27197 -0.566 -0.551 -0.542 -0.534 -0.529 0.102 0.098 0.096 0.095 0.095
4487.77295 -0.482 -0.477 -0.471 -0.465 -0.458 0.107 0.108 0.106 0.106 0.104
4489.13379 -0.556 -0.548 -0.542 -0.535 -0.529 0.102 0.101 0.099 0.098 0.098
4490.83301 -0.417 -0.403 -0.394 -0.385 -0.378 0.082 0.079 0.078 0.076 0.076
4491.12695 -0.035 -0.035 -0.036 -0.037 -0.043 0.006 0.006 0.006 0.006 0.005
4492.21094 -0.332 -0.321 -0.318 -0.312 -0.305 0.061 0.058 0.058 0.057 0.056
4495.21777 -0.676 -0.648 -0.646 -0.643 -0.634 0.171 0.184 0.186 0.188 0.183
4497.02393 -0.157 -0.156 -0.153 -0.148 -0.144 0.031 0.029 0.030 0.031 0.031
4497.85205 -0.310 -0.296 -0.290 -0.285 -0.281 0.055 0.050 0.050 0.050 0.051
4498.13184 -0.630 -0.626 -0.624 -0.618 -0.612 0.151 0.150 0.151 0.148 0.145
4499.18311 -0.026 -0.030 -0.033 -0.035 -0.025 0.012 0.010 0.009 0.008 0.179
4499.71924 -0.253 -0.248 -0.255 -0.235 -0.221 0.043 0.044 0.048 0.038 0.032
4501.56201 -0.619 -0.609 -0.595 -0.588 -0.578 0.138 0.136 0.129 0.128 0.125
4502.65723 -0.484 -0.481 -0.474 -0.473 -0.464 0.095 0.095 0.092 0.093 0.090
4503.14697 -0.045 -0.040 -0.041 -0.040 -0.036 0.009 0.008 0.009 0.008 0.006
4503.74609 -0.024 -0.027 -0.029 -0.030 -0.031 0.006 0.007 0.008 0.008 0.006
4504.95020 -0.084 -0.082 -0.077 -0.077 -0.074 0.014 0.014 0.014 0.013 0.012
4505.55713 -0.321 -0.321 -0.319 -0.318 -0.312 0.064 0.064 0.064 0.064 0.062
4506.12207 -0.478 -0.470 -0.466 -0.461 -0.448 0.104 0.103 0.103 0.103 0.097
4508.23291 -0.529 -0.525 -0.523 -0.522 -0.512 0.113 0.112 0.112 0.113 0.109
4510.10010 -0.240 -0.239 -0.237 -0.238 -0.235 0.042 0.042 0.042 0.045 0.044
4512.13818 -0.378 -0.372 -0.366 -0.363 -0.356 0.076 0.075 0.073 0.073 0.072
4512.90186 -0.350 -0.348 -0.341 -0.341 -0.336 0.076 0.076 0.074 0.075 0.074
4515.21289 -0.334 -0.325 -0.318 -0.311 -0.308 0.058 0.056 0.054 0.053 0.053
4515.64404 -0.421 -0.428 -0.425 -0.429 -0.432 0.089 0.091 0.089 0.091 0.093
4516.87305 -0.628 -0.624 -0.617 -0.613 -0.614 0.150 0.149 0.145 0.145 0.148
4517.37598 -0.127 -0.129 -0.127 -0.126 -0.125 0.023 0.025 0.025 0.025 0.026
4518.06396 -0.265 -0.268 -0.267 -0.271 -0.278 0.064 0.063 0.062 0.063 0.067
4518.46484 -0.477 -0.475 -0.469 -0.465 -0.463 0.095 0.096 0.094 0.094 0.095
4519.40283 -0.020 -0.021 -0.010 -0.008 -0.025 0.006 0.005 0.366 0.161 0.008
4520.19824 -0.336 -0.339 -0.335 -0.336 -0.339 0.060 0.062 0.059 0.059 0.062
4520.99609 -0.085 -0.082 -0.079 -0.076 -0.076 0.016 0.016 0.014 0.014 0.015
4522.46094 -0.480 -0.477 -0.471 -0.468 -0.467 0.129 0.132 0.129 0.130 0.130
4522.90479 -0.174 -0.204 -0.195 -0.210 -0.210 0.067 0.048 0.055 0.050 0.051
4525.02393 -0.005 -0.074 -0.061 -0.066 -0.068 0.011 0.013 0.008 0.010 0.012



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
4525.03223 -0.431 -0.437 -0.432 -0.431 -0.430 0.096 0.102 0.099 0.099 0.100
4525.49316 -0.181 -0.191 -0.194 -0.208 -0.212 0.037 0.040 0.041 0.045 0.046
4527.47412 -0.354 -0.355 -0.353 -0.354 -0.356 0.081 0.080 0.078 0.080 0.082
4527.66016 -0.299 -0.317 -0.325 -0.332 -0.335 0.068 0.074 0.076 0.078 0.078
4528.55322 -0.247 -0.248 -0.247 -0.249 -0.246 0.045 0.045 0.046 0.047 0.046
4529.46924 -0.075 -0.050 -0.048 -0.047 -0.044 0.009 0.011 0.012 0.012 0.011
4530.08691 -0.134 -0.140 -0.144 -0.145 -0.145 0.023 0.023 0.024 0.024 0.024
4530.25000 -0.144 -0.131 -0.128 -0.133 -0.134 0.023 0.023 0.021 0.023 0.023
4531.19580 -0.084 -0.083 -0.088 -0.085 -0.076 0.016 0.016 0.017 0.017 0.014
4532.08008 -0.189 -0.186 -0.186 -0.184 -0.183 0.034 0.033 0.034 0.033 0.034
4532.79492 -0.423 -0.432 -0.435 -0.442 -0.444 0.135 0.140 0.141 0.146 0.145
4534.06104 -0.016 -0.015 -0.015 -0.015 -0.014 0.003 0.003 0.004 0.004 0.003
4534.85400 -0.328 -0.332 -0.331 -0.329 -0.329 0.059 0.060 0.060 0.059 0.061
4535.10205 -0.208 -0.217 -0.222 -0.233 -0.242 0.039 0.042 0.044 0.050 0.048
4537.01904 -0.108 -0.112 -0.116 -0.127 -0.128 0.024 0.023 0.024 0.028 0.028
4537.28320 -0.199 -0.209 -0.212 -0.216 -0.215 0.032 0.036 0.036 0.037 0.035
4537.87207 -0.248 -0.255 -0.257 -0.262 -0.264 0.053 0.055 0.056 0.058 0.059
4538.30713 -0.079 -0.074 -0.071 -0.073 -0.071 0.013 0.012 0.011 0.012 0.012
4538.49023 -0.185 -0.192 -0.196 -0.197 -0.196 0.032 0.036 0.038 0.038 0.036
4539.47412 -0.010 -0.011 -0.018 -0.010 -0.013 0.009 0.012 0.002 0.011 0.016
4539.75000 -0.088 -0.094 -0.110 -0.100 -0.098 0.013 0.014 0.021 0.015 0.014
4540.83105 -0.073 -0.074 -0.072 -0.073 -0.071 0.013 0.014 0.013 0.014 0.013
4541.47412 -0.151 -0.155 -0.152 -0.154 -0.153 0.025 0.026 0.025 0.025 0.025
4542.22803 -0.078 -0.086 -0.088 -0.092 -0.096 0.013 0.016 0.015 0.017 0.017
4542.91895 -0.176 -0.184 -0.184 -0.188 -0.192 0.034 0.036 0.035 0.036 0.038
4544.50098 -0.262 -0.279 -0.284 -0.295 -0.304 0.056 0.061 0.061 0.064 0.068
4546.29297 -0.055 -0.058 -0.064 -0.069 -0.073 0.011 0.012 0.013 0.014 0.015
4546.76221 -0.131 -0.131 -0.129 -0.131 -0.133 0.028 0.027 0.025 0.026 0.028
4547.05811 -0.099 -0.100 -0.103 -0.101 -0.098 0.016 0.017 0.018 0.018 0.017
4548.20312 -0.295 -0.309 -0.316 -0.327 -0.334 0.116 0.122 0.124 0.128 0.131
4548.84814 -0.089 -0.087 -0.089 -0.087 -0.085 0.018 0.018 0.020 0.020 0.019
4549.18213 -0.108 -0.118 -0.122 -0.132 -0.136 0.018 0.020 0.020 0.024 0.024
4550.23877 -0.073 -0.070 -0.074 -0.071 -0.074 0.013 0.012 0.013 0.013 0.014
4550.73389 -0.201 -0.209 -0.213 -0.219 -0.219 0.033 0.035 0.036 0.039 0.038
4551.50098 -0.044 -0.048 -0.054 -0.058 -0.059 0.009 0.009 0.011 0.012 0.012
4551.93311 -0.074 -0.079 -0.082 -0.088 -0.090 0.017 0.018 0.019 0.021 0.022
4552.85010 -0.116 -0.122 -0.127 -0.133 -0.136 0.022 0.023 0.025 0.026 0.027
4553.60693 -0.031 -0.039 -0.042 -0.045 -0.046 0.005 0.007 0.009 0.009 0.008
4553.89893 -0.186 -0.196 -0.202 -0.210 -0.215 0.033 0.034 0.035 0.038 0.039
4555.08594 -0.064 -0.062 -0.074 -0.061 -0.072 0.009 0.009 0.011 0.009 0.011
4555.43213 -0.300 -0.304 -0.304 -0.309 -0.307 0.052 0.053 0.052 0.055 0.054
4556.07715 -0.039 -0.045 -0.050 -0.051 -0.053 0.006 0.008 0.010 0.009 0.009
4556.40381 -0.028 -0.030 -0.032 -0.036 -0.041 0.006 0.005 0.006 0.008 0.009
4557.31689 -0.088 -0.093 -0.095 -0.097 -0.098 0.019 0.020 0.022 0.022 0.021
4557.88623 -0.077 -0.081 -0.084 -0.089 -0.094 0.012 0.012 0.012 0.013 0.015
4558.16211 -0.139 -0.149 -0.155 -0.163 -0.166 0.034 0.038 0.040 0.042 0.041
4559.04785 -0.191 -0.199 -0.202 -0.210 -0.212 0.033 0.035 0.036 0.039 0.040
4559.86084 -0.071 -0.078 -0.087 -0.090 -0.092 0.011 0.013 0.016 0.016 0.017
4561.06592 -0.044 -0.048 -0.051 -0.052 -0.059 0.006 0.007 0.008 0.008 0.009
4561.99805 -0.039 -0.047 -0.055 -0.061 -0.064 0.008 0.010 0.012 0.014 0.014
4562.60596 -0.127 -0.141 -0.148 -0.155 -0.163 0.023 0.027 0.028 0.029 0.030
4562.98389 -0.034 -0.043 -0.045 -0.049 -0.052 0.003 0.005 0.005 0.006 0.006
4563.25781 -0.122 -0.125 -0.131 -0.138 -0.142 0.043 0.038 0.041 0.044 0.044
4563.56689 -0.074 -0.079 -0.078 -0.074 -0.077 0.012 0.015 0.015 0.013 0.015
4564.25000 -0.067 -0.071 -0.072 -0.087 -0.075 0.009 0.010 0.010 0.013 0.011
4564.99316 -0.043 -0.048 -0.055 -0.055 -0.061 0.008 0.009 0.011 0.010 0.012
4566.15918 -0.100 -0.105 -0.110 -0.113 -0.117 0.028 0.029 0.032 0.032 0.033
4567.07617 -0.039 -0.042 -0.044 -0.045 -0.044 0.006 0.007 0.008 0.009 0.008
4567.33984 -0.046 -0.051 -0.055 -0.058 -0.062 0.010 0.011 0.012 0.012 0.014
4568.04492 -0.059 -0.066 -0.070 -0.077 -0.080 0.012 0.013 0.014 0.016 0.016
4568.39990 -0.048 -0.053 -0.058 -0.059 -0.061 0.007 0.008 0.009 0.008 0.009
4568.84521 -0.044 -0.047 -0.049 -0.056 -0.060 0.008 0.009 0.009 0.011 0.012
4569.97900 -0.050 -0.056 -0.059 -0.074 -0.068 0.008 0.011 0.011 0.009 0.013
4570.27881 -0.009 -0.011 -0.013 -0.013 -0.016 0.002 0.002 0.003 0.006 0.004
4571.34180 -0.050 -0.050 -0.058 -0.051 -0.050 0.008 0.008 0.009 0.008 0.008
4571.77686 -0.014 -0.018 -0.020 -0.021 -0.023 0.003 0.004 0.004 0.005 0.005
4572.45801 -0.019 -0.039 -0.042 -0.045 -0.049 0.007 0.008 0.008 0.010 0.010
4572.21484 -0.027 -0.035 -0.037 -0.039 -0.043 0.010 0.011 0.012 0.011 0.013
4572.66797 -0.040 -0.046 -0.047 -0.051 -0.052 0.006 0.007 0.007 0.008 0.008
4573.12500 -0.007 -0.009 -0.012 -0.013 -0.013 0.001 0.002 0.002 0.003 0.003
4574.74902 -0.018 -0.023 -0.252 -0.028 -0.024 0.002 0.003 0.002 0.004 0.003
4574.88916 -0.032 -0.037 -0.036 -0.034 -0.037 0.011 0.013 0.013 0.012 0.014
4576.63818 -0.048 -0.096 -0.062 -0.068 -0.072 0.010 0.006 0.013 0.014 0.015
4577.04492 -0.020 -0.020 -0.025 -0.028 -0.029 0.005 0.016 0.007 0.008 0.010
4577.71777 -0.100 -0.112 -0.123 -0.136 -0.145 0.020 0.021 0.025 0.028 0.030
4578.60791 -0.013 -0.016 -0.016 -0.018 -0.020 0.002 0.003 0.003 0.003 0.003
4579.10498 -0.043 -0.045 -0.047 -0.050 -0.051 0.006 0.007 0.007 0.008 0.008
4579.61621 -0.060 -0.061 -0.062 -0.062 -0.062 0.017 0.017 0.018 0.019 0.018
4580.99023 -0.048 -0.054 -0.067 -0.062 -0.075 0.007 0.008 0.010 0.010 0.012
4581.37402 -0.017 -0.018 -0.019 -0.023 -0.026 0.003 0.003 0.003 0.004 0.004
4581.58887 -0.026 -0.030 -0.031 -0.034 -0.037 0.005 0.007 0.005 0.006 0.006
4581.82617 -0.012 -0.014 -0.018 -0.020 -0.021 0.002 0.002 0.004 0.004 0.003
4582.82812 -0.058 -0.060 -0.060 -0.063 -0.067 0.010 0.010 0.010 0.011 0.013
4583.36523 -0.025 -0.029 -0.031 -0.034 -0.035 0.006 0.007 0.008 0.008 0.009
4584.33203 -0.016 -0.020 -0.019 -0.023 -0.022 0.002 0.003 0.003 0.004 0.003
4585.62988 -0.008 -0.024 -0.025 -0.030 -0.031 0.005 0.005 0.006 0.008 0.007
4586.35107 -0.112 -0.121 -0.125 -0.134 -0.137 0.017 0.019 0.019 0.021 0.021
4587.11523 -0.026 -0.029 -0.030 -0.031 -0.032 0.007 0.008 0.009 0.009 0.009
4587.51611 -0.021 -0.024 -0.023 -0.027 -0.028 0.004 0.004 0.003 0.005 0.004
4588.39209 -0.020 -0.021 -0.020 -0.022 -0.021 0.003 0.004 0.003 0.004 0.004
4589.17578 -0.011 -0.014 -0.024 -0.017 -0.019 0.002 0.003 0.002 0.005 0.003
4590.21924 -0.015 -0.018 -0.019 -0.026 -0.026 0.003 0.003 0.003 0.006 0.005



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
4591.13281 -0.045 -0.054 -0.054 -0.062 -0.064 0.019 0.017 0.018 0.014 0.021
4591.67822 -0.013 -0.013 -0.019 -0.015 -0.024 0.002 0.006 0.004 0.010 0.005
4592.56494 -0.008 -0.009 -0.001 -0.012 -0.017 0.001 0.001 0.003 0.002 0.002
4594.36084 -0.036 -0.040 -0.049 -0.046 -0.054 0.005 0.005 0.007 0.007 0.008
4595.36914 -0.018 -0.022 -0.024 -0.028 -0.030 0.002 0.003 0.003 0.005 0.005
4595.59180 -0.049 -0.046 -0.047 -0.052 -0.052 0.008 0.007 0.007 0.009 0.009
4597.26709 -0.053 -0.012 -0.008 -0.009 -0.011 0.001 0.001 0.001 0.001 0.002
4597.72217 -0.012 -0.011 -0.011 -0.013 -0.012 0.002 0.002 0.001 0.003 0.002
4599.60889 -0.010 -0.017 -0.025 -0.020 -0.018 0.007 0.002 0.012 0.002 0.016
4599.68799 -0.006 -0.017 -0.003 -0.017 -0.001 0.001 0.013 0.004 0.017 0.010
4607.48779 -0.021 -0.023 -0.023 -0.024 -0.268 0.005 0.006 0.006 0.010 1.253
4610.41113 -0.029 -0.031 -0.032 -0.025 0.000 0.004 0.005 0.006 0.010 0.001
4613.32715 -0.013 -0.012 -0.012 -0.015 -0.013 0.003 0.002 0.002 0.006 0.005
4619.23877 -0.011 -0.012 -0.012 -0.016 -0.012 0.002 0.002 0.002 0.007 0.003
4621.03516 -0.007 -0.009 -0.010 -0.014 -0.007 0.001 0.002 0.001 0.006 0.008
4624.69287 -0.013 -0.014 -0.013 -0.015 -0.011 0.002 0.002 0.002 0.006 0.051
4628.40918 -0.009 -0.003 -0.004 -0.015 -0.005 0.002 0.002 0.001 0.006 0.016
4631.31104 -0.003 -0.002 -0.003 -0.006 -0.027 0.000 0.001 0.000 0.002 0.120
4637.99902 -0.012 -0.010 -0.013 -0.016 -0.005 0.002 0.004 0.002 0.007 0.028
4640.58008 -0.009 -0.008 -0.008 -0.015 -0.009 0.002 0.002 0.002 0.006 0.002
4642.98291 -0.004 -0.005 -0.006 -0.012 -0.004 0.001 0.001 0.001 0.005 0.014
4648.05322 -0.006 -0.006 -0.007 -0.013 -0.001 0.002 0.001 0.002 0.006 0.002
4652.50000 -0.004 -0.009 -0.009 -0.016 -0.004 0.004 0.002 0.002 0.007 0.008
4655.93896 -0.001 -0.002 -0.001 -0.013 -0.003 0.004 0.078 0.003 0.006 0.021
4659.58008 -0.002 -0.002 -0.001 -0.013 -0.004 0.022 0.001 0.008 0.006 0.073
4666.95215 -0.002 -0.001 -0.002 -0.013 -0.003 0.018 0.005 0.018 0.006 0.019
4802.23682 -0.008 -0.008 -0.008 -0.010 -0.013 0.002 0.002 0.002 0.001 0.009
4802.66992 -0.005 -0.001 -0.001 -0.005 -0.005 0.001 0.004 0.001 0.001 0.003
4803.83301 -0.007 -0.007 -0.006 -0.010 -0.013 0.002 0.003 0.002 0.004 0.008
4804.81689 -0.010 -0.011 -0.010 -0.007 -0.016 0.003 0.003 0.002 0.003 0.010
4810.97803 -0.008 -0.012 -0.004 -0.004 -0.014 0.002 0.001 0.009 0.029 0.009
4811.29980 -0.007 -0.004 -0.001 -0.008 -0.007 0.001 0.007 0.020 0.002 0.004
4814.09082 -0.012 -0.010 -0.011 -0.013 -0.012 0.001 0.001 0.002 0.002 0.008
4814.88086 -0.006 -0.006 -0.002 -0.007 -0.010 0.001 0.001 0.004 0.002 0.007
4816.62402 -0.003 -0.004 -0.001 -0.003 -0.006 0.001 0.003 0.003 0.001 0.004
4818.33398 -0.016 -0.017 -0.017 -0.016 -0.017 0.003 0.003 0.003 0.003 0.011
4820.33398 -0.014 -0.016 -0.019 -0.017 -0.016 0.002 0.003 0.004 0.004 0.010
4822.14404 -0.014 -0.015 -0.014 -0.015 -0.016 0.004 0.005 0.003 0.004 0.010
4823.08203 -0.004 -0.004 -0.004 -0.006 -0.006 0.001 0.001 0.001 0.000 0.004
4823.51611 -0.012 -0.010 -0.007 -0.010 -0.014 0.007 0.004 0.004 0.004 0.009
4573.89307 -0.003 -0.001 -0.003 -0.004 -0.009 0.123 0.026 0.031 0.092 0.006
4830.42920 -0.017 -0.020 -0.021 -0.018 -0.020 0.002 0.005 0.008 0.005 0.013
4831.49316 -0.007 -0.009 -0.010 -0.009 -0.010 0.001 0.001 0.002 0.001 0.007
4832.64307 -0.006 -0.001 -0.008 -0.006 -0.010 0.001 0.004 0.003 0.002 0.006
4833.80518 -0.010 -0.010 -0.011 -0.011 -0.012 0.002 0.001 0.003 0.003 0.008
4835.15918 -0.012 -0.007 -0.014 -0.012 -0.013 0.002 0.003 0.003 0.004 0.009
4836.17676 -0.016 -0.016 -0.016 -0.018 -0.015 0.003 0.003 0.003 0.005 0.009
4837.33887 -0.007 -0.002 -0.003 -0.008 -0.010 0.002 0.002 0.014 0.003 0.007
4838.56006 -0.011 -0.012 -0.011 -0.014 -0.012 0.002 0.002 0.002 0.004 0.008
4839.33301 -0.006 -0.008 -0.006 -0.005 -0.011 0.002 0.002 0.002 0.005 0.007
4840.61816 -0.008 -0.011 -0.009 -0.008 -0.011 0.002 0.003 0.002 0.003 0.007
4840.97705 -0.013 -0.011 -0.010 -0.013 -0.005 0.003 0.002 0.001 0.003 0.003
4841.37891 -0.007 -0.008 -0.010 -0.011 -0.011 0.002 0.003 0.004 0.004 0.007
4842.39307 -0.017 -0.016 -0.017 -0.017 -0.015 0.003 0.004 0.004 0.007 0.010
4844.22217 -0.010 -0.011 -0.010 -0.010 -0.005 0.002 0.003 0.004 0.001 0.003
4844.85205 -0.026 -0.025 -0.025 -0.026 -0.015 0.004 0.004 0.004 0.005 0.009
4846.58594 -0.014 -0.015 -0.015 -0.006 -0.013 0.002 0.002 0.003 0.003 0.008
4847.45312 -0.011 -0.011 -0.013 -0.012 -0.008 0.003 0.002 0.004 0.002 0.005
4847.92090 -0.004 -0.006 -0.006 -0.004 -0.011 0.002 0.002 0.002 0.015 0.007
4849.65283 -0.011 -0.009 -0.005 -0.010 -0.012 0.003 0.002 0.012 0.004 0.007
4850.38184 -0.013 -0.013 -0.011 -0.012 -0.011 0.002 0.003 0.002 0.002 0.007
4851.49805 -0.004 -0.001 -0.006 -0.002 -0.008 0.000 0.004 0.002 0.013 0.005
4852.53418 -0.019 -0.023 -0.022 -0.020 -0.015 0.004 0.003 0.005 0.004 0.010
4853.31299 -0.023 -0.021 -0.021 -0.021 -0.017 0.005 0.004 0.004 0.005 0.011
4855.33301 -0.009 -0.010 -0.005 -0.006 -0.014 0.003 0.003 0.026 0.008 0.009
4855.93799 -0.013 -0.011 -0.007 -0.011 -0.012 0.003 0.002 0.001 0.002 0.008
4857.79688 -0.012 -0.013 -0.012 -0.004 -0.011 0.002 0.002 0.003 0.007 0.007
4858.27490 -0.018 -0.019 -0.018 -0.020 -0.014 0.005 0.004 0.005 0.005 0.009
4858.90479 -0.010 -0.012 -0.014 -0.013 -0.010 0.002 0.002 0.004 0.002 0.006
4859.55811 -0.014 -0.012 -0.014 -0.017 -0.011 0.003 0.003 0.004 0.005 0.007
4860.35791 -0.029 -0.029 -0.030 -0.028 -0.015 0.006 0.006 0.008 0.006 0.010
4860.63379 -0.030 -0.030 -0.025 -0.029 -0.016 0.006 0.006 0.004 0.007 0.010
4862.21680 -0.034 -0.032 -0.029 -0.032 -0.023 0.006 0.006 0.012 0.007 0.015
4863.99121 -0.012 -0.013 -0.009 -0.006 -0.012 0.002 0.003 0.007 0.008 0.008
4864.40283 -0.016 -0.015 -0.012 -0.015 -0.008 0.003 0.003 0.002 0.002 0.005
4865.13184 -0.008 -0.010 -0.012 -0.011 -0.013 0.002 0.003 0.004 0.003 0.008
4866.04980 -0.004 -0.004 -0.006 -0.007 -0.002 0.001 0.000 0.001 0.002 0.002
4866.29102 -0.007 -0.007 -0.009 -0.008 -0.010 0.001 0.002 0.003 0.001 0.006
4866.94482 -0.006 -0.005 -0.005 -0.008 -0.006 0.002 0.002 0.001 0.002 0.004
4867.55322 -0.012 -0.011 -0.015 -0.011 -0.006 0.003 0.002 0.004 0.002 0.004
4867.85205 -0.017 -0.019 -0.014 -0.016 -0.021 0.005 0.005 0.003 0.005 0.014
4870.61719 -0.003 -0.004 -0.005 -0.004 -0.012 0.008 0.010 0.044 0.029 0.008
4870.86084 -0.024 -0.019 -0.025 -0.023 -0.006 0.004 0.002 0.003 0.004 0.004
4871.08789 -0.025 -0.025 -0.027 -0.025 -0.024 0.005 0.006 0.007 0.005 0.015
4873.94482 -0.029 -0.030 -0.028 -0.028 -0.026 0.007 0.008 0.007 0.007 0.016
4875.60693 -0.013 -0.014 -0.015 -0.019 -0.014 0.002 0.003 0.003 0.004 0.009
4876.59424 -0.018 -0.017 -0.011 -0.013 -0.012 0.004 0.005 0.008 0.005 0.008
4876.89990 -0.023 -0.022 -0.020 -0.024 -0.012 0.005 0.005 0.003 0.005 0.007
4877.26221 -0.021 -0.018 -0.022 -0.019 -0.010 0.003 0.003 0.004 0.003 0.006
4877.72217 -0.019 -0.019 -0.021 -0.021 -0.013 0.003 0.004 0.004 0.004 0.008
4878.31396 -0.015 -0.017 -0.019 -0.023 -0.015 0.004 0.005 0.006 0.007 0.010
4879.09521 -0.041 -0.040 -0.035 -0.043 -0.024 0.008 0.007 0.005 0.009 0.016



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
4879.60303 -0.004 -0.003 -0.003 -0.005 -0.003 0.001 0.001 0.002 0.001 0.002
4880.44678 -0.006 -0.006 -0.006 -0.007 -0.008 0.001 0.001 0.001 0.001 0.005
4880.80176 -0.002 -0.006 -0.015 -0.002 -0.001 0.000 0.000 0.002 0.001 0.001
4881.66602 -0.029 -0.031 -0.028 -0.035 -0.028 0.009 0.010 0.007 0.011 0.018
4882.25586 -0.026 -0.026 -0.027 -0.025 -0.015 0.006 0.006 0.008 0.006 0.010
4883.39893 -0.006 0.000 -0.009 -0.008 -0.012 0.001 0.019 0.002 0.003 0.008
4885.08301 -0.012 -0.016 -0.013 -0.012 -0.021 0.006 0.006 0.006 0.009 0.014
4886.08105 -0.033 -0.032 -0.033 -0.031 -0.020 0.005 0.005 0.006 0.005 0.013
4887.86182 -0.013 -0.015 -0.013 -0.015 -0.022 0.003 0.004 0.005 0.006 0.014
4888.63477 -0.014 -0.018 -0.018 -0.019 -0.023 0.010 0.012 0.011 0.015 0.015
4889.09521 -0.018 -0.018 -0.017 -0.019 -0.014 0.003 0.003 0.002 0.003 0.009
4889.59619 -0.071 -0.068 -0.064 -0.064 -0.037 0.015 0.014 0.014 0.014 0.024
4892.65088 -0.021 -0.021 -0.018 -0.018 -0.013 0.004 0.005 0.004 0.003 0.008
4892.95215 -0.021 -0.016 -0.016 -0.020 -0.012 0.004 0.003 0.003 0.005 0.008
4894.05420 -0.011 -0.013 -0.006 -0.012 -0.013 0.002 0.003 0.019 0.013 0.008
4896.12305 -0.050 -0.054 -0.056 -0.057 -0.033 0.013 0.014 0.015 0.015 0.021
4896.49414 -0.056 -0.060 -0.057 -0.064 -0.036 0.013 0.014 0.012 0.015 0.023
4897.17578 -0.030 -0.028 -0.030 -0.027 -0.015 0.006 0.006 0.007 0.006 0.010
4898.12793 -0.031 -0.033 -0.037 -0.038 -0.021 0.008 0.008 0.010 0.013 0.013
4898.47412 -0.037 -0.043 -0.043 -0.047 -0.035 0.008 0.010 0.009 0.009 0.023
4899.08594 -0.009 -0.011 -0.008 -0.013 -0.005 0.002 0.002 0.001 0.002 0.003
4902.31885 -0.050 -0.053 -0.054 -0.050 -0.057 0.008 0.009 0.009 0.008 0.009
4902.87598 -0.019 -0.031 -0.019 -0.025 -0.026 0.002 0.001 0.002 0.004 0.003
4905.08789 -0.024 -0.037 -0.023 -0.027 -0.024 0.004 0.008 0.015 0.024 0.015
4905.29004 -0.030 -0.029 -0.029 -0.039 -0.041 0.009 0.007 0.005 0.004 0.006
4906.77979 -0.005 -0.003 -0.006 -0.009 -0.003 0.004 0.036 0.004 0.008 0.001
4907.14209 -0.027 -0.028 -0.025 -0.027 -0.031 0.007 0.008 0.005 0.005 0.008
4907.63916 -0.042 -0.047 -0.048 -0.054 -0.056 0.010 0.010 0.010 0.012 0.012
4908.10889 -0.041 -0.045 -0.048 -0.054 -0.054 0.013 0.014 0.015 0.016 0.017
4908.50586 -0.050 -0.051 -0.054 -0.056 -0.055 0.007 0.008 0.010 0.012 0.011
4908.87500 -0.037 -0.036 -0.033 -0.036 -0.034 0.020 0.017 0.015 0.017 0.014
4910.01416 -0.012 -0.014 -0.015 -0.014 -0.017 0.002 0.003 0.002 0.002 0.003
4910.39990 -0.011 -0.011 -0.014 -0.009 -0.014 0.002 0.002 0.001 0.007 0.002
4912.03223 -0.023 -0.023 -0.025 -0.024 -0.029 0.003 0.004 0.005 0.006 0.004
4913.63818 -0.011 -0.034 -0.035 -0.041 -0.034 0.006 0.017 0.013 0.008 0.026
4913.91895 -0.124 -0.079 -0.078 -0.077 -0.078 0.031 0.013 0.011 0.013 0.014
4915.40820 -0.014 -0.016 -0.013 -0.015 -0.012 0.005 0.007 0.005 0.011 0.008
4915.66406 -0.032 -0.030 -0.035 -0.031 -0.036 0.012 0.007 0.011 0.011 0.013
4916.20117 -0.031 -0.031 -0.034 -0.036 -0.039 0.014 0.026 0.014 0.012 0.015
4916.54785 -0.030 -0.044 -0.031 -0.044 -0.046 0.004 0.005 0.004 0.005 0.005
4917.25098 -0.031 -0.052 -0.056 -0.043 -0.063 0.015 0.011 0.011 0.030 0.013
4917.75977 -0.062 -0.069 -0.072 -0.075 -0.086 0.012 0.015 0.015 0.012 0.019
4918.28223 -0.105 -0.120 -0.114 -0.113 -0.119 0.027 0.035 0.032 0.032 0.034
4918.57617 -0.041 -0.045 -0.046 -0.052 -0.055 0.008 0.007 0.007 0.011 0.010
4918.78076 -0.030 -0.034 -0.035 -0.030 -0.031 0.010 0.012 0.011 0.011 0.011
4920.04492 -0.020 -0.017 -0.014 -0.015 -0.015 0.004 0.003 0.002 0.004 0.005
4920.35107 -0.011 -0.010 -0.010 -0.004 -0.009 0.002 0.003 0.002 0.041 0.001
4920.95801 -0.034 -0.034 -0.037 -0.033 -0.038 0.006 0.006 0.006 0.005 0.008
4923.61182 -0.038 -0.039 -0.039 -0.036 -0.041 0.007 0.007 0.006 0.005 0.007
4923.98389 -0.054 -0.063 -0.069 -0.076 -0.084 0.011 0.013 0.015 0.017 0.019
4924.20898 -0.077 -0.085 -0.091 -0.100 -0.101 0.019 0.020 0.023 0.027 0.025
4924.46777 -0.039 -0.040 -0.039 -0.035 -0.038 0.008 0.009 0.008 0.005 0.008
4924.92480 -0.014 -0.019 -0.019 -0.014 -0.020 0.005 0.004 0.003 0.004 0.006
4926.24414 -0.048 -0.051 -0.051 -0.060 -0.061 0.010 0.012 0.010 0.014 0.014
4926.57324 -0.068 -0.073 -0.080 -0.080 -0.083 0.014 0.015 0.018 0.018 0.018
4927.59814 -0.064 -0.070 -0.072 -0.078 -0.083 0.025 0.027 0.027 0.030 0.034
4928.08105 -0.101 -0.108 -0.114 -0.120 -0.125 0.033 0.037 0.040 0.041 0.044
4928.60303 -0.082 -0.089 -0.091 -0.100 -0.105 0.016 0.017 0.017 0.021 0.022
4930.08203 -0.036 -0.037 -0.032 -0.039 -0.046 0.009 0.009 0.007 0.010 0.016
4930.32324 -0.149 -0.152 -0.154 -0.154 -0.143 0.030 0.030 0.031 0.031 0.024
4930.77490 -0.029 -0.039 -0.041 -0.040 -0.038 0.004 0.005 0.005 0.005 0.008
4931.99805 -0.013 -0.013 -0.013 -0.011 -0.015 0.003 0.002 0.002 0.003 0.004
4933.94824 -0.011 -0.011 -0.011 -0.008 -0.008 0.004 0.004 0.003 0.006 0.035
4934.26709 -0.016 -0.017 -0.022 -0.045 -0.021 0.002 0.002 0.002 0.002 0.001
4934.66016 -0.054 -0.063 -0.061 -0.070 -0.068 0.011 0.013 0.012 0.015 0.012
4934.91895 -0.057 -0.062 -0.067 -0.071 -0.076 0.013 0.013 0.015 0.015 0.016
4936.60010 -0.119 -0.129 -0.133 -0.142 -0.149 0.042 0.043 0.043 0.045 0.049
4936.97900 -0.209 -0.221 -0.230 -0.238 -0.246 0.062 0.065 0.068 0.069 0.072
4937.70117 -0.180 -0.190 -0.192 -0.199 -0.203 0.047 0.048 0.048 0.051 0.053
4937.99414 -0.110 -0.118 -0.122 -0.128 -0.133 0.021 0.024 0.025 0.026 0.028
4938.31006 -0.079 -0.079 -0.086 -0.089 -0.092 0.015 0.015 0.016 0.017 0.018
4938.91699 -0.015 -0.015 -0.014 -0.017 -0.017 0.003 0.003 0.002 0.003 0.004
4939.80518 -0.005 -0.003 -0.005 -0.004 -0.008 0.004 0.168 0.003 0.004 0.006
4940.20996 -0.017 -0.019 -0.017 -0.018 -0.020 0.003 0.004 0.003 0.003 0.005
4940.69482 -0.021 -0.019 -0.022 -0.019 -0.020 0.004 0.003 0.005 0.003 0.004
4940.94678 -0.029 -0.029 -0.027 -0.028 -0.031 0.008 0.008 0.006 0.007 0.009
4942.15479 -0.069 -0.068 -0.071 -0.067 -0.070 0.020 0.019 0.021 0.020 0.023
4943.46289 -0.107 -0.053 -0.053 -0.049 -0.051 0.027 0.009 0.009 0.010 0.012
4944.04199 -0.025 -0.028 -0.027 -0.026 -0.027 0.004 0.005 0.005 0.005 0.006
4944.45410 -0.028 -0.028 -0.030 -0.033 -0.033 0.004 0.004 0.006 0.005 0.007
4944.96484 -0.044 -0.046 -0.045 -0.049 -0.047 0.008 0.009 0.007 0.010 0.009
4945.27588 -0.092 -0.098 -0.105 -0.108 -0.115 0.019 0.019 0.022 0.022 0.025
4945.54590 -0.093 -0.101 -0.107 -0.113 -0.116 0.025 0.027 0.028 0.030 0.031
4945.87402 -0.032 -0.033 -0.033 -0.033 -0.035 0.010 0.011 0.011 0.011 0.012
4946.44678 -0.015 -0.021 -0.018 -0.019 -0.025 0.002 0.003 0.003 0.003 0.004
4946.91309 -0.112 -0.117 -0.122 -0.128 -0.129 0.028 0.029 0.031 0.033 0.033
4947.21289 -0.092 -0.106 -0.110 -0.113 -0.117 0.017 0.023 0.024 0.024 0.026
4947.71680 -0.270 -0.284 -0.290 -0.296 -0.299 0.067 0.073 0.075 0.079 0.078
4948.14111 -0.176 -0.197 -0.203 -0.203 -0.212 0.041 0.055 0.058 0.051 0.061
4948.83008 -0.234 -0.238 -0.238 -0.308 -0.235 0.053 0.060 0.061 0.103 0.063
4949.23877 -0.076 -0.092 -0.095 -0.087 -0.095 0.010 0.015 0.016 0.014 0.016
4948.44287 -0.017 -0.015 -0.017 -0.015 -0.017 0.048 0.007 0.010 0.023 0.023



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
4950.83496 -0.015 -0.014 -0.014 -0.011 -0.011 0.002 0.002 0.002 0.001 0.001
4951.43018 -0.022 -0.022 -0.022 -0.021 -0.019 0.004 0.004 0.005 0.005 0.004
4951.95996 -0.025 -0.025 -0.025 -0.026 -0.026 0.008 0.008 0.009 0.004 0.004
4952.41504 -0.052 -0.047 -0.050 -0.049 -0.048 0.009 0.008 0.015 0.010 0.010
4952.87402 -0.015 -0.019 -0.015 -0.019 -0.020 0.003 0.009 0.014 0.010 0.010
4953.12695 -0.013 -0.015 -0.012 -0.016 -0.018 0.003 0.006 0.002 0.004 0.008
4953.62695 -0.015 -0.015 -0.017 -0.018 -0.014 0.006 0.006 0.010 0.012 0.003
4954.66016 -0.074 -0.067 -0.071 -0.069 -0.068 0.018 0.015 0.019 0.018 0.018
4954.97412 -0.087 -0.088 -0.086 -0.085 -0.083 0.037 0.042 0.037 0.037 0.036
4955.81299 -0.275 -0.426 -0.294 -0.302 -0.310 0.056 0.108 0.060 0.062 0.064
4956.06689 -0.276 -0.382 -0.297 -0.306 -0.310 0.058 0.130 0.065 0.068 0.068
4956.49609 -0.106 -0.106 -0.106 -0.106 -0.102 0.026 0.028 0.026 0.026 0.024
4957.02197 -0.254 -0.246 -0.260 -0.263 -0.263 0.100 0.084 0.102 0.105 0.105
4957.43799 -0.146 -0.136 -0.157 -0.156 -0.163 0.032 0.097 0.035 0.032 0.040
4958.03906 -0.272 -0.266 -0.279 -0.281 -0.283 0.067 0.059 0.071 0.071 0.077
4959.82422 -0.020 -0.019 -0.012 -0.016 -0.018 0.005 0.004 0.024 0.003 0.002
4960.45117 -0.018 -0.018 -0.009 -0.019 -0.018 0.015 0.014 0.003 0.017 0.032
4960.94385 -0.029 -0.030 -0.029 -0.031 -0.030 0.007 0.008 0.008 0.010 0.006
4961.55615 -0.016 -0.017 -0.016 -0.017 -0.015 0.003 0.003 0.003 0.004 0.003
4961.90820 -0.008 -0.006 -0.007 -0.008 -0.007 0.003 0.002 0.003 0.004 0.003
4962.98291 -0.007 -0.010 -0.010 -0.013 -0.010 0.001 0.009 0.011 0.014 0.008
4963.45703 -0.024 -0.023 -0.024 -0.024 -0.024 0.007 0.006 0.006 0.006 0.006
4963.74219 -0.032 -0.033 -0.033 -0.034 -0.033 0.013 0.015 0.015 0.016 0.015
4964.27979 -0.008 -0.008 -0.015 -0.010 -0.010 0.001 0.002 0.010 0.003 0.003
4962.72021 -0.007 -0.014 -0.018 -0.018 -0.013 0.005 0.006 0.004 0.003 0.006
4964.58301 -0.013 -0.014 -0.013 -0.014 -0.014 0.006 0.007 0.003 0.008 0.007
4966.24121 -0.233 -0.239 -0.241 -0.244 -0.245 0.055 0.056 0.057 0.057 0.057
4966.49805 -0.205 -0.214 -0.217 -0.220 -0.220 0.039 0.042 0.044 0.045 0.043
4967.23584 -0.456 -0.457 -0.455 -0.453 -0.455 0.123 0.123 0.122 0.121 0.123
4967.56982 -0.399 -0.403 -0.406 -0.406 -0.406 0.120 0.121 0.123 0.123 0.121
4967.84180 -0.250 -0.252 -0.250 -0.255 -0.246 0.050 0.051 0.051 0.055 0.050
4968.20117 -0.140 -0.143 -0.141 -0.150 -0.137 0.027 0.029 0.029 0.029 0.028
4969.27881 -0.028 -0.035 -0.030 -0.038 -0.034 0.018 0.007 0.018 0.008 0.006
4969.99512 -0.012 -0.012 -0.008 -0.008 -0.008 0.004 0.014 0.002 0.010 0.009
4970.27197 -0.011 -0.007 -0.011 -0.008 -0.006 0.003 0.001 0.007 0.007 0.001
4970.99902 -0.020 -0.021 -0.020 -0.018 -0.020 0.005 0.004 0.004 0.003 0.003
4971.34277 -0.027 -0.028 -0.030 -0.030 -0.028 0.012 0.012 0.014 0.015 0.011
4972.08594 -0.020 -0.019 -0.021 -0.021 -0.022 0.005 0.004 0.005 0.004 0.005
4972.56299 -0.006 -0.004 -0.012 -0.006 -0.008 0.002 0.000 0.001 0.001 0.001
4973.13086 -0.012 -0.014 -0.014 -0.015 -0.012 0.005 0.040 0.026 0.039 0.018
4974.71924 -0.009 -0.011 -0.010 -0.010 -0.007 0.003 0.006 0.012 0.010 0.093
4975.93701 -0.028 -0.027 -0.030 -0.022 -0.022 0.023 0.027 0.008 0.021 0.020
4976.57324 -0.278 -0.370 -0.380 -0.307 -0.280 0.052 0.120 0.117 0.097 0.069
4976.77881 -0.339 -0.300 -0.313 -0.299 -0.328 0.087 0.071 0.075 0.069 0.102
4977.38086 -0.595 -0.589 -0.586 -0.583 -0.598 0.252 0.250 0.250 0.252 0.170
4980.36279 -0.009 -0.009 -0.008 -0.010 -0.012 0.009 0.020 0.018 0.026 0.004
4980.97021 -0.021 -0.024 -0.019 -0.019 -0.021 0.003 0.005 0.003 0.003 0.004
4981.41113 -0.030 -0.031 -0.031 -0.034 -0.033 0.008 0.008 0.008 0.009 0.008
4981.83789 -0.041 -0.042 -0.041 -0.042 -0.042 0.014 0.015 0.015 0.015 0.014
4982.45703 -0.046 -0.048 -0.048 -0.051 -0.052 0.011 0.012 0.012 0.013 0.013
4982.87207 -0.031 -0.033 -0.034 -0.037 -0.036 0.012 0.016 0.017 0.018 0.013
4983.54199 -0.035 -0.042 -0.043 -0.047 -0.050 0.012 0.016 0.016 0.018 0.018
4984.23682 -0.034 -0.026 -0.026 -0.026 -0.025 0.014 0.011 0.012 0.012 0.011
4984.91309 -0.040 -0.045 -0.046 -0.050 -0.051 0.009 0.012 0.012 0.013 0.012
4985.86621 -0.020 -0.024 -0.024 -0.023 -0.022 0.012 0.014 0.015 0.015 0.013
4986.77588 -0.625 -0.617 -0.609 -0.602 -0.600 0.143 0.140 0.137 0.134 0.136
4987.00586 -0.543 -0.542 -0.541 -0.540 -0.531 0.145 0.145 0.145 0.147 0.142
4987.23682 -0.332 -0.321 -0.318 -0.309 -0.308 0.066 0.064 0.063 0.060 0.061
4987.46094 -0.349 -0.347 -0.344 -0.340 -0.332 0.112 0.115 0.116 0.117 0.112
4988.23193 -0.030 -0.029 -0.036 -0.035 -0.028 0.008 0.007 0.015 0.018 0.008
4988.77197 -0.010 -0.014 -0.014 -0.016 -0.013 0.017 0.022 0.003 0.003 0.018
4990.30811 -0.016 -0.017 -0.014 -0.019 -0.015 0.012 0.020 0.014 0.026 0.019
4990.57520 -0.018 -0.016 -0.006 -0.007 -0.013 0.002 0.002 0.035 0.024 0.001
4993.04980 -0.054 -0.058 -0.057 -0.056 -0.056 0.012 0.015 0.014 0.014 0.014
4993.35400 -0.059 -0.061 -0.061 -0.060 -0.057 0.013 0.013 0.014 0.013 0.011
4993.66992 -0.056 -0.066 -0.064 -0.069 -0.069 0.012 0.018 0.016 0.019 0.019
4994.30322 -0.044 -0.054 -0.053 -0.054 -0.054 0.007 0.011 0.010 0.012 0.011
4994.71582 -0.029 -0.028 -0.011 -0.037 -0.035 0.007 0.006 0.011 0.012 0.012
4994.52100 -0.006 -0.011 -0.001 -0.013 -0.002 0.056 0.008 0.001 0.004 0.509
4997.12012 -0.308 -0.012 -0.030 -0.008 -0.010 0.105 0.005 0.005 0.001 0.003
4996.95605 -0.625 -0.702 -0.694 -0.686 -0.675 0.236 0.344 0.340 0.336 0.326
4997.35498 -0.411 -0.402 -0.396 -0.390 -0.381 0.067 0.072 0.071 0.072 0.068
4998.70801 -0.016 -0.018 -0.022 -0.018 -0.022 0.003 0.006 0.007 0.012 0.004
5000.68018 -0.016 -0.010 -0.025 -0.011 -0.012 0.048 0.028 0.007 0.034 0.039
5002.66699 -0.014 -0.013 -0.022 -0.013 -0.014 0.010 0.005 0.006 0.004 0.005
5003.41797 -0.029 -0.029 -0.033 -0.038 -0.043 0.009 0.005 0.009 0.009 0.010
5003.84912 -0.088 -0.088 -0.071 -0.081 -0.079 0.021 0.022 0.020 0.017 0.018
5004.07324 -0.079 -0.070 -0.066 -0.074 -0.072 0.015 0.011 0.018 0.014 0.014
5004.46924 -0.083 -0.084 -0.068 -0.080 -0.081 0.018 0.018 0.019 0.016 0.017
5004.76416 -0.132 -0.124 -0.130 -0.126 -0.128 0.035 0.029 0.036 0.029 0.030
5005.35791 -0.037 -0.029 -0.035 -0.027 -0.025 0.011 0.008 0.009 0.011 0.011
5005.73682 -0.064 -0.064 -0.071 -0.063 -0.067 0.024 0.025 0.019 0.020 0.023
5006.18896 -0.223 -0.197 -0.194 -0.184 -0.178 0.053 0.045 0.053 0.045 0.043
5006.92285 -0.540 -0.502 -0.486 -0.473 -0.470 0.136 0.109 0.134 0.099 0.104
5007.11914 -0.538 -0.534 -0.494 -0.524 -0.508 0.139 0.137 0.136 0.138 0.134
5010.91895 -0.017 -0.007 -0.020 -0.011 -0.011 0.005 0.062 0.005 0.135 0.112
5010.82520 -0.016 -0.018 -0.026 -0.008 -0.010 0.156 0.006 0.007 0.008 0.002
5014.52490 -0.197 -0.214 -0.180 -0.187 -0.183 0.042 0.047 0.049 0.034 0.034
5014.77686 -0.333 -0.303 -0.315 -0.306 -0.297 0.108 0.080 0.087 0.083 0.081
5015.22803 -0.235 -0.234 -0.200 -0.230 -0.226 0.045 0.049 0.055 0.047 0.045
5015.50879 -0.198 -0.187 -0.150 -0.199 -0.197 0.045 0.039 0.041 0.044 0.043
5016.01904 -0.192 -0.186 -0.162 -0.187 -0.185 0.036 0.031 0.044 0.032 0.031



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
5016.49609 -0.205 -0.233 -0.238 -0.209 -0.204 0.025 0.039 0.065 0.029 0.027
5016.90918 -0.801 -0.724 -0.915 -0.701 -0.690 0.435 0.328 0.252 0.329 0.327
5017.97119 -0.051 -0.032 -0.025 -0.029 -0.028 0.011 0.004 0.007 0.004 0.004
5018.29688 -0.079 -0.073 -0.067 -0.084 -0.087 0.022 0.013 0.018 0.017 0.017
5019.02783 -0.101 -0.104 -0.100 -0.113 -0.119 0.027 0.023 0.028 0.025 0.026
5020.17578 -0.076 -0.073 -0.063 -0.068 -0.064 0.018 0.016 0.017 0.017 0.016
5020.39307 -0.075 -0.067 -0.064 -0.066 -0.063 0.014 0.015 0.018 0.015 0.015
5021.59717 -0.043 -0.043 -0.045 -0.047 -0.053 0.006 0.008 0.012 0.007 0.010
5021.26709 -0.014 -0.014 -0.019 -0.015 -0.020 0.063 0.003 0.005 0.013 0.005
5022.30078 -0.011 -0.016 -0.020 -0.017 -0.023 0.004 0.004 0.006 0.001 0.007
5022.72314 -0.016 -0.017 -0.026 -0.019 -0.021 0.004 0.004 0.007 0.005 0.007
5023.22021 -0.033 -0.034 -0.046 -0.037 -0.044 0.013 0.012 0.013 0.014 0.020
5023.48877 -0.024 -0.023 -0.026 -0.024 -0.024 0.004 0.003 0.007 0.003 0.003
5024.44092 -0.012 -0.004 -0.024 -0.016 -0.020 0.002 0.031 0.006 0.002 0.003
5025.28076 -0.252 -0.255 -0.307 -0.249 -0.244 0.119 0.119 0.084 0.119 0.117
5025.74707 -0.178 -0.167 -0.214 -0.163 -0.160 0.074 0.048 0.059 0.047 0.046
5026.28076 -0.162 -0.170 -0.138 -0.181 -0.175 0.026 0.037 0.038 0.046 0.044
5026.64600 -0.400 -0.365 -0.324 -0.342 -0.337 0.097 0.075 0.089 0.063 0.066
5026.81689 -0.281 -0.288 -0.235 -0.284 -0.267 0.059 0.060 0.065 0.060 0.057
5027.31299 -0.121 -0.121 -0.093 -0.127 -0.126 0.023 0.023 0.026 0.027 0.026
5027.93018 -0.085 -0.077 -0.067 -0.084 -0.085 0.017 0.015 0.018 0.018 0.018
5028.84717 -0.080 -0.079 -0.071 -0.085 -0.086 0.020 0.016 0.019 0.019 0.019
5029.56396 -0.025 -0.027 -0.026 -0.030 -0.033 0.006 0.005 0.007 0.006 0.007
5030.30908 -0.019 -0.009 -0.022 -0.020 -0.019 0.019 0.003 0.006 0.012 0.010
5031.03418 -0.037 -0.043 -0.046 -0.050 -0.048 0.006 0.008 0.013 0.011 0.009
5031.30811 -0.017 -0.014 -0.018 -0.016 -0.012 0.016 0.006 0.005 0.007 0.012
5032.44189 -0.013 -0.011 -0.015 -0.013 -0.011 0.009 0.007 0.004 0.017 0.012
5032.79492 -0.017 -0.018 -0.023 -0.024 -0.021 0.002 0.003 0.006 0.003 0.003
5033.05518 -0.016 -0.018 -0.021 -0.020 -0.023 0.008 0.005 0.006 0.004 0.006
5033.96924 -0.018 -0.019 -0.023 -0.024 -0.024 0.006 0.005 0.006 0.007 0.008
5034.76221 -0.049 -0.044 -0.038 -0.035 -0.043 0.016 0.010 0.011 0.011 0.012
5034.97314 -0.081 -0.047 -0.044 -0.041 -0.045 0.005 0.008 0.012 0.010 0.008
5035.71680 -0.338 -0.327 -0.366 -0.326 -0.172 0.138 0.129 0.101 0.135 0.036
5036.02100 -0.130 -0.170 -0.187 -0.173 -0.243 0.014 0.014 0.051 0.011 0.133
5036.17480 -0.229 -0.220 -0.175 -0.211 -0.285 0.093 0.067 0.048 0.064 0.043
5036.51123 -0.307 -0.308 -0.273 -0.292 -0.266 0.070 0.070 0.075 0.068 0.056
5036.89697 -0.167 -0.170 -0.128 -0.169 -0.165 0.023 0.028 0.035 0.029 0.027
5037.44092 -0.211 -0.199 -0.178 -0.211 -0.206 0.042 0.038 0.049 0.047 0.044
5038.05420 -0.135 -0.122 -0.057 -0.109 -0.096 0.069 0.064 0.016 0.038 0.020
5038.85400 -0.132 -0.122 -0.119 -0.130 -0.128 0.025 0.020 0.033 0.026 0.024
5039.30322 -0.123 -0.124 -0.100 -0.131 -0.136 0.019 0.019 0.027 0.021 0.023
5039.91016 -0.248 -0.233 -0.239 -0.240 -0.235 0.068 0.061 0.066 0.068 0.065
5040.87891 -0.332 -0.542 -0.233 -0.259 -0.259 0.090 0.145 0.064 0.058 0.051
5041.24805 -0.105 -0.089 -0.101 -0.069 -0.093 0.038 0.022 0.028 0.017 0.029
5041.68896 -0.022 -0.021 -0.024 -0.026 -0.026 0.005 0.005 0.007 0.008 0.006
5042.23584 -0.036 -0.029 -0.028 -0.032 -0.032 0.015 0.005 0.008 0.005 0.007
5042.53076 -0.005 -0.010 -0.014 -0.010 -0.004 0.003 0.001 0.004 0.002 0.007
5042.73682 -0.034 -0.023 -0.028 -0.028 -0.025 0.037 0.011 0.008 0.016 0.012
5043.63184 -0.027 -0.030 -0.030 -0.034 -0.035 0.006 0.007 0.008 0.008 0.008
5044.01416 -0.029 -0.010 -0.016 -0.015 -0.012 0.041 0.002 0.004 0.005 0.003
5046.06201 -0.900 -0.810 -0.910 -0.785 -0.775 0.309 0.230 0.250 0.219 0.217
5046.69092 -0.621 -0.612 -0.549 -0.603 -0.596 0.132 0.137 0.151 0.137 0.135
5047.56982 -0.447 -0.402 -0.339 -0.628 -0.393 0.089 0.074 0.093 0.132 0.076
5049.21094 -0.474 -0.459 -0.428 -0.453 -0.458 0.108 0.100 0.118 0.097 0.103
5050.10205 -0.334 -0.343 -0.267 -0.317 -0.323 0.063 0.060 0.074 0.057 0.061
5051.14600 -0.035 -0.034 -0.032 -0.032 -0.072 0.008 0.007 0.009 0.005 0.024
5051.49219 -0.020 -0.018 -0.022 -0.018 -0.020 0.007 0.005 0.006 0.005 0.005
5051.87793 -0.023 -0.024 -0.030 -0.022 -0.029 0.007 0.006 0.008 0.004 0.008
5052.24609 -0.016 -0.013 -0.013 -0.012 -0.014 0.006 0.003 0.004 0.003 0.004
5052.90576 -0.026 -0.025 -0.029 -0.026 -0.031 0.007 0.005 0.008 0.005 0.009
5053.53613 -0.054 -0.055 -0.042 -0.058 -0.061 0.008 0.008 0.012 0.009 0.010
5053.89893 -0.191 -0.197 -0.179 -0.206 -0.208 0.046 0.045 0.049 0.049 0.051
5054.34814 -0.098 -0.103 -0.077 -0.098 -0.100 0.018 0.021 0.021 0.018 0.019
5054.67822 -0.098 -0.092 -0.067 -0.105 -0.104 0.018 0.014 0.018 0.023 0.023
5055.05322 -0.177 -0.172 -0.109 -0.152 -0.149 0.030 0.030 0.030 0.023 0.022
5055.44092 -0.251 -0.254 -0.283 -0.257 -0.259 0.067 0.071 0.078 0.073 0.074
5056.00195 -0.360 -0.320 -0.305 -0.307 -0.305 0.098 0.070 0.084 0.067 0.069
5056.25000 -0.413 -0.430 -0.333 -0.409 -0.390 0.096 0.102 0.092 0.098 0.090
5056.47510 -0.441 -0.422 -0.403 -0.401 -0.393 0.101 0.094 0.111 0.091 0.092
5059.98096 -0.051 -0.036 -0.037 -0.009 -0.009 0.002 0.003 0.010 0.068 0.082
5060.20117 -0.046 -0.050 -0.067 -0.054 -0.056 0.038 0.020 0.019 0.023 0.023
5061.39209 -0.048 -0.039 -0.049 -0.041 -0.038 0.015 0.008 0.014 0.010 0.008
5061.86523 -0.044 -0.045 -0.047 -0.051 -0.056 0.009 0.009 0.013 0.009 0.011
5062.27002 -0.111 -0.103 -0.090 -0.115 -0.113 0.021 0.017 0.025 0.021 0.019
5062.63916 -0.171 -0.162 -0.192 -0.163 -0.164 0.062 0.052 0.053 0.049 0.051
5063.15918 -0.162 -0.152 -0.179 -0.152 -0.151 0.063 0.054 0.049 0.057 0.055
5063.64404 -0.049 -0.042 -0.041 -0.044 -0.040 0.008 0.005 0.011 0.006 0.005
5064.21191 -0.021 -0.020 -0.030 -0.015 -0.025 0.013 0.011 0.008 0.008 0.017
5064.54199 -0.047 -0.047 -0.049 -0.047 -0.046 0.007 0.007 0.013 0.007 0.008
5065.04492 -0.023 -0.016 -2.780 -0.022 -0.025 0.016 0.019 0.764 0.052 0.010
5065.82422 -0.471 -0.453 -0.390 -0.538 -0.381 0.106 0.111 0.107 0.129 0.082
5066.54004 -0.227 -0.216 -0.213 -0.207 -0.204 0.064 0.060 0.058 0.057 0.057
5066.76709 -0.256 -0.256 -0.208 -0.248 -0.240 0.085 0.071 0.057 0.064 0.064
5066.95898 -0.352 -0.337 -0.309 -0.325 -0.319 0.073 0.064 0.085 0.058 0.059
5067.28906 -0.289 -0.288 -0.246 -0.287 -0.281 0.052 0.056 0.068 0.061 0.058
5067.93506 -0.154 -0.143 -0.130 -0.142 -0.143 0.037 0.032 0.036 0.035 0.036
5068.23193 -0.092 -0.083 -0.061 -0.086 -0.092 0.015 0.013 0.017 0.015 0.017
5068.97217 -0.105 -0.092 -0.083 -0.107 -0.101 0.020 0.015 0.023 0.020 0.019
5069.52100 -0.058 -0.056 -0.051 -0.061 -0.065 0.013 0.009 0.014 0.012 0.013
5070.31201 -0.023 -0.023 -0.026 -0.027 -0.032 0.007 0.005 0.007 0.007 0.008
5070.58789 -0.072 -0.070 -0.071 -0.073 -0.075 0.017 0.014 0.020 0.017 0.018
5071.47314 -0.049 -0.053 -0.066 -0.059 -0.059 0.014 0.014 0.018 0.014 0.022



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
5072.50000 -0.018 -0.023 -0.031 -0.015 -0.025 0.048 0.005 0.009 0.043 0.019
5073.06104 -0.085 -0.102 -0.088 -0.092 -0.120 0.012 0.017 0.024 0.012 0.020
5073.27197 -0.078 -0.080 -0.073 -0.086 -0.092 0.020 0.018 0.020 0.020 0.023
5073.70703 -0.016 -0.014 -0.015 -0.016 -0.022 0.003 0.001 0.004 0.032 0.005
5074.21924 -0.042 -0.042 -0.047 -0.063 -0.064 0.006 0.005 0.013 0.011 0.013
5074.81299 -0.131 -0.064 -0.062 -0.115 -0.090 0.053 0.049 0.017 0.128 0.019
5075.30908 -0.449 -0.415 -0.389 -0.399 -0.405 0.101 0.080 0.107 0.070 0.086
5075.50879 -0.329 -0.303 -0.236 -0.305 -0.278 0.095 0.070 0.065 0.072 0.066
5075.74902 -0.298 -0.281 -0.197 -0.283 -0.267 0.070 0.066 0.054 0.068 0.057
5075.96484 -0.349 -0.329 -0.275 -0.346 -0.345 0.065 0.058 0.076 0.068 0.066
5076.50195 -0.678 -0.594 -0.642 -0.580 -0.575 0.236 0.155 0.176 0.154 0.156
5076.85693 -0.463 -0.468 -0.464 -0.452 -0.443 0.111 0.119 0.128 0.115 0.111
5078.44824 -0.032 -0.032 -0.033 -0.035 -0.023 0.006 0.005 0.009 0.008 0.014
5081.55811 -0.012 -0.015 -0.024 -0.013 -0.020 0.005 0.008 0.007 0.078 0.031
5081.88721 -0.016 -0.015 -0.017 -0.012 -0.001 0.002 0.002 0.005 0.007 0.158
5082.70410 -0.024 -0.027 -0.037 -0.023 -0.029 0.016 0.005 0.010 0.015 0.016
5083.19580 -0.044 -0.039 -0.043 -0.039 -0.042 0.011 0.006 0.012 0.007 0.009
5084.02490 -0.026 -0.026 -0.027 -0.036 -0.033 0.014 0.006 0.007 0.036 0.007
5084.69385 -0.430 -0.379 -0.361 -0.403 -0.345 0.102 0.078 0.099 0.110 0.071
5084.90820 -0.477 -0.467 -0.428 -0.425 -0.434 0.139 0.127 0.118 0.113 0.119
5085.43213 -0.084 -0.074 -0.058 -0.071 -0.072 0.039 0.026 0.016 0.026 0.032
5086.07422 -0.628 -0.587 -0.546 -0.779 -0.714 0.146 0.124 0.150 0.193 0.164
5086.47607 -0.310 -0.284 -0.274 -0.292 -0.276 0.108 0.080 0.075 0.101 0.078
5086.74023 -0.267 -0.259 -0.240 -0.233 -0.244 0.060 0.057 0.066 0.045 0.053
5088.06787 -0.054 -0.057 -0.056 -0.055 -0.055 0.016 0.017 0.015 0.016 0.018
5089.28516 -0.007 -0.009 -0.011 -0.011 -0.010 0.024 0.002 0.003 0.004 0.002
5090.71484 -0.060 -0.061 -0.080 -0.061 -0.062 0.013 0.022 0.022 0.025 0.027
5091.90088 -0.045 -0.044 -0.053 -0.044 -0.044 0.010 0.010 0.015 0.024 0.013
5092.19092 -0.019 -0.015 -0.030 -0.013 -0.014 0.010 0.006 0.008 0.023 0.039
5093.95703 -0.721 -0.630 -0.625 -0.621 -0.620 0.227 0.139 0.172 0.143 0.149
5094.18994 -0.699 -0.620 -0.633 -0.632 -0.615 0.205 0.141 0.174 0.152 0.145
5095.31787 -0.317 -0.301 -0.251 -0.269 -0.264 0.070 0.066 0.069 0.046 0.047
5095.60986 -0.328 -0.312 -0.252 -0.293 -0.286 0.067 0.067 0.069 0.068 0.067
5095.94824 -0.161 -0.152 -0.135 -0.162 -0.159 0.033 0.029 0.037 0.034 0.033
5096.31104 -0.259 -0.244 -0.254 -0.237 -0.239 0.077 0.065 0.070 0.060 0.065
5096.64209 -0.211 -0.202 -0.197 -0.221 -0.213 0.048 0.042 0.054 0.055 0.050
5098.87109 -0.031 -0.026 -0.042 -0.031 -0.028 0.007 0.004 0.011 0.005 0.004
5103.09424 -0.454 -0.413 -0.429 -0.419 -0.409 0.105 0.088 0.098 0.096 0.096
5103.36719 -0.452 -0.449 -0.433 -0.425 -0.422 0.133 0.140 0.142 0.141 0.120
5104.27295 -0.040 -0.043 -0.050 -0.061 -0.071 0.012 0.012 0.017 0.026 0.020
5104.71924 -0.353 -0.350 -0.344 -0.332 -0.319 0.079 0.083 0.082 0.079 0.072
5105.06201 -0.390 -0.357 -0.371 -0.359 -0.353 0.091 0.083 0.090 0.089 0.072
5105.60986 -0.072 -0.076 -0.096 -0.085 -0.110 0.012 0.013 0.018 0.016 0.009
5106.04785 -0.627 -0.616 -0.612 -0.604 -0.589 0.196 0.197 0.199 0.200 0.195
5106.50000 -0.215 -0.217 -0.220 -0.217 -0.210 0.049 0.051 0.054 0.054 0.047
5107.83789 -0.015 -0.016 -0.014 -0.020 -0.026 0.005 0.005 0.023 0.030 0.002
5109.10986 -0.019 -0.022 -0.024 -0.023 -0.018 0.003 0.005 0.005 0.031 0.003
5109.77197 -0.010 -0.011 -0.017 -0.016 -0.001 0.048 0.024 0.072 0.024 0.000
5112.10205 -0.402 -0.420 -0.416 -0.402 -0.408 0.091 0.101 0.116 0.115 0.089
5112.45020 -0.434 -0.426 -0.416 -0.410 -0.415 0.113 0.112 0.105 0.104 0.101
5113.96924 -0.559 -0.573 -0.565 -0.553 -0.548 0.142 0.151 0.147 0.144 0.134
5114.41016 -0.576 -0.589 -0.580 -0.571 -0.567 0.144 0.148 0.144 0.141 0.135
5115.52979 -0.303 -0.302 -0.309 -0.302 -0.296 0.077 0.085 0.093 0.090 0.097
5115.91113 -0.319 -0.313 -0.300 -0.296 -0.293 0.113 0.117 0.115 0.110 0.095
5116.66406 -0.016 -0.022 -0.036 -0.022 -0.023 0.039 0.027 0.006 0.019 0.003
5118.28906 -0.022 -0.021 -0.024 -0.026 -0.024 0.016 0.014 0.022 0.016 0.003
5119.25488 -0.221 -0.190 -0.185 -0.175 -0.195 0.056 0.044 0.042 0.036 0.035
5119.46289 -0.079 -0.082 -0.084 -0.087 -0.104 0.019 0.019 0.027 0.035 0.022
5120.69092 -0.484 -0.494 -0.494 -0.489 -0.481 0.143 0.143 0.148 0.144 0.132
5121.41992 -0.498 -0.488 -0.492 -0.484 -0.478 0.128 0.122 0.126 0.122 0.117
5123.28418 -0.257 -0.288 -0.284 -0.177 -0.281 0.141 0.184 0.073 0.042 0.064
5123.67480 -0.337 -0.318 -0.334 -0.325 -0.310 0.065 0.064 0.078 0.074 0.071
5124.89600 -0.288 -0.278 -0.277 -0.267 -0.276 0.070 0.065 0.075 0.072 0.066
5125.40381 -0.304 -0.302 -0.298 -0.290 -0.286 0.080 0.081 0.085 0.084 0.076
5126.45117 -0.030 -0.025 -0.031 -0.025 -0.023 0.022 0.012 0.018 0.018 0.008
5127.23291 -0.572 -0.501 -0.517 -0.504 -0.511 0.139 0.105 0.110 0.106 0.098
5128.35693 -0.014 -0.014 -0.015 -0.016 -0.022 0.036 0.027 0.024 0.019 0.011
5129.56494 -0.274 -0.261 -0.278 -0.277 -0.346 0.065 0.058 0.068 0.068 0.107
5130.06006 -0.275 -0.282 -0.284 -0.281 -0.303 0.071 0.071 0.070 0.068 0.074
5130.97900 -0.009 -0.012 -0.010 -0.009 -0.032 0.033 0.019 0.010 0.024 0.001
5132.24512 -0.264 -0.281 -0.280 -0.277 -0.276 0.060 0.067 0.067 0.065 0.058
5132.94824 -0.293 -0.309 -0.296 -0.323 -0.304 0.069 0.079 0.070 0.086 0.070
5134.26807 -0.424 -0.437 -0.430 -0.426 -0.414 0.101 0.109 0.105 0.107 0.102
5134.83008 -0.511 -0.509 -0.502 -0.496 -0.490 0.136 0.133 0.134 0.133 0.132
5135.31396 -0.105 -0.120 -0.104 -0.110 -0.108 0.016 0.019 0.018 0.020 0.012
5135.91211 -0.224 -0.232 -0.228 -0.229 -0.213 0.052 0.047 0.055 0.054 0.044
5136.49316 -0.215 -0.224 -0.215 -0.218 -0.210 0.041 0.045 0.046 0.049 0.041
5138.14307 -0.191 -0.208 -0.201 -0.224 -0.212 0.044 0.048 0.046 0.061 0.051
5138.56104 -0.082 -0.086 -0.071 -0.093 -0.062 0.017 0.016 0.012 0.025 0.011
5138.75195 -0.205 -0.200 -0.221 -0.218 -0.213 0.042 0.043 0.062 0.052 0.049
5139.66797 -0.247 -0.283 -0.263 -0.263 -0.261 0.054 0.071 0.061 0.063 0.056
5140.77197 -0.334 -0.314 -0.334 -0.335 -0.332 0.081 0.067 0.077 0.078 0.074
5141.20605 -0.129 -0.111 -0.106 -0.118 -0.102 0.029 0.020 0.017 0.022 0.017
5141.79980 -0.140 -0.155 -0.158 -0.172 -0.190 0.049 0.055 0.058 0.062 0.056
5143.18115 -0.296 -0.300 -0.303 -0.304 -0.300 0.074 0.075 0.077 0.080 0.074
5144.22510 -0.230 -0.222 -0.222 -0.224 -0.208 0.058 0.051 0.052 0.055 0.051
5144.92920 -0.022 -0.025 -0.026 -0.027 -0.039 0.005 0.008 0.008 0.011 0.006
5145.32324 -0.212 -0.197 -0.207 -0.205 -0.201 0.042 0.039 0.041 0.043 0.041
5146.02295 -0.199 -0.209 -0.197 -0.192 -0.196 0.043 0.041 0.045 0.044 0.043
5146.28906 -0.142 -0.094 -0.091 -0.143 -0.338 0.011 0.010 0.010 0.011 0.035
5146.56494 -0.215 -0.226 -0.233 -0.242 -0.247 0.081 0.085 0.082 0.087 0.083
5147.32617 -0.221 -0.235 -0.262 -0.269 -0.297 0.042 0.046 0.055 0.058 0.055



line center line absorption vs. temperature equivalent width vs. temperature

(cm−1) 20◦C 30◦C 40◦C 50◦C 60◦C 20◦C 30◦C 40◦C 50◦C 60◦C
5147.91992 -0.436 -0.425 -0.420 -0.415 -0.415 0.084 0.082 0.079 0.081 0.073
5149.12500 -0.148 -0.150 -0.156 -0.163 -0.166 0.031 0.033 0.034 0.039 0.035
5150.05078 -0.124 -0.133 -0.137 -0.141 -0.148 0.024 0.027 0.030 0.031 0.030
5150.41309 -0.050 -0.055 -0.056 -0.064 -0.063 0.013 0.015 0.015 0.015 0.016
5152.69824 -0.144 -0.147 -0.146 -0.149 -0.147 0.032 0.035 0.034 0.033 0.038
5153.24023 -0.017 -0.018 -0.022 -0.024 -0.031 0.004 0.004 0.005 0.005 0.005
5153.96680 -0.134 -0.147 -0.151 -0.151 -0.160 0.040 0.057 0.035 0.057 0.052
5154.41211 -0.095 -0.156 -0.093 -0.085 -0.106 0.013 0.010 0.012 0.010 0.008
5154.75293 -0.336 -0.340 -0.344 -0.346 -0.351 0.072 0.075 0.077 0.077 0.078
5155.53418 -0.336 -0.355 -0.352 -0.356 -0.375 0.085 0.093 0.090 0.093 0.092
5155.94678 -0.094 -0.079 -0.081 -0.081 -0.079 0.029 0.022 0.024 0.033 0.032
5156.81689 -0.096 -0.105 -0.106 -0.112 -0.109 0.051 0.086 0.082 0.086 0.051
5157.51709 -0.140 -0.142 -0.137 -0.137 -0.114 0.023 0.026 0.023 0.023 0.027
5157.75977 -0.083 -0.094 -0.089 -0.097 -0.094 0.016 0.017 0.017 0.021 0.021
5159.06689 -0.255 -0.257 -0.257 -0.259 -0.274 0.048 0.053 0.051 0.055 0.053
5160.39404 -0.164 -0.182 -0.172 -0.177 -0.205 0.039 0.041 0.045 0.050 0.043
5161.15088 -0.168 -0.191 -0.192 -0.198 -0.202 0.033 0.044 0.043 0.045 0.044
5161.70410 -0.029 -0.036 -0.030 -0.033 -0.032 0.006 0.010 0.006 0.007 0.005
5162.26611 -0.022 -0.027 -0.025 -0.024 -0.042 0.004 0.007 0.008 0.005 0.008
5162.71289 -0.049 -0.056 -0.058 -0.062 -0.079 0.012 0.014 0.013 0.017 0.016
5163.76514 -0.238 -0.279 -0.280 -0.293 -0.316 0.098 0.121 0.118 0.123 0.115
5164.86279 -0.023 -0.023 -0.026 -0.025 -0.018 0.012 0.010 0.009 0.010 0.007
5165.15381 -0.107 -0.125 -0.128 -0.114 -0.135 0.018 0.021 0.021 0.019 0.020
5166.05078 -0.093 -0.095 -0.096 -0.093 -0.107 0.080 0.080 0.079 0.080 0.059
5166.29688 -0.102 -0.079 -0.114 -0.049 -0.075 0.004 0.004 0.004 0.004 0.005
5167.04883 -0.162 -0.164 -0.174 -0.170 -0.182 0.030 0.031 0.036 0.033 0.032
5167.78613 -0.091 -0.101 -0.106 -0.114 -0.121 0.027 0.031 0.031 0.032 0.031
5168.77783 -0.049 -0.054 -0.057 -0.061 -0.052 0.014 0.019 0.021 0.019 0.013
5170.44824 -0.109 -0.136 -0.133 -0.137 -0.088 0.068 0.083 0.086 0.090 0.053
5170.63916 -0.284 -0.272 -0.274 -0.274 -0.318 0.085 0.060 0.064 0.064 0.093
5171.02588 -0.017 -0.038 -0.033 -0.160 -0.103 0.002 0.002 0.002 0.003 0.010
5172.28320 -0.039 -0.049 -0.054 -0.057 -0.073 0.009 0.013 0.014 0.017 0.012
5172.96484 -0.097 -0.098 -0.097 -0.095 -0.093 0.019 0.018 0.019 0.020 0.000
5173.35205 -0.069 -0.068 -0.068 -0.064 -0.074 0.018 0.022 0.021 0.023 0.024
5173.90723 -0.064 -0.071 -0.071 -0.076 -0.073 0.012 0.016 0.013 0.017 0.015
5174.88623 -0.078 -0.076 -0.072 -0.073 -0.066 0.016 0.015 0.013 0.016 0.015
5176.00000 -0.164 -0.189 -0.195 -0.187 -0.207 0.060 0.094 0.105 0.088 0.091
5176.70605 -0.166 -0.164 -0.174 -0.176 -0.196 0.034 0.031 0.031 0.034 0.030
5177.17285 -0.127 -0.129 -0.117 -0.127 -0.097 0.021 0.022 0.016 0.020 0.017
5177.86719 -0.052 -0.048 -0.048 -0.052 -0.064 0.031 0.029 0.031 0.023 0.037
5179.00879 -0.076 -0.078 -0.084 -0.062 -0.088 0.014 0.009 0.010 0.007 0.015
5180.66309 -0.089 -0.014 -0.038 -0.046 -0.008 0.027 0.120 0.465 0.783 0.013
5182.41602 -0.084 -0.064 -0.091 -0.101 -0.111 0.016 0.016 0.015 0.022 0.017
5182.72705 -0.056 -0.046 -0.067 -0.068 -0.024 0.009 0.005 0.013 0.011 0.005
5184.85107 -0.292 -0.326 -0.329 -0.346 -0.110 0.104 0.114 0.098 0.108 0.181
5186.43604 -0.028 -0.024 -0.038 -0.020 -0.014 0.003 0.003 0.007 0.001 0.003
5187.00000 -0.045 -0.049 -0.064 -0.050 -0.059 0.012 0.013 0.026 0.010 0.027
5187.70996 -0.047 -0.054 -0.053 -0.067 -0.036 0.008 0.008 0.007 0.005 0.009
5188.56982 -0.102 -0.111 -0.115 -0.106 -0.130 0.030 0.031 0.035 0.023 0.051
5189.03418 -0.088 -0.102 -0.110 -0.005 -0.057 0.023 0.025 0.030 0.019 0.068
5189.71387 -0.044 -0.045 -0.054 -0.058 -0.106 0.026 0.025 0.040 0.071 0.003
5191.58887 -0.054 -0.055 -0.055 -0.053 -0.061 0.011 0.012 0.009 0.008 0.014
5191.96387 -0.180 -0.168 -0.173 -0.183 -0.059 0.034 0.031 0.040 0.034 0.014
5192.17920 -0.037 -0.039 -0.009 -0.036 -0.048 0.007 0.016 1.082 0.006 0.009
5194.09717 -0.081 -0.079 -0.083 -0.074 -0.067 0.015 0.014 0.021 0.010 0.018
5194.71924 -0.070 -0.077 -0.076 -0.075 -0.089 0.012 0.013 0.018 0.010 0.014
5195.81885 -0.059 -0.062 -0.063 -0.066 -0.042 0.016 0.011 0.012 0.013 0.005
5196.77783 -0.203 -0.197 -0.237 -0.238 -0.081 0.042 0.079 0.066 0.082 0.048
5198.47803 -0.158 -0.107 -0.070 -0.116 -0.083 0.007 0.008 0.007 0.009 0.016
5199.71289 -0.044 -0.038 -0.059 -0.060 -0.038 0.006 0.005 0.002 0.003 0.011



Table 11: 12C18O 2ν-band - fitted pressure shifts, extrapolated zero-pressure line centers and
line centers from literature (HITRAN)

line center line ID pressure shift zero-pressure HITRAN line center
(cm−1) (cm−1/mbar) line center (cm−1) (cm−1)

4218.45117 R19 2.19239e-05 4218.447014 4218.424500
4216.11426 R18 1.75820e-05 4216.110100 4216.089000
4213.71094 R17 3.22277e-05 4213.706779 4213.685900
4211.24023 R16 9.73799e-06 4211.236076 4211.215400
4208.70264 R15 3.79037e-05 4208.698479 4208.677500
4206.09814 R14 1.73378e-05 4206.093986 4206.072500
4203.42578 R13 1.89280e-05 4203.421623 4203.400400
4200.68555 R12 3.91425e-05 4200.681389 4200.661300
4197.86035 R11 -4.06792e-06 4197.856193 4197.855500
4194.98877 R10 3.26982e-06 4194.984611 4194.983100
4192.04883 R 9 -7.50451e-07 4192.044670 4192.044100
4189.04395 R 8 2.69805e-06 4189.039787 4189.038700
4185.97217 R 7 -1.62121e-05 4185.968010 4185.967100
4182.83447 R 6 1.92377e-06 4182.830314 4182.829400
4179.62988 R 5 -3.51401e-07 4179.625725 4179.625600
4176.36133 R 4 -2.31091e-06 4176.357170 4176.356000
4173.02588 R 3 -8.76121e-06 4173.021721 4173.020700
4169.62500 R 2 1.43598e-05 4169.620842 4169.619800
4166.15869 R 1 -2.85171e-05 4166.154533 4166.153400
4162.62744 R 0 1.06135e-05 4162.623283 4162.621800
4155.36816 P 1 -2.81002e-05 4155.364006 4155.362900
4151.64111 P 2 -8.74930e-06 4151.636955 4151.636100
4147.84912 P 3 -6.33714e-06 4147.844963 4147.844400
4143.99268 P 4 -6.37883e-06 4143.988518 4143.988100
4140.07178 P 5 -7.18884e-06 4140.067619 4140.067300
4136.08691 P 6 -9.05305e-06 4136.082756 4136.082000
4132.03711 P 7 -8.32047e-06 4132.032951 4132.03250
4127.92383 P 8 5.65220e-06 4127.919670 4127.918900



Table 12: 13C16O 2ν-band - fitted pressure shifts, extrapolated zero-pressure line centers and
line centers from literature (HITRAN)

line center line ID pressure shift zero-pressure HITRAN line center
(cm−1) (cm−1/mbar) line center (cm−1) (cm−1)

4100.25146 P16 1.17849e-05 4100.249558 4100.243900
4104.88672 P15 3.38258e-05 4104.884812 4104.885100
4109.46680 P14 3.18295e-06 4109.464890 4109.463000
4113.98145 P13 6.60825e-06 4113.979538 4113.977300
4118.43262 P12 9.41895e-06 4118.430710 4118.427900
4122.81934 P11 3.10550e-06 4122.817429 4122.814800
4127.14209 P10 9.76872e-06 4127.140183 4127.137600
4131.40088 P 9 6.71568e-06 4131.398972 4131.396400
4135.59521 P 8 6.42837e-06 4135.593308 4135.590900
4139.72559 P 7 9.04169e-06 4139.723679 4139.721100
4143.79199 P 6 6.12856e-06 4143.790085 4143.786800
4147.79248 P 5 6.10857e-06 4147.790574 4147.787800
4151.72803 P 4 1.01810e-05 4151.726121 4151.724200
4155.60059 P 3 9.40146e-06 4155.598679 4155.595600
4159.40723 P 2 1.43333e-05 4159.405320 4159.401900
4163.14941 P 1 1.20298e-05 4163.147507 4163.143200
4170.43652 R 0 9.19159e-06 4170.434617 4170.429600
4173.97998 R 1 7.72004e-06 4173.978074 4173.974500
4177.45801 R 2 8.91427e-06 4177.456101 4177.453700
4180.87158 R 3 8.05982e-06 4180.869675 4180.867100
4184.21973 R 4 9.59633e-06 4184.217820 4184.214500
4187.50049 R 5 5.22664e-06 4187.498581 4187.495900
4190.71484 R 6 7.77251e-06 4190.712937 4190.710900
4193.86523 R 7 8.53951e-06 4193.863328 4193.859700
4196.94629 R 8 4.99679e-06 4196.944382 4196.941900
4199.95996 R 9 7.01874e-05 4199.958054 4199.957400
4202.93018 R10 7.25784e-06 4202.928269 4202.791300
4205.81299 R11 4.99429e-06 4205.811081 4205.788100
4208.62891 R12 1.25794e-05 4208.626999 4208.603000
4211.37451 R13 5.98865e-06 4211.372605 4211.350700
4214.04541 R14 1.02684e-06 4214.043503 4214.031000
4216.66846 R15 3.78007e-06 4216.666550 4216.644000
4219.21436 R16 1.30666e-06 4219.212449 4219.189300
4221.69189 R17 4.43715e-06 4221.689988 4221.667000
4224.10156 R18 4.85688e-06 4224.099656 4224.076800
4226.44287 R19 2.43094e-06 4226.440964 4226.418600
4228.71533 R20 1.11079e-05 4228.713425 4228.692300
4230.91895 R21 1.46381e-05 4230.917038 4230.897800
4233.06201 R22 -1.25669e-05 4233.060105 4233.034900
4235.13037 R23 1.41059e-05 4235.128464 4235.103500



Table 13: 12C18O 2ν-band - temperature dependent change in line absorption intensity

line center line ID change in line absorption (cu) relative to -20◦C
(cm−1) -10◦C 0◦C 10◦C 20◦C 30◦C 40◦C 50◦C

4227.11719 P20 0.006 -0.022 -0.017 -0.016 -0.009 0.014 0.009
4225.04395 P19 0.006 -0.028 -0.019 -0.024 -0.015 0.023 0.002
4222.91846 P18 0.003 0.005 -0.021 -0.031 -0.013 0.016 -0.002
4220.72021 P17 0.004 -0.025 -0.010 -0.021 -0.002 0.020 0.025
4218.45117 P16 0.008 -0.019 -0.007 -0.022 -0.008 0.019 0.020
4216.11426 P15 0.010 -0.020 -0.011 -0.019 -0.009 0.023 0.018
4213.71094 P14 0.011 -0.021 -0.011 -0.024 -0.015 0.023 0.018
4211.24023 P13 0.011 -0.024 -0.015 -0.030 -0.021 0.018 -0.007
4208.70264 P12 0.007 -0.026 -0.022 -0.040 -0.030 0.005 -0.002
4206.09814 P11 0.009 -0.025 -0.016 -0.055 -0.042 -0.006 -0.007
4203.42578 P10 0.009 -0.042 -0.022 -0.077 -0.059 -0.017 -0.010
4200.68555 P 9 0.007 -0.048 -0.041 -0.076 -0.065 -0.019 -0.046
4197.86035 P 8 0.011 0.055 0.018 -0.034 -0.031 -0.009 0.009
4194.98877 P 7 0.003 0.044 0.006 -0.040 -0.035 -0.028 -0.013
4192.04883 P 6 0.003 0.035 0.000 -0.030 -0.026 -0.019 -0.004
4189.04395 P 5 -0.008 0.024 -0.001 -0.034 -0.035 -0.031 -0.007
4185.97217 P 4 0.007 0.031 0.006 -0.032 -0.030 -0.026 -0.011
4182.83447 P 3 -0.003 0.026 -0.001 -0.035 -0.037 -0.036 -0.020
4179.62988 P 2 -0.001 0.025 -0.003 -0.042 -0.045 -0.042 -0.031
4176.36133 P 1 -0.013 0.037 -0.014 -0.063 -0.065 -0.061 -0.050
4173.02588 R 0 0.005 0.045 0.006 -0.040 -0.045 -0.042 -0.034
4169.62500 R 1 -0.011 0.015 -0.017 -0.050 -0.057 -0.055 -0.048
4166.15869 R 2 -0.004 0.027 -0.005 -0.043 -0.046 -0.035 -0.042
4162.62744 R 3 0.007 0.026 -0.007 -0.029 -0.029 -0.026 -0.037
4155.36816 R 4 -0.016 0.020 -0.013 -0.035 -0.033 -0.030 -0.043
4151.64111 R 5 0.005 0.033 0.004 -0.039 -0.041 -0.025 -0.039
4147.84912 R 6 -0.010 0.036 -0.009 -0.056 -0.059 -0.048 -0.049
4143.99268 R 7 -0.008 0.036 -0.006 -0.057 -0.062 -0.054 -0.039
4140.07178 R 8 -0.003 0.043 -0.002 -0.049 -0.052 -0.043 -0.029
4136.08691 R 9 -0.006 0.033 -0.001 -0.049 -0.049 -0.044 -0.024
4132.03711 R10 -0.003 0.034 -0.002 -0.033 -0.034 -0.027 -0.013
4127.92383 R11 0.004 0.031 0.003 -0.027 -0.028 -0.025 -0.009
4123.74609 R12 -0.004 0.058 0.015 -0.027 -0.025 -0.014 0.014
4119.50439 R13 0.004 0.045 0.019 -0.009 -0.009 -0.001 0.028
4115.19922 R14 0.001 0.039 0.012 -0.012 -0.007 0.004 0.022
4110.83154 R15 0.007 0.060 0.025 0.005 0.010 0.020 0.049
4106.39453 R16 0.024 0.092 0.044 0.075 0.073 0.079 0.067
4101.90283 R17 0.012 0.061 0.031 0.016 0.028 0.040 0.052
4097.38477 R18 -0.181 -0.190 -0.191 -0.025 -0.004 0.035 0.017
4092.76196 R19 -0.151 -0.207 -0.158 -0.013 0.003 0.029 0.030
4088.08862 R20 -0.001 -0.142 -0.122 0.003 0.023 0.039 0.038
4083.32935 R21 0.014 -0.027 -0.001 0.083 0.105 0.122 0.118
4078.51929 R22 0.005 0.002 0.014 0.071 0.095 0.104 0.099
4073.64966 R23 -0.042 -0.046 -0.035 0.009 0.020 0.022 0.024



Table 14: 13C16O 2ν-band - temperature dependent change in line absorption intensity

line center line ID change in line absorption (cu) relative to -20◦C
(cm−1) -10◦C 0◦C 10◦C 20◦C 30◦C 40◦C 50◦C 60◦C

4235.13037 R23 -0.009 -0.003 0.017 0.006 0.023 0.027 0.035 0.053
4233.06201 R22 -0.002 0.002 0.024 0.025 0.029 0.037 0.055 0.062
4230.91895 R21 0.146 0.016 0.036 0.036 0.040 0.055 0.066 0.076
4228.71533 R20 0.000 0.009 0.044 0.035 0.047 0.063 0.069 0.084
4226.44287 R19 -0.001 0.009 0.043 0.037 0.052 0.064 0.074 0.093
4224.10156 R18 -0.001 0.063 0.047 0.040 0.054 0.064 0.076 0.095
4221.69189 R17 0.000 0.073 0.045 0.039 0.052 0.062 0.073 0.092
4219.21436 R16 -0.001 0.071 0.045 0.039 0.051 0.059 0.070 0.086
4216.66846 R15 0.000 0.049 0.050 0.033 0.046 0.054 0.060 0.075
4214.04541 R14 0.001 0.066 0.080 0.033 0.040 0.049 0.054 0.068
4211.37451 R13 0.000 0.073 0.048 0.031 0.032 0.041 0.047 0.055
4208.62891 R12 0.001 0.058 0.042 0.023 0.024 0.027 0.035 0.043
4205.81299 R11 0.000 0.039 0.051 0.014 0.019 0.020 0.024 0.033
4202.93018 R10 0.001 0.056 0.054 0.018 0.015 0.020 0.023 0.025
4199.95996 R 9 0.003 0.032 0.003 0.008 0.005 0.001 0.015 0.071
4196.94629 R 8 0.015 0.052 0.064 0.008 0.004 0.006 0.004 0.007
4193.86523 R 7 0.014 0.035 0.043 0.003 -0.003 -0.006 -0.003 -0.003
4190.71484 R 6 0.011 0.022 0.037 0.000 -0.009 -0.008 -0.011 -0.012
4187.50049 R 5 0.019 0.065 0.053 -0.004 -0.012 -0.015 -0.016 -0.015
4184.21973 R 4 0.012 0.035 0.034 -0.005 -0.017 -0.021 -0.021 -0.026
4180.87158 R 3 0.019 0.059 0.046 -0.007 -0.021 -0.022 -0.026 -0.030
4177.45801 R 2 0.006 0.026 0.024 -0.017 -0.028 -0.032 -0.041 -0.043
4173.97998 R 1 0.008 0.037 0.022 -0.016 -0.029 -0.039 -0.048 -0.046
4170.43652 R 0 0.006 -0.007 -0.010 -0.021 -0.030 -0.040 -0.041 -0.036
4163.14941 P 1 0.006 0.011 -0.004 -0.025 -0.036 -0.047 -0.047 -0.044
4159.40723 P 2 0.009 0.023 0.010 -0.025 -0.035 -0.045 -0.048 -0.047
4155.60059 P 3 0.007 0.029 0.013 -0.023 -0.032 -0.039 -0.045 -0.045
4151.72803 P 4 0.008 0.028 0.022 -0.018 -0.028 -0.032 -0.039 -0.039
4147.79248 P 5 0.012 0.051 0.035 -0.019 -0.031 -0.032 -0.036 -0.039
4143.79199 P 6 0.007 0.023 0.019 -0.014 -0.025 -0.028 -0.028 -0.031
4139.72559 P 7 0.005 0.025 0.009 -0.017 -0.025 -0.029 -0.030 -0.027
4135.59521 P 8 0.008 0.016 0.015 -0.009 -0.018 -0.018 -0.020 -0.020
4131.40088 P 9 0.009 0.008 0.009 -0.012 -0.023 -0.025 -0.022 -0.020
4127.14209 P10 0.009 0.017 0.011 0.002 -0.004 -0.004 -0.004 0.000
4122.81934 P11 0.006 0.003 0.006 0.003 -0.005 -0.005 0.000 0.003
4118.43262 P12 0.000 -0.026 -0.014 0.003 -0.013 -0.012 -0.009 -0.003
4113.98145 P13 -0.009 -0.028 -0.007 -0.001 -0.016 -0.015 -0.009 0.000
4109.46680 P14 0.004 -0.024 0.003 0.034 0.017 0.022 0.029 0.034
4104.88672 P15 0.000 -0.019 -0.004 0.038 0.035 0.039 0.044 0.055
4100.25146 P16 0.024 0.006 0.017 0.051 0.074 0.082 0.085 0.098



Table 15: NH3 - fitted line centers, fitted pressure shifts,
extrapolated zero-pressure line centers and line centers from
literature (HITRAN)

line center line ID pressure shift zero-pressure HITRAN line center
(cm−1) (cm−1/mbar) line center (cm−1) (cm−1)

4151.91846 39-9 -0.000174 4151.93689 4151.91113
4192.44580 39-9 -0.000041 4192.46424 4192.44482
4192.99219 39-9 0.000087 4193.01062 4192.98584
4193.31738 39-9 0.000424 4193.33582 4193.30371
4213.21924 39-9 -0.000041 4213.23767 4213.62109
4253.85254 39-9 -0.006162 4253.87097 4253.85303
4408.47412 39-9 0.000347 4408.49256 4408.40381
4215.09863 40-13 -0.000174 4215.09307 4215.08105
4259.96484 40-13 -0.000041 4259.95928 4259.34473
4318.54395 40-13 0.000087 4318.53839 4318.46826
4450.01758 40-13 0.000424 4450.01202 4450.09375
4268.25049 41-13 -0.000174 4268.24072 4268.21875
4270.28418 41-13 -0.000041 4270.27441 4270.25684
4272.40479 41-13 0.000087 4272.39502 4272.37305
4310.74170 41-13 0.000424 4310.73193 4310.70215
4315.97461 41-13 -0.000041 4315.96484 4315.92773
4321.19873 41-13 -0.006162 4321.18896 4321.15186
4326.45850 41-13 0.000347 4326.44873 4326.40967
4329.28906 41-13 0.000199 4329.27929 4329.23926
4337.48242 41-13 0.000112 4337.47265 4337.41357
4339.51904 41-13 -0.000123 4339.50927 4337.51270
4346.50488 41-13 0.000138 4346.49511 4347.34033
4350.53418 41-13 0.000843 4350.52441 4350.48291
4355.35449 41-13 0.000107 4355.34472 4355.30469
4360.19189 41-13 0.000220 4360.18212 4360.14258
4363.40479 41-13 -0.000026 4363.39502 4363.35596
4368.08691 41-13 0.000455 4368.07714 4368.04102
4376.07227 41-13 0.000347 4376.06250 4376.02148
4381.91602 41-13 0.000036 4381.90625 4381.86768
4388.53662 41-13 0.000291 4388.52685 4388.48730
4394.52686 41-13 0.000102 4394.51709 4394.47656
4402.12549 41-13 0.000189 4402.11572 4402.11768
4403.29346 41-13 0.000133 4403.28369 4403.28369
4404.14746 41-13 0.000138 4404.13769 4404.14453
4417.64258 41-13 0.000077 4417.63281 4417.62744
4418.84619 41-13 0.000199 4418.83642 4418.83838
4426.75830 41-13 0.000235 4426.74853 4426.74854
4430.02490 41-13 0.000414 4430.01513 4430.01709
4434.78369 41-13 0.000296 4434.77392 4434.77441
4451.64795 41-13 0.000215 4451.63818 4451.64111
4455.22852 41-13 -0.000020 4455.21875 4455.21533
4462.88672 41-13 0.000118 4462.87695 4462.87939



line center line ID pressure shift zero-pressure HITRAN line center
(cm−1) (cm−1/mbar) line center (cm−1) (cm−1)

4466.30225 41-13 -0.000082 4466.29248 4466.28906
4477.14697 41-13 0.000097 4477.13720 4477.13867
4481.49512 41-13 0.000174 4481.48535 4481.48730
4484.67041 41-13 0.000296 4484.66064 4484.10889
4487.75293 41-13 0.000143 4487.74316 4487.74365
4489.11426 41-13 0.000143 4489.10449 4489.10693
4492.19141 41-13 -0.000015 4492.18164 4492.18408
4498.11182 41-13 0.000118 4498.10205 4498.09961
4502.65674 41-13 0.000143 4502.64697 4502.62939
4504.95020 41-13 0.000199 4504.94043 4504.92529
4505.55615 41-13 0.000082 4505.54638 4505.52783
4508.23291 41-13 0.000271 4508.22314 4508.20459
4510.09961 41-13 0.000291 4510.08984 4510.07324
4515.64355 41-13 0.000118 4515.63379 4515.61426
4518.06396 41-13 -0.000276 4518.05420 4518.05127
4304.82861 42-9 -0.000174 4304.81898 4304.79541
4306.59180 42-9 -0.000041 4306.58216 4306.53711
4316.98438 42-9 0.000087 4316.97474 4316.94678
4328.86377 42-9 0.000424 4328.85413 4328.81641
4330.07129 42-9 -0.000041 4330.06165 4330.02588
4333.30957 42-9 -0.006162 4333.29993 4333.26270
4342.58350 42-9 0.000347 4342.57386 4343.00732
4345.58545 42-9 0.000199 4345.57581 4346.46045
4347.39355 42-9 0.000112 4347.38392 4348.36328
4350.92725 42-9 -0.000123 4350.91761 4350.87939
4355.92578 42-9 0.000138 4355.91614 4355.88184
4359.62451 42-9 0.000843 4359.61487 4359.58008
4364.20508 42-9 0.000107 4364.19544 4364.15723
4368.68506 42-9 0.000220 4368.67542 4368.63770
4381.33740 42-9 -0.000026 4381.32777 4381.29248
4393.85645 42-9 0.000455 4393.84681 4393.80859
4402.40381 42-9 0.000347 4402.39417 4402.39502
4404.65820 42-9 0.000036 4404.64857 4404.68359
4418.49121 42-9 0.000291 4418.48157 4418.48242
4420.35840 42-9 0.000102 4420.34876 4420.35938
4435.46338 42-9 0.000189 4435.45374 4435.45947
4436.40234 42-9 0.000133 4436.39271 4436.39795
4436.90674 42-9 0.000138 4436.89710 4436.90283
4451.96973 42-9 0.000077 4451.96009 4451.96436
4461.53369 42-9 0.000199 4461.52405 4461.52246
4479.93945 42-9 0.000235 4479.92982 4479.92871
4487.25244 42-9 0.000414 4487.24280 4487.24609
4490.81250 42-9 0.000296 4490.80286 4490.80469
4501.56201 42-9 0.000215 4501.55237 4501.53320
4506.12158 42-9 -0.000020 4506.11195 4506.09619
4512.13770 42-9 0.000118 4512.12806 4512.11133
4515.21289 42-9 -0.000082 4515.20325 4515.19580



line center line ID pressure shift zero-pressure HITRAN line center
(cm−1) (cm−1/mbar) line center (cm−1) (cm−1)

4516.87305 42-9 0.000097 4516.86341 4516.84521
4518.46484 42-9 0.000174 4518.45521 4518.43799



Table 16: Detected spectral features in Cool Giant stars’ spectra in
the J band region. The sign ’?’ in column 2 (ID) means that the
features is not identified, while the letter ’t’ stands for a feature
blended with a telluric line.

Cool Giant Stars - spectral features in the J band

λ [Å] ID 3500K 3000K 2000K 1500K
- many H2O - - 0.3-1.0 0.7-1.0
- 48TiO - 0.15-0.20 - -

11595.5 Fe I 0.65 0.6 bw H2O bw H2O
11610.7 Fe I 0.7 0.65 0.75 bw H2O
11613.7 Cr I 0.4 0.20 - -
11641.4 Fe I t 0.7 0.6 0.75 bw H2O
11654.5 Ti I 0.25 0.25 bw H2O -
11693.2 Fe I t 0.7 0.75 - -
11693.4 K I t 0.7 0.75 bw H2O bw H2O
11772.9 K I 0.5 0.6 0.95 bw H2O
11776.1 K I t 0.7 0.8 - bw H2O
11783.8 Ti I t 0.4 0.25 bw H2O -
11786.5 Fe I t 0.6 0.5 0.8 bw H2O
11831.4 Mg I 0.65 0.55 bw H2O -
11886.1 Fe I 0.7 0.65 bw H2O -
11887.3 Fe I 0.7 0.6 bw H2O -
11896.1 Ti I 0.5 0.3 0.8 bw H2O -

- many H2O - 0.5-0.8 -
11952.8 Ti I t 0.55 0.4 bw H2O -
11959.2 Ca I 0.5 0.4 0.6 -
11976.3 Fe I t 0.7 0.7 0.8 bw H2O -
11977.1 Ti I 0.5 0.4 - -
11987.5 Si I 0.25 - - -
11994.9 Si I 0.2 - - -

- many FeH - 0.1-0.25 - bw H2O
12231 FeH - 0.65 bw H2O

12230.4 Fe I 0.2 - - -
12314.8 Na I 0.2 0.12 bw H2O -
12323.4 Na I 0.2 0.2 bw H2O -
12340.4 Ti I 0.2 - - -
12391.8 Ti I 0.2 - - -
12435.7 K I 0.6 0.6 0.95 0.95 bw H2O

- 48TiO - 0.2 - -
12525.2 Cr I t 0.5 - - -
12525.6 K I t 0.65 0.7 0.95 0.95 bw H2O
12536.2 Cr I 0.4 0.25 - -
12560.4 Fe I 0.35 bw 48TiO - -
12573.1 Ti I 0.2 - - -
12603.7 Ti I 0.35 0.25 - -
12674.6 Ti I 0.4 0.25 - -
12682.6 Na I 0.5 0.5 0.45 -
12741.9 Ti I 0.35 - bw H2O -
12748.5 Ti I 0.3 - - -
12810.7 Fe I 0.2 0.15 - -
12815.0 Ti I 0.5 0.35 - -
12819.6 Ca I 0.45 0.4 - -
12825.2 Ti I 0.6 0.5 - -
12827.4 Ca I 0.4 0.35 - -
12830.6 Ca I 0.3 0.25 - -
12834.9 Ti I 0.6 0.5 - -
12850.5 Ti I 0.55 0.45 - -
12883.3 Fe I 0.4 0.3 - -
12903.3 Mn I 0.6 0.55 0.6 bw H2O -
12904.7 V I 0.2 - - -
12912.6 Ca I 0.3 0.25 - -
12913.6 Cr I 0.4 0.25 - -
12923.5 Ti I 0.4 0.25 bw H2O -
12940.5 Cr I 0.2 - - -
12979.5 Mn I t 0.4 0.35 - -
13015.4 Ti I 0.4 0.25 - -
13037.1 Ca I 0.3 0.2 - -
13080.9 Ti I t 0.4 0.3 - -
13127.0 Al I 0.65 0.7 - -
13138.5 Ca I 0.3 0.3 - -
13154.4 Al I t 0.65 0.65 - -
13204.8 Cr I t 0.3 0.2 - -
13216.0 Ni I 0.2 - - -
13220.6 Cr I t 0.2 - - -
13285.1 Mn I t 0.3 0.3 - -
13297.4 Mn I t 0.55 0.6 - -



Table 17: Detected spectral features in Cool Giant stars’ spectra in
the H band region. The sign ’?’ in column 2 (ID) means that the
features is not identified, while the letter ’t’ stands for a feature
blended with a telluric line.

Cool Giant stars - spectral features in the H band

λ [Å] ID 3500K 3000K 2000K 1500K

15006.19 16OH t 0.65 0.6 - -

15007.14 16OH t 0.65 0.6 - -

15025.24 16OH 0.65 0.65 - -

15027.02 16OH t 0.65 0.65 - -

15052.62 16OH t 0.5 0.45 - -

15053.21 16OH 0.5 0.45 - -

15055.48 16OH 0.6 0.55 - -

15063.45 16OH 0.35 bw H2O - -

15064.64 16OH 0.35 bw H2O - -

15069.40 16OH 0.6 0.45 - -

15087.38 16OH t 0.55 0.45 - -

15089.17 16OH 0.55 0.4 - -
15029.1 Mg I t 0.6 bw H2O - -
15044.4 Mg I t 0.6 bw H2O - bw H2O
15068.5 Fe I 0.6 bw H2O - bw H2O
15093.57 H2O 0.2 0.4 - -
15095.96 H2O 0.2 0.45 - -
15097.14 H2O 0.2 0.45 - -
15099.40 H2O 0.2 0.3 - -

15107.02 16OH 0.25 bw H2O - -

15107.86 16OH 0.25 bw H2O - -

15112.14 16OH t 0.5 bw H2O - -

15115.36 16OH t 0.45 bw H2O - -
15121.7 Ti I 0.45 0.2 - -

15133.81 16OH 0.7 0.65 - -

15134.99 16OH t 0.7 0.65 - -

15142.98 16OH 0.5 0.4 - -

15147.98 16OH t 0.5 0.4 - -

15149.88 16OH 0.7 0.6 - -

15152.02 16OH 0.7 0.6 - -

15139.17 16OH t 0.4 bw H2O - -
15162.0 Mn I 0.3 bw H2O - -
15167.2 K I 0.45 0.45 0.9 bw H2O bw H2O
15172.5 K I 0.5 0.4 - bw H2O

15180.24 16OH 0.4 0.35 - -
15211.7 Fe I 0.35 bw H2O - -

15233.45 16OH 0.4 0.35 - -
15247.8 Fe I 0.3 0.35 - -
15263.57 H2O 0.25 0.5 - -
15266.9 Mn I 0.25 bw H2O - -

15268.81 16OH 0.7 0.65 - -

15270.36 16OH 0.7 0.65 - -

15282.74 16OH 0.7 0.65 - -

15285.24 16OH 0.7 0.65 - -

15287.86 16OH t 0.7 0.6 - -

15332.02 16OH 0.7 - - -

15332.74 16OH 0.7 - - -
15339.0 Ti I bwFe I 0.65 0.4 - -

15372.86 16OH 0.55 0.45 - -

15373.21 16OH 0.55 0.45 - -

15374.76 16OH 0.55 0.45 - -

15375.36 16OH t 0.55 0.45 - -

15376.19 16OH t 0.55 0.45 - -

15377.98 16OH 0.55 0.5 - -

15378.45 16OH 0.55 0.4 - -

15379.17 16OH 0.55 0.45 - -

15379.76 16OH 0.55 0.45 - -
15385.6 Ti I 0.25 0.25 - -

15387.02 16OH 0.55 0.45 - -

15387.62 16OH 0.55 0.45 - -

15404.76 16OH 0.6 bw H2O - -

15405.36 16OH 0.6 bw H2O - -

15413.45 16OH 0.75 0.65 - -

15423.57 16OH 0.75 0.6 - -

15426.55 16OH 0.75 0.65 - -

15429.76 16OH 0.6 0.45 - -

15430.36 16OH 0.6 0.45 - -

15431.55 16OH 0.7 0.55 - -

15432.62 16OH 0.7 0.55 - -

15438.57 16OH 0.6 0.45 - -

15439.05 16OH 0.6 0.45 - -

15462.38 16OH 0.6 0.45 - -
15494.5 Fe I 0.3 - - -

15474.05 16OH 0.6 0.45 - -

15474.40 16OH 0.6 0.45 - -

15500.60 16OH 0.6 0.45 - -

15501.19 16OH 0.6 0.45 - -

15539.76 16OH 0.7 0.55 - -



Cool Giant stars - spectral features in the H band

λ [Å] ID 3500K 3000K 2000K 1500K

15540.95 16OH 0.7 0.6 - -
15548.0 Ti I 0.6 0.45 - -

∼15550.0 12C16O - - - 0.7-0.9 bw H2O

15562.14 16OH 0.7 0. - -

15564.52 16OH 0.7 0.6 - -

15572.98 16OH 0.7 0.65 - -

15576.43 16OH 0.7 0.65 - -

15632.0 16OH - 0.6 - -

15632.5 16OH - 0.6 - -

15656.19 16OH 0.7 0.6 - -

15657.86 16OH 0.7 0.6 - -
15719.9 Ti I 0.6 0.35 - -

15721.43 16OH 0.75 0.65 - -

15724.05 16OH 0.75 0.65 - -

15730.95 16OH 0.75 0.65 - -

15734.76 16OH 0.75 0.65 - -
15727.9 Fe I 0.3 bw H2O - -

15759.76 16OH t 0.7 0.6 - -

15760.83 16OH 0.7 0.6 - -
15770.2 D Mg I 0.5 - - -
15773.7 Fe I 0.4 - - -

15781.19 16OH 0.7 0.6 - -

15783.10 16OH 0.7 0.6 - -
15822.5 Fe I 0.4 0.25 - -
15827.1 Fe I 0.35 bw H2O - -

15830.0 16OH t 0.45 0.45 - -

15830.60 16OH 0.4 0.45 - -

15847.62 16OH 0.55 0.4 - -

15848.45 16OH 0.55 0.4 - -

15868.45 16OH 0.5 0.4 - -

15870.24 16OH 0.5 0.4 - -
15872.9 Fe I 0.3 - - -

15889.17 16OH 0.7 0.6 - -

15892.14 16OH 0.7 0.6 - -

15896.43 16OH 0.7 0.55 - -

15902.02 16OH 0.7 0.6 - -
15910.4 Fe I 0.35 - - -

15914.76 16OH 0.7 0.6 - -

15917.02 16OH 0.7 0.6 - -

15934.76 16OH 0.4 0.35 - -

16041.19 16OH 0.7 0.6 - -

16042.98 16OH t 0.7 0.6 - -

16057.14 16OH 0.7 0.6 - -

16059.76 16OH 0.7 0.6 - -

16065.92 16OH 0.7 0.6 - -

16074.05 16OH t 0.7 0.6 - -

16078.57 16OH 0.7 0.6 - -

16128.21 16OH 0.65 0.45 - -

16129.05 16OH 0.65 0.45 - -
16141.2 Ca I t 0.6 0.35 - -
16155.2 Ca I 0.65 0.4 - -
16159.7 Ca I 0.55 0.35 - -
16161.8 Ca I 0.65 0.4 - -

16194.64 D 16OH 0.7 0.6 - -

16196.55 16OH 0.7 0.6 - -
16201.5 Ca I 0.6 0.4 - -

∼16202.0 12CH4 t - - - 0.9-0.95

16208.57 16OH bwCaI 0.7 0.6 - -

16211.55 16OH 0.75 0.65 - -

16235.83 16OH 0.7 0.5 - -

16252.38 16OH 0.75 0.6 - -

16256.07 16OH 0.75 0.6 - -

16259.40 16OH 0.75 0.6 - -

16264.64 16OH 0.75 0.6 - -

16345.60 16OH 0.45 0.35 - -

16350.60 16OH 0.7 0.5 - -

16352.02 16OH 0.7 0.5 - -

16356.55 16OH 0.75 0.6 - -

16359.05 16OH 0.75 0.6 - -

16369.05 16OH bwMgINiI 0.75 0.6 - -

16372.62 16OH 0.75 0.6 - -
16378.3 Na I - - - 0.95
16393.3 Na I 0.35 0.25 - bw H2O

16406.3 Ti I 0.4 bw 12C16O - -

16452.62 16OH t 0.75 0.6 - -

16459.0 Ti I 0.5 bw 12C16O - -

16475.60 16OH 0.7 0.55 - -

16477.38 16OH 0.7 0.55 - -

16479.05 16OH t 0.55 0.4 - -
16491.2 Fe I bwH2O 0.4 - - -

16527.86 16OH 0.75 0.6 - -

16530.71 16OH 0.75 0.6 - -

16539.05 16OH t 0.75 0.6 - -

16543.10 16OH 0.75 0.6 - -



Cool Giant stars - spectral features in the H band

λ [Å] ID 3500K 3000K 2000K 1500K

16585.83 16OH t? 0.7 0.55 - -

16586.79 16OH t? 0.7 0.55 - -

16610.0 16OH 0.7 0.55 - -

16612.02 16OH 0.7 0.55 - -
16639.7 Ti I 0.45 bw H2O - -

16708.93 16OH 0.7 0.6 - -

16712.02 16OH 0.7 0.6 - -
16712.1 Mn I 0.7 bw 16OH - -

∼16712.0 12C16O - 0.25 - -

16719.05 16OH 0.7 0.6 - -
16723.5 Al I bwOH 0.7 0.6 - -

16732.98 16OH 0.7 0.5 - -

16734.40 16OH 0.7 0.5 - -

16753 16OH - 0.55 - -

16756 16OH - 0.55 - -
16755.1 Al I - 0.45 - 0.7 bw H2O
16767.9 Al I 0.55 - - -

16889.17 16OH t 0.7 0.55 - -

16890.83 16OH t 0.7 0.55 - -

16907.38 16OH t 0.7 0.55 - -

16908.81 16OH t 0.7 0.6 - -

16910.24 16OH 0.7 0.55 - -

16913.93 16OH 0.7 0.6 - -

17008.45 16OH t 0.6 0.45 - -

17009.05 16OH 0.55 bw H2O - -

17054.76 16OH t 0.7 0.55 - -

17056.79 16OH t 0.7 0.55 - -

17070.83 16OH t 0.7 0.6 - -

17074.05 16OH t 0.7 0.6 - -

17078.45 D 16OH t 0.65 0.5 - -

- many H2O + 12C16O - 0.2-0.3 - -

17100.95 16OH t 0.7 0.6 - -

17105.12 16OH t 0.7 0.6 - -

17109.40 16OH 0.7 0.6 - -
17113.3 Mg I 0.65 0.4 - -

17114.88 16OH bwH2O 0.7 0.6 - -

17123.21 16OH 0.65 0.45 - -

17124.17 16OH 0.65 0.55 - -
17128.5 ? 0.5 bw H2O - -

- many H2O + 12C16O - 0.3-0.5 - -

17232.62 16OH 0.75 0.55 - -
- many H2O - 0.3-0.5 - -

17313.21 16OH 0.75 0.6 - -

17317.74 16OH t 0.75 0.6 - -

17382.86 16OH t 0.65 bw H2O - -

17384.76 16OH t 0.7 bw H2O - -
- many H2O - 0.3-0.6 - -

17412.2 ? t 0.55 - - -

17415.83 16OH t 0.7 bw H2O - -

17418.69 16OH t 0.7 bw H2O - -

17428.57 16OH 0.75 bw H2O - -

17432.98 16OH 0.75 bw H2O - -
- many H2O - 0.4-0.6 - -

17500.60 16OH 0.65 0.5 - -

17501.79 16OH 0.65 0.55 - -

17528.21 16OH 0.7 bw H2O - -

17530.36 16OH 0.7 0.5 - -
- many H2O - 0.4-0.7 - -

17612.02 16OH 0.7 bw H2O - -

17615.36 16OH 0.7 bw H2O - -

17623.69 16OH t 0.7 0.6 - -

17628.57 16OH t 0.7 bw H2O - -
17622.142 H2O t 0.6 0.7 - -
17632.98 H2O t 0.6 0.5 - -
17657.02 H2O t 0.6 0.7 - -

17660.24 16OH t 0.7 0.5 - -

17661.55 16OH t 0.7 0.5 - -

17686.79 16OH t 0.7 bw H2O - -
17682.86 H2O t 0.6 0.6 - -
17690.0 H2O 0.6 0.7 - -
17695.0 H2O t 0.6 0.7 - -

17716.55 D H2O 0.65 0.6 - -
17730.83 D H2O t 0.65 0.7 - -

17774.64 16OH t 0.6 bw H2O - -
17783.21 H2O 0.6 0.7 - -
17791.19 H2O t 0.6 0.7 - -
17814.64 H2O t 0.65 0.75 - -

17819.40 16OH 0.7 0.55 - -

17823.45 16OH 0.7 bw H2O - -

17835.60 16OH t 0.7 bw H2O - -



Table 18: Detected spectral features in M dwarf spectra in the H band
region. The sign ’?’ in column 2 (ID) means that the features is
not identified, while the letter ’t’ stands for a feature blended with
a telluric line.

Cool Giant Stars spectral features in the K band

λ [Å] ID 3500K 3000K 2000K 1500K
- many H2O - 0.2-0.4 0.4-0.9 0.4-0.8

21266.3 Y I 0.5 bwH2O - - -
21302.02 H2O 0.3 0.4 - 0.65
21341.19 bwH2O,NaI t? 0.35 0.4 - 0.6
21351.79 ? 0.35 0.4 - 0.4
21355.83 OH 0.4 - - -
21371.79 H2O 0.35 0.5 - 0.8
21403.81 H2O b 0.4 0.5 - 0.75

21458.1/2 D Na I bwH2O 0.35 - - -
21569.9 V I bwH2O 0.35 - - -
21580.1 Y I bwH2O 0.45 - - -
21658.81 OH 0.3 H2O 0.3 - -
21684.40 ? 0.3 bw H2O - -

- many H2O - 0.2-0.3 - -

- many 12CH4 - - - 0.4-0.9
21736.4 Sc I bwH2O 0.35 - - -
21788.6 Ti I 0.55 - - 0.55
21903.3 Ti I t 0.5 bw H2O - bw H2O
21948.6 K I - 0.3 0.45 0.55 bw H2O
21953.8 K I - 0.2 0.2 bw H2O

- many H2O - 0.2-0.3 0.3-0.85 -

- many 12CH4 - - - 0.4-0.9
22058.2 ? 0.5 - - -
22062.4 Na I 0.6 0.55 0.55 0.4
22071.2 Sc I bw H2O 0.5 - 0.25 -
22089.7 Na I 0.6 0.5 0.4 0.25
22097.5 V I 0.3 - - -

- many H2O - 0.2-0.4 0.3-0.85 -
22213.2 Sc I bwH2O t 0.35 0.25 - -
22216.7 Ti I 0.55 bw H2O - -
22239.0 Ti I bwH2O 0.55 0.35 - -
22263.2 Fe I bwH2O 0.35 bw H2O - -
22272.8 Sc I 0.4 0.3 - -
22280.1 Ti I 0.5 0.3 - -
22284.0 Ca I bwH2O 0.35 - - -
22316.0 Ti I bwOH t 0.5 0.3 - -
22386.9 Fe I 0.35 bw H2O - -
22400.8 Sc I bwH2O 0.45 0.3 - -
22449.8 Ti I 0.45 0.25 - -
22493.9 V I bwH2O t 0.3 bw H2O - -

- many H2O - 0.1-0.3 - -
22550.0 ? bwH2O t 0.45 0.4 - -

- many H2O - 0.2-0.45 - -
22614.1 Ca I t? 0.35 0.25 - -
22626.0 Fe I 0.35 - - -
22627.6 Ti I 0.35 - - -
22631.1 Ca I 0.4 0.25 bw H2O -
22657.4 Ca I 0.4 0.25 - -

- many H2O - 0.2-0.4 - -

- many 12CH4 - - - 0.6-1.0

22827.3 Ca I t 0.4 0.25 bw H2O bw 12CH4
- many H2O - 0.2-0.45 0.4-0.8 0.5-1.0

22935-23220 12C16O t 0.5-0.65 0.5-0.6 0.7-0.9 0.8-0.95
22969.6 Ti I 0.5 - - -
22992.5 Sc I 0.5 - - -

- many H2O - 0.2-0.45 0.6-0.9 0.6-0.9

- many 12CH4 - - - 0.5-0.95

23220.5-23520 12C16O 0.45-0.6 0.45-0.6 0.8-0.95 0.8-0.95
23385.5 Na I 0.5 - - -

23520.5-23820.5 12C16O 0.4-0.6 0.4-0.6 0.7-0.95 0.8-0.95

23821-24000 12C16O 0.4-0.6 0.4-0.6 0.7-0.95 0.8-0.95



Table 19: Detected spectral features in M dwarf spectra in the J band
region. The sign ’?’ in column 2 (ID) means that the features is
not identified.

M Dwarf spectral features in the J band

λ [Å] ID 2800K 2900K 3000K 3100K 3200K 3300K 3400K 3500K 3600K 3700K 3800K
12000.5 ? - - - - - 0.33 0.30 - - - -
12004.2 ? - - - - - 0.33 - - - - -
12006.6 ? - - - - - 0.31 - - - - -
12011.8 ? - - - - - 0.31 - - - - -
12017.1 ? - - - - - 0.37 0.33 0.31 - - -
12021.5 ? - - - - - 0.36 0.33 0.30 - - -
12023.4 ? - - - - - 0.34 0.31 - - - -
12029.1 ? - - - - 0.34 0.35 0.32 0.30 - - -
12029.8 ? - - - - - 0.33 - - - - -
12044.5 ? - - - - 0.33 0.30 - - - - -
12049.5 ? - - - - - 0.32 - - - - -
12069.5 ? - - - - - 0.35 0.32 - - - -
12103.3 ? - - - - - - 0.35 0.33 - - -
12107.5 ? - - - - - 0.37 0.34 0.32 - - -
12118.1 ? - - - - - 0.31 - - - - -
12131.6 ? - - - - - 0.31 - - - - -
12134.0 ? - - - - - - 0.38 0.36 0.32 0.30 -
12146.8 ? - - - - 0.33 0.30 - - - - -
12155.8 ? - - - - - - 0.37 0.34 0.31 - -
12161.7 ? - - - - 0.31 - - - - - -
12178.8 ? - - - - 0.31 - - - - - -
12213.7 ? - - - - - 0.35 0.32 - - - -
12219.3 ? - - - - - - 0.32 0.30 - - -
12221.8 ? - - - - 0.32 - - - - - -
12230.5 ? - - - - - - 0.43 0.41 0.37 0.35 0.33
12239.0 ? - - - - - 0.34 0.31 - - - -
12242.7 ? - - - - - - 0.36 0.34 0.31 - -
12246.4 ? - - - - 0.31 - - - - - -
12267.1 ? - - - - - 0.33 0.30 - - - -
12275.2 ? - - - - - 0.39 0.35 0.33 - - -
12276.0 ? - - - - - 0.33 - - - - -
12293.1 ? - - - - - 0.32 - - - - -
12296.4 ? - - - - - 0.33 - - - - -
12297.2 ? - - - - - 0.34 0.30 - - - -
12311.3 ? - - - - - 0.34 - - - - -
12318.6 ? - - - - - 0.31 - - - - -
12322.8 ? - - - - - 0.37 0.34 0.31 - - -
12329.1 ? - - - - - 0.37 0.34 0.32 - - -
12333.7 FeH 0.51 0.44 0.39 0.34 0.31 - - - - - -
12347.2 ? - - - - - 0.31 - - - - -
12350.9 ? - - - - - 0.31 - - - - -
12353.3 ? - - - - - 0.31 - - - - -
12359.8 ? - - - - - 0.30 - - - - -
12366.5 FeH 0.43 0.36 0.32 - - - - - - - -
12375.9 ? - - - - - 0.31 - - - - -
12393.1 ? - - - - 0.31 - - - - - -
12398.6 FeH 0.47 0.40 0.35 0.31 - - - - - - -
12402.2 ? - - - - 0.33 0.30 - - - - -
12406.8 FeH 0.46 0.40 0.34 - - - - - - - -
12407.7 ? - - - - - 0.34 0.31 - - - -
12409.9 ? - - - - 0.34 - - - - - -
12415.0 FeH 0.35 - - - - - - - - - -
12424.5 ? - - - - 0.34 0.32 - - - - -
12435.6 K I 0.88 0.86 0.83 0.79 0.75 0.70 0.65 0.61 0.55 0.51 0.47
12442.4 ? - - - - 0.31 - - - - - -
12450.0 FeH 0.36 - - - - - - - - - -
12475.3 FeH 0.44 0.37 0.32 - - - - - - - -
12498.5 ? 0.40 0.33 - - - - - - - - -
12519.6 ? - - - - 0.32 - - - - - -
12521.3 ? - - - - 0.32 - - - - - -
12525.5 K I t 0.91 0.89 0.87 0.83 0.80 0.76 0.71 0.67 0.62 0.58 0.54
12551.4 FeH 0.42 0.35 0.31 - - - - - - - -
12577.2 FeH 0.34 0.28 - - - - - - - - -
12588.4 FeH 0.49 0.41 0.36 0.30 - - - - - - -
12593.8 FeH 0.49 0.42 0.37 0.31 - - - - - - -
12611.2 FeH 0.49 0.43 0.37 0.32 - - - - - - -
12614.8 FeH 0.36 0.29 - - - - - - - - -
12620.7 ? - - - - - 0.32 - - - - -
12622.0 ? - - - - - 0.32 - - - - -
12636.0 FeH 0.41 0.34 0.30 - - - - - - - -
12641.6 FeH 0.43 0.37 0.32 - - - - - - - -
12662.1 FeH 0.48 0.41 0.36 0.30 - - - - - - -
12668.3 FeH 0.44 0.38 0.33 - - - - - - - -
12675.1 ? - - - - 0.32 0.30 - - - - -
12677.8 ? - - - - 0.30 - - - - - -
12682.6 Na I - - - - 0.35 0.39 0.42 0.44 0.43 0.43 0.42
12697.5 FeH 0.37 0.30 - - - - - - - - -
12706.3 ? - - - - 0.30 - - - - - -
12708.9 ? - - - - 0.33 0.31 - - - - -
12730.7 ? - - - - - 0.34 0.31 - - - -
12732.9 FeH 0.43 0.35 0.31 - - - - - - - -
12750.8 ? - - - - 0.31 - - - - - -
12779.7 ? - - - - 0.34 0.31 - - - - -
12795.1 ? - - - - 0.30 - - - - - -
12809.7 ? - - - - 0.30 - - - - - -
12814.4 ? - - - - 0.31 - - - - - -
12818.9 ? - - - - 0.33 0.31 - - - - -



M Dwarf spectral features in the J band

λ [Å] ID 2800K 2900K 3000K 3100K 3200K 3300K 3400K 3500K 3600K 3700K 3800K
12825.1 Ti I - - - - - - - 0.32 0.34 0.36 0.39
12834.9 Ti I - - - - - - - 0.39 0.41 0.44 0.47
12850.5 Ti I - - - - - - - - 0.31 0.34 0.37
12862.9 ? - - - - 0.32 - - - - - -
12903.2 Mn I - - 0.36 0.36 0.41 0.44 0.46 0.48 0.48 0.50 0.51
12910.7 ? - - - - 0.31 - - - - - -



Table 20: Detected spectral features in M dwarf spectra in the H band
region. The sign ’?’ in column 2 (ID) means that the features is
not identified, the letter ’t’ stands for a feature blended with a
telluric line.

M Dwarf spectral features in the H band

λ [Å] ID 2800K 2900K 3000K 3100K 3200K 3300K 3400K 3500K 3600K 3700K 3800K

15006.2 16OH t 1 - - - - - - - 0.36 0.39 0.39

15007.2 16OH t - - - - - - - - 0.36 0.39 0.39

15025.1 16OH - - - - - - - - 0.4 0.42 0.42

15026.9 16OH t - - - - - - - - 0.4 0.42 0.42

15133.8 16OH - - - - - - - - 0.38 0.4 0.4

15135.0 16OH t - - - - - - - - 0.35 0.38 0.38

15149.9 16OH - - - - - - - 0.36 0.39 0.41 0.42

15152 16OH - - - - - - - 0.34 0.36 0.39 0.39
15167.2 K I - - 0.52 0.49 0.47 0.45 0.42 0.4 0.36 0.34 0.31
15172.5 K I - - - - 0.39 0.38 0.35 0.33 0.29 0.27 0.25
15187.2 ? - - - - - - - - - 0.24 0.23

15268.7 16OH - - - - - - - - 0.35 0.37 0.38

15270.3 16OH - - - - - - - - 0.35 0.38 0.39

15282.6 16OH - - - - - - - 0.33 0.36 0.38 0.38

15285.2 16OH - - - - - - - 0.35 0.38 0.41 0.41
15287.7 ? - - - - - - - - - 0.27 0.28
15395.3 ? - - - - - - - - - 0.3 0.32

15411.4 16OH 0.41 - - - - - - - 0.36 0.39 0.42

15413.3 16OH 0.4 - - - - - - - 0.35 0.37 0.38

15423.6 16OH 0.4 - - - - - - 0.33 0.35 0.38 0.38

15426.5 16OH 0.41 - - - - - - 0.35 0.35 0.37 0.38
15433.8 ? - - - - - - - - - - 0.31

15539.7 16OH - - - - - - - - - - 0.3

15540.9 16OH - - - - - - - - - - 0.3

15562.2 16OH 0.36 - - - - - - 0.3 0.32 0.35 0.36

15564.4 16OH -655 - - - - - - 0.31 0.31 0.34 0.35

15573.0 16OH 0.41 - - - - - - 0.33 0.36 0.39 0.39

15576.3 16OH 0.42 - - - - - - 0.33 0.36 0.38 0.39

15630.9 16OH - 0.33 - - - - - - - - -

15631.6 16OH 0.35 - - - - - - - - - -

15656.1 16OH 0.35 - - - - - - - - 0.29 0.31

15657.7 16OH 0.39 - - - - - - - - 0.31 0.31

15721.4 16OH 0.36 - - - - - - - 0.34 0.37 0.38

15723.9 16OH 0.34 - - - - - - - 0.3 0.32 0.33

15731.0 16OH 0.39 - - - - - - 0.3 0.34 0.37 0.38

15734.7 16OH 0.38 - - - - - - 0.3 0.34 0.37 0.38

15759.8 16OH t - 0.32 - - - - - - - 0.31 0.32

15760.8 16OH - 0.33 - - - - - - - 0.31 0.32

15781.1 16OH - - - - - - - - - 0.32 0.33

15783.0 16OH - - - - - - - - - 0.29 0.31

15889.2 16OH - - - - - - - - 0.3 0.33 0.34

15892.2 16OH - - - - - - - - 0.31 0.34 0.36

15897.8 16OH 0.39 - - - - - - 0.36 0.4 0.43 0.44

15902.0 16OH 0.36 - - - - - - - 0.31 0.34 0.35

15914.7 16OH 0.32 - - - - - - - 0.27 0.3 0.31

15917.0 16OH 0.33 - - - - - - - 0.27 0.3 0.32

16041.2 16OH - - - - - - - - 0.26 0.29 0.3

16042.9 16OH t - 0.3 - - - - - - 0.27 0.3 0.31

16057.1 16OH 0.33 0.31 - - - - - 0.25 0.28 0.31 0.32

16059.8 16OH 0.33 0.31 - - - - - 0.25 0.28 0.31 0.33

16066.0 16OH - - - - - - - - 0.26 0.29 0.3

16069.4 16OH 0.32 - - - - - - 0.24 0.27 0.3 0.32

16073.9 16OH t 0.35 - - - - - - 0.26 0.3 0.33 0.34

16078.5 16OH - - - - - - 0.26 0.29 0.32 0.33 -

16194.5 16OH 0.33 1.69 - - - - - 0.31 0.35 0.36 -

16196.5 16OH 0.31 - - - - - - - 0.28 0.31 0.33

16208.5 16OH - 0.3 - - - - - - 0.3 0.33 0.35

16211.6 16OH - 0.32 - - - - - - 0.3 0.33 0.34

16252.3 16OH 0.35 0.31 - - - - - 0.24 0.27 0.31 0.32

16256.1 16OH - - - - - - - - 0.26 0.3 0.31

16259.4 16OH 0.3 - - - - - - - 0.26 0.29 0.3

16264.6 16OH 0.3 - - - - - - - 0.26 0.29 0.31

16356.6 16OH - - - - - - - - - 0.26 0.28

16359.0 16OH 0.31 - - - - - - - 0.25 0.28 0.3

16369.0 16OH 0.31 - - - - - - - 0.26 0.29 0.31

16372.6 16OH 0.31 - - - - - - - 0.26 0.3 0.31
16448.3 ? - - - - - - - - - - 0.31

16452.5 16OH t - - - - - - - - 0.22 0.25 0.27

16528.0 16OH - - - - - - - - 0.23 0.26 0.28

16530.7 16OH - - - - - - - - 0.22 0.26 0.28

16539.1 16OH t 0.31 - - - - - - - - 0.26 0.28

16543.0 16OH - - - - - - - - 0.24 0.26 0.27

16708.9 16OH - - - - - - - - 0.22 0.26 0.28
16712.0 ? - - - - - - - - - 0.25 0.26

16718.9 16OH - - - - - - - - 0.24 0.28 0.3

16723.4 16OH - - - - - - - - 0.28 0.32 0.35

16899.7 16OH - - - - - - - - - - 0.23



M Dwarf spectral features in the H band

λ [Å] ID 2800K 2900K 3000K 3100K 3200K 3300K 3400K 3500K 3600K 3700K 3800K

16903.3 16OH - - - - - - - - - - 0.25

16913.9 16OH - - - - - - - - 0.21 0.24 0.27

17101.0 16OH t - - - - - - - - - - 0.23

17105.1 16OH t - - - - - - - - - - 0.26
17320.8 ? t 0.47 0.41 0.36 - - 0.25 0.22 - - - -
17329.5 ? t 0.4 - 0.3 - - - - - - - -
17403.8 H2O - - 0.38 - - - - - - - -
17412.0 ? t 0.55 0.47 0.41 0.34 0.33 0.3 0.29 0.23 - - -
17426.9 ? t - - - - - 0.26 0.24 0.25 - - -
17464.9 H2O 0.51 0.41 0.36 0.31 - - 0.21 - - - -
17468.1 H2O 0.48 0.41 0.36 - - - 0.2 - - - -
17491.8 H2O 0.52 0.45 0.38 0.32 - 0.25 0.22 - - - -
17536.9 H2O t - 0.49 0.44 0.39 0.36 0.33 0.29 0.26 0.21 - -
17541.7 ? t 0.54 0.49 0.43 0.36 0.32 0.28 0.24 - - - -
17544.4 ? t - 0.47 0.41 0.34 0.3 0.27 0.23 - - - -
17546.2 H2O 0.57 0.51 0.46 0.39 0.35 0.32 0.28 - - - -
17559.2 ? t - 0.53 0.46 0.39 0.34 - - - - - -
17561.7 ? t - 0.51 0.44 0.37 0.32 - - - - - -
17577.7 H2O 0.63 0.57 0.51 0.44 0.39 0.35 0.31 0.27 - - -
17586.0 ? t 0.58 0.5 0.44 0.36 0.32 0.28 0.24 - - - -
17622.2 ? t - 0.57 0.51 - - - - - - - -
17632.9 H2O 0.59 0.52 0.47 0.39 0.35 0.31 0.27 0.24 - - -
17678.5 ? t 0.61 0.53 - 0.42 0.37 0.33 - - - - -
17682.7 ? t - 0.59 - - - 0.35 - - - - -
17690.0 ? t - 0.52 0.47 0.4 0.36 0.32 0.28 0.25 - - -
17694.9 H2O t 0.65 0.58 0.51 0.44 0.39 0.34 0.29 0.25 - - -
17711.2 ? t 0.59 0.51 0.45 0.37 - - - - - - -
17724.6 H2O t - - - 0.57 0.46 0.41 0.36 0.32 0.25 - -
17730.8 H2O 0.69 0.62 0.56 0.49 0.44 0.4 0.35 0.31 0.25 - -
17765.3 H2O t - 0.64 0.57 0.5 0.45 0.4 0.36 0.31 - - -
17774.6 H2O t - 0.49 0.45 0.39 - 0.33 0.29 0.26 - - -
17783.1 H2O t - - - 0.38 0.34 0.31 0.28 0.25 - - -
17791.1 H2O t 0.67 0.59 0.53 0.45 0.39 0.35 0.3 0.25 - - -
17797.9 H2O 0.68 0.62 0.55 0.45 0.4 0.36 0.31 - - - -
17814.6 H2O 0.71 0.64 0.57 0.5 0.44 0.4 0.34 1.7 - - -
17817.3 ? t 0.67 0.59 - - - - - - - - -
17829.1 ? t - 0.62 0.57 0.51 0.47 0.43 0.39 0.35 0.3 - -
17832.1 H2O - 0.62 0.56 - - - - - - - -
17842.9 H2O 0.71 0.64 0.57 0.49 0.43 0.38 0.33 0.28 - - -
17847.2 H2O 0.71 0.63 0.55 0.47 0.42 0.36 0.31 - - - -
17848.9 ? - 0.6 0.54 0.46 0.42 0.39 0.35 - - - -
17857.4 H2O 0.76 0.69 0.63 0.56 0.5 0.45 0.4 - - - -
17859.7 H2O 0.72 0.65 0.57 0.49 0.42 0.37 0.35 - - - -
17871.4 H2O t 0.77 0.7 0.63 0.55 0.49 0.44 0.38 - - - -
17874.8 H2O 0.72 0.65 0.59 0.52 0.46 0.41 0.36 - - - -
17876.3 ? t - - - 0.47 - 0.38 - - - - -
17882.1 H2O 0.68 0.62 0.56 0.49 0.45 0.4 0.35 0.31 0.25 - -
17888.5 ? 0.61 -460 0.46 - - - - - - - -
17911.4 H2O 0.72 0.65 0.59 0.52 0.47 0.42 0.37 0.32 0.26 - -
17914.3 H2O 0.76 0.69 0.63 0.55 0.49 -570 0.38 - - - -
17919.2 H2O t 0.75 0.68 1.39 - - - - - - - -
17927.6 H2O t 0.73 0.66 0.59 0.52 0.46 0.41 0.35 0.31 - - -
17939.3 ? t 0.66 0.58 0.49 - - - - - - - -
17942.5 H2O 0.76 0.7 0.63 0.56 0.51 0.46 0.41 0.36 0.3 - -
17952.8 H2O 0.77 0.7 0.63 0.55 0.49 0.44 0.38 0.33 0.27 - -
17970.1 H2O 0.74 0.67 0.6 0.52 0.46 0.41 0.36 - - - -
17975.6 H2O t 0.75 0.69 0.62 0.55 0.49 0.44 0.39 0.34 0.28 0.22 -
17984.4 H2O t 0.6 0.52 0.5 0.4 0.39 0.36 0.32 - - - -
17991.7 H2O t 0.71 0.68 0.63 0.58 0.53 0.49 0.45 0.41 0.35 0.29 0.22
17998.2 H2O 0.68 0.6 0.53 - - - - - - - -
17999.9 ? 0.65 0.57 0.51 - - - - - - - -



Table 21: Detected spectral features in M dwarf spectra in the K band
region. The sign ’?’ in column 2 (ID) means that the features is
not identified.

M Dwarf spectral features in the K band

λ [Å] ID 2800K 2900K 3000K 3100K 3200K 3300K 3400K 3500K 3600K 3700K 3800K
20525.7 ? 0.62 0.57 0.52 0.45 0.42 0.38 0.34 0.3 - - -
20639.3 ? - 0.62 0.58 0.52 0.48 0.44 0.41 0.37 0.33 - -
20661.7 ? - - - 0.45 0.42 0.4 0.37 0.33 0.29 - -
21662.1 ? 0.51 - - - - - - - - - -
21788.6 Ti I - - - - - - - - - 0.3 0.32
22062.4 Na I - - - 0.55 0.56 0.57 0.57 0.56 0.55 0.53 0.5
22089.6 Na I - - - 0.49 0.51 0.52 0.52 0.52 0.5 0.49 0.47
22917.7 ? - - 0.33 - - - - - - - -

22935.3 12C16O 0.65 0.59 0.55 0.5 0.47 0.44 0.42 0.4 0.37 0.36 0.35

22937.8 12C16O 0.59 0.53 0.48 0.43 0.4 0.37 0.35 0.33 0.3 0.29 0.28

22939.5 12C16O 0.59 0.53 0.49 0.43 0.4 0.37 0.34 0.33 0.31 0.29 0.28

22941.6 12C16O 0.58 0.53 0.48 0.42 0.39 0.37 0.34 0.33 0.3 0.28 0.27

22944.1 12C16O 0.59 0.53 0.48 0.43 0.4 0.38 0.35 0.33 0.31 0.29 0.28

22947.0 12C16O 0.6 0.55 0.5 0.44 0.41 0.38 0.36 0.34 0.31 0.3 0.28

22950.3 12C16O 0.61 0.55 0.5 0.44 0.41 0.39 0.36 0.34 0.31 0.3 0.29

22954.0 12C16O 0.62 0.56 0.51 0.46 0.42 0.4 0.37 0.35 0.32 0.31 0.29

22958.1 12C16O 0.62 0.56 0.52 0.46 0.42 0.4 0.37 0.35 0.32 0.3 0.29

22962.6 12C16O 0.63 0.57 0.52 0.47 0.43 0.4 0.37 0.35 0.32 0.31 0.29

22967.5 12C16O 0.65 0.59 0.54 0.48 0.44 0.41 0.38 0.36 0.33 0.32 0.3

22972.8 12C16O 0.65 0.59 0.54 0.48 0.44 0.41 0.38 0.36 0.33 0.31 0.3

22978.6 12C16O 0.67 0.61 0.56 0.5 0.47 0.44 0.4 0.38 0.35 0.33 0.32

22984.7 12C16O 0.68 0.62 0.57 0.51 0.47 0.44 0.41 0.38 0.35 0.34 0.32

22991.2 12C16O 0.69 0.63 0.58 0.52 0.48 0.45 0.42 0.39 0.36 0.34 0.32

22998.1 12C16O 0.69 0.64 0.59 0.52 0.48 0.45 0.42 0.39 0.36 0.34 0.32

23005.4 12C16O 0.7 0.64 0.59 0.53 0.49 0.46 0.42 0.39 0.36 0.34 0.32

23013.1 12C16O 0.71 0.65 0.59 0.53 0.49 0.45 0.42 0.4 0.36 0.34 0.33

23021.2 12C16O 0.71 0.65 0.59 0.53 0.49 0.45 0.42 0.4 0.36 0.35 0.33

23029.8 12C16O 0.73 0.67 0.59 0.52 0.51 0.47 0.44 0.41 0.38 0.36 0.34

23038.7 12C16O 0.73 0.67 0.62 0.55 0.5 0.47 0.44 0.41 0.38 0.35 0.33

23048.0 12C16O 0.73 0.67 0.61 0.55 0.5 0.47 0.43 0.4 0.37 0.35 0.33

23057.7 12C16O 0.73 0.67 0.62 0.55 0.5 0.47 0.43 0.4 0.37 0.35 0.33

23067.8 12C16O 0.73 0.67 0.61 0.54 0.5 0.46 0.42 0.39 0.36 0.34 0.32

23078.4 12C16O 0.75 0.68 0.63 0.56 0.52 0.48 0.44 0.41 0.38 0.35 0.33

23089.3 12C16O 0.75 0.68 0.63 0.56 0.51 0.47 0.44 0.41 0.37 0.35 0.33

23100.6 12C16O 0.74 0.67 0.62 0.55 0.5 0.46 0.42 0.4 0.36 0.34 0.32

23112.3 12C16O 0.74 0.68 0.62 0.55 0.5 0.46 0.42 0.39 0.36 0.35 0.31

23124.5 12C16O 0.75 0.69 0.63 0.56 0.51 0.47 0.43 0.41 0.37 0.35 0.33

23137.0 12C16O 0.73 0.67 0.61 0.54 0.49 0.45 0.41 0.38 0.35 0.32 0.3

23150.0 12C16O 0.76 0.69 0.63 0.57 0.52 0.48 0.44 0.41 0.37 0.34 0.32

23163.3 12C16O 0.74 0.67 0.61 0.54 0.49 0.45 0.42 0.38 0.35 0.33 0.31

23177.1 12C16O 0.75 0.68 0.62 0.55 0.5 0.46 0.42 0.39 0.36 0.33 0.31

23191.3 12C16O 0.75 0.68 0.62 0.55 0.5 0.46 0.42 0.39 0.35 0.33 0.31

23205.8 12C16O 0.73 0.66 0.6 0.53 0.48 0.44 0.4 0.37 0.33 0.31 0.29

23220.8 12C16O 0.74 0.67 0.6 0.53 0.48 0.44 0.4 0.37 0.33 0.31 0.29

23230.1 12C16O - 0.5 - - - - - - - - -

23232.1 12C16O 0.57 0.51 - - - - - - - - -

23234.5 12C16O 0.56 0.51 - - - - - - - - -

23236.2 12C16O 0.74 0.68 0.62 0.55 0.51 0.47 0.43 0.41 0.38 0.36 0.34

23240.4 12C16O 0.58 0.53 0.49 0.43 0.41 0.39 0.36 0.35 0.33 0.31 0.3

23244.0 12C16O 0.58 0.51 0.47 0.42 0.4 0.38 0.36 0.35 0.32 0.31 0.3

23248.1 12C16O 0.6 0.55 0.51 0.46 0.44 0.42 0.39 0.38 0.36 0.34 0.33

23252.0 12C16O 0.74 0.67 0.61 0.54 0.49 0.45 0.41 0.38 0.35 - -

23252.5 12C16O 0.64 0.58 0.54 0.48 0.45 0.43 0.4 0.38 0.36 - -

23257.4 12C16O 0.61 0.56 0.52 0.47 0.44 0.42 0.4 0.38 0.36 0.35 0.33

23262.6 12C16O 0.62 0.57 0.52 0.47 0.44 0.42 0.4 0.38 0.36 0.34 0.33

23268.2 12C16O 0.76 0.7 0.64 0.58 0.54 0.51 0.47 0.45 0.41 0.4 0.38

23274.3 12C16O 0.6 0.55 0.51 0.46 0.43 0.41 0.39 0.37 0.35 0.33 0.32

23280.8 12C16O 0.62 0.57 0.53 0.47 0.45 0.42 0.4 0.38 0.35 0.34 0.33

23284.8 12C16O 0.72 0.65 0.59 0.51 0.46 0.42 0.38 0.35 0.31 0.29 0.28

23287.7 12C16O 0.65 0.59 0.55 0.49 0.46 0.44 0.41 0.39 0.37 0.35 0.34

23295.0 12C16O 0.63 0.58 0.54 0.48 0.45 0.43 0.4 0.38 0.36 0.34 0.33

23301.8 12C16O 0.7 0.63 0.56 0.48 - - - - - - -

23302.8 12C16O - - - 0.52 0.49 0.46 0.43 0.41 0.39 0.37 0.36

23310.9 12C16O 0.66 0.61 0.56 0.51 0.48 0.45 0.42 0.41 0.38 0.36 0.35

23319.3 12C16O 0.74 - - - - - - - - - -

23319.4 12C16O - 0.69 0.64 0.58 0.54 0.51 0.47 0.45 0.42 0.4 0.38

23328.4 12C16O 0.68 0.63 0.58 0.53 0.49 0.47 0.44 0.42 0.39 0.37 0.35

23347.5 12C16O 0.68 0.63 0.58 0.54 0.51 0.46 0.43 0.41 0.38 0.37 0.35

23355.4 12C16O 0.65 0.57 0.52 0.46 - - - - - - -

23357.7 12C16O 0.68 0.62 0.58 0.52 0.49 0.46 0.43 0.41 0.38 0.37 0.35

23368.3 12C16O 0.68 0.63 0.58 0.53 0.49 0.46 0.43 0.41 0.38 0.36 0.35

23374.1 12C16O 0.61 0.53 0.46 0.39 - - - - - - -

23379.4 12C16O 0.69 0.64 0.6 0.54 0.5 0.48 0.45 0.42 0.39 0.38 0.36
23385.5 Na I - - - - - - 0.43 0.44 0.44 0.43 0.42

23390.8 12C16O 0.69 0.64 0.59 0.54 0.5 0.47 0.44 0.42 0.39 0.37 0.36
23393.2 ? 0.58 - - - - - - - - - -

23402.6 12C16O 0.69 0.63 0.58 0.53 0.49 0.46 0.43 0.41 0.38 0.36 0.34

23414.9 12C16O 0.7 0.64 0.59 0.54 0.5 0.47 0.44 0.42 0.38 0.36 0.35

23427.5 12C16O 0.68 0.62 0.57 0.51 0.47 0.44 0.41 0.39 0.36 0.34 0.33



M Dwarf spectral features in the K band

λ [Å] ID 2800K 2900K 3000K 3100K 3200K 3300K 3400K 3500K 3600K 3700K 3800K

23440.6 12C16O 0.69 0.63 0.58 0.52 0.48 0.45 0.42 0.4 0.37 0.35 0.34

23454.1 12C16O 0.69 0.64 0.59 0.53 0.49 0.46 0.42 0.4 0.37 0.35 0.34

23468.0 12C16O 0.68 0.63 0.58 0.51 0.48 0.44 0.41 0.39 0.36 0.34 0.33

23482.4 12C16O 0.69 0.63 0.58 0.52 0.48 0.45 0.42 0.4 0.37 0.35 0.32

23497.1 12C16O 0.68 0.63 0.58 0.52 0.48 0.44 0.41 0.39 0.36 0.34 0.32



Table 22: Detected spectral features in Brown dwarf spectra in the H
band region. The sign ’?’ in column 2 (ID) means that the features
is not identified.

Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15001.5 ? 0.57 - - 0.46 - - - - - - - -
15002.1 ? 0.46 0.47 - 0.44 0.44 - - - - - - -
15002.7 ? 0.57 - - - - - - - - - - -
15003.4 ? - 0.52 0.51 0.45 0.45 0.50 - - - - - -
15003.9 ? 0.65 0.62 0.56 - - - - - - - - -
15004 ? - - - - - - - - - - - 0.40

15006.2 ? - - - - - - - - - - - 0.38
15010.4 H2O - - - - 0.50 0.52 0.51 0.49 0.51 0.50 0.49 -
15010.5 ? - - - 0.52 - - - - - - - -
15010.6 ? - - 0.63 - - - - - - - - -
15012.8 ? - 0.69 0.65 0.55 - - - - - - - -
15013.3 ? - 0.69 - - - - - - - - - -
15015.6 ? - - - - - - - - - 0.71 0.70 0.35
15015.9 ? - - - - - - - - - - 0.64 -
15016 H2O - - - 0.68 0.66 0.67 0.66 0.64 0.66 0.65 - 0.41

15017.6 ? - - - - - - - - - - 0.58 -
15017.7 ? - - - - - - - - - - - 0.28
15020.5 ? - 0.81 0.78 - - - - - - - - -
15021 ? - - - - - - - - 0.72 0.70 0.69 -

15021.9 ? - - - - - - - - - - - 0.44
15023 ? - - - 0.64 - - - - - - - 0.33

15023.2 H2O 0.72 0.71 0.69 - - 0.65 0.64 0.64 0.65 0.64 0.63 -
15023.3 ? - - - 0.65 0.64 - - - - - - 0.39
15024.6 ? - - - - - - - - - - - 0.40
15025.1 ? - - - - - - - - - - - 0.38
15026.1 ? - - 0.58 - - - - - - - - -
15026.3 ? 0.65 - - - - - - - - - - -
15026.8 ? 0.63 0.63 - - - - - - - - - -
15026.9 ? - - - - - - - - - - - 0.38
15028.1 ? 0.53 - - - - - - - - - - -
15028.4 ? - - - 0.55 0.54 0.56 0.54 0.53 0.55 0.54 0.52 -
15028.5 ? 0.65 - - - - - - - - - - -
15029.6 H2O 0.51 0.53 - - - 0.48 0.49 0.49 0.52 0.49 0.50 0.36
15029.7 ? 0.49 0.51 - - - - - - - - - -
15030.1 ? 0.73 - - - - - - - - - - -
15033.9 ? - - - - - - - - 0.63 - - -
15034.5 ? - - 0.72 - - - - - - - - -
15035 ? - - - - - - - - - - - 0.25

15036.7 ? - - - 0.82 0.79 0.78 0.76 0.74 0.74 0.71 0.69 0.30
15036.8 ? - - 0.87 - - - - - - - - -
15037 ? - - - - 0.76 0.75 0.73 - - - - -

15038.4 ? - - - - - - - - - - - 0.31
15042.6 ? - 0.61 0.60 - - - - - - - - -
15042.9 ? - - - - - - - - - - 0.39 -
15044.1 ? - - - - - - - - - - 0.45 -
15044.2 ? - - - - - - 0.48 0.47 0.50 0.49 - 0.30
15044.3 ? - - - - - 0.50 - - - - 0.44 -
15044.4 ? - - 0.56 0.51 0.46 - - - - - - -
15044.7 ? 0.65 - - - - - - - - - - 0.29
15047.2 ? - - - - - - - - - - 0.45 -
15047.8 ? 0.59 - - - - - - - - - - -
15051.5 ? 0.61 0.60 - - - - - - - - - -
15053.5 ? - - - - - - - - 0.61 0.60 0.59 -
15054.1 ? - - - - - - - 0.57 - - - -
15055.7 ? 0.55 - - - - - - - - - - -
15056.7 ? 0.57 0.59 - - - - - - - - - -
15057 ? - - - - - - - - - - - 0.27

15057.7 ? - - - 0.45 - - - - - - - -
15058.3 ? - 0.56 0.56 - - - - - - - - -
15058.4 ? 0.58 - - - - - - - - - - -
15058.6 ? 0.62 0.61 - - - - - - - - - -
15059 ? - - - - - - 0.46 0.45 0.48 - - -

15060.4 ? - - - 0.44 - - - 0.43 0.45 0.44 0.43 -
15060.6 ? 0.58 0.60 - - - - - - - - - 0.27
15060.8 ? - - - - - - - - - - 0.42 -
15062.8 ? - - 0.74 - - - - - - - - -
15064.1 ? 0.74 - - - - - - - - - - 0.26
15064.5 ? 0.68 - - - - - - - - - - -
15067.3 ? - - - - - - - - - - - 0.30
15067.8 ? - 0.75 0.74 0.69 0.67 0.68 0.65 0.64 - - - -
15067.9 ? 0.76 - - - - - - - 0.63 0.62 0.61 -
15070.8 ? - - 0.57 - - - - - - - - -
15075.1 ? - - - - - - - - - - - 0.41
15075.8 ? - - 0.69 0.63 0.62 0.64 0.63 0.61 0.58 - - -
15079 ? - - - - - - - - - - - 0.23
15081 ? - - - - - - - - - - - 0.31

15082.1 ? 0.68 0.65 - - - - - 0.55 0.58 0.58 0.58 0.39
15082.2 ? - - - 0.54 0.54 0.57 0.57 - - - - -
15085.3 ? - - - - - - - - - 0.64 0.62 -
15086.1 ? 0.82 0.82 0.80 - - - - - - - - -
15086.4 ? 0.82 0.83 0.79 0.75 0.73 0.73 0.71 0.69 0.70 0.68 0.67 -
15088.7 ? - - - 0.60 0.58 0.60 0.57 0.55 0.56 0.55 0.53 -
15090.8 ? - - 0.50 - - - - - - - - -
15090.9 ? 0.70 - - - - - - - - - - -
15091.3 ? - - - 0.38 - - - - - - - -
15092.9 ? - - - - - - 0.23 0.21 - - - -
15093.6 ? 0.60 0.60 - - - - - - - - - 0.29



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15093.8 ? - - 0.35 - - - - - - - - -
15094.1 ? 0.31 0.34 0.37 - - - - - - - - -
15095.6 ? - - - - - - - - - - - 0.33
15096.2 ? - - 0.54 - 0.47 0.51 - - - - - -
15096.7 ? 0.49 0.49 - - - - - - - - - -
15097.2 ? - - - - - - - - - - - 0.35
15097.5 H2O - - - - - - - - - 0.50 0.50 -
15097.9 ? - - 0.56 - - - - - - - - -
15099.5 ? 0.61 0.62 - - - - - - - - - 0.25
15099.6 ? 0.56 0.57 - - - - - - - - - -
15099.7 ? - - 0.57 - - - - - - - - -
15101.7 ? - - 0.71 0.72 0.68 0.66 0.70 0.69 0.67 0.68 0.66 -
15102 ? 0.84 0.79 - - - 0.61 - - - - - -

15102.1 ? - - 0.70 - - - - - - - - 0.42
15104.7 ? 0.78 - - - - - - - - - 0.68 0.24
15106.1 ? - - - 0.77 0.74 0.71 0.74 0.72 0.68 0.70 - 0.31
15106.2 ? 0.79 0.80 0.78 - - - - - - - - -
15106.6 ? 0.79 0.79 - - - - - - - - - -
15108.3 ? - - 0.70 0.70 0.65 0.62 0.67 0.66 0.62 0.65 0.63 -
15108.6 ? - - - - - - - - - 0.63 - -
15108.7 ? - - 0.68 0.68 0.64 0.61 0.67 0.66 0.62 - 0.61 -
15108.8 ? - - - - - - - - - - - 0.32
15112.5 ? 0.77 0.79 - - - - - - - - - -
15114.3 ? 0.72 - - - - - - - - - - -
15114.6 ? - - - 0.62 - - - - - - - -
15115.8 ? - - - - - - - - - - - 0.29
15115.9 ? - - - - - - - - - 0.53 0.52 -
15117.7 ? 0.74 - - - - - - - - - - -
15117.9 ? - 0.63 - 0.64 0.59 0.56 0.62 0.61 0.58 0.62 0.61 -
15118 ? - - 0.64 - - - - - - - - -

15118.2 ? - - 0.67 - - - - - - - - -
15119 ? 0.77 0.76 - - - - - - - - - 0.36

15120.4 ? 0.50 0.49 0.47 - - - - - - - - -
15120.5 ? - - - - - - - - - - - 0.24
15120.6 ? - - - - - 0.31 0.42 0.42 0.37 - - -
15125.3 ? - 0.78 0.76 - - - - 0.68 0.65 0.67 - -
15125.4 ? 0.78 - - - - - - - - - - -
15125.7 ? 0.76 - - - - - - - - - - -
15125.9 ? - - 0.72 0.71 0.67 0.63 0.68 0.65 - - - -
15127 ? 0.77 - - - - - - - - - - -

15127.5 ? 0.79 - - - - - - - - - - -
15129.4 ? 0.82 - - - - - - - - - - -
15131.6 ? - - - - - 0.50 - - - - - -
15131.7 ? - - - - 0.55 - - - 0.53 - - -
15131.9 ? - - - - - - - - - - - 0.30
15133 ? 0.81 - - - - - - - - - - -

15133.5 ? 0.72 0.72 - - - 0.57 - - - - - -
15133.8 ? - - - 0.70 - - - - - - - 0.40
15133.9 ? - 0.79 0.73 - 0.64 0.60 0.65 0.64 0.61 0.63 0.61 -
15135 ? - - - - - - - - - - - 0.36

15135.6 ? - - - 0.62 0.57 0.53 0.59 - - - - -
15135.7 ? 0.69 0.70 - - - - - - - - - -
15136 ? - - 0.65 - - - - - - - - -

15136.1 ? 0.73 - - - - - - - - - - -
15137.5 ? 0.82 - - - - - - - - - - -
15137.6 ? - - - - 0.60 0.57 0.63 - - - - -
15137.9 ? - - 0.66 - - - - - - - - -
15138 ? - - - - 0.60 0.57 0.64 0.63 - - - -

15138.1 ? - 0.72 0.67 - - - - - - - - -
15140.1 ? - - - 0.67 0.63 0.60 0.65 0.64 0.61 0.63 0.60 -
15140.2 ? - - - - - - - - - - - 0.27
15142.2 ? - - - - - - - 0.53 - - - -
15142.9 ? - 0.65 - - - - - - - - - -
15143.1 ? - - - - - - - - 0.48 0.51 0.50 -
15144.8 ? 0.53 0.51 0.45 - - - - - - - - -
15146.5 ? - - - 0.29 0.25 - - - - - - -
15146.9 ? - - - - - - - 0.27 0.23 0.29 - -
15147.9 ? 0.48 - 0.44 0.31 - - - - - - - 0.21
15148 ? - - - - 0.30 0.28 0.40 0.40 0.36 - - -

15148.4 ? 0.51 0.48 - - 0.41 - - - - - - -
15148.9 ? - 0.46 0.42 0.41 - - - - - - - -
15149.8 ? 0.52 - - - - - - - - - - -
15149.9 ? - - - - - - - - - - - 0.40
15150.7 ? - - - - - - - - 0.40 0.44 - -
15150.8 ? - - - - 0.37 - - - - - - -
15151 ? 0.53 0.56 0.51 0.44 0.39 0.36 0.46 0.45 - - - -

15151.2 ? - - - 0.47 0.43 - - - - - - -
15152 ? - - - - - - - - - - - 0.35

15153.1 ? - - - - - - - - - - 0.44 -
15153.5 ? 0.66 - - - - - - - - - - -
15153.8 ? - 0.54 - - - 0.37 0.48 - - - - -
15153.9 ? - - 0.44 - - - - - - - - -
15154.4 ? - - - 0.40 0.36 - - - - - - -
15155.9 ? - 0.49 - - - - - - - - - -
15156 ? 0.61 - - - - - - - - - - -

15156.2 ? - - 0.49 0.49 - - - - - - - -
15156.4 ? 0.54 0.57 - - - - - - - - - -
15156.8 ? - - - - 0.40 - - - - - - -
15156.9 ? - - - - - 0.35 0.46 0.45 0.41 0.46 0.44 -
15157.1 ? - - - - - - - - 0.44 0.48 0.47 -
15157.5 ? - 0.55 0.52 - - - - - - - - 0.20
15158.5 ? - - 0.47 - - 0.33 - 0.43 - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15158.6 ? 0.64 0.65 - - - - - - - 0.44 - 0.25
15158.7 ? - - - - - - - - - - 0.41 -
15159.1 ? - - - - - - - - - - 0.37 0.22
15159.2 ? - - - 0.43 - - - - - - - -
15159.6 ? 0.69 - - - - - - - - - - -
15162.7 ? - - 0.74 - - - - - - - - -
15163.1 ? - 0.75 - - - - - - - - - -
15163.6 ? 0.81 - - - - - - - - - - -
15164.3 ? - - 0.73 0.73 0.70 0.67 - - - - - -
15165.8 ? 0.66 0.66 - - - - - - - - - -
15167.2 K I - - - - - - - - - - - 0.50
15167.3 ? 0.69 - - - - - - - - - - -
15168.6 ? - - - 0.49 - - - - - - - -
15169 ? - 0.57 - - - - - - - - - 0.31

15169.6 ? - 0.56 0.51 - - - - - - - - -
15169.7 ? 0.67 - - - - - - - - - - -
15170 ? 0.59 - - - - - - - - - - -

15172.5 K I - - - - - - - - - - - 0.44
15173.4 ? - 0.76 - 0.71 0.67 0.63 0.68 - - - - -
15173.5 ? 0.76 - 0.72 - - - - 0.68 0.65 0.67 0.64 -
15173.7 ? 0.80 - - - - - - - - - - -
15173.8 ? - 0.76 0.74 0.75 0.66 0.63 0.68 0.67 0.64 0.66 0.65 -
15174.9 ? - - - - - - - - - - - 0.32
15175.1 ? 0.74 0.74 - - - - - - - - - -
15175.5 ? - 0.71 0.68 0.69 0.63 0.60 0.66 0.65 0.62 - - -
15175.9 ? - - - - - 0.59 - - - - - -
15176.2 ? 0.79 - - - - - - - - - - -
15176.5 ? 0.76 0.75 0.72 - - - - - - - - 0.36
15177.6 ? - - - 0.71 0.67 0.65 0.70 0.69 0.67 0.69 0.68 0.38
15177.8 ? 0.75 0.75 - - - - - - - - - -
15178 ? - 0.72 - - - - - - - - - -

15178.1 ? 0.77 - - - - - - - - - - -
15178.4 ? 0.76 - - - - - - - - - - -
15179.1 ? - - - - - - - - - - - 0.29
15180.7 ? - - 0.60 - - - - - - - - -
15180.8 ? - - - - - - - - - - - 0.29
15182.1 ? 0.64 - - - - - - - - - - -
15182.7 ? - - 0.54 0.53 0.48 0.42 0.50 0.48 0.43 0.46 - -
15183.1 ? - - 0.54 0.53 0.48 0.43 0.50 0.47 0.42 0.45 0.43 -
15184.4 ? - 0.62 0.57 0.56 0.51 0.48 0.55 - - - - -
15187.6 ? 0.79 0.78 0.74 - - - - - - - - -
15189 ? - - - - - 0.48 0.55 0.53 0.49 0.52 0.50 -

15189.1 ? 0.80 - - - - - - - - - - -
15189.4 ? - 0.71 - - - - - - - - - -
15190.4 ? 0.69 0.68 0.64 - - - - - - - - -
15191.4 ? 0.68 - - - - - - - - - - -
15191.5 ? - - - - - - - - - 0.47 0.45 -
15191.9 ? 0.71 0.71 - - - - - - - - - -
15192.2 ? - 0.60 0.56 - - - - - - - - -
15193.7 ? 0.59 0.59 - - - - - - - - - -
15195 ? - 0.47 0.45 - - - - - - - - -

15195.2 ? - - - - - 0.39 0.50 0.49 0.46 0.51 - -
15195.3 ? - - 0.44 0.47 0.44 - - - - - - -
15196.1 ? - 0.53 - - - - - - - - - -
15196.8 ? - - - - - - - - - - - 0.28
15197.4 ? 0.69 - - - - - - - - - - -
15197.8 ? - - - - 0.39 0.37 0.47 0.47 0.44 - - -
15197.9 ? 0.60 - - - - - - - - - - -
15198.1 ? - - - - - - - - - - - 0.29
15198.3 ? - 0.59 - - - - - - - - - -
15198.9 ? - 0.51 0.44 - - - - - - - - -
15200 ? 0.73 - - - - - - - - - - -

15200.4 ? 0.72 0.70 - - - - - - - - - -
15201.4 ? - 0.68 - 0.57 - - - - - - 0.53 -
15201.5 ? 0.72 - - - - - - - - - - -
15201.8 ? - 0.59 - - - 0.55 0.55 0.54 0.52 - - 0.32
15201.9 ? - - - - - - - - - - 0.55 -
15204.3 ? 0.68 0.62 - - 0.45 - - - - - - -
15204.8 ? - - - 0.57 0.54 0.46 0.45 0.45 0.42 0.46 0.43 -
15205 ? - - 0.49 - - - - - - - - -

15205.8 ? 0.80 - - - - - - - - - - -
15207.2 ? 0.70 0.68 - - - - - - - - - -
15207.5 ? 0.69 - - - - - - - - - - -
15207.6 ? - 0.68 0.59 - - - - - - - - -
15207.7 ? - - - 0.53 0.48 0.49 0.48 0.47 0.43 0.47 - -
15207.8 ? - - - - - - - - - - 0.46 0.22
15209.4 ? - 0.66 0.61 0.61 0.57 0.58 0.56 - - - - 0.26
15209.5 ? - - - - - - - 0.52 0.49 0.53 0.53 -
15209.6 ? 0.83 - - - - - - - - - - -
15210.7 ? 0.68 0.65 - - - - - - - - - -
15210.8 ? - - - - - - - - - - 0.44 -
15211.3 ? - - - - - - - - - 0.40 - -
15211.4 ? - - - 0.53 0.48 0.48 0.47 0.45 0.41 - 0.35 -
15212.5 ? 0.71 - - - - - - - - - - -
15213.2 ? - - - 0.55 0.50 0.50 0.49 0.47 0.39 - - -
15213.3 ? - - - - - - - - - 0.42 0.39 -
15214.9 ? 0.76 0.73 0.67 - - - - - - - - 0.22
15215.2 ? - - - - - - - - - - - 0.20
15215.3 ? 0.72 0.70 0.65 0.64 0.60 0.59 0.58 0.55 0.51 0.54 0.53 -
15215.7 ? - - - 0.58 0.52 0.52 0.50 0.49 0.44 0.47 0.45 -
15217 ? - - - - - - 0.54 0.53 - - - -

15217.3 ? - - - - - - - - - 0.47 0.46 -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15217.5 ? 0.75 0.72 - - - - - - - - - 0.25
15217.8 ? 0.73 0.70 - - - - - - - - - -
15218.1 ? 0.76 - - - - - - - - - - -
15219.8 ? 0.72 0.69 0.63 - - - - - - - - -
15220.7 ? - - - - - - - - 0.43 0.46 0.43 -
15221 ? 0.76 - - - - - - - - - - -
15222 ? - - 0.59 - - - - - - - - -

15222.4 ? - - - 0.55 0.51 0.51 0.50 0.49 0.44 - - -
15223.2 ? - 0.68 0.62 - - - - - - - - -
15223.4 ? 0.78 - - - - - - - - - - -
15224.7 ? - - 0.63 0.64 0.60 0.60 0.59 0.57 0.54 0.57 0.55 0.23
15224.9 ? - 0.67 0.63 - - - - - - - - -
15226 ? 0.75 - - 0.63 0.60 - - - - - - -

15227.1 ? - - - - - - - - - 0.58 0.57 -
15227.2 ? 0.81 0.72 - - - - - - - - - -
15227.8 ? 0.80 - - - - - - - - - - -
15228.1 ? - - 0.67 - - - - - - - - -
15228.2 ? - - 0.65 - - - - - - - - -
15228.3 ? - - - - - - 0.57 0.57 0.55 0.59 0.58 -
15228.9 ? - - - - 0.53 0.54 - - - - - -
15229.6 ? 0.61 - - - - - - - - - - -
15230.1 ? - 0.59 0.54 - - - - - - - - -
15230.2 ? 0.70 - - - - - - - - - - -
15230.3 ? - - - - - 0.42 0.42 - - - - -
15230.8 ? - - - - - - - - - - - 0.25
15232.1 ? - - - - 0.32 0.34 0.35 0.35 0.31 0.36 - -
15232.2 ? 0.50 - - - - - - - - - - -
15233.6 ? 0.51 - 0.43 0.37 0.35 0.38 0.39 - - - - -
15234.9 ? 0.65 0.63 - - - - - - - - - -
15235.4 ? 0.53 - 0.44 0.47 - - - - - - - -
15235.8 ? - - 0.49 0.35 0.34 0.37 0.38 0.38 - - - -
15236.3 ? - - - - 0.32 0.36 0.37 0.38 0.35 0.41 - -
15236.6 ? 0.60 0.58 - - - - - - - - - -
15237.7 ? 0.55 - 0.46 - - - - - - - - -
15237.8 ? - - - - - - - - 0.21 - - -
15237.9 ? - - - 0.40 - - - 0.31 - - - -
15238 ? 0.73 - - - - - - - - - - 0.21

15238.9 ? - - 0.42 - - - - - - - - -
15239.3 ? 0.55 - 0.47 0.40 - - - - - - - -
15239.4 ? - - - 0.35 - - - - - - - -
15239.5 ? - - - - - - - 0.30 0.26 0.32 - -
15240.6 ? - - - - 0.44 - - - - - - -
15241.7 ? 0.77 - - - - - - - - - - -
15242 ? - 0.67 - - - - - - - - - -

15242.2 ? 0.72 0.71 0.67 - - - - - - - - -
15242.3 ? - - - 0.60 - - - - - - - -
15242.4 ? - - 0.64 - - - - - - - - -
15242.5 ? - - - 0.59 - - - - 0.50 0.53 0.52 -
15242.8 ? - - - - 0.54 0.54 0.53 0.52 0.48 0.52 - -
15244.2 ? 0.72 0.70 - - - - - - - - - -
15244.6 ? 0.80 - - - - - - - - - - -
15245.4 ? - 0.72 - - - - - - - - - -
15245.7 ? 0.87 - - - - - - - - - - 0.29
15247.3 ? 0.82 0.82 - - - - - - - 0.58 0.56 -
15247.6 ? 0.85 - - - - - - - - - - 0.28
15249.5 ? - 0.70 - - - - - - - - - -
15249.7 ? 0.78 0.76 0.62 - - - - - - - - 0.27
15249.9 ? - - - - - - - - 0.51 - - -
15250.6 ? - - - 0.58 0.54 - - - - - - -
15251 ? 0.69 0.67 - - - - - - - - - -

15251.5 ? 0.68 0.66 - - - - - - - - - -
15252.3 ? - - - - - 0.47 0.47 0.46 0.43 0.47 0.46 -
15252.6 ? 0.73 - - - - - - - - - - -
15253.3 ? - - - 0.58 - - - - - - - -
15253.8 ? - - - - - - - - - - - 0.24
15253.9 ? 0.77 - - - - - - - - - - -
15254 ? - 0.65 - - - - - - - - - -

15254.3 ? 0.67 0.67 - - - - - - - - - -
15255.3 ? - - - - - 0.44 0.44 0.44 0.41 0.45 0.44 -
15255.5 ? 0.73 - - - - - - - - - - 0.24
15255.7 ? - - - - - 0.45 0.45 - - - - -
15255.8 ? - 0.62 0.57 0.53 0.50 - - - - - - -
15256.1 ? 0.56 - - - - - - - - - - -
15256.2 ? - 0.64 0.59 - - - - - - - - -
15257.4 ? - - - - - 0.52 0.52 - - - - -
15257.5 ? 0.77 - - - - - - - - - - 0.29
15258.1 ? - 0.58 0.52 - 0.51 - - - - - - -
15258.5 ? 0.71 - - - - - - - - - - -
15258.7 ? 0.59 0.58 - - - - - - - - - -
15259.8 ? - 0.59 - 0.53 0.50 0.53 - - - - - -
15260.5 ? 0.78 - - - - - - - - - - -
15261.1 ? - - 0.62 - - - - - - - - -
15261.3 ? - - - 0.59 0.56 0.58 0.58 - - 0.56 0.55 -
15261.4 ? - - - - - - - - 0.53 - - -
15261.5 ? - - - - - - - - - 0.56 - -
15261.6 ? - 0.61 0.57 0.59 0.56 0.57 0.57 0.57 0.55 - - -
15262.1 ? 0.70 0.69 - - - - - - - - - -
15263.5 ? 0.78 - - - - - - - - - - -
15263.6 ? - 0.71 0.61 - - - - - - - 0.47 0.37
15263.8 ? - - - - - 0.47 0.48 0.48 0.45 - 0.44 -
15263.9 ? - - - - - - - - - 0.46 - -
15264.9 ? 0.65 0.59 0.54 - - - - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15265.2 ? 0.62 0.61 0.55 - - - - - - - - 0.18
15266.4 ? - 0.57 0.50 - - - - - - - - -
15266.5 ? - - - - 0.39 0.41 0.40 - - - - -
15266.6 ? 0.70 - - - - - - - - - - -
15266.7 ? 0.70 - - - - - - - - - - -
15266.8 ? - 0.67 - - - - - - - - - -
15266.9 ? 0.67 0.64 0.56 - - - - - - - - -
15268.1 ? 0.72 0.69 0.64 - - 0.56 0.56 - - - - -
15268.4 ? 0.74 - - - - - - - - - - -
15268.6 ? - - 0.68 - - - - - - - - -
15268.7 ? - - - - - - - - - - - 0.36
15269.2 ? - - 0.61 - - - - - - - - -
15270.3 ? - - - - - - - - - - - 0.34
15270.9 ? - - - - - - 0.49 0.48 0.44 0.48 0.43 -
15272.2 ? - - 0.55 - - - - - - - - -
15272.9 ? 0.71 0.61 - - - - - - - - - -
15274.7 ? 0.68 0.67 0.58 - - - - - - - - -
15274.8 ? - - - 0.56 0.52 0.53 0.54 0.53 0.50 - - -
15275.2 ? 0.68 - - - - - - - - - - -
15275.3 ? - - - - - - - 0.52 0.49 - - -
15276.2 ? - - 0.62 - - - - - - - - -
15276.5 ? - - 0.55 0.56 - - - - - - - -
15276.6 ? 0.67 0.65 - - - - - - - - - -
15276.8 ? - 0.67 - - - - - - - - - -
15277 ? - - - 0.56 0.50 0.51 0.51 0.50 - - - -

15278.2 ? - 0.61 0.55 0.57 0.54 0.55 0.54 0.54 0.50 - - -
15279.4 ? 0.77 0.75 - - - - - - - - - -
15280.3 ? - - - - - - - - - - 0.62 0.30
15280.4 ? - 0.74 0.71 0.72 0.65 0.65 0.65 0.64 0.61 0.64 - -
15280.5 ? 0.75 - - - - - - - - - - -
15281.9 ? - - 0.53 - - - - - - - - -
15282.6 ? 0.75 0.72 - - - - - - - - - 0.38
15283.2 ? - - 0.46 - - - - - - - - -
15284 ? 0.62 0.58 - - - - - - - - - -

15284.2 ? - - - - 0.45 - - - - - - -
15284.5 ? 0.60 0.57 0.52 - - - - - - - 0.40 -
15285.2 ? - - - - - - - - - - - 0.37
15286.9 ? 0.65 0.63 0.59 - - - - - - - - -
15287.2 ? - - - - - - - - - 0.42 - -
15288.3 ? 0.64 - - - - - - - - - - -
15288.7 ? 0.71 0.68 - - - - - - - - - -
15291.5 ? - - - 0.45 - - - - - - - -
15291.6 ? 0.60 0.59 - - - - - - - - - -
15292.7 ? - - 0.43 - - - - - - - - -
15292.9 ? - 0.58 0.55 - - - - - - - - -
15293.1 ? 0.70 - - - - - - - - - - 0.31
15293.9 ? - - - - - - - - - 0.46 - -
15294 ? - - - - - 0.41 0.42 0.43 0.41 - - -

15294.7 ? 0.67 - - - - - - - - - - -
15295.7 ? - - 0.48 0.51 0.48 0.50 0.50 - - - - -
15295.9 ? 0.62 0.60 - - - - - - - - - -
15297.4 ? 0.71 0.69 - - - - - - - - - -
15299.2 ? - - - 0.56 0.51 - - - - - - -
15299.3 ? - - - - - - - - - - 0.43 -
15299.5 ? - - - - - - - - - - 0.43 -
15299.6 ? - - 0.53 - - - - - - - - -
15299.8 ? - 0.62 - - - - - - - - - -
15299.9 ? 0.67 - 0.59 - - - - - - - - -
15300.9 ? - - 0.63 0.60 0.54 0.55 0.49 0.48 - - - -
15301 ? - - - - - - - - - - 0.45 -

15301.5 ? - - - - - - - - - 0.46 0.45 -
15301.6 ? 0.80 0.78 - - - - - - - - - 0.27
15302 ? 0.64 - - - - - - - - - - -

15302.2 ? 0.70 0.67 0.65 - - - - - - - - -
15302.8 ? - - 0.56 0.50 - - - - - - - -
15303.8 ? 0.74 0.75 - - - - - - - - - 0.20
15304.3 ? 0.61 - - - - - - - - - - -
15305.5 ? - 0.64 - - - - - - - - - -
15306.4 ? - - - - - - - 0.48 - - - -
15306.6 ? - - - - - 0.52 0.51 0.50 - - - -
15306.7 ? 0.65 0.68 0.66 - - - - - - - - -
15306.9 ? - 0.62 0.60 - - - 0.52 0.51 0.52 0.49 0.47 -
15307 ? - - - 0.58 0.55 0.56 - - - - - -

15307.8 ? 0.65 - - - - - - - - - - -
15308.3 ? 0.65 0.66 - - - - - - - - - -
15309 ? 0.67 0.68 0.64 - - - - - - - - -

15309.2 ? - - - 0.51 - - - - 0.45 - - -
15311 ? 0.69 - - - - - - - - - - -

15311.7 ? - - - - - - 0.46 - - - - -
15311.8 ? - 0.68 0.66 - - - - - - - - -
15311.9 ? 0.70 0.69 - 0.53 0.49 0.49 0.48 - - - - -
15312 ? - - - - - - - 0.48 0.50 0.46 0.45 -

15314.3 ? - 0.63 - - - - - - - - - -
15314.5 ? - - - 0.50 - - - - - - - -
15314.6 ? - - - - 0.47 0.49 0.49 0.49 - 0.42 - -
15314.7 ? - - - - - - - - 0.47 - 0.43 -
15315.1 ? - - - - 0.40 - - - - - - -
15315.2 ? - - 0.64 - - - - - - - - -
15315.6 ? 0.60 - - - - - - - - - - -
15316.4 ? - - - - 0.47 0.49 - - - - - -
15316.8 ? - - - 0.47 0.44 0.46 0.46 0.46 0.47 0.44 0.41 -
15317.2 ? - - 0.60 - - - - - - - 0.41 -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15317.3 ? 0.70 - - - - - - - - - - -
15317.4 ? - 0.69 - - - - - - - - - -
15319.7 ? 0.77 - - - - - - - - - - -
15320.1 ? 0.81 0.82 - - - - - - - - - -
15320.6 ? - - 0.73 0.67 - - - - - - - -
15320.7 ? - 0.80 - - - - - - - - - -
15321 ? - - 0.75 0.69 0.67 - - - - - - -

15321.1 ? - - - - - 0.65 0.64 0.64 0.65 0.62 0.60 0.33
15321.7 ? 0.82 0.79 - - - - - - - - - -
15322.9 ? 0.74 - - - - - - - - - - -
15323.5 ? - - - 0.70 0.67 0.68 0.67 0.67 0.67 0.64 0.63 -
15323.8 ? - 0.78 - - - - - - - - - -
15324.1 ? - - 0.75 - - - - - - - - -
15326.1 ? - - - 0.61 - - - - - - - -
15326.6 ? 0.85 0.85 - 0.60 - - - - - - - 0.41
15326.7 ? - - 0.66 - 0.58 0.59 - - 0.56 0.54 0.52 -
15328.5 ? 0.64 - - - - - - - - - - -
15329.5 ? - 0.68 0.67 0.63 0.53 0.55 0.55 0.54 0.55 - 0.46 -
15329.6 ? - - - - - - - - - 0.48 - -
15329.8 ? - - 0.63 0.59 - - - - - - - -
15330 ? - - - 0.51 - - - - - - - -

15330.1 ? - - - - - - - 0.51 0.53 - - -
15330.3 ? 0.73 - - - - - - - - - - -
15330.7 ? 0.73 0.72 - - - - - - - - - -
15332.3 ? - - - - - - - - 0.41 0.37 0.36 -
15332.4 ? - - - - - - - - - - - 0.25
15332.5 ? - - - - - - - - - - 0.36 -
15332.6 ? - - 0.54 0.45 - - - - 0.41 - - 0.23
15333.9 ? - - - 0.48 0.44 - 0.41 0.40 0.42 - - -
15334 ? 0.57 - 0.55 - - - - - - - - -

15334.3 ? - - - - 0.38 0.42 0.42 0.42 0.44 - - -
15335.1 ? 0.55 - - - - - - - - - - -
15337.4 ? - - - - - - - 0.34 0.36 0.31 0.30 -
15338 ? - - - - - - - - - - 0.27 -

15338.6 ? 0.62 0.65 0.62 - - - - - - - - -
15339.2 ? 0.62 - - - - - - - - - - -
15339.3 ? - - - - - - - - 0.40 0.37 - -
15339.8 ? - - - 0.40 0.36 0.40 0.40 0.40 0.41 - - -
15341.1 ? - - - - - - - - - - 0.41 0.22
15341.3 ? 0.68 - - - - - - - - - - -
15341.7 ? - - - 0.38 0.36 0.39 0.40 0.41 0.43 - - -
15342.3 ? - - 0.50 - - - - - - - - -
15342.5 ? 0.66 - - - - - - - - - - -
15343.2 ? - - - - - - - 0.31 0.33 0.29 - -
15343.3 ? - - - 0.40 0.38 0.41 - - - - - -
15344.5 ? - - - - 0.44 0.39 0.40 0.40 0.42 0.39 - -
15344.6 ? - - 0.54 0.52 - - - - - - - 0.21
15344.8 ? 0.53 - - - - - - - - - - -
15345.2 ? - - - - - - - - - - 0.33 -
15346.4 ? - - - - 0.35 - 0.38 0.38 0.40 0.37 0.38 -
15346.5 ? 0.62 - - - - - - - - - - -
15346.6 ? - - - 0.46 - - - - - - 0.36 -
15346.7 ? - - - - - - - - - 0.44 - -
15347 ? 0.56 0.60 0.58 - - - - - - - - -

15347.6 ? 0.69 - - - - - - - - - - -
15348.7 ? - - - 0.46 0.43 0.45 0.45 0.45 0.46 - - -
15349 ? 0.55 - 0.56 - - - - - - - - -

15350.2 ? 0.72 - - - - - - - - - - -
15350.6 ? 0.77 0.72 - - - - - - - - - -
15350.8 ? - - 0.58 0.54 - - 0.52 0.53 0.54 - - -
15350.9 ? - - - - 0.53 0.55 - - - - - -
15351.1 ? - 0.67 - - - - - - - - - -
15351.2 ? - - 0.65 0.60 0.57 0.59 - - - - - -
15352.2 ? - - - - - - - - - 0.51 0.51 -
15352.3 ? - - - - - 0.54 0.54 0.54 0.56 - - -
15352.9 ? 0.78 0.80 0.73 - - - - - - - - -
15353.8 ? - - - - 0.49 - - - - - - -
15354.1 ? - - - 0.47 - - - - - - - -
15354.2 ? 0.55 - - - - - - - - - - -
15355.9 ? - - - - - - - - - 0.33 0.32 -
15356.1 ? 0.66 0.68 - - - - - - - - - -
15356.2 ? - - 0.63 - - - - - - - - -
15356.5 ? 0.61 0.64 0.62 0.48 0.45 0.47 - - - - - -
15357.9 ? - - 0.52 - - - - - - - - -
15358.3 ? 0.68 0.71 - - - - - - - - 0.41 -
15358.4 ? - - - 0.48 - - 0.45 0.45 0.48 0.45 - -
15359.6 ? 0.72 - - 0.39 0.34 - 0.38 0.38 0.40 0.37 - -
15360.1 ? - - - - 0.36 0.38 0.39 0.39 0.41 0.37 0.37 -
15360.2 ? 0.63 0.67 0.64 - - - - - - - - 0.21
15360.7 ? - - - - - - - 0.36 0.38 - - -
15362.3 ? - - 0.55 - - - - - - - - -
15362.7 ? - - - - - - - - - 0.34 0.33 -
15362.8 ? - - - - 0.41 0.43 0.43 0.41 0.42 - - 0.19
15363 ? 0.58 0.61 - - - - - - - - - -

15364.4 ? 0.66 0.64 - - - - - - - - - -
15364.5 ? - - 0.62 - - - - - - - - -
15365.8 ? 0.63 0.67 0.66 - - - - - - - - -
15365.9 ? - - - - - - - - - - - 0.27
15366.1 ? - - - - - - - - 0.55 0.50 0.50 -
15366.9 ? - - 0.64 - - - - - - - - -
15367.9 ? 0.64 - - - - - - - - - - -
15368.8 ? - - - 0.52 - - - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15368.9 ? - - - - 0.44 - - - - - - -
15369.2 ? 0.61 - - - - - - - - - - -
15369.7 ? 0.61 0.65 0.62 - - - - - - - - -
15370.8 ? 0.73 - - - - - - - - - - -
15371.1 ? - - - - - - - 0.33 0.35 0.31 0.28 -
15371.3 ? 0.67 0.69 0.65 0.46 0.43 - - - - - - 0.18
15371.4 ? - - - - - - - 0.34 0.35 0.30 - -
15372.4 ? 0.60 - 0.50 0.45 - - - - - - - -
15373.3 ? - - - - - - - - - - - 0.21
15373.6 ? 0.61 - - 0.62 - - - - - - - -
15375.2 ? - - - - 0.53 0.53 0.52 0.51 0.52 0.48 0.47 -
15375.6 ? - - - - 0.56 - - - - - - -
15377.5 ? - - - 0.54 - 0.50 - 0.46 0.47 - - -
15376 ? 0.66 0.66 - - - - - - - - - -

15377.3 ? 0.68 - - - - - - - - - - -
15377.5 ? 0.72 0.65 0.60 - 0.48 - 0.47 - - - - -
15378.8 ? 0.60 - - - - - - - - - - -
15379.7 ? - - - 0.58 - - - - - - - -
15380.1 ? - - 0.60 - - - - - - - - -
15380.2 ? 0.66 0.68 - - - - - - - - - -
15380.5 ? - - 0.70 - - - - 0.52 0.54 0.51 0.51 0.32
15380.7 ? - - - 0.56 0.53 0.54 0.54 - - - - -
15381.2 ? - - 0.66 - - - - - - - - -
15382.6 ? - - - 0.50 - - - - - - - -
15383.1 ? 0.61 0.63 - - - - - - - - - -
15383.2 ? - - 0.59 - - - - - - - - -
15383.6 ? 0.67 0.68 - - - - - - - - - -
15383.9 ? - - - - - - - - 0.40 0.35 - -
15385 ? 0.52 - 0.54 - - 0.41 0.41 0.41 0.44 0.40 0.39 -

15385.5 ? - 0.62 - - - - - - - - - -
15386.4 ? - - - 0.49 - - - - - - - -
15386.9 ? - - - - - - - - 0.43 0.39 0.38 -
15387 ? - - - 0.41 - - - - - - - -

15388.6 ? - - - - - - - - - - 0.21 -
15389 ? - - - - - - - 0.29 0.32 0.27 0.27 -

15389.5 ? - - - 0.34 - - - - - - - -
15390.5 ? 0.62 0.64 0.52 - - - - - - - - 0.19
15390.6 ? - - - 0.34 - - - 0.35 0.38 0.34 0.34 -
15392.8 ? 0.65 0.67 0.59 - - - - - - - - -
15393.7 ? - - - - 0.38 0.41 0.41 0.42 - - - -
15393.8 ? 0.72 0.74 0.73 - - - - - - - - 0.32
15394.1 ? - - - - - - - 0.44 0.48 0.45 0.45 -
15394.4 ? - - 0.53 0.41 - - - - - - - -
15395 ? 0.63 0.65 0.62 - - - - - - - - -

15395.1 ? - - - - - - - - - - - 0.27
15396.2 ? - - - - - - - - 0.46 0.41 0.36 -
15396.3 ? - - - - 0.45 0.47 0.46 0.46 - - - -
15397.8 ? - - - - 0.40 0.42 0.42 0.42 0.44 0.41 0.41 -
15398 ? 0.54 - 0.56 - - - - - - - - -

15398.3 ? - - - - - - - - 0.50 0.46 - -
15398.4 ? 0.67 0.69 - - - - - - - - - -
15398.9 ? - - - - 0.39 0.41 0.41 0.41 0.42 - - -
15399.3 ? - 0.65 - 0.46 0.44 0.46 0.46 - - - - -
15399.5 ? - - - 0.39 0.36 0.39 0.39 0.38 0.40 - - -
15400.5 ? - - - 0.50 0.48 - - - - - - -
15400.8 ? - - - - 0.44 - - - - - - -
15401 ? 0.67 0.67 0.65 - - - - - - - - 0.24

15401.3 ? - - - - - - - 0.43 0.40 0.37 0.37 -
15401.5 ? - - - 0.47 - - - - - - - -
15401.6 ? 0.70 0.69 - - - - - - - - - -
15402.1 ? - - - 0.49 - - - - - - - -
15403 ? 0.60 0.60 0.58 - - - - - - - - -

15404.1 ? 0.69 - - - - - - - - - - -
15404.5 ? 0.57 - - - - - - - - - - -
15405.1 ? - - - 0.54 0.53 0.56 0.56 0.51 - - - -
15405.2 ? - - 0.56 - - - - - - - - -
15405.8 ? 0.70 0.63 0.61 - - - - - - - - -
15406.1 ? 0.59 0.61 0.59 - - - - - 0.46 - - -
15407.6 ? - 0.62 - - - - - - - - - -
15407.9 ? - - - - - - - - - - - 0.26
15408 ? - 0.66 0.64 0.57 0.56 0.58 0.58 0.59 0.55 - - -

15408.1 ? 0.63 0.66 - - - - - - 0.53 - - -
15408.2 ? - - - - - - - - - 0.49 0.48 -
15409.2 ? 0.69 0.70 0.66 0.61 - - - - - - - -
15410.2 ? 0.72 0.69 - - - - - - - - - -
15410.5 ? - - - 0.52 - - 0.52 0.52 0.50 0.48 - -
15410.6 ? - 0.67 0.66 - - - - - - - - -
15410.7 ? 0.72 - - - - - - - - - - -
15410.8 ? - - 0.56 0.54 - - - - - - - -
15411.3 ? 0.74 - - - - - - - - - - -
15411.4 ? - - - - - - - - - - - 0.38
15412.6 ? - - 0.60 0.61 0.50 0.48 0.48 0.43 - - - -
15413.2 ? 0.68 0.67 - - - - - - - - - -
15413.3 ? - - - - - - - - - - - 0.35
15415.8 ? - - - 0.45 0.43 0.45 0.46 0.46 - - - -
15416.1 ? 0.62 0.61 - - - - - - - - - -
15417 ? - - - - - - - 0.37 0.32 0.26 - -

15417.6 ? 0.71 - - - - - - - - - - -
15418.2 ? 0.62 - - - - - - - - - 0.38 -
15418.8 ? - - - - - - - - - - 0.37 -
15418.9 ? - - - 0.55 0.53 0.55 0.56 0.56 0.54 0.45 - -
15419.4 ? 0.59 - - - - - - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15419.6 ? - - 0.52 - - - - - - - - -
15419.7 ? 0.68 - - - - - - - - - - -
15420.9 ? - - - 0.52 0.49 0.50 0.50 0.50 0.41 0.36 0.35 -
15421.4 ? - - - - - - 0.47 0.46 0.43 0.39 - -
15421.6 ? 0.68 0.67 - - - - - - - - - -
15422.3 ? 0.66 - - - - - - - - - - -
15423.6 ? - - - - - - - - - - - 0.35
15423.7 ? 0.68 0.67 0.57 - - - - - - - - -
15424.2 ? - - - 0.60 0.57 - - - - - - -
15425.1 ? 0.80 0.80 0.74 - - - - - - - - -
15425.2 ? - - - - - 0.61 0.61 0.61 0.59 0.57 0.57 0.35
15425.3 ? 0.71 - 0.71 - - - - - - - - -
15426.6 ? - - - - - - - - - - - 0.39
15426.7 ? 0.81 0.66 - - - - - - - - - -
15427.2 ? - - - 0.52 0.50 0.52 0.52 - - - - -
15427.3 ? - - 0.53 - - - - - - - - -
15427.5 ? - - 0.56 - - - - - - - - -
15429 ? 0.69 - - - - - - - - - - -

15429.1 ? - - - - - 0.44 0.44 0.43 0.39 0.35 0.33 -
15429.7 ? - - - - 0.47 - - - - - - -
15430.3 ? - - - - 0.43 0.45 0.45 0.45 0.41 - - -
15431.3 ? - - 0.51 0.46 - - - - - - - -
15431.8 ? - - 0.53 0.51 - - - - - - - -
15431.9 ? 0.63 - - - - - - - - - - -
15432.3 ? - - 0.52 0.53 - - - - - - - -
15432.4 ? - - - - 0.43 0.45 0.45 0.44 0.41 - - -
15433.6 ? - 0.62 0.56 0.56 - - - - - - - -
15433.8 ? - - 0.57 0.53 - - - - - - - -
15433.9 ? - 0.68 - - - - - - - - - 0.27
15434.6 ? 0.72 - - - - - - - - - - -
15434.8 ? 0.67 - - - - - - - - - - -
15434.9 ? - - 0.55 0.55 0.53 - - - - - - -
15435.2 ? - - - 0.55 0.54 0.55 0.56 0.56 0.54 0.51 0.50 0.24
15435.9 ? 0.59 0.61 0.58 - - - - - - - - -
15436.3 ? - - 0.56 0.57 0.54 0.56 0.56 0.55 - - - -
15437.3 ? 0.66 0.66 0.62 - - - - - - - - -
15437.6 ? 0.72 - - - - - - - - - - -
15438 ? - - - - - - - - 0.45 0.40 - -

15438.3 ? - - - - - 0.55 0.55 - - - - -
15439.5 ? - - - 0.64 - - - - - - - -
15440.5 ? 0.79 - - - - - - - - - - -
15440.6 ? - - - - - - - - - - 0.44 0.26
15440.7 ? - - - - - - - - 0.52 - - -
15441.8 ? 0.63 - - - - - - - - - - -
15442.2 ? - 0.62 - - - - - - - - - -
15442.4 ? 0.67 - - - - - - - - - - -
15444.1 ? - - - - 0.47 0.48 0.48 0.47 0.44 0.38 0.37 -
15444.4 ? - - - - - - - - 0.33 - - -
15445 ? 0.66 - - - - - - - - - - -

15445.5 ? - - - 0.43 0.41 0.43 0.44 0.43 - - - -
15446.4 ? 0.69 - - - - - - - - - - -
15446.6 ? 0.59 - - - - - - - - - - -
15447.1 ? - - - 0.51 - - - - - - - -
15447.7 ? - - 0.52 0.54 - - - - - - - 0.23
15448.3 ? - - - 0.45 - - - - - - - -
15450 ? - - - 0.42 - - - - - - - -

15450.6 ? 0.57 - 0.53 - - - - - - - - -
15451.3 ? - - - - - - - - - - 0.35 -
15452.2 ? - - 0.51 0.53 - - - - - - - -
15453.8 ? - - - - - - - 0.40 0.36 0.32 - -
15454.7 ? - - - - - - - - - - 0.27 -
15456.3 ? - - - - - - - 0.43 0.40 0.36 0.35 -
15457.5 ? - - - - - - - - - - 0.21 -
15457.6 ? - - - - - - - - - 0.30 - -
15458.8 ? - - - - - - - 0.37 0.34 - - -
15459.1 ? 0.76 0.63 0.55 0.52 - - - - - - - 0.25
15460.3 ? 0.58 - - 0.41 - - - - - - - -
15461.3 ? - - - - - - - 0.38 0.34 - - -
15461.7 ? - - - - - - - - - - 0.18 -
15462.1 ? 0.57 - 0.54 - - - - - - - - -
15462.2 ? - - - - - - - - - - - 0.21
15462.7 ? - - - - - - - - 0.33 - 0.27 -
15463.6 ? 0.57 - 0.54 - - - - - - - - -
15463.7 ? - - - 0.42 - - - - - - - 0.22
15465.3 ? - - 0.51 0.45 - - - - - - - -
15465.6 ? - - - - - - - - - - - 0.21
15465.7 ? 0.64 - - 0.42 0.41 0.44 0.45 0.45 0.43 - - -
15467.4 ? - - - 0.47 0.45 0.44 0.44 0.44 - - - -
15467.5 ? - - - 0.47 - 0.43 0.44 0.44 0.37 0.34 0.33 -
15468.5 ? - - - - - - - - 0.35 0.31 - -
15469.1 ? 0.66 0.65 - - - - - - - - - -
15470 ? - - - 0.43 0.41 0.44 0.45 0.45 0.43 0.40 - -

15470.6 ? 0.77 - - - - - - - - - - 0.30
15470.8 ? 0.61 - - - - - - - - - - -
15471.3 ? - - - 0.48 0.46 0.48 0.49 0.49 0.47 0.36 - -
15471.6 ? - - - 0.44 0.42 0.45 0.45 - - - - -
15472 ? 0.61 - 0.58 0.46 - - - - - - - -

15473.3 ? 0.58 - 0.55 - - - - - - - - -
15473.6 ? - - - 0.50 - - - - - - - -
15473.7 ? 0.59 - - - - - - - - - - -
15474.1 ? - - - - - - 0.43 0.42 0.38 0.34 - -
15474.6 ? 0.73 - - - - - - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15474.8 ? - - 0.51 - - - - - - - - -
15475.1 ? - - 0.55 - - - - - - - - -
15475.2 ? - - - 0.54 0.49 0.51 0.51 0.51 0.48 0.44 0.42 -
15476.4 ? - - - - - - - 0.49 - - - -
15476.5 ? - - - 0.50 0.48 0.50 0.51 - - - - -
15476.8 ? - 0.62 0.61 - - - - - - - - -
15476.9 ? - - - 0.62 0.61 0.60 0.60 0.60 0.58 0.52 0.52 -
15478.1 ? 0.77 0.77 0.58 0.59 - - - - - - - 0.26
15478.7 ? 0.71 - - - - - - - - - - -
15479.2 ? - - 0.52 0.53 0.43 0.46 0.46 0.46 0.43 0.36 - -
15479.8 ? - - - 0.45 0.43 - 0.46 - - - - -
15480.9 ? - - - - - - - 0.33 - - - -
15481.8 ? - - - 0.46 - - - - - - - -
15482.2 ? - - - - - - - - - - 0.24 -
15482.4 ? - - 0.51 0.52 0.51 - - - - - - -
15483.6 ? - - - - - - - - - - 0.28 -
15483.7 ? - - - - - - - 0.36 0.33 0.31 - -
15484.2 ? - - - 0.43 0.40 - - - - - 0.24 -
15484.8 ? - - - - - - - 0.37 0.34 - - -
15485.3 ? - - - - - - - 0.36 0.33 - - -
15485.5 ? - - - - - - - - - 0.20 - -
15486.5 ? - - - - - - - 0.36 - - - -
15487.5 ? - - - - - - - 0.41 0.38 0.36 0.35 -
15487.7 ? - - - - - - - - - - 0.33 -
15487.8 ? - 0.66 - 0.42 0.40 0.43 - - - - - -
15487.9 ? 0.73 - - - - - - - - - - -
15488.8 ? - - 0.58 0.60 0.56 - - - - - - -
15489.3 ? - - - - - - - 0.46 0.43 - 0.35 -
15489.5 ? - - - 0.53 0.52 0.54 0.54 0.46 0.43 - - -
15489.8 ? 0.58 - 0.57 - - - - - - - - -
15490.9 ? - - 0.56 0.40 - - - 0.41 0.38 0.35 - -
15491 ? 0.68 - - - - - - - - - - -

15491.9 ? - - - 0.47 0.45 0.48 0.49 0.49 0.46 0.42 - -
15492.3 ? - - - 0.53 0.51 - - - - - - -
15492.4 ? 0.63 0.62 0.61 - - - - - - - - 0.23
15492.8 ? 0.74 - - - - - - - - - - -
15492.9 ? - 0.63 - - - - - - - - - -
15494.2 ? - - - - - - - - - 0.28 - -
15494.8 ? - - - - 0.41 0.43 0.44 0.43 0.39 - - -
15496.1 ? - - - - - - - 0.35 0.31 0.26 - -
15496.8 ? 0.58 - 0.55 0.55 0.42 - - - - - - -
15498 ? - - - - - - - 0.31 - - - -

15498.5 ? - - - - - - - - - - 0.26 -
15498.6 ? - - 0.50 0.52 - - - - - - - 0.20
15500.5 ? - - - - - - - 0.40 0.37 0.34 0.33 -
15502.3 ? - - - 0.52 0.50 0.53 0.53 0.54 0.52 0.49 0.38 -
15502.6 ? 0.60 - 0.60 - - - - - - - - -
15503.2 ? 0.65 0.68 - - - - - - - - - -
15503.5 ? - - - - - - 0.52 - - - - -
15503.6 ? - - 0.60 0.64 0.62 0.57 - - - - - -
15503.7 ? 0.64 0.68 - - - - - - - - - -
15504.9 ? - - 0.55 0.57 0.55 - - - 0.51 0.48 0.47 -
15505 ? - - - - - 0.56 0.57 - - - - -

15505.4 ? - - - - - - - - - 0.43 0.41 -
15505.5 ? - - - - 0.51 0.53 0.53 0.53 0.51 - - -
15505.7 ? 0.74 0.69 - - - - - - - - - -
15507.5 ? - - 0.65 - - - - - - - - -
15507.8 ? 0.81 - - - - - - - - - - -
15508.3 ? - - - - 0.63 0.63 0.63 - - - - -
15508.4 ? - - - - - - - - - - 0.49 -
15508.8 ? - - - 0.63 0.61 0.62 0.61 0.61 - - - -
15508.9 ? - - 0.60 - - - - - - - - -
15509.2 ? 0.63 0.68 - - - - - - - - - -
15509.9 ? - - - 0.57 0.55 0.56 0.56 - - - - 0.26
15510.2 ? 0.71 - - - - - - - - - - -
15510.3 ? - 0.71 0.62 0.64 0.56 0.57 0.58 0.58 - - - -
15511.2 ? - - - - - - - - 0.51 0.48 0.46 -
15511.8 ? 0.65 - - - - - - - - - - -
15512.3 ? 0.61 - 0.58 0.62 - - - - - - - -
15512.4 ? - - - - - - - 0.48 - - - -
15512.7 ? - - - - - - - 0.49 0.46 0.42 0.40 -
15513.3 ? 0.60 - - - - - - - - - - -
15513.9 ? - - - - - - - 0.40 0.36 0.32 - -
15515.2 ? - - - 0.50 0.48 - - - - - - -
15515.5 ? - - 0.53 0.58 - - - - - - - -
15516.6 ? - - - 0.52 0.50 0.52 0.52 0.52 0.49 0.41 - -
15517 ? 0.67 0.66 - - - - - - - - - -

15518.3 ? - - - - 0.60 0.61 - - - - - -
15518.8 ? - - 0.65 - - - - - - - - 0.31
15518.9 ? - - - 0.62 0.57 0.58 0.59 0.59 0.58 0.56 0.55 -
15519.4 ? 0.67 0.70 0.66 - - - - - - - - -
15521.1 ? - - - - - - - 0.46 0.43 0.39 0.37 -
15521.3 ? 0.59 - - - - - - - - - - -
15522.4 ? - - - - - - - 0.39 0.35 0.30 0.27 -
15523 ? - - - - - - - 0.40 0.36 0.31 0.29 -

15523.6 ? 0.55 - - - - - - - - - - -
15524.1 ? 0.59 - 0.56 0.52 - - - - 0.32 0.28 0.27 -
15526.9 ? 0.62 - - - - - - - - - - -
15527.9 ? 0.62 0.66 0.63 - - - - 0.44 0.42 0.38 - -
15528.1 ? - - - 0.62 0.55 - - - - - - 0.27
15528.2 ? - - - - - 0.53 0.54 0.54 0.52 0.50 0.44 -
15529.3 ? - - - 0.49 0.48 0.50 0.51 0.52 0.49 0.46 - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15529.9 ? - - - - - - - 0.46 0.44 0.38 0.38 -
15530 ? 0.59 - - - - - - - - - - -

15530.3 ? - - - 0.52 0.51 0.53 0.53 - - - - -
15530.4 ? - - - - - - - 0.48 0.45 0.42 0.41 -
15532.2 ? 0.65 0.68 - - - - - - - - - -
15532.3 ? - - - 0.52 - - - - - - - -
15532.7 ? - - - - 0.49 - - - - - - -
15532.8 ? - - - - - 0.50 0.50 0.50 - - - -
15532.9 ? - - - - - - - - - 0.38 - -
15533.3 ? 0.57 - - - - - - - - - - -
15533.4 ? - - 0.59 0.59 - - - - - - - -
15534.5 ? - - 0.53 - - - - - - - - -
15534.6 ? - - - - - - - 0.49 0.47 - - -
15534.8 ? - - 0.56 0.62 - - - - 0.40 - - -
15535 ? - - - - - - - 0.42 - 0.38 - -

15535.1 ? - - - - - - - - - - 0.37 0.19
15536 ? - - - 0.51 - - - - - - - -

15537.3 ? - - - 0.53 0.51 - - 0.39 0.37 - - -
15537.4 ? - - - - - 0.52 0.53 - - - - -
15537.8 ? 0.68 0.71 - 0.49 0.48 - 0.51 0.51 - - 0.34 -
15538.7 ? - - 0.55 0.58 0.57 0.59 - - 0.46 0.41 - -
15539 ? - - - - - - - 0.49 0.47 - - -

15539.2 ? - - - 0.54 - - - - - - - -
15541 ? - - - - - - - 0.48 0.46 - - 0.27

15541.1 ? - - - - - - - - - 0.46 0.44 -
15542.7 ? 0.56 - - - - - - 0.44 0.41 0.38 0.37 -
15544 ? - - - 0.58 - - - - - - - -

15545.2 ? 0.63 0.66 0.55 - - - - - - 0.36 0.35 -
15545.3 ? - - - 0.54 0.52 - - 0.50 - - - -
15546.2 ? 0.74 - - - - - - - 0.45 0.40 0.39 -
15547.9 ? - - - - - - - 0.47 0.44 0.41 - -
15548 ? - - - - - - - - - - - 0.23

15548.4 ? 0.57 - - - - - - - - - - -
15549 ? - - - 0.49 - - - 0.48 0.45 0.42 0.40 -

15549.2 ? - - - - - - - - - - 0.37 -
15549.4 ? 0.59 - 0.58 - - - - - - - - -
15549.9 ? - - - 0.51 0.49 0.51 0.52 - - - - -
15551.2 ? - - - 0.54 0.52 0.54 0.54 0.55 0.51 - - -
15551.7 ? 0.63 0.65 - - - - - - - - - -
15554 ? - - - 0.53 0.51 0.52 0.54 0.52 - - - -

15554.3 ? 0.60 - 0.59 0.63 0.52 - - 0.43 0.41 0.37 - 0.20
15554.9 ? - - - - - - - - - - 0.35 -
15556.4 ? - - - - - - - 0.49 0.48 0.45 - -
15556.5 ? - - - - - - - - - - - 0.24
15556.6 ? - - - - - - - - - - 0.47 -
15556.8 ? 0.62 - - - - 0.60 0.60 0.55 0.53 0.50 - -
15556.9 ? - 0.67 0.64 0.65 0.63 - - - - - - -
15557 ? - - - 0.60 - - - - - - - -

15558.1 ? 0.70 - - - - - - - - - - -
15558.3 ? - - - - - - - - - 0.35 0.34 -
15558.6 ? - - - - - - - 0.44 0.41 0.37 0.36 -
15559 ? - - - - - - - 0.45 0.42 - - -

15559.2 ? 0.60 - - - - - - - - - - -
15560.5 ? - - - - - - - - 0.37 0.33 0.32 -
15560.6 ? - - - - - - - 0.49 - - - -
15560.9 ? - - - - - - - - - 0.29 0.28 -
15561.4 ? 0.63 0.66 0.61 0.56 - - - - - - - -
15561.5 ? - - - - - - - - 0.39 0.36 - -
15562.2 ? - - - - - - - - - - - 0.30
15562.8 ? 0.59 - 0.57 - - - - - 0.41 0.35 - -
15563.5 ? - - - - - - - 0.42 - - - -
15564.4 ? - - - 0.51 - - - - - - - -
15564.5 ? - - - - - - - - - - - 0.34
15565.1 ? - - - - - - - - - - 0.38 -
15565.5 ? 0.64 0.66 - - - - - - - - - -
15565.7 ? - - - 0.53 0.51 - - - - - - -
15565.8 ? - - - - - 0.53 0.53 - - - - -
15566.4 ? - - - - - - - 0.48 0.46 0.43 - -
15567.6 ? - - - - - - - 0.44 0.41 0.39 0.39 -
15567.7 ? 0.59 - - - - - - - - - - -
15568 ? - - - 0.49 - - - 0.48 0.46 0.43 - -

15569.7 ? 0.62 - - - - - - - - - - -
15569.8 ? - - - - - - - - 0.47 0.44 0.43 -
15569.9 ? - - - 0.57 0.55 0.56 0.56 0.55 - - - -
15570 ? - - - - - - - - - - - 0.22

15570.2 ? - - - - - - - - - - 0.37 -
15570.3 ? 0.60 - - - - - - - - 0.43 - -
15571.2 ? - - - - - - - - - - 0.39 -
15571.3 ? - - - 0.55 0.52 0.53 0.53 0.52 0.50 0.47 - -
15571.7 ? - - - - - - - - - 0.49 0.47 -
15572.4 ? - - - 0.57 0.55 0.56 0.56 0.56 0.53 - - -
15573 ? - - - - - - - - - - - 0.34

15573.6 ? 0.68 - - - - - - - - - - -
15573.7 ? - - - - - - 0.50 0.50 0.48 0.45 0.44 -
15573.8 ? - - - 0.58 0.55 0.56 - - - - - -
15575.7 ? - 0.67 0.63 0.59 0.54 0.56 0.57 0.57 0.55 0.39 0.37 -
15576.1 ? - - - 0.53 0.51 0.52 0.53 - - - - -
15576.3 ? - - - - - - - - - - - 0.35
15576.4 ? 0.65 - - - - - - - - - - -
15577 ? - - 0.57 - - - - 0.54 0.47 - 0.45 -

15577.2 ? - - - 0.59 0.53 0.54 0.55 0.55 - - - -
15577.3 ? - - 0.59 - - - - - 0.44 0.42 0.42 -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15577.5 ? 0.63 0.67 0.63 - - - - - - - - -
15578.6 ? - - - 0.57 0.54 0.55 0.56 0.55 - - - -
15578.7 ? 0.65 - 0.56 - - - - - - - - -
15580 ? 0.73 - - 0.51 0.50 - - - - - - 0.20

15580.1 ? - 0.66 0.58 - - 0.58 - - - - - -
15581.7 ? - - 0.61 0.68 0.52 0.54 0.55 0.55 0.52 0.48 0.47 -
15582.1 ? 0.64 0.68 - - - - - - - - - -
15583.3 ? 0.64 - 0.60 - - - - - - - - -
15583.6 ? - - - - 0.55 0.57 0.58 0.57 0.55 0.52 0.50 -
15583.9 ? - - - - 0.53 0.55 0.55 0.55 0.50 0.47 - -
15584 ? - - 0.61 - - - - - - - - -

15585.3 ? - - 0.62 - 0.55 0.57 0.57 - - - - -
15586.2 ? - - - - - - - 0.48 0.45 0.41 - -
15586.8 ? 0.67 0.72 0.54 - - - - - - - - -
15589.2 ? - - - - - - - - - 0.42 0.38 -
15589.3 ? - - - 0.53 0.48 0.50 0.50 0.50 0.47 - - -
15590 ? 0.67 - - - - - - - - - - -

15590.4 ? - - - - - - - - - - 0.38 -
15590.7 ? - - 0.64 0.56 - - - - - - - -
15591.6 ? - - - - - - - - 0.46 0.43 - -
15592.4 ? 0.60 - 0.58 - - - - - - - - -
15593 ? 0.66 - 0.57 - - - - 0.39 0.37 0.33 0.33 -

15594.9 ? 0.58 - - - - - - - - - - -
15595.2 ? - - - - - - - 0.42 0.35 0.31 0.31 -
15595.5 ? - - - - - - - 0.46 0.44 0.40 - -
15595.6 ? - - 0.58 - - - - - - - 0.35 -
15596.6 ? - - - 0.55 0.54 0.56 0.56 - 0.31 - - -
15596.8 ? - - - - - - - 0.48 - - - -
15596.9 ? - - - - - - - 0.46 - - 0.29 -
15597 ? 0.58 - - - - - - - 0.45 0.41 - 0.19

15597.1 ? - - - 0.54 0.52 - - - - - - -
15598.2 ? - - - 0.51 0.50 0.52 0.52 0.53 0.42 0.37 0.29 -
15600.9 ? - - 0.54 0.57 0.57 0.56 0.56 - - - - -
15601 ? - - - - - - - 0.44 0.44 - - -

15601.1 ? 0.64 - - - - - - - - - - -
15601.2 ? 0.63 - - - - - - - - - - -
15602 ? - - - 0.51 0.52 0.51 0.52 0.52 0.52 0.52 - -

15602.9 ? 0.65 0.68 0.64 - - - - - - - - -
15603.4 ? - - - 0.54 0.54 0.53 0.53 0.54 0.54 0.54 0.48 -
15603.6 ? - - 0.57 - - - - - - - - 0.25
15604.8 ? - - - - 0.55 0.54 - - - - - -
15604.9 ? - - 0.57 - - - - - - - - -
15605.9 ? - 0.65 - 0.53 0.53 0.53 0.53 0.53 - - - -
15606 ? 0.69 - - - - - - - - - - 0.21

15606.2 ? 0.73 - - - - - - - - - - -
15606.4 ? - - - - - - - 0.49 0.49 0.50 0.45 -
15608 ? - - 0.54 0.57 0.57 0.57 - - - - - -

15608.2 ? - - - - - - - - - - 0.44 -
15608.6 ? - - 0.58 - - - - 0.45 0.45 0.45 0.43 -
15609.9 ? - - - - - - - 0.46 - - - -
15610.2 ? - - - 0.49 - - - 0.50 0.50 - - -
15610.7 ? - - - - - - - - 0.40 0.42 - -
15611.7 ? 0.61 0.65 - 0.61 0.61 0.61 - - - - - -
15612.3 ? 0.71 - - - - - - - - - - -
15612.5 ? - - - - - - - - - - 0.44 -
15614.6 ? - - - 0.58 - - - 0.54 0.40 - - -
15615.1 ? - - - - - - - 0.38 - 0.38 - -
15615.2 ? - - - - - - - - 0.43 - - -
15616.8 ? - - - - - - - 0.42 0.42 0.42 0.40 -
15617.9 ? 0.64 - - - - - - - - - 0.41 -
15618.4 ? - - - - - - - 0.39 0.39 0.40 - -
15618.9 ? - - - - - - - 0.40 0.40 0.41 - -
15619.5 ? - - - - - - - 0.43 0.43 0.41 - -
15620.1 ? - - - - - - - 0.46 0.46 0.47 0.46 -
15621.2 ? 0.64 0.71 0.71 - - - - - - - - -
15621.6 ? - - - - - - - - - - 0.33 -
15621.7 ? - - - - - - - 0.45 - - - -
15623.1 ? - - - - - - - - - 0.42 0.40 -
15623.6 ? 0.59 - 0.58 - - - - - - - - -
15623.9 ? - - - 0.52 0.53 0.50 0.51 0.51 0.51 - - -
15624.1 ? - - - - - - - - - - 0.34 -
15625.3 ? 0.67 - - - - - - - - - - -
15625.4 ? - - - - - - - - - 0.42 0.40 -
15625.8 ? 0.61 - - - - - - - - - - -
15625.9 ? - - 0.60 - - - - - - - - -
15627.2 ? - - 0.53 - - - - - - - - -
15627.6 ? - - - 0.51 0.51 0.50 0.51 0.51 0.50 0.51 - -
15628.3 ? - - - - - - - - - - 0.43 -
15628.5 ? - - - - - - - - - - 0.43 -
15629.6 ? 0.58 - - - - - - - - - - -
15630.7 ? - - - - - - - 0.43 0.42 0.43 - -
15630.9 ? - - 0.64 - - - - - - - - -
15631 ? - - - 0.58 - - - - - 0.47 0.45 -

15631.9 ? - - - - 0.56 0.56 0.55 - - - - -
15632 ? - - - - - - - 0.50 0.49 0.48 0.46 -

15632.5 ? 0.58 - 0.55 - - - - - - - - -
15634.4 ? - - - - - - - - - 0.29 - -
15636.1 ? - - 0.59 - 0.51 0.50 0.51 0.51 0.50 0.50 - -
15638.2 ? 0.64 0.67 - 0.50 0.51 - 0.50 0.51 0.51 0.52 0.41 0.20
15639.6 ? - - - 0.48 - - - 0.39 0.38 0.39 0.37 -
15640 ? - - - 0.52 0.52 0.51 0.51 0.51 0.50 0.50 0.42 -

15641.2 ? - - - 0.52 - - - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15641.3 ? - - - - - - - 0.41 0.40 - - -
15641.4 ? 0.63 - - - - - - - - - - -
15645.1 ? - - - 0.56 0.57 0.56 0.57 0.57 0.57 0.57 - 0.20
15645.3 ? 0.58 - - - - - - - - - - -
15645.6 ? - - - 0.52 0.52 0.51 0.51 0.51 0.51 0.51 - -
15646.2 ? - - - - - - - - - 0.47 - -
15646.4 ? 0.56 - - - - - - - - - - -
15646.5 ? - 0.64 - - - - - - - - - -
15646.9 ? - - - - 0.52 0.50 0.51 0.50 - - - -
15647.4 ? - - - - - - 0.52 - - - - -
15648.1 ? 0.61 0.65 0.61 0.59 - - - - - - - -
15649.1 ? - - - 0.56 - - - - - - - -
15649.4 ? 0.57 - - - - - - - - - - -
15649.7 ? - - - - - - - - 0.51 0.51 0.49 -
15650.1 ? - - - - - - - - - - 0.43 -
15651.5 ? - 0.70 - - - - - - - 0.51 - -
15651.6 ? - - - - - - - - - - 0.51 -
15651.9 ? - - - - - 0.54 0.56 0.56 0.55 - - -
15652 ? - - - 0.56 0.55 - - - - - - -

15652.1 ? 0.55 - 0.56 - - - - - - 0.50 0.49 -
15653.5 ? - - 0.62 - - - - - - - 0.38 -
15653.6 ? - - - - - - - 0.42 0.41 - - -
15655.5 ? 0.65 0.68 0.62 0.52 0.53 0.53 0.53 - - - - -
15656.6 ? - - 0.59 0.64 - - - - - - - -
15656.8 ? - - - - - - - - - - 0.51 -
15657 ? - - - 0.56 0.58 0.57 0.58 - - 0.53 - -

15657.1 ? - 0.64 - - - - - 0.61 0.61 - - -
15658.1 ? 0.74 0.66 - - - - - - - - - -
15658.2 ? - - 0.63 - - - - - - - - -
15658.3 ? - - - - - - - - - - 0.53 -
15659.3 ? - - - 0.53 0.54 0.53 0.53 0.52 0.52 - - -
15659.8 ? - - 0.63 - - - - - - - - -
15660.7 ? - - - 0.53 - - - - - - - -
15660.8 ? - - 0.53 - - - - - - - - -
15661.9 ? - - - - - - - 0.45 - - - -
15664.4 ? - - - - - - - - 0.33 0.33 - -
15665.5 ? 0.56 - 0.55 - - - - - - - - -
15666.5 ? - - - 0.49 0.51 0.51 0.51 0.51 - - - -
15666.9 ? - - - - - - - - 0.30 - - -
15668.1 ? - - - - - - - 0.41 0.41 0.42 0.40 -
15668.4 ? - - - - - - - - - - - 0.15
15668.8 ? - - - 0.48 - - - - - - - -
15670 ? - - - - - - - - 0.37 0.37 - -

15671.8 ? - - - - - - - - 0.34 0.35 0.34 -
15672.4 ? - - - - - - - - - 0.31 - -
15673.5 ? - - - - - - - - - - 0.31 -
15675.8 ? - - - - - - - - 0.37 0.37 - -
15675.9 ? 0.55 - 0.55 0.59 - - - - - - - -
15678.8 ? - - - - - - - - 0.32 - - -
15678.9 ? - - - - - - - - - 0.35 0.33 -
15680.4 ? - - - - - - - - 0.39 0.40 - -
15681.5 ? - - - - - - - - 0.43 0.44 0.43 -
15682 ? - - - 0.53 0.53 - - - 0.46 0.47 - -

15682.5 ? - - - - - - - - 0.36 0.39 0.39 -
15682.9 ? - - - - - - - - - - 0.42 -
15684 ? - - - - - - - - - 0.38 0.37 -

15684.5 ? - - - 0.52 - - - - 0.34 0.35 0.33 -
15687.1 ? - - - - - - - 0.42 - - - -
15687.2 ? - - - 0.50 0.50 - - - - - - -
15688.5 ? - - - 0.52 0.52 0.51 0.51 0.51 0.50 0.50 0.46 -
15690.1 ? - - - - - - - - - 0.37 0.35 -
15691.1 ? - - - 0.50 0.51 0.51 0.51 0.51 0.51 0.52 - -
15691.8 ? 0.57 - - - - - - 0.41 0.41 0.41 0.40 -
15693.4 ? - - - - - - - 0.40 - - - -
15693.9 ? - - - 0.48 - - - 0.49 0.49 0.49 0.42 -
15695.4 ? - - - - - - - 0.48 0.48 0.49 - -
15695.5 ? - - 0.55 0.58 - - - - - - - -
15695.7 ? - - - - - - - - - - 0.46 -
15695.8 ? 0.55 - - - - - - - - - - -
15696 ? - - - 0.54 - - - - - - - -

15697.7 ? - - - - - - - 0.46 0.46 0.46 - -
15697.9 ? - - - - - - - - - - 0.40 -
15699.1 ? 0.58 - - - - - - - 0.38 0.39 0.37 -
15699.3 ? - - - 0.55 - - - - - - - -
15699.6 ? 0.64 0.67 - - - - - - - - 0.39 0.20
15700.7 ? - - - - - - - - 0.37 0.33 - -
15701.2 ? - - - - - - - - - - 0.33 -
15702.3 ? - - - 0.49 - - - 0.51 0.52 0.49 0.44 -
15702.7 ? - - - - - - - 0.42 0.43 0.39 0.38 -
15705.2 ? 0.63 - - - - - - - - - - -
15705.3 ? - - - - - - - - - - - 0.16
15705.4 ? - - - - - - - 0.41 0.43 0.40 0.39 -
15707.1 ? - - - 0.47 - - - 0.50 0.51 0.37 0.35 -
15707.7 ? - - - - - - - 0.44 0.46 0.43 0.39 -
15708.1 ? - - - - - - - - - 0.36 - -
15708.3 ? - - - - - - - 0.41 0.42 - - -
15710.7 ? - - - - - - - 0.45 0.46 0.39 - -
15711 ? - - - - - - - 0.45 0.46 0.43 0.41 -

15712.3 ? - - - - - - - 0.46 0.47 0.43 0.42 -
15712.8 ? - - - - - - - - - - 0.32 -
15713.8 ? 0.57 - 0.57 0.49 - - - 0.46 0.48 0.44 0.43 -
15714 ? - - - - - - - - - - - 0.19



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15714.1 ? 0.64 - - - - - - - - - - -
15715.3 ? - - - 0.52 - - - - - - - -
15715.5 ? - - - - - - - - - 0.34 - -
15715.6 ? 0.56 - - - - - - - 0.40 - - -
15715.9 ? - - - 0.47 - - - - - - - -
15717.5 ? 0.60 0.65 0.61 0.64 0.64 0.64 0.64 0.54 0.43 0.39 0.37 0.21
15719.3 ? - - - - - - - 0.43 0.44 0.40 0.37 -
15720.6 ? - - - - - - - 0.44 - - - -
15721.2 ? 0.58 - - 0.53 0.53 0.52 - - - - - -
15721.3 ? - - - - - - - - - - - 0.32
15723 ? - - - - - - - 0.51 0.52 - 0.42 -
15724 ? - - - - - - - - - - - 0.32

15724.3 ? - - - - - - - 0.45 0.46 0.44 0.41 -
15724.5 ? - - - - - - - 0.45 0.47 0.44 0.42 -
15724.6 ? - - - 0.52 0.53 0.51 0.52 - - - - -
15725.5 ? - - - - - - - 0.44 0.45 - - -
15725.7 ? 0.71 0.73 0.59 - - - - - - - - -
15726.3 ? 0.62 - - - - - - - - - - -
15726.4 ? - - - 0.48 - - - 0.51 0.52 - - -
15727.9 ? - - - - - - - 0.52 - - - -
15728 ? - - - - - - - - - 0.43 0.41 -

15728.7 ? - - 0.53 - - - - - - - - -
15729.1 ? - - - - - - - 0.43 0.45 - - -
15730.2 ? - - - - - - - - 0.41 - - -
15730.3 ? - - - 0.47 - - - 0.49 - 0.47 - -
15731 ? - - - - - - - - - - - 0.33

15731.3 ? - - - - 0.52 - - - - - - -
15734.2 ? - - - - - - - - 0.40 0.36 0.35 -
15734.7 ? - - - - - - - 0.42 0.43 0.40 - 0.34
15734.8 ? - - - - - - - - - - 0.40 -
15734.9 ? 0.56 - - - - - - - - - - -
15736.9 ? 0.63 - - - - - - - - - - -
15737.4 ? - - - - - - - - - - 0.39 -
15737.5 ? - - - 0.51 0.52 0.51 - - - - - -
15739.1 ? - - - - - - - 0.45 0.46 0.42 - -
15739.5 ? - - - - - - - - 0.40 0.37 0.36 -
15741.5 ? - - - - - - - - - 0.27 0.26 -
15742.1 ? - - - - - - - - 0.35 0.31 0.29 -
15744.5 ? - - - - - - - 0.46 0.47 - - -
15744.6 ? 0.67 - - - - - - - - - - -
15748 ? 0.60 - - - - - - - - 0.38 0.38 -

15749.4 ? - - - - - - - - - 0.44 - -
15749.7 ? - - - - - - - - - - 0.43 0.23
15749.8 ? - - 0.55 0.60 0.61 0.61 0.51 0.54 0.55 0.53 - -
15750.2 ? - - - 0.55 - - - - - - - -
15752 ? - - - - - - - - - 0.37 0.36 -

15752.1 ? 0.58 - 0.58 0.51 0.52 - - 0.45 0.46 - - 0.18
15752.6 ? - - - - - - - - 0.39 0.36 0.35 -
15754.9 ? - - - - - - - - - - 0.33 -
15756.3 ? - - - - - - - 0.42 0.44 0.40 0.38 -
15757.5 ? - - - - - - - - - - 0.32 -
15758.3 ? 0.72 - - - - - - - - - - -
15759.7 ? - - - 0.47 - - - - - - - -
15759.8 ? - - - - - - - 0.42 0.43 - - 0.28
15760 ? - - - - - - - 0.48 0.49 0.46 0.44 -

15760.3 ? - - - - - - - - 0.37 0.33 0.31 -
15761.5 ? - - - - - - - 0.48 0.50 0.47 0.46 -
15762.8 ? - - - - - - - 0.44 0.45 0.39 - -
15762.9 ? - - - - - - - - - - 0.37 -
15763.3 ? - - - - - - - - 0.41 0.38 0.36 -
15764.9 ? - - - - - - - 0.46 0.48 0.45 - -
15765.2 ? 0.70 - - - - - - - - - - -
15766 ? - - - - - - - 0.44 - - - -

15766.1 ? - - - - - - - - 0.47 0.45 0.43 -
15766.5 ? - - 0.54 0.59 0.59 0.58 - - - - - -
15769.6 ? - - - - - - - 0.43 0.36 0.33 0.30 -
15770.8 ? - - - - - - - - 0.42 - - -
15771.3 ? - - - - - - - - 0.36 0.32 0.30 -
15771.7 ? - - - - - - - - - 0.40 0.38 -
15772.9 ? - - - - - - - - 0.35 0.30 - -
15773 ? 0.55 - - - - - - - - - - -

15774.8 ? - - - 0.52 0.53 0.53 0.54 0.56 0.56 0.53 0.51 0.17
15777.2 ? - - - - - - - - 0.39 0.36 - -
15779.5 ? - - - - 0.51 - - - - - - -
15779.6 ? - - - 0.53 - - - - - - - -
15779.8 ? - - - - - - - 0.50 0.50 0.47 0.45 -
15780.4 ? - - - - - - - 0.46 - - - -
15781.1 ? - - - - - - - - - - - 0.26
15783 ? - - - - - - - - - - - 0.25

15784.5 ? 0.57 - - - - - - - - - - -
15787.6 ? - - - - - - - - - - 0.33 -
15787.8 ? - - - - - - - 0.47 - - - -
15789.1 ? - - - - - - - - 0.42 0.38 0.36 -
15790.4 ? - - - 0.58 - - - - - - - -
15790.6 ? - - - - - - - 0.43 0.44 0.41 0.39 -
15790.7 ? 0.55 - - 0.57 0.58 - - - - - - 0.19
15791.9 ? - - - - - - - - - 0.35 0.33 -
15793.4 ? - - - - - - - 0.45 0.45 0.42 0.36 -
15794.2 ? 0.67 - - - - - - - - - - -
15794.8 ? - - - - - - - - 0.39 0.36 0.33 -
15795.4 ? - - - - - - - - 0.35 0.31 - -
15795.9 ? - - - - - - - - - 0.28 0.26 -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15797 ? - - - - - - - - 0.35 0.30 0.29 -

15797.4 ? - - - - - - - - 0.35 0.31 0.30 -
15798.4 ? - - - - - - - - 0.41 - - -
15798.9 ? - - - 0.49 - - - - - - - -
15802 ? - - - - 0.53 0.51 0.54 0.57 0.54 0.55 - -

15802.2 ? - - - 0.51 - - - - - - - -
15803.1 ? - - - - 0.51 0.50 0.53 0.56 0.54 0.56 0.53 -
15803.2 ? 0.63 - - - - - - - - - - 0.22
15803.3 ? - - 0.54 - - - - - - - - -
15803.4 ? - - - 0.48 - - - 0.54 0.51 0.53 - -
15805.4 ? 0.70 - - - - - - - - - - -
15805.5 ? - - - - - - - - - - - 0.21
15805.7 ? - - - - - - - 0.52 0.50 0.53 0.52 -
15805.8 ? 0.76 - - - - - - - - - - 0.23
15805.9 ? - - - 0.57 - - - - - - - -
15806 ? - - 0.61 - - - - - 0.48 0.51 - -

15808.1 ? - - - - - - - 0.48 0.45 0.47 0.44 -
15808.4 ? - - - - - - - - - - 0.42 -
15809.4 ? - - - - - - - 0.49 0.46 - - -
15810.5 ? - - - 0.56 - - - - - - - -
15810.6 ? - - - - - - - 0.45 0.42 0.46 0.44 -
15811.4 ? 0.63 0.65 - - - - - - - - - -
15814.1 ? - - - 0.55 - - - 0.46 0.44 0.47 0.45 -
15815.5 ? - - - - - - - - - 0.35 - -
15816.6 ? 0.57 - - - - - - - - - - -
15817.4 ? - - - 0.52 0.53 0.53 0.55 0.58 0.56 0.57 0.55 -
15818.8 ? - - - - - - - 0.50 0.47 0.50 0.47 -
15819 ? 0.59 - - - - - - - - - - 0.18

15820.5 ? - - - - - - - - 0.38 0.38 0.34 -
15822.1 ? - - - - - - - - 0.34 - - -
15822.4 ? - - - - - - - - 0.40 0.43 0.40 -
15823.3 ? - - - 0.50 - - - - - - - -
15824.6 ? 0.65 0.67 - - - - - - - - - -
15827.4 ? - - - - - - - 0.47 0.44 0.46 - -
15827.8 ? - - - - - - - 0.52 0.50 0.52 0.50 -
15828.3 ? - - - 0.48 - - - 0.54 - - 0.33 -
15830.4 ? - - - - - - - - - 0.32 - -
15830.9 ? - - - - - - - - 0.36 - - -
15833.6 ? 0.55 - 0.55 0.61 - - - - - - - -
15833.9 ? - - - - - - - - - - 0.38 -
15834.1 ? - - - - - - - 0.45 0.39 - - -
15834.2 ? - - - - - - - - - 0.43 0.40 -
15834.3 ? - - - - - - - - 0.39 - - -
15837.4 ? - - - - - - - 0.49 0.46 0.49 0.46 -
15837.6 ? - - - - - - - 0.52 - - - -
15837.8 ? - - - - - - - - 0.40 0.43 0.41 -
15838.9 ? 0.67 - - - - - - - 0.52 0.54 0.52 0.21
15839.1 ? - - - 0.50 - - - - - - - -
15840.6 ? - - - - - - - 0.49 0.46 0.49 0.46 -
15840.9 ? - - - - - - - 0.48 0.46 - - -
15844.3 ? - - - - - - - - 0.40 0.43 0.41 -
15845.8 ? - - - - - - - 0.47 0.44 0.46 - -
15845.9 ? - - - - - - - - - - 0.40 -
15846.5 ? 0.56 - 0.55 - - - - - - - - -
15847.4 ? - - - - - - - 0.50 0.47 0.49 - -
15847.6 ? - - - - - - - - - - 0.42 -
15848 ? - - - - - - - - - 0.34 0.33 -

15849.5 ? - - - - - - - 0.47 0.45 0.47 0.45 -
15849.9 ? - - - - - - - 0.48 0.45 0.48 0.46 -
15851.2 ? - - - - - - - - - 0.57 0.47 -
15852.4 ? - - - 0.54 - - - - - - - -
15852.5 ? - - - - - - - - - - - 0.15
15852.6 ? - - - - - - - - - - 0.45 -
15852.8 ? - - - - - - - 0.51 0.49 0.51 - -
15854.7 ? - - - - - - - - - 0.37 0.35 -
15857 ? - - - - - - - - 0.36 0.39 - -

15857.3 ? - - - - - - - - 0.36 0.34 0.30 -
15859.2 ? - - - - - - - - 0.39 - - -
15859.7 ? 0.74 - - - - - - 0.46 0.44 0.47 0.45 0.18
15860.9 ? - - - - - - - - 0.34 0.37 0.35 -
15861.1 ? - - - - - - - - - 0.31 - -
15862.3 ? - - - - - - - - 0.40 0.43 0.40 -
15864.1 ? 0.71 - - - - - - - - - - -
15865.1 ? - - - - - - - - - 0.41 0.38 -
15865.2 ? - - - - - - - - 0.40 - - -
15865.4 ? - - - - - - - - 0.39 0.42 0.39 -
15866.7 ? - - - - - - - - - 0.45 0.42 -
15866.8 ? - - - - - - - 0.47 0.44 - - -
15868.2 ? - - - - - - - - - 0.38 0.36 -
15868.5 ? - - - 0.49 - - - - - - - -
15868.6 ? 0.57 - - - - - - - - - - -
15870.9 ? 0.56 - - 0.56 0.56 - - - - - - -
15871 ? - - 0.59 - - - - - 0.40 0.43 - 0.17

15871.1 ? - - - - - - - - - - 0.41 -
15873.3 ? - - - - - - - - 0.34 - - -
15873.8 ? - - - - - - - - 0.36 0.39 0.36 -
15875.5 ? - - - - - - - - - 0.34 0.32 -
15875.9 ? - - - - - - - - - 0.34 0.31 -
15877.3 ? - - - - - - - - - 0.35 0.32 -
15878.7 ? - - - - - - - - 0.37 0.40 0.37 -
15880.7 ? - - - - - - - 0.52 0.50 0.52 0.49 -
15882.4 ? 0.56 - 0.55 - - - - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15882.5 ? - - - - - - - 0.46 0.43 0.45 0.42 -
15883 ? - - - - - - - - - 0.32 - -

15883.5 ? - - - - - - - 0.45 0.42 0.45 0.42 -
15887.1 ? - - - - - - - - - 0.32 0.30 -
15889.2 ? - - - - - - - - - - - 0.27
15890.7 ? 0.55 - 0.53 - - - - - - - - -
15891 ? 0.57 - - - - - - - - - - -

15891.5 ? - - - - - - - - 0.37 0.40 - -
15892.2 ? - - - - - - - - - - - 0.29
15892.7 ? - - - - - - - - 0.39 - - -
15893.3 ? - - - - - - - - 0.34 - - -
15894.3 ? - - - - - - - 0.46 0.42 - - -
15896 ? - - - - - - - - - 0.35 0.31 -

15897.4 ? - - - - - - - - 0.34 - - -
15897.8 ? - - - - - - - - - - - 0.35
15898.5 ? - - 0.53 - - - - - - - - -
15899 ? - - - 0.50 0.50 - 0.52 0.56 0.53 - - -

15899.1 ? - - - - - - - - - 0.52 0.50 -
15900.9 ? - - - - - - - - 0.44 0.43 0.38 -
15901.3 ? - - - - - - - 0.45 0.48 0.48 0.44 -
15901.6 ? 0.69 0.71 - - - - - - - - - -
15902 ? - - - - - - - - - - - 0.31

15903.4 ? - - - 0.51 - - - - - - - -
15903.7 ? - - - - - - - - - - 0.38 -
15903.8 ? - - - 0.49 - - - - - - - -
15905.2 ? - - - - - - - - - 0.42 - -
15905.4 ? - - - - - - - - - - 0.43 -
15905.5 ? - - 0.54 - - - - - - - - -
15907.6 ? - - - - - - - 0.48 0.51 0.49 0.45 -
15907.8 ? - - - - - - - - 0.40 0.39 0.34 -
15908.9 ? - - - 0.55 - - - - - - - -
15910.3 ? - - - - - - - - 0.43 0.42 0.37 -
15910.7 ? - - - - - - - 0.46 0.48 0.47 0.40 -
15911.9 ? - - - 0.50 - - - - - - - -
15913.5 ? - - - - - - - 0.51 0.53 0.52 0.48 -
15913.8 ? - - - - - - - - 0.44 0.43 0.39 -
15917 ? - - - - - - - - - - - 0.24

15919.8 ? - - - - - - - 0.47 0.50 0.49 0.45 -
15921.2 ? - - - - - - - - - 0.37 - -
15923.2 ? - - - - - - - - - - 0.28 -
15924.6 ? - - - - - - - - - 0.41 0.36 -
15925 ? - - - - - - - - 0.45 0.44 0.39 -

15926.2 ? - - 0.56 0.60 - - - 0.51 0.53 0.51 - -
15928.4 ? - - - - - - - - 0.43 0.42 0.36 -
15929.4 ? - - - - - - - 0.47 0.50 0.49 0.45 -
15930.5 ? 0.67 0.67 - - - - - - - - - -
15931.9 ? - - - - - - - 0.46 0.49 0.48 0.43 -
15933.2 ? - - - 0.57 - - - - - - - -
15934.7 ? - - - - - - - - 0.46 0.44 0.40 -
15935 ? - - - - - - - - - 0.33 0.29 -

15940.3 ? - - - - - - - - 0.43 0.41 0.31 -
15941.4 ? - - - - - - - - - 0.37 0.32 -
15943.7 ? - - - - - - - - 0.47 0.45 - -
15943.9 ? - - - 0.51 - - - - - - - -
15945.5 ? - - - - - - - - - - 0.29 -
15945.6 ? - - - - - - - - - 0.34 - -
15945.9 ? - - - 0.48 - - - 0.52 0.55 0.53 0.45 -
15949.8 ? - - - - - - - - - 0.34 0.29 -
15950.2 ? - - - - - - - - 0.47 0.46 0.41 -
15952.2 ? - - - - - - - - 0.43 0.42 0.37 -
15952.8 ? - - - - - - - - - 0.36 - -
15954.4 ? - - - - - - - - - 0.33 0.29 -
15954.6 ? 0.67 0.69 - - - - - - - - - -
15955.7 ? - - - - - - - - 0.46 0.35 - -
15955.9 ? - - - - - - - - - 0.34 - -
15956 ? - - - - - - - - - - 0.35 -
15957 ? - - - - - - - - - 0.34 0.29 -

15957.1 ? 0.55 - - - - - - - - - - -
15957.6 ? - - - - - - - - - 0.33 0.28 -
15958.9 ? - - - - - - - - 0.42 - - -
15959 ? - - - - - - - - - 0.35 0.30 -

15961.3 ? - - - - - - - - 0.40 - - -
15962.2 ? - - - 0.48 - - - - - - 0.35 -
15963.7 ? - - - - - - - - - 0.43 0.38 -
15964 ? - - - - - - - 0.52 0.54 0.46 0.41 -

15965.3 ? - - - - - - - - - 0.38 0.33 -
15966.7 ? - - - - - - - - 0.43 - - -
15966.9 ? - - - - - - - - 0.40 - - -
15966.7 ? - - - - - - - - - 0.39 - -
15968.2 ? - - - - - - - - - 0.37 0.32 -
15970.6 ? - - - - - - - 0.49 0.51 - - -
15974.2 ? - - - - - - - - 0.48 - 0.43 -
15975.7 ? 0.55 - 0.56 0.61 0.61 0.62 0.65 0.64 0.58 - - -
15977.4 ? - - - 0.49 - - - - - 0.47 - -
15977.6 ? - - - - - - - - 0.45 0.44 0.39 -
15978.9 ? - - - - - - - - - - 0.36 -
15979 ? - - - - - - - - 0.47 0.46 - -

15979.3 ? - - - - - - - - 0.46 0.45 - -
15980.9 ? - - - - - - - - 0.40 0.38 - -
15982.1 ? - - - - - - - - 0.42 0.39 0.34 -
15982.7 ? - - - - - - - 0.45 0.48 0.47 - -
15984 ? - - - - - - - 0.46 0.49 0.48 0.44 -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
15984.6 ? - - - - - - - - - - 0.29 -
15985.8 ? - - - - - - - - - - 0.31 -
15988.2 ? - - - - - - - - - - 0.37 -
15988.3 ? - - - - - - - - 0.45 0.45 - -
15989.9 ? - - - - - - - 0.47 0.49 - - -
15990 ? - - - - - - - - - 0.33 0.28 -

15991.8 ? - - - - - - - - - - 0.31 -
15992.2 ? - - - 0.51 0.51 0.53 0.56 0.55 - - - -
15992.3 ? - - - - - - - - 0.42 0.41 0.37 -
15992.5 ? - - - - - - - - - 0.39 - -
15995.9 ? - - - 0.50 - - - - 0.45 0.44 0.39 -
15996.4 ? - - - - - - - - - - 0.37 -
15997 ? - - - - - - - - - - 0.29 -

15999.3 ? - - - - - - - - - 0.37 0.31 -
15999.6 ? - - - - - - - - - - 0.31 -
16001.2 ? - - - - - - - - 0.44 0.43 0.43 -
16002.6 ? - - - - - - - - - 0.37 0.37 -
16003.7 ? - - - - - - - - - 0.39 0.40 -
16004.7 ? - - - - - - - 0.49 0.51 - - -
16005.1 ? - - - - - - - - 0.41 0.40 0.40 -
16008.1 ? - - - - - - - 0.46 0.49 0.48 0.48 -
16015.2 ? - - - 0.48 - - - - - - - -
16015.7 ? - - - - - - - 0.51 0.53 0.52 0.45 -
16016.1 ? - - - - - - - - 0.41 0.39 0.40 -
16017.5 ? - - - - - - - - 0.42 0.40 - -
16018.9 ? - - - - - - - - 0.44 0.43 0.43 -
16019.4 ? - - - - - - - - - 0.34 0.35 -
16020.6 ? - - - - - - - - 0.42 0.40 0.40 -
16021 ? - - - - - - - - - 0.42 0.42 -

16021.1 ? - - - - - - - - 0.44 0.40 - -
16023.1 ? 0.60 - 0.58 - - - - - - - - -
16023.8 ? - - - - - - - - 0.44 0.36 0.37 -
16025.8 ? - - - - - - - - 0.43 0.41 0.38 -
16026.9 ? - - - - - - - - - 0.36 - -
16027.7 ? 0.55 - - - - - - - - - - -
16029.4 ? 0.57 - - - - - - - - - - -
16030.7 ? - - - - - - - 0.46 0.49 0.47 0.43 -
16031.9 ? - - - - - - - - 0.42 0.41 0.41 -
16033.8 ? - - - - - - - - 0.40 0.38 0.38 -
16036.6 ? - - - 0.57 - - - - - 0.36 0.37 -
16036.7 ? - - - - 0.51 - - 0.54 - - - -
16040 ? - - - - - - - - 0.41 0.40 0.40 -
16041 ? - - - - - - - - - 0.36 0.37 -

16041.2 ? - - - - - - - - - - - 0.27
16042.2 ? - - - - - - - 0.46 0.49 0.48 0.49 -
16042.9 ? - - - - - - - - - - - 0.27
16043.5 ? - - - - - - - - 0.42 0.40 0.41 -
16044.8 ? - - - - - - - - - 0.36 - -
16046.1 ? - - - - - - - - - 0.33 0.33 -
16046.3 ? - - - - - - - - - 0.34 0.35 -
16048 ? - - - - - - - - 0.43 0.42 0.43 -

16050.3 ? - - - - - - - 0.45 0.48 0.46 - -
16052.6 ? - - - 0.52 - - - - - - - -
16052.7 ? - - - - - - - 0.45 0.47 0.45 0.45 -
16053.7 ? - - - - - - - - 0.42 0.40 0.41 -
16055.2 ? - - - - - - - - 0.41 0.39 0.40 -
16055.7 ? - - - - - - - - 0.41 - - -
16056.5 ? 0.56 - 0.54 - - - - - - - - -
16056.9 ? - - - - - - - - 0.41 - - -
16057.1 ? - - - - - - - - - - - 0.28
16058.4 ? - - - - - - - - 0.41 0.39 - -
16059.6 ? - - - - - - - - - 0.33 0.34 -
16059.7 ? - - - - - - - - 0.43 - - -
16059.8 ? - - - - - - - - - - - 0.29
16060.6 ? - - - - - - - - - 0.36 0.37 -
16061.8 ? - - - - - - - - - 0.38 0.39 -
16065.5 ? - - - 0.54 - - - - - 0.35 - -
16066 ? - - - - - - - - - 0.33 0.35 0.27

16067.9 ? - - - - - - - - - 0.37 - -
16068 ? - - - 0.51 - - - - - - - -

16069.4 ? - - - - - - - - - - - 0.28
16069.6 ? - - - - - - - - - - 0.39 -
16073.9 ? - - - - - - - - - - - 0.30
16075.2 ? - - - - - - - - 0.45 - - -
16077 ? - - - - - - - - 0.46 0.44 - -

16078.2 ? - - - - - - - - - 0.36 0.37 -
16078.5 ? - - - - - - - - - - - 0.30
16080.2 ? - - - - - - - - - 0.38 0.39 -
16080.3 ? - - - - - - - - 0.42 - - -
16080.6 ? - - - - - - - - 0.46 0.44 - -
16080.8 ? - - - 0.48 - - - - - - - -
16083.1 ? - - - - - - - - 0.45 0.42 0.42 -
16085.5 ? - - - 0.52 - - - - 0.42 0.41 0.41 -
16088.1 ? - - - - - - - - 0.42 - - -
16088.2 ? - - - - - - - - - 0.42 - -
16089.7 ? - - - - - - - - - 0.37 0.38 -
16092.3 ? - - - - - - - - - - 0.34 -
16094.5 ? - - - - - - - - 0.46 0.45 0.46 -
16095.6 ? - - - - - - - - - - 0.41 -
16096.3 ? - - - - - - - 0.45 0.44 0.42 - -
16097.4 ? - - - - - - - - 0.40 0.38 0.38 -
16098.1 ? - - - 0.50 - - - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
16099.1 ? - - - - - - - - 0.43 0.42 0.43 -
16102.4 ? - - - 0.43 - - - - - - - -
16102.5 ? - - - - - - - - - 0.39 0.36 -
16103.1 ? - - - - - - - 0.51 - 0.51 0.49 -
16103.8 ? 0.59 - - - - - - - - - - -
16104.8 ? - - - - - - - - 0.45 0.48 0.45 -
16105.1 ? 0.57 - - - - - - - - - - -
16107.8 ? - - - - - - - - - 0.41 0.38 -
16108 ? 0.56 - - - - - - - - - - -

16108.8 ? - - - - - - - 0.53 0.51 0.52 0.50 -
16110.6 ? - - - - - - - - - 0.40 0.38 -
16112.1 ? - - - - - - - - 0.43 0.44 - -
16116.5 ? 0.60 - - - - - - - - - - -
16116.8 ? - - - 0.48 - - - - - - - -
16118.2 ? - - - - - - - - - 0.39 0.36 -
16119.5 ? - - - - - - - - - 0.39 - -
16125.3 ? - - - - - - - - - - 0.34 -
16125.5 ? - - - - - - - - - 0.39 - -
16128.3 ? - - - - - - - - 0.42 0.44 - -
16129.4 ? - - - - - - - - - 0.39 - -
16129.7 ? - - - - - - - - 0.43 0.45 0.40 -
16130.8 ? - - - - - - - - 0.42 0.44 0.42 -
16134.7 ? - - - - - - - - 0.44 0.46 0.43 -
16134.8 ? - - - - - - - - - 0.45 - -
16136.7 ? - - - 0.43 - - - - - 0.41 0.38 -
16137.2 ? - - - - - - - - - 0.41 0.39 -
16138.4 ? - - - - - - - - - 0.37 - -
16140.3 ? - - - - - - - - - 0.37 0.35 -
16144.1 ? - - - - - - - - - 0.40 0.37 -
16145.5 ? - - - - - - - - - 0.40 0.36 -
16146.6 ? - - - - - - - - 0.43 0.45 0.41 -
16148.2 ? 0.57 - - - - - - - - 0.38 0.35 -
16152.9 ? - - - - - - - 0.57 0.54 0.56 0.53 -
16153.9 ? 0.60 - - - - - - - - - - -
16154.9 ? - - - 0.47 - - - - 0.46 0.48 - -
16155 ? - - - - - - - - - - 0.40 -

16155.4 ? - - - - - - - 0.55 - - - -
16156.2 ? - - - 0.52 0.55 - - - - 0.47 0.45 -
16159 ? - - - - - - - - 0.42 0.44 0.41 -

16159.3 ? - - - - - - - - 0.40 0.42 - -
16160.7 ? - - - - - - - - - 0.39 0.36 -
16168 ? - - - - - - - - 0.40 0.42 0.40 -

16169.5 12CH4 0.93 0.86 - - - - - - - - - -

16169.6 12CH4 - - 0.72 0.59 0.51 - - - - - - -
16169.7 ? - - - - - - - - 0.45 0.46 - -

16171.2 12CH4 0.94 0.87 0.78 0.62 - - - - - - - -
16173.2 ? - - - - - - - - 0.45 0.47 0.45 -

16184.3 12CH4 0.92 0.85 0.76 0.61 - - - - - - - -
16185.1 ? - - - - - - - - 0.44 0.46 0.44 -
16188 ? - - - - - - - - - 0.38 0.35 -

16190.4 12CH4 0.96 0.91 0.83 0.69 - - - - - - - -
16190.5 ? - - - - 0.67 0.56 - 0.52 0.47 0.47 0.43 -
16192.7 ? - - - - - - - - - 0.38 0.34 -
16193.3 ? - - - - - - - - - - 0.33 -

16194.5 12CH4 0.90 0.81 0.70 0.55 - - - - - - - 0.29
16194.6 ? - - - - - - - - - 0.38 0.35 -
16196.5 ? - - - - - - - - - - - 0.26
16197.7 ? - - - - - - - 0.51 0.48 0.49 - -

16200.4 12CH4 0.58 - - - - - - - - - - -

16200.9 12CH4 0.52 - - - - - - - - - - -
16201.3 ? - - - - - - - - 0.45 0.39 0.36 -
16201.6 ? - - - - - - - - - 0.39 - -
16201.7 ? - - - - - - - - - - 0.35 -

16204.2 12CH4 - 0.83 0.69 0.57 - - - - - - - -

16205.2 12CH4 0.98 0.95 0.87 0.73 0.56 - - - - - - -
16205.3 ? - - - - 0.51 - - - - - - -

16207.6 12CH4 - - 0.99 0.98 0.91 0.79 0.62 0.53 0.42 0.40 0.36 -
16208.5 ? - - - - - - - - - - - 0.30

16210.3 12CH4 - 0.99 0.97 0.92 0.80 0.65 - - - - - -
16211 ? - - - - - - - 0.53 0.49 - - -

16211.6 ? - - - - - - - - - - - 0.32
16211.7 ? - - - - - - - - - 0.41 0.39 -
16212.9 ? - - - - - 0.57 - - - - - -

16213 12CH4 - 0.99 0.97 0.90 0.75 - - - - - - -

16213.2 12CH4 - 0.99 0.96 0.87 0.71 - - - - - - -
16213.3 ? - - - - - 0.56 - - - - - -
16214.5 ? - - - - 0.99 - - - - - - -
16214.6 ? - - - - - 0.98 0.91 0.79 0.63 0.54 0.47 -
16215.7 ? - - - - - 0.77 - - - - - -
16215.8 ? - - - - - - - 0.52 0.44 - - -

16218.5 12CH4 0.99 0.98 0.95 0.87 0.69 - - - - - - -

16220.3 12CH4 0.92 0.84 0.70 0.56 - - - - - - - -
16221.1 ? - - - - - - - - - - - 0.19

16221.5 12CH4 0.97 0.94 0.85 0.72 0.56 - - - - - - -
16222.8 ? - - - 0.43 - - - - - - - -

16222.9 12CH4 - - 0.68 - - - - - - - - -

16223.8 12CH4 0.95 0.90 0.78 0.63 - - - - - - - -
16224 ? - - - - - - - - - 0.37 0.34 -

16224.4 12CH4 0.95 0.89 0.77 0.63 - - - - - - - -
16228.2 ? - - - - - - - - 0.42 0.43 - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K

16228.3 12CH4 0.99 0.97 0.90 0.81 0.69 - - - - - - -

16228.6 12CH4 0.99 0.97 0.89 0.75 0.57 - - - - - - -

16229.7 12CH4 - 0.99 0.96 0.88 0.73 0.56 - - - - - -
16230.1 ? - - - - - - - - - 0.37 0.35 -
16231.4 ? - - - - - - - - - - 0.33 -

16232.3 12CH4 0.96 0.91 0.79 0.64 - - - - - - - -
16235.6 ? - - - - - 0.63 - - - - - -

16235.7 12CH4 - - 0.99 0.96 0.85 - - - - - - -
16236.4 ? - - - - - - - 0.51 0.47 0.46 0.43 -

16236.9 12CH4 - 0.99 0.96 0.88 0.74 0.58 - - - - - -

16238 12CH4 - - 0.99 0.96 0.88 0.73 0.57 - 0.40 0.40 0.36 -

16238.5 12CH4 - - 0.99 0.97 0.88 0.72 - - - - - -
16240.1 ? - - - - - - - - 0.48 0.50 0.47 -
16241 ? - - - - - 0.98 0.87 0.69 0.47 - - -

16241.2 ? - - - - - - - - 0.41 0.39 0.34 -
16244.2 ? - - - - - - - - 0.42 0.44 0.41 -
16250.2 ? - - - - - - - - - 0.40 0.38 -
16252.3 ? - - - - - - - - - 0.38 0.35 0.31

16252.9 12CH4 0.99 0.97 0.89 0.77 0.62 - - - - - - -

16253.4 12CH4 0.99 0.98 0.95 0.87 0.76 0.64 - 0.53 0.47 0.47 0.43 -

16255 12CH4 - 0.93 0.80 0.66 - - - - - - - -
16255.1 ? - - - - 0.59 - - - - - - -
16256 ? - - - - - - - 0.52 0.47 0.47 0.44 0.29

16256.1 12CH4 - 0.99 0.98 0.93 0.83 0.71 - - - - - -
16256.5 ? - - - - - - - - 0.41 0.42 - -

16257.7 12CH4 0.99 - - - - - - - - - - -
16259 ? - - - - - 0.99 0.94 0.78 - - - -

16259.4 ? - - - - - - - - - - - 0.30
16259.5 ? - - - - - - - - - - 0.37 -
16259.6 ? - - - - - - - - 0.48 0.46 - -
16259.7 ? - - - - - 0.96 0.83 0.67 - - - -
16260.9 ? - - - - 0.99 0.95 0.80 0.62 - - - -
16261.3 ? - - - - - 0.99 0.92 0.75 0.51 - - -
16261.4 ? - - - - - - - - - 0.43 - -

16262.6 12CH4 - - 0.99 0.96 0.87 0.71 - - - - - -
16264.6 ? - - - - - - - - - - - 0.29
16267.5 ? - - - - - - - - 0.43 0.44 - -
16270.1 ? - - - - - - - - - - - 0.19

16271.6 12CH4 - - 0.92 - - - - - - - - -
16273.8 ? - - - 0.45 - - - - - - - -
16273.9 ? - - - - - - - - - 0.40 0.37 -

16275.4 12CH4 0.95 0.94 0.82 0.67 0.50 - - - - - - -
16275.7 ? - - - - - - - - - 0.40 0.37 -
16276.2 ? - - - - - - - - - 0.40 0.37 -
16280.7 ? - - - - - - 0.99 0.93 0.72 - - -
16280.8 ? - - - - - - 0.98 0.90 - - - -
16281 ? - - - - - - - - 0.65 - - -

16281.1 ? - - - - - - - - - 0.49 0.36 -
16282 ? - - - - - 0.99 0.96 - - - - -

16285.3 ? - - - - - 0.61 - - - - - -
16285.6 ? - - - - - - 0.63 - - - - -
16286.2 ? - - - - - - - 0.55 0.51 0.52 - -
16286.5 ? - - - - - - - - 0.46 0.47 0.44 -
16286.9 ? - - - - 0.84 0.67 - - - - - -
16296.7 ? 0.69 0.69 - - - - - - - - - -
16299.5 ? 0.95 0.90 0.74 0.52 - - - - - - - -
16300.6 ? - - - - - - - - - 0.38 0.34 -
16304.9 ? - - - - - - - 0.98 0.84 0.56 - -
16305.3 ? - - - - - - 0.99 0.89 0.63 - - -
16306.9 ? - - - - - - - 0.97 0.84 0.61 - -
16307 ? - - - - - - - - - - 0.45 -

16308.1 ? - - - - - - - 0.53 0.51 0.50 0.47 -

16309.7 12CH4 0.99 0.97 0.89 0.73 - - - - - - - -
16309.8 ? - - - - 0.63 - - - - - - -
16310.1 ? - - - - - - - - - - 0.38 -

16310.4 12CH4 0.98 0.95 0.87 0.69 0.50 - - - - - - -

16311 12CH4 0.99 0.97 0.90 0.77 0.58 - - - - - - -
16311.6 ? - - - - - - - - - 0.40 0.37 -

16314.9 12CH4 0.96 0.93 0.82 0.68 0.50 - - - - - - -

16315.8 12CH4 0.96 - - - - - - - - - - -
16320.9 ? - - - - 0.72 0.56 - - - - 0.37 -
16321.9 ? - - - - - - - - - - 0.42 -
16328.9 ? - - - - - 0.99 0.97 0.88 0.69 0.53 - -
16330.3 ? - - - - - - 0.97 0.86 0.63 0.43 - -
16331.8 ? - - - - - 0.97 0.85 0.64 - - - -

16335.1 12CH4 0.98 0.94 0.82 - - - - - - - - -

16335.3 12CH4 0.99 0.96 0.87 0.71 0.53 - - - - - - -

16335.7 12CH4 0.99 0.96 0.87 0.72 0.53 - - - - - - -
16337.3 ? - - - - - - - - - 0.40 0.36 -

16337.9 12CH4 - 0.99 0.97 0.89 0.71 - - - - - - -

16338.2 12CH4 - 0.99 0.94 0.82 - - - - - - - -
16338.3 ? - - - - 0.69 - - - - - - -
16339.5 ? - - - 0.79 0.65 0.52 - - 0.43 0.41 0.37 -

16342.4 12CH4 - 0.99 - - - - - - - - - -

16343.1 12CH4 - 0.99 - - - - - - - - - -
16343.3 ? - - - - - 0.59 - - - 0.37 - -

16344.4 12CH4 0.99 0.97 0.90 0.76 0.59 - - - - - 0.33 -
16353.4 ? - - - - - - - - - - 0.40 -
16353.9 ? - - - - - - - - - - 0.38 -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
16354 ? - - - - - - - - - 0.60 - -

16354.1 ? - - - - - - - 0.99 0.93 - - -
16354.5 ? - - - - - - - 0.97 0.79 0.49 - -
16356.6 ? - - - - - - - - - - - 0.25
16357.6 ? - - - - - - - - - 0.36 - -
16359 ? - - - - - - - - - - - 0.27

16360.7 12CH4 0.98 0.95 0.84 0.66 - - - - - - - -

16366.9 12CH4 0.97 - - - 0.51 - - - - - - -
16369 ? - - - - - - - - - - - 0.27

16369.4 ? 0.56 - - - - - - - - - - -
16372.5 ? - - - - - - - - - - - 0.26
16376.6 ? - - - - - 0.98 0.89 0.71 0.50 - - -
16377.2 ? - - - - - 0.99 0.91 0.72 0.46 - - -
16378.3 ? - - - - - 0.98 0.88 0.74 0.55 0.44 0.36 -
16380.1 ? - - - - - - - - - - 0.34 -

16381.9 12CH4 0.77 0.64 - - - - - - - - - -
16384.2 ? - - - - - - - - - 0.38 0.35 -
16385.4 ? - - - - - - - - - 0.39 0.36 -

16386 12CH4 0.97 0.92 0.83 0.67 - - - - - - - -

16389.3 12CH4 - 0.99 0.96 0.88 0.71 - - - - - - -
16389.4 ? - - - - - 0.55 - - - - - -

16389.7 12CH4 0.99 0.98 0.93 0.81 0.64 - - - - - - -

16390.9 12CH4 - - 0.98 0.93 0.79 0.56 - - - - - -

16391.1 12CH4 - - 0.99 0.97 0.88 0.70 - - - - - -

16392.5 12CH4 - 0.99 0.96 0.88 0.74 0.55 - - - - - -
16394.5 ? - - - - - - - - - 0.40 0.37 -
16394.6 ? 0.67 0.60 0.52 - - - - - - - - -
16397.6 ? - - - - 0.55 - - - - - - -
16404.1 ? - - - - - - - - - 0.45 0.36 -
16403.1 ? - - - - - - - - 0.48 - - -
16403.7 ? - - - - - - - 0.86 0.63 - - -
16410.2 ? - - - - - - - - - 0.46 0.37 -
16410.3 ? 0.77 0.69 0.62 - - - 0.98 - - - - -
16410.5 ? - - 0.48 - - - - - - - - -
16410.6 ? 0.81 0.71 - 0.46 - - - - - - - -
16410.8 ? 0.65 - - - - - - - - - - -
16420.3 ? 0.49 - - - - - - - - - - -
16424.4 ? - - - - - - - - - 0.42 - -
16429 ? - - - - - - 0.97 0.82 0.53 - - -

16429.4 ? - - - - - 0.97 0.87 0.67 - - - -
16429.5 ? - - - - - - - - 0.51 0.44 - -
16430.6 ? - - - - - - - - - 0.42 0.34 -

16433.2 12CH4 0.97 0.92 0.81 - - - - - - - - -
16433.3 ? - - 0.77 0.61 - - - - - - - -
16433.5 ? - - - - - - - - - 0.45 0.35 -
16434.5 ? - - - - - - - - 0.45 0.48 0.40 -
16436.9 ? 0.81 0.70 0.57 0.46 - - - - - - - -
16437.4 ? 0.79 0.67 0.53 0.44 - - - - - - - -
16441.3 ? 0.47 - - - - - - - - - - -
16448.3 ? - - - - - - - - - - - 0.28

16451.6 12CH4 0.98 0.94 0.86 0.73 0.54 - - - - - - -
16452.5 ? - - - - - - - - - - - 0.26
16455.4 ? - - - - - 0.99 0.93 0.74 0.46 - - -
16455.6 ? - - - - - 0.99 0.95 0.79 0.52 - - -
16459.5 ? - - - - - - - - - 0.43 0.34 -

16461.1 12CH4 0.80 0.66 0.50 - - - - - - - - -

16465.2 12CH4 0.97 0.94 0.88 0.77 0.61 - - - - - - -
16466.8 ? - - - - - - - - - 0.42 - -
16467.5 ? 0.47 - - - - - - - - - - -
16468.9 ? 0.71 0.60 0.48 - - - - - - - - -

16474.1 12CH4 0.97 0.92 0.83 0.70 0.54 - - - - - - -

16474.3 12CH4 0.95 0.88 0.74 - - - - - - - - -

16474.6 12CH4 0.90 0.78 - - - - - - - - - -
16474.7 ? - - 0.64 0.52 - - - - - - - -

16475.7 12CH4 0.96 0.91 0.81 0.67 - - - - - - - -
16477.2 ? 0.89 - 0.62 - - - - - - - - -
16477.4 ? 0.91 0.79 0.62 0.48 - - - - - - - -
16477.8 ? 0.90 0.78 0.89 0.50 - - - - - - - -
16479.4 ? - - - 0.53 - - - - - - - -
16482.1 ? - - - - - - - - 0.48 - - -
16482.2 ? - - - - - 0.99 0.94 0.78 - - - -
16484.5 ? - - - - 0.61 - - - - - - -

16484.8 12CH4 0.99 0.97 0.96 0.75 0.54 - - - - - - -
16489.4 ? - - - - 0.50 - - - - - - -
16490.8 ? - - - - - - - - - 0.44 0.35 -

16496.4 12CH4 0.99 0.97 0.90 0.77 0.56 - - - - - - -

16496.7 12CH4 0.98 0.95 0.87 0.74 0.57 - - - - - - -
16498.7 ? - - - 0.45 - - - - - - - -
16499 ? - - - 0.45 - - - - 0.46 - - -

16500.8 12CH4 - 0.92 0.83 0.72 0.54 - - - - - - -

16500.9 12CH4 0.97 - - - - - - - - - - -
16501.3 ? - - - 0.45 - - - - - - - -

16504.9 12CH4 0.98 0.94 0.85 0.72 0.52 - - - - - - -

16505.2 12CH4 0.96 0.89 0.75 0.58 - - - - - - - -
16506.1 ? - - - - - - - - - 0.39 - -
16506.5 ? - - - - - - - - 0.42 - - -
16507.9 ? - - - - - - - - 0.41 0.42 0.39 -
16508 ? - - - - - 0.51 - - - - - -

16508.3 ? - - - 0.99 0.95 0.82 0.60 - - - - -
16509.5 ? - - - - - 0.99 0.94 0.73 - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
16509.6 ? - - - - - - - - 0.56 - - -
16510.9 ? - - - - - - - - - 0.39 0.35 -
16528 ? - - - - - - - - - - - 0.24

16530.1 ? - - - - - - - - - 0.40 0.36 -
16530.7 ? - - - - - - - - - - - 0.24
16531.3 ? 0.62 - - - - - - - - - - -
16537.2 ? - - - - 0.99 0.96 0.81 0.55 - - - -
16539.1 ? - - - - - - - - 0.41 0.42 0.39 0.27
16541 ? 0.69 - - - - - - - - - - -

16542.2 ? 0.67 - - - - - - - - - - -
16543 ? - - - - - - - - - 0.36 0.34 -

16543.1 ? - - - - - - - - - - - 0.26
16543.2 ? - - - - - - - - - 0.38 - -
16546.8 ? 0.66 - - - - - - - - - - -
16548.2 ? - 0.69 0.54 0.43 - - - - - - - -
16548.3 ? 0.86 - - - - - - - - - - -

16558.9 12CH4 - - - 0.98 0.92 0.77 0.59 - - - - -
16561.1 ? - - - - 0.99 0.95 0.82 0.63 0.49 0.40 - -

16562.4 12CH4 - 0.99 0.98 0.93 0.77 0.58 - - - - - -

16563.4 12CH4 - - - 0.99 0.93 0.80 0.61 - - - - -
16565.4 ? - - - - 0.99 0.92 0.72 - - - - -
16566 ? - - - - - - - - 0.43 - - -

16566.7 12CH4 - - - - 0.98 0.91 0.75 0.52 - - - -

16571.8 12CH4 - 0.99 0.98 0.93 0.78 0.58 - - - - - -
16575.4 ? 0.45 - - - - - - - - - - -
16577.9 ? - - - - - - - - - 0.38 0.35 -
16583.4 ? 0.45 - - - - - - - - - - -
16583.6 ? - - - - - - - - - 0.38 0.34 -
16586.2 ? 0.53 - - - - - - - - - - -
16587.6 ? - - - 0.51 - - - - - - - -

16587.7 12CH4 0.88 0.80 0.69 - - - - - - - - -
16589.1 ? 0.76 0.64 0.51 - - - - - - - - -
16590.5 ? 0.71 0.58 - - - - - - - - - -

16592.3 12CH4 0.91 0.84 0.72 0.58 - - - - - - - -
16601.4 ? - - - - - - - - 0.41 - - -
16602.2 ? 0.54 - - - - - - - - - - -
16608.2 ? - - - - - - - - - 0.40 0.35 -
16608.7 ? 0.47 - - - - - - - - - - -
16609.2 ? 0.64 - - - - - - - - - - -
16612 ? 0.79 0.69 0.58 0.45 - - - - - - - -

16612.5 ? 0.70 0.58 - - - - - - - - - -
16612.9 ? 0.77 - - - - - - - - - - -
16614.1 ? 0.60 - - - - - - - - - - -
16614.5 ? 0.60 - - - - - - - - - - -
16615.9 ? 0.66 - - - - - - - - - - -

16619.6 12CH4 - 0.85 0.75 0.61 0.47 - - - - - - -

16619.7 12CH4 0.96 - - - - - - - - - - -

16628 12CH4 0.94 0.87 0.76 0.60 - - - - - - - -

16628.4 12CH4 0.93 0.84 0.72 0.54 - - - - - - - -

16629 12CH4 0.91 0.82 0.69 0.51 - - - - - - - -

16629.4 12CH4 0.92 0.84 0.72 0.56 - - - - - - - -

16633.1 12CH4 0.84 0.75 0.61 0.43 - - - - - - - -
16639.4 ? 0.77 0.68 0.54 - - - - - - - - -
16641.4 ? - - - - - - - - - 0.37 - -
16654.7 ? - - - - - - 0.72 0.46 - - - -
16655.9 ? - - - - - 0.99 0.92 0.70 0.45 - - -
16657.5 ? - - - - - 0.97 0.84 0.60 - - - -
16659.5 ? - - - - - 0.99 0.94 0.76 0.50 - - -
16661.9 ? - - - - - 0.99 0.93 0.73 0.47 - - -
16664.6 ? - - - - - - - - - - - -
16664.8 ? - - - - - 0.99 0.94 0.76 0.50 - - -
16668 ? - - - - - - 0.97 0.82 0.57 - - -
16671 ? - - - - - 0.98 0.88 0.66 0.43 - - -

16671.5 ? - - - - 0.99 0.97 0.85 0.60 - - - -
16673.5 ? - - - - - 0.99 0.95 0.80 0.56 0.38 - -
16673.7 ? - - - - - - - - 0.55 0.38 - -
16673.9 ? - - - - - 0.99 0.91 - - - - -

16677.4 12CH4 - - 0.99 0.95 0.82 0.62 - - - - - -
16678.8 ? - - - - - - - 0.48 - - - -
16679.1 ? - - - - 0.99 0.96 0.83 0.63 0.47 0.37 - -
16681.3 ? - - - - 0.99 0.97 0.85 0.60 - - - -
16681.7 ? - - - - - - - 0.83 0.60 0.38 - -
16681.8 ? - - - - - - 0.98 - 0.63 - - -
16683.8 ? - - - - 0.98 0.91 0.71 0.46 - - - -
16684.3 ? - - - 0.99 0.98 0.89 0.68 0.46 - - - -
16687.3 ? - - - - - - 0.98 0.86 - 0.41 - -
16692.7 ? - - - - 0.99 0.97 0.86 0.64 0.42 - - -
16693.1 ? - - - 0.99 0.98 0.91 0.72 0.51 - - - -
16694 ? - - - - - - - - - - 0.37 -

16694.1 ? - - - - - - - - - 0.41 - -

16695.2 12CH4 - 0.99 0.97 0.91 0.77 0.59 - - - - - -

16695.5 12CH4 - 0.99 0.96 0.87 0.70 0.53 - - - - - -
16698.1 ? - - - - - - - - 0.46 0.43 0.38 -
16698.2 ? - - - 0.99 0.94 0.83 0.67 0.55 - - - -
16702.7 ? 0.83 0.71 0.54 0.37 - - - - - - - -

16705.5 12CH4 0.98 0.95 0.89 0.78 0.64 0.52 - - - - - -
16706.8 ? 0.95 0.90 0.80 0.64 0.47 - - - - - - -
16708.1 ? 0.87 0.78 0.62 0.45 - - - - - - - -
16708.7 ? 0.82 - - - - - - - - - - -
16708.8 ? - 0.76 0.61 0.44 - - - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
16708.9 ? - - - - - - - - - - - 0.25

16711.4 12CH4 0.97 0.93 0.83 0.68 0.51 - - - - - - -
16712 ? - - - - - - - - - - - 0.25

16718.8 ? - - - - - - - - - - - 0.25

16719.9 12CH4 0.94 0.89 0.78 0.62 - - - - - - - -
16720 ? - - - - 0.46 - - - - - - -

16721.7 ? - - - - 0.44 - - - - - - -

16721.8 12CH4 0.94 0.87 0.75 0.59 0.43 - - - - - - -

16723.2 12CH4 0.80 0.69 0.53 0.41 - - - - - - - -
16723.4 ? - - - - - - - - - - - 0.28

16730.3 12CH4 0.98 0.96 0.89 0.76 0.57 - - - - - - -

16733 12CH4 0.96 0.92 0.84 0.69 0.54 - - - - - - -

16735.5 12CH4 0.98 0.95 0.87 0.73 0.56 - - - - - - -

16737.8 12CH4 0.90 0.83 0.70 0.53 - - - - - - - -

16739.1 12CH4 0.90 0.84 0.72 0.56 - - - - - - - -

16753.6 12CH4 - 0.84 0.72 0.56 - - - - - - - -

16753.7 12CH4 0.93 - - - - - - - - - - -
16756.9 ? 0.73 0.64 0.50 0.37 - - - - - - - -
16766.5 ? 0.51 - - - - - - - - - - -

16769 12CH4 0.90 0.82 0.70 0.54 - - - - - - - -

16770.7 12CH4 0.92 0.84 0.72 0.56 - - - - - - - -

16771.8 12CH4 0.93 0.86 0.73 0.57 - - - - - - - -
16773.6 ? - - 0.99 0.95 0.85 0.69 - - - - - -
16776 ? - - - - 0.99 0.96 0.81 0.60 0.41 - - -

16776.5 ? - - - - - 0.51 - - - - - -

16777.6 12CH4 - 0.99 0.98 0.92 0.79 0.60 - - - - - -
16782.3 ? 0.38 - 0.70 - - - - - - 0.39 0.35 -
16784.5 ? 0.89 - - - - - - - - - - -
16786.5 ? - - 0.74 0.58 0.45 - - - - - - -

16786.7 12CH4 0.95 0.89 0.78 0.62 0.46 - - - - - - -
16793.5 ? 0.68 0.59 0.45 0.34 - - - - - - - -
16797.9 ? 0.57 0.57 - - - - - - - - - -
16802 ? 0.42 - - - - - - - - - - -

16807.8 ? - - - - 0.99 0.95 0.76 0.52 - - - -

16810.6 12CH4 0.96 0.91 0.79 0.64 0.50 - - - - - - -

16811 12CH4 0.95 0.88 0.74 0.56 - - - - - - - -
16814.2 ? - - - 0.98 0.93 0.79 0.53 - - - - -

16814.6 12CH4 - 0.98 0.93 0.79 0.60 - - - - - - -

16815.9 12CH4 - 0.99 0.98 0.91 0.77 0.57 - - - - - -

16817.8 12CH4 0.98 0.95 0.86 0.71 0.54 - - - - - - -

16818.9 12CH4 0.99 0.98 0.93 0.83 0.66 - - - - - - -
16821.4 ? - - - 0.61 - - - - - - - -

16821.6 12CH4 0.97 0.94 0.84 0.69 0.51 - - - - - - -

16822.6 12CH4 0.92 0.85 0.73 0.56 - - - - - - - -

16825.4 12CH4 0.95 0.90 0.81 0.67 0.51 - - - - - - -

16827.6 12CH4 0.91 0.85 0.72 0.57 - - - - - - - -

16830.5 12CH4 - 0.99 0.98 0.92 0.78 0.59 - - - - - -
16832.8 ? 0.63 - - - - - - - - - - -

16835.2 12CH4 0.98 0.96 0.90 0.77 0.61 - - - - - - -

16836.8 12CH4 0.99 0.97 0.91 0.79 0.62 - - - - - - -

16838.4 12CH4 - 0.99 0.97 0.90 0.75 0.57 - - - - - -
16838.8 ? - - - 0.68 - - - - - - - -
16840.1 ? - - - - 0.99 0.93 0.75 0.56 - - - -
16840.2 ? - - - - - - - - 0.46 0.37 - -
16840.3 ? - - - - - - - - - - - 0.15
16840.4 ? - - - - 0.99 0.95 0.80 0.61 0.45 - - -

16842.8 12CH4 0.95 0.90 0.78 0.64 0.51 - - - - - - -

16844.7 12CH4 0.97 0.93 0.84 0.69 0.52 - - - - - - -
16848.9 ? - - 0.99 0.95 0.83 0.63 - - - - - -

16849.4 12CH4 - 0.99 0.98 0.91 0.77 0.57 - - - - - -

16850.7 12CH4 0.98 0.94 0.85 0.69 0.53 - - - - - - -

16852.8 12CH4 - 0.99 0.98 0.93 0.80 0.63 - - - - - -

16854.1 12CH4 - 0.99 0.98 0.92 0.79 0.61 - - - - - -

16857.4 12CH4 0.97 0.93 0.84 0.69 0.52 - - - - - - -

16857.7 12CH4 0.95 0.90 0.77 - - - - - - - - -
16857.8 ? - - - 0.69 0.54 - - - - - - -

16861.8 12CH4 0.96 0.91 0.80 0.63 0.45 - - - - - - -
16863.5 ? - - 0.98 0.94 0.82 0.63 - - - - - -
16864.5 ? - - 0.87 0.72 0.58 - - - - - - -

16865.9 12CH4 0.99 0.97 0.91 0.80 0.63 - - - - - - -

16866.4 12CH4 0.99 0.97 0.91 0.79 0.63 - - - - - - -
16867.6 ? - - - - - - - - - 0.44 0.40 -

16868.6 12CH4 0.94 0.86 0.75 0.58 0.45 - - - - - - -
16869.8 ? - - - - - - - - 0.43 0.44 0.40 -
16872.9 ? - - - - 0.99 0.96 0.79 0.56 - - - -
16873 ? - - - - - - - - 0.42 - - -

16875.1 12CH4 - 0.98 0.93 0.82 0.64 - - - - - - -

16877.7 12CH4 - 0.99 0.97 0.91 0.77 0.57 - - - - - -

16878.7 12CH4 - 0.98 0.95 0.85 0.68 - - - - - - -
16879.7 ? - - 0.99 0.95 0.83 0.65 - - - - - -

16881.2 12CH4 0.99 0.96 0.90 0.79 0.64 0.51 - - - - - -

16882.9 12CH4 0.94 0.88 0.76 0.63 0.51 - - - - - - -

16883.5 12CH4 0.95 0.91 0.81 0.67 0.52 - - - - - - -
16885 ? 0.68 - - - - - - - - - - -

16886.4 ? 0.58 - - - - - - - - - - -
16887.9 ? - - - - - - - - 0.41 0.37 - -

16888.7 12CH4 - 0.99 0.98 0.92 0.79 0.61 - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K

16889.7 12CH4 0.99 0.97 0.91 0.78 - - - - - - - -

16891.9 12CH4 0.97 0.92 0.82 0.67 0.51 - - - - - - -

16892.9 12CH4 0.99 0.98 0.93 0.83 0.67 0.51 - - - - - -
16893.6 ? - - - - - - - - 0.41 0.41 0.37 -
16895.1 ? - - - - - - - - 0.43 0.43 - -

16896.3 12CH4 0.92 0.85 0.72 0.58 0.45 - - - - - - -
16897.2 ? - - - - - - - - - 0.39 0.35 -

16898.5 12CH4 - - 0.99 0.97 0.90 0.73 - - - - - -
16898.6 - - - - - - 0.72 - - - - - -
16899.7 ? - - - - - - - - - - - 0.21
16903.4 ? - - - - - - - - - - - 0.25

16904.8 12CH4 - 0.99 0.96 0.86 0.70 0.52 - - - - - -
16906.8 ? - - - - - 0.98 0.87 0.66 0.44 - - -
16910.8 ? 0.78 - - - - - - - - - - -

16912.5 12CH4 0.98 0.96 0.89 0.74 0.54 - - - - - - -

16913.7 12CH4 0.99 0.96 0.88 0.71 0.50 - - - - - - -
16913.9 ? - - - - - - - - - - - 0.25

16915.8 12CH4 0.99 0.98 0.95 0.85 0.67 0.44 - - - - - -
16920.7 ? - - - - - - - 0.48 0.49 0.49 - -
16921.1 ? - - - - - - - 0.53 0.54 0.54 0.50 -
16921.6 ? - - - 0.54 0.49 0.45 - 0.50 0.50 0.50 0.46 -
16925 ? - - - 0.50 - - - - - - - -

16925.1 ? - - - - 0.45 - - 0.47 0.48 0.49 0.45 -
16925.7 ? - - - - - - - - 0.44 0.44 0.40 -

16928.2 12CH4 0.96 0.92 0.83 0.67 0.49 - - - - - - -
16928.9 ? - - - - - - - - - 0.39 0.35 -
16930.7 ? 0.59 0.55 0.47 - - - - - - - - -

16935.8 12CH4 0.97 0.93 0.84 0.68 0.49 - - - - - - -
16936.6 ? - - - - - - - - 0.41 0.40 - -
16941.5 ? - - - - - - - 0.51 0.52 0.52 0.48 -

16942.7 12CH4 0.95 0.89 0.76 0.57 0.41 - - - - - - -

16945.6 12CH4 - 0.98 0.95 0.85 0.69 0.51 - - - - - -
16946.1 ? - - - - - - - - 0.41 0.41 0.36 -

16949.5 12CH4 - 0.99 0.97 0.91 0.79 0.63 0.52 0.46 0.43 0.40 0.35 -
16950.5 ? - - - - - - - 0.45 0.44 0.43 0.38 -
16951.9 ? - - - - - - - 0.45 0.46 0.47 0.43 -
16952.9 ? - - - - - - - - - 0.41 0.36 -

16954.8 12CH4 0.94 0.88 0.77 0.58 0.39 - - - - - - -
16955 ? - - - - - - - - - - - 0.19

16956.9 ? 0.47 - - - - - - - - - - -
16957.4 ? - - - 0.29 - - - 0.47 0.48 0.50 0.46 0.18
16958.1 ? 0.61 0.51 - - - - - - - - - -

16959.7 12CH4 0.90 0.84 0.73 0.60 0.50 - - - - - - -

16960.1 12CH4 0.89 0.82 0.69 0.51 - - - - - - - -
16961 ? - - - - - - - 0.46 0.47 0.47 0.43 -

16961.5 ? - - - - - - - - - 0.37 - -
16964.3 ? - - - - - - - 0.48 0.49 0.49 0.45 -

16964.7 12CH4 - - 0.99 0.97 0.87 0.68 - - - - - -

16965 12CH4 - 0.98 0.95 0.84 0.65 0.44 - - - - - -
16966.3 ? - - - - - - - - 0.42 0.41 0.36 -
16967.6 ? - - - - - - - - 0.48 0.46 0.41 -
16967.7 ? - - - - - - - 0.52 - - - -
16967.9 ? - - - - - - 0.59 0.57 0.55 0.53 0.48 -

16968.6 12CH4 - 0.99 0.98 0.94 0.82 - - - - - - -
16972.1 ? - - - - - - - - 0.50 0.49 0.44 -
16972.8 ? - - - - 0.98 0.89 0.72 0.57 - - - -
16973.7 ? - - - - - 0.91 0.74 - - - - -
16973.8 ? - - - - - - - 0.58 - - - -
16974.8 ? - - - - 0.99 0.95 0.80 - - - - -
16975.6 ? - - - - - - - - - 0.42 0.38 -
16976.8 ? - - - 0.51 0.49 0.49 0.54 0.57 0.58 0.58 0.55 -
16978.8 ? - - - 0.67 - - - - - - - -

16978.9 12CH4 - - 0.86 - - - - - - - - -

16979.2 12CH4 - 0.99 0.96 0.88 - - - - - - - -
16979.3 ? - - - - 0.82 0.70 0.63 0.60 0.58 0.56 - -
16981.5 ? - - - - - - - - 0.45 0.45 0.42 -
16982 ? - - - 0.83 0.66 0.47 - - - - - -

16983 12CH4 - - 0.99 0.96 0.85 0.64 - - - - - -
16986.1 ? - - - - - - - - 0.52 0.51 - -

16986.2 12CH4 - 0.99 0.97 0.91 0.81 0.70 0.63 0.61 - - - -
16986.4 ? - - - - - - - - - - 0.36 -

16987.4 12CH4 0.97 0.92 0.82 0.63 - - - - - - - -
16987.5 ? - - - - 0.46 - - - - - - -
16987.6 ? - - - - - - - - - 0.39 0.36 -

16988.7 12CH4 - 0.99 0.96 0.86 - - - - - - - -

16989.2 12CH4 - 0.99 0.97 0.90 0.75 0.56 - - - - - -

16990.7 12CH4 0.98 0.94 0.85 0.69 0.51 - - - - - - -
16991.4 ? - - - - - - - 0.47 0.48 0.48 0.43 -

16992.1 12CH4 0.95 0.89 0.77 0.59 0.42 - - - - - - -
16994.1 ? - - - - - - - - - 0.60 0.57 -
16994.2 ? - - - - - - - - 0.64 - - 0.25

16994.3 12CH4 0.98 0.95 0.91 0.84 0.76 0.70 0.69 0.69 - - - -
16996.1 ? - - - - - - - - - - 0.34 -
16996.7 ? - - - - 0.72 0.65 0.64 0.65 0.65 0.64 - -
16997.4 ? - - - - - - - - - - 0.34 -

16997.8 12CH4 - - 0.98 - 0.80 0.59 - - - - - -
16997.9 ? - - - 0.95 - - - - - - - -
16998.8 ? - - - - - - 0.56 0.58 0.59 0.59 0.56 0.20
17001.2 ? - - - - - 0.57 - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K

17002.8 12CH4 - - 0.98 0.94 - - - - - - - -

17003 12CH4 - - 0.99 0.96 0.87 0.73 0.60 0.48 0.44 0.41 0.42 -

17004.4 12CH4 - - 0.99 0.98 0.91 0.73 0.51 - - - - -

17004.9 12CH4 0.99 0.96 0.89 0.73 0.54 - - - - - - -
17006.6 ? - - - - - - - - - 0.37 0.38 -
17007.3 ? - - - - 0.99 0.98 0.88 0.64 0.40 - - -
17007.6 ? - - - - 0.98 0.91 0.72 - - - - -
17009.3 ? - - - - 0.99 - - - - - - -
17009.4 ? - - - - - 0.98 0.92 0.81 0.71 - - -
17009.5 ? - - - - - - - - - - 0.55 -
17009.8 ? - - - - 0.99 0.96 - - - - - -
17010.3 ? - - - - - - - - - 0.62 - -

17011.1 12CH4 - - 0.98 0.94 0.82 - - - - - - -

17012.5 12CH4 0.99 0.97 0.92 0.80 0.61 - - - - - - -
17014.2 ? - - - - - - - - - 0.34 0.36 -
17014.5 ? - - - - 0.47 0.50 0.55 0.53 0.54 - - -

17015.4 12CH4 - 0.99 0.95 0.86 - - - - - - - -
17015.5 ? - - - - 0.80 0.59 - - - - - -
17015.7 ? - - - - - - - - - 0.32 0.34 -

17016.7 12CH4 - - 0.98 0.94 0.81 - - - - - - -
17017.4 ? - - - - - 0.59 0.51 0.42 0.40 0.40 0.40 -

17017.9 12CH4 - 0.99 0.97 0.90 0.74 0.52 - - - - - -

17018.3 12CH4 - - 0.99 0.95 0.83 - - - - - - -
17020.5 ? - - - - - 0.70 0.53 - - - - -

17022.6 12CH4 - 0.99 0.98 0.92 0.77 0.54 - - - - - -
17023.2 ? - - - - 0.57 0.47 - - 0.36 0.35 0.36 -
17024.4 ? - - - - - 0.46 - 0.47 - - - -

17027.1 12CH4 0.99 0.97 0.90 0.74 0.52 - - - - - - -
17028.8 ? - - - - - - - - - 0.31 - -
17028.9 ? - - - - - 0.54 - - - - - -
17029.3 ? - - - 0.97 0.89 0.72 - - - - - -
17030.1 ? - - - - - - 0.58 0.55 0.56 0.56 0.56 0.15

17031 12CH4 0.98 0.95 0.87 - - - - - - - - -
17032.4 ? - - - - - 0.56 - - - - - -

17033.6 12CH4 - 0.99 0.97 0.90 0.75 0.55 - - - - - -

17034.9 12CH4 - - 0.99 - - - - - - - - -
17035.8 ? - - - - - - 0.59 0.53 0.53 0.53 0.53 -
17039.8 ? - - - - - - - - - - - 0.18
17040.7 ? - - - - 0.99 0.93 0.77 0.51 - - - -
17041 ? - - - - - - - - - - 0.40 -

17041.1 ? - - - - 0.99 0.98 0.94 0.83 0.72 0.43 - 0.14
17041.5 ? - - - - - - - - 0.42 0.43 0.44 -
17042.8 ? - - - 0.99 0.96 0.86 0.67 0.43 - - - -

17043.1 12CH4 - - 0.99 0.99 0.94 0.80 0.58 - - - - -
17044.4 ? - - - - - - - - 0.50 0.50 - -
17045.2 ? - - - - 0.99 0.97 0.91 0.81 - - - -
17046.1 ? - - - - - - - - - 0.36 0.39 -

17047 12CH4 0.99 0.97 0.90 0.75 0.55 - - - - - - -
17048.8 ? - - - - 0.46 0.48 0.51 0.49 0.50 0.51 - -
17049 ? - - - - - - - - - 0.32 - -

17049.1 12CH4 0.98 0.95 0.88 0.76 0.61 0.50 - - - - 0.37 -
17050 ? - - - - - - - - - - 0.40 -

17050.7 ? - - - - - - - - - 0.32 - -
17051.8 ? - - - - - - - - - 0.34 0.37 -
17052 ? - - - - - - - - 0.34 0.35 0.39 -

17052.1 ? - - - - - - - - - - - 0.19
17052.3 ? - - - - - - - - 0.44 0.43 - -
17053 ? - - - - 0.98 0.92 0.74 0.48 - - - -
17054 ? - - - - - - - 0.56 0.56 0.56 0.56 -

17054.5 ? - - - - 0.79 0.64 0.53 0.40 0.36 0.34 0.36 -
17056.4 ? - - - - - 0.53 - - - - - -
17057.1 ? - - - - - - - - 0.34 0.34 0.34 -

17057.9 12CH4 0.98 0.95 0.86 0.71 0.53 - - - - - - -

17058.2 12CH4 0.95 - - - - - - - - - - -

17059.1 12CH4 - - 0.82 0.69 0.56 0.47 - - - - - -
17059.2 ? - - - - - - - 0.46 0.46 0.46 0.47 -

17059.7 12CH4 0.95 0.88 0.74 0.58 0.43 - - - - - - -
17061.3 ? - - - - - - - - 0.36 0.37 0.39 -
17061.5 ? - - - - - 0.51 - - - - - -
17065.6 ? - - - - - - - - 0.34 0.36 0.39 -
17066.1 ? - - - - - - 0.56 0.54 0.56 0.56 0.48 -
17066.2 ? - - - - - - - - - - - 0.27
17066.6 ? - - - - - - - 0.38 0.38 0.38 0.41 -

17067.5 12CH4 - - 0.99 - - 0.69 - - - - - -
17069.5 ? - - - - - - - - 0.36 0.36 - -
17069.9 ? - - - - - - - 0.43 0.45 0.45 0.47 -
17074.2 ? - - - - - - - - 0.41 0.40 0.40 -
17074.3 ? - - - - 0.96 0.87 0.71 0.52 - - - -
17074.4 ? - - - 0.99 - - - - - - - -
17075.7 ? - - - - - - - 0.55 0.55 - - -
17075.9 ? - - - - - - 0.59 0.55 0.55 - - -
17076.4 ? - - - 0.99 0.96 0.84 0.66 - - - - -
17077.5 ? - - - - - - - 0.43 0.38 0.38 0.40 -
17078.4 ? - - - 0.99 0.98 0.91 0.75 - - - - -

17078.7 12CH4 - - 0.99 0.96 - - - - - - - -
17080.4 ? - - - - - - - 0.52 - - - -
17080.6 ? - - - - - - - - 0.47 0.47 0.48 -
17080.9 ? - - - - - - - - - 0.35 - -
17081 ? - - - 0.99 0.96 0.85 0.69 0.51 - - - -

17081.9 ? - - - - - - - - 0.52 0.52 0.53 -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
17082.5 ? - - - - - - 0.59 0.56 - - - -
17082.6 ? - - - - - - - - - - - 0.28
17083.2 ? - - - - - - - - - - - 0.29
17084 ? - - - - - - - 0.40 0.43 - - -

17084.1 ? - - - - 0.37 - - - - - - -
17085.6 ? - - - - - 0.67 0.67 0.64 0.65 0.65 - -
17085.9 ? - - - - - - - - - - - 0.25
17087.8 ? - - - - - 0.72 0.72 - - - - 0.22
17088.5 ? - - - - - - - 0.50 0.50 0.50 0.50 -

17091 12CH4 - - 0.30 0.34 0.38 0.44 - 0.49 0.51 0.53 0.54 0.16
17092.4 ? - - - - - - - - - 0.32 - -
17093.6 ? - - - - 0.46 0.48 0.52 0.50 - - - -
17093.7 ? - - - - - - - - - - - 0.18
17097.3 ? - - - - - - - 0.42 0.44 0.45 0.47 -
17098.9 ? - - - - - - - - 0.38 0.39 0.40 -

17099.7 12CH4 0.97 0.91 - - - - - - - - - -

17100 12CH4 0.98 0.95 0.86 0.70 0.51 - - - - - - -
17101 ? - - - - - - - - - - - 0.17

17105 12CH4 0.99 0.97 0.91 - 0.59 0.48 - 0.38 0.38 0.40 0.36 0.24
17106.6 ? - - - - - 0.59 - - - - - -
17106.8 ? - - - - - - - - - 0.42 0.38 -
17107.5 ? - - - - - - 0.59 0.58 0.58 - - -
17108.5 ? - - - - 0.50 0.54 0.58 0.56 0.57 0.58 0.55 -

17108.9 12CH4 0.87 0.78 0.67 0.60 0.55 0.53 0.55 0.51 0.51 0.52 0.48 -
17110 ? - - - - - - - 0.50 0.51 - - -

17110.3 ? - - - - - 0.53 0.57 0.56 0.58 0.60 0.58 -
17110.4 ? - - - 0.55 - - - - - - - -
17110.7 ? - - - 0.83 0.68 0.55 - - - - - -

17110.8 12CH4 - 0.98 0.95 - - - - - - - - -
17111 ? - - - - - - - - - - - 0.32

17112 12CH4 0.96 0.91 - 0.65 0.51 - - - - - - -
17113.1 ? - 0.89 - - - - - - - - - -
17114.3 ? - - - - - - - 0.51 0.54 0.55 0.53 -
17114.6 ? - - - - - - - - - - - 0.31
17114.9 ? - - 0.99 0.98 0.91 0.79 0.64 - - - - -
17116.1 ? - 0.98 0.95 0.87 0.77 - - - 0.47 0.47 0.43 -
17116.2 ? - - - - - 0.75 0.71 0.66 - - - -

17116.6 12CH4 0.98 0.95 0.87 0.73 0.56 - - - - - - -
17117.6 ? - - - - - - - - - - 0.38 -
17117.7 ? - - - - - - - - - - - 0.24
17119.7 ? - - - 0.50 - - - - - - - -
17119.8 ? 0.86 0.76 0.63 - - - - - - - - -
17120.5 ? - - - - - - - - 0.48 0.48 0.43 -
17121.2 ? - - - - - - - 0.45 0.47 0.47 0.43 -
17121.5 - - 0.97 - - - - - - - - - -
17122.3 ? - - - - - 0.70 0.68 0.64 0.64 0.63 0.60 0.17
17122.6 ? - - - - - - - 0.42 0.40 0.39 0.34 -

17124 12CH4 - - 0.69 - - - - - - - - 0.32

17124.1 12CH4 - 0.85 - 0.61 - - - - - - - -
17124.2 ? - - - - - - - 0.40 0.42 0.44 0.42 -

17124.4 12CH4 0.96 0.92 0.85 0.74 0.61 0.51 - - - - - -
17127.1 ? - - - - - - - - 0.38 0.38 0.33 -
17128.7 ? 0.78 0.77 0.74 0.41 0.45 0.49 0.55 0.54 0.56 0.58 - 0.34
17130 ? 0.71 0.59 0.44 0.38 - - - - - - - -

17130.3 ? 0.77 0.64 0.48 - - - - - - - - -
17131.7 ? - - - - 0.62 0.60 0.60 0.56 0.56 0.55 0.51 0.14
17132 ? - - - - - - 0.53 0.48 - - - -

17132.1 ? - - - - - 0.54 - - - - - -

17134.1 12CH4 0.99 0.96 - - 0.61 - - - - - - -
17134.2 ? - - - - - - - - - 0.35 - -
17134.7 ? - - - - - - - - - - - 0.22

17134.8 12CH4 - 0.94 0.89 0.84 - - - - - - - -
17135.6 ? - - - - - - - 0.40 0.41 0.41 - -
17137.6 ? - - - - - 0.59 0.55 0.49 0.49 0.49 0.46 -

17139.2 12CH4 - - - - - 0.60 0.53 0.44 0.43 0.42 - -
17140.1 ? - 0.97 0.91 - - - - - - - - -

17140.5 12CH4 0.96 0.91 0.79 0.63 0.45 - - - - - - -
17142 ? - - - 0.55 0.57 0.61 0.65 0.63 0.64 0.64 - -

17142.5 ? - - - - - 0.52 0.56 0.55 0.56 0.56 0.54 -
17143.1 ? - - - - - - - - 0.46 0.46 0.43 -

17144.7 12CH4 0.60 0.59 0.57 - - - - - - - - -
17145.5 ? - - - - - - - - 0.45 0.46 0.43 -
17145.7 ? - - - - - - - - - 0.47 - -
17145.9 ? 0.78 0.78 - - - - - - - - - 0.28
17146.7 ? - - - - 0.49 0.51 0.54 0.51 0.52 0.52 0.48 -

17146.9 12CH4 0.84 0.76 0.68 0.59 0.51 - - - - - - -
17147 ? - - - - - 0.49 - - - - - -

17147.1 ? - - - - - - 0.52 0.49 0.50 0.50 0.46 -
17149.2 ? 0.59 0.60 0.60 - - - - - - - - -
17149.6 ? 0.75 0.76 - - - - - - - - - 0.29
17151.1 ? - - - - - 0.43 - 0.48 0.50 0.51 0.47 -
17154.1 ? - - - - - - - 0.43 0.44 0.45 0.40 -
17154.6 ? - - - - - - - 0.40 0.41 0.41 0.36 -

17156.4 12CH4 - - 0.55 - - - - 0.46 0.48 0.49 0.46 -
17156.5 ? 0.60 0.62 - - - - - - - - - -
17156.7 ? 0.74 0.74 - 0.34 0.38 - - 0.46 - - - 0.28
17156.8 ? - - - - - - - - 0.48 0.50 0.47 -
17158.3 ? 0.25 - 0.29 - - 0.45 - - - 0.43 - -
17159.6 ? 0.70 0.70 0.68 - - - - - - - - -
17160.3 ? - - - - 0.52 0.56 0.61 0.59 0.61 0.61 0.58 -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
17160.8 ? - - - - - - 0.58 0.56 0.57 0.57 0.53 -
17161.9 ? - - - - - - - - - 0.49 0.45 -
17163.2 ? 0.64 0.58 0.46 0.40 0.37 - - - - - - -
17163.6 ? 0.64 0.61 0.54 0.55 - - - - - - - -
17164.9 ? - - - 0.34 0.37 - - 0.40 0.39 0.38 0.33 -
17165 ? - - 0.37 - - - - - - - - -

17167.9 ? - 0.71 0.68 0.56 0.59 0.62 0.65 0.64 0.65 0.65 - -
17168.7 ? - - - - - - - - - - 0.56 -
17168.9 ? - - - - - - - - - - - 0.38
17169.1 ? - - - - - - 0.59 0.56 - 0.58 - -
17170.1 ? - - - - - - 0.58 - - - - -
17170.5 ? 0.84 0.75 0.58 - - - - - - - - -
17170.6 ? - - - - 0.50 0.49 0.51 0.48 0.49 0.48 - -
17171.6 ? - - - - - 0.44 - 0.46 0.47 0.46 0.41 -
17172.1 ? - - - - - - - 0.40 0.40 0.40 0.35 -
17173.4 ? - - - - 0.51 0.54 0.59 0.57 0.59 0.59 0.56 -
17175 ? - - - - - - - - - - - 0.40

17175.1 ? - - - - - - - - 0.61 0.62 - -
17175.4 ? - - - 0.53 - - - - - - - -
17175.8 ? - - - - - 0.59 - - - - - -
17177.4 ? - - - 0.41 0.45 0.49 0.53 0.51 0.52 0.53 0.49 -
17177.9 ? - - - - - - - - - 0.40 0.36 -
17178.2 ? - 0.53 0.47 - - - - - - - - -
17178.7 ? 0.74 0.69 0.58 0.50 0.44 - - - - - - -
17179.8 ? 0.74 0.69 0.56 0.48 - - - - - - - -
17179.9 ? - - - - 0.48 0.48 0.50 - - - - -
17180 ? - - - - - - - - - 0.51 - -

17180.1 ? 0.68 0.67 0.61 - - - - - - - - -
17180.6 ? - - - - - - - - - 0.46 0.40 -
17181 ? - - - 0.52 0.55 0.60 0.64 0.63 0.64 0.64 0.61 -

17182.6 12CH4 0.88 0.82 0.71 0.60 - - - - - - - -
17182.8 ? - - - - - 0.52 0.54 - - - - -
17183.8 ? - - - - - - - - - - - 0.33

17184.4 12CH4 0.81 0.74 0.65 - - - - - - - - -
17185.1 ? - - 0.57 0.59 0.62 0.64 0.68 0.66 - - - -
17186.3 ? - - - 0.67 0.59 0.55 - - - - - -

17186.4 12CH4 0.94 0.90 0.84 - - - - - - - - -
17186.6 ? - - - - - - - - - - - 0.26
17188.5 ? - - - - - - 0.62 0.59 - - - -
17188.8 ? - - - - - - 0.65 0.60 - - - -
17188.9 ? - - - - - - - - 0.62 0.62 0.60 0.31
17191.1 ? 0.91 - - - - - - - - - - 0.30

17191.5 12CH4 0.86 0.81 0.73 0.66 0.61 - - - - - - -
17192.1 ? - 0.81 0.71 0.61 0.56 - - - - - - -

17194 12CH4 0.97 0.94 0.90 0.85 0.80 0.76 0.76 0.73 0.73 0.73 0.71 0.32
17194.3 ? - - - - - - - - - - - 0.32
17194.5 ? - - - - - - - - - - 0.52 -
17195.5 ? - - - - - 0.61 0.65 0.64 0.66 0.66 0.63 -
17195.9 ? - 0.83 - - - - - - - - - 0.35
17196.9 ? - - - - - - - 0.47 - - - -
17197.3 ? - - - - - 0.56 0.59 0.56 0.57 0.58 0.54 -
17199.1 ? - - - - - 0.46 - 0.46 - - - -
17200.8 ? - - - - 0.41 0.43 0.48 - - - - -
17200.9 ? - - - - - - - 0.55 0.53 0.51 0.48 -
17201.3 ? - - - - - - - - - - - 0.31
17202.4 ? - - 0.39 0.34 0.41 0.46 0.52 0.56 0.54 0.52 - -
17204.4 ? - - - - - - - - - 0.24 - -
17206.2 ? - - - - - - - - - 0.23 - -
17208.6 ? - - - - 0.41 0.46 0.51 0.55 0.52 - - -

17209.6 12CH4 0.96 0.89 0.82 - - - - - - - - -
17210.1 ? - - - - 0.53 0.57 0.62 0.66 0.65 0.64 - -
17210.3 ? - - - 0.57 0.52 0.51 0.54 0.57 0.56 0.55 - -
17210.4 ? - - - - - - - - - - 0.56 -
17210.5 ? - - - - - - - - - - - 0.35
17212.6 ? - - - - - 0.51 0.54 - 0.55 0.54 0.50 -
17214.3 ? - - - - - - - - 0.65 - - -
17214.7 ? - - - - - 0.46 0.49 0.51 0.49 0.49 0.45 -
17216.2 ? - - - - - 0.46 0.52 0.57 0.55 0.55 0.52 -
17216.4 ? 0.80 - - - - - - - - - - -
17216.7 ? - - - - - - - - - - - 0.33
17216.8 ? - - - - - - - 0.51 0.50 0.51 0.50 -
17217.5 ? - - - - - 0.45 - - - - - -
17218.5 ? - - - - - - - 0.45 0.42 0.40 0.35 -
17222.9 ? - - - - - 0.54 - - - - - -
17223.1 ? - - - - 0.81 0.64 0.52 0.49 - - - -
17223.4 ? - - - - - 0.51 - - - - - -
17223.5 ? - - - - - - 0.58 0.62 0.60 0.59 0.56 0.20
17224.8 ? - 0.62 0.58 - - - - - - - - -
17225.8 ? - - - - - - - - - 0.48 0.44 -
17227.8 H2O - - - - - - - - - 0.52 - -
17227.9 H2O - - - - - - - - - 0.51 0.50 -
17228 H2O - - - - - 0.55 0.59 0.63 0.61 - - 0.38

17230.2 ? - - - - - - - - - - - 0.27
17230.3 ? - - - - - 0.66 0.68 0.70 0.69 0.67 - -
17232.2 ? - - - - - - 0.51 0.55 0.53 0.52 0.49 -
17233.4 ? - - - - - 0.68 0.68 0.69 0.68 - - -
17233.8 ? - - - - - 0.54 - - - - - -
17235.4 H2O - - - - - - - - - - - 0.42
17235.6 H2O - - - - - - - - 0.70 0.69 0.66 -
17235.7 ? - - - - - - 0.73 0.74 - - - -

17235.9 12CH4 - - 0.98 - - - - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K

17236.3 12CH4 0.98 - - - - - - - - - - -

17236.4 12CH4 - 0.94 0.87 - - - - - - - - -
17237.9 ? - - - - - - - - - - - 0.27
17238.4 ? - - - - - - - 0.55 0.53 0.51 0.48 -
17240.1 ? - - - - - 0.47 0.53 0.57 0.55 0.52 0.48 -
17243.2 ? - - - - - - - - 0.42 0.38 0.34 -
17243.3 ? - - - - - - 0.49 0.51 - - - -
17243.9 ? - - - - 0.64 - - - - - - -
17244.6 ? - - - - - - 0.53 0.56 0.52 0.50 0.45 -
17247.5 ? - - 0.95 - - - - - - - - -
17248.8 ? - - - - - - 0.70 0.71 0.69 0.67 0.64 -
17248.9 ? - - - - - 0.72 - - - - - -
17249.6 ? - - - - - - - - - - - 0.36
17251 ? - - - - - - - - - 0.47 0.44 -

17251.3 ? - - - - - 0.61 0.63 0.66 0.65 - - 0.22
17251.4 ? - - - 0.72 0.67 - - - - - - -

17251.5 12CH4 0.98 0.93 0.86 - - - - - - - - -

17253.4 12CH4 - 0.98 0.94 0.83 0.70 0.58 0.51 0.49 0.42 0.40 0.36 -
17254.9 ? - - - - 0.45 - - - - - - -
17255 ? - - - - - 0.50 0.54 0.58 0.57 0.56 0.54 -

17256.1 ? - - - - 0.26 - - - - - - -
17257.2 ? - - - - - 0.69 0.66 0.65 0.62 - - -
17261.1 ? - - - - - - - 0.64 - - - -
17262 ? - - - - - - - - - - - 0.30

17262.2 ? - - - - - - - - - 0.58 0.56 -
17262.3 ? - - - - - - - 0.63 0.62 - - -
17262.4 ? - - - - - 0.64 0.62 - - - - -
17263.2 ? - - - - - - - - - - - 0.31

17263.9 12CH4 - 0.98 0.95 0.86 0.75 0.65 - - - - - -

17264.4 12CH4 0.97 0.90 0.82 0.69 - - - - - - - -
17265.8 H2O - - - - - 0.75 0.77 0.79 0.78 0.78 0.77 0.44
17266 H2O - - - - - - - - - - - 0.44

17266.2 H2O - - - - - - - - 0.74 0.73 - -
17266.3 ? - - - - - - - 0.75 - - - -
17267.8 ? - - - - - - - 0.75 0.74 - - -

17268.2 12CH4 0.98 0.94 0.89 0.78 0.69 0.63 - - - - - -

17268.5 12CH4 0.96 0.90 0.82 0.68 - - - - - - - -
17270 ? - - - - - 0.83 0.71 - - - - -

17270.3 ? - - - - 0.99 0.95 0.85 0.73 - - - -
17270.7 H2O - - - - - - - - - - 0.62 -
17270.8 H2O - - - - - - - - - - - 0.41
17271 H2O - - - - - - - - - - 0.60 -

17271.3 H2O - - - - - - 0.73 0.73 0.71 0.70 - 0.29

17271.6 12CH4 - 0.99 0.98 0.93 0.83 - - - - - - -
17271.7 ? - - - - - 0.76 0.72 0.70 0.67 0.66 - -
17272.4 ? - - - - - - - - 0.63 0.62 0.61 -
17274.4 ? - - - - - - - - - - - 0.25
17274.6 ? - - - - - - - - - 0.55 0.52 -
17277.5 ? - - - - - - - - - - - 0.17
17280.3 H2O - - - - - - - - 0.62 - 0.60 0.38

17280.6 12CH4 - 0.94 0.88 0.77 0.68 0.61 - - - - - -
17280.7 ? - - - - - - 0.62 0.62 0.59 0.57 0.55 -

17284 12CH4 - 0.99 0.98 0.92 0.82 - - - - - - -
17284.5 H2O - - - - - - - - 0.61 0.60 0.59 0.37
17284.6 ? - - - - - - - 0.65 - - - -
17288.2 H2O - - - - - - 0.68 0.65 0.60 0.57 0.53 -
17288.5 ? - - - - 0.94 0.83 0.70 - - - - -
17289.2 H2O - - - - - - - - - - - 0.36
17289.3 H2O - - - - - - - - - - 0.53 -
17289.4 H2O - - - - - - - 0.67 0.66 0.65 - -

17292.5 12CH4 - - 0.98 0.95 - - - - - - - -
17292.6 ? - - - - 0.90 0.81 0.74 0.69 0.64 - - -
17292.7 ? - - - - - - - - - 0.63 0.60 0.28

17294.5 12CH4 0.99 0.96 0.92 0.81 - - - - - - - -
17294.6 ? - - - - - 0.66 0.65 - - - 0.59 -

17294.7 12CH4 0.99 0.97 0.93 0.83 0.73 - - - - - - -
17295.5 ? - - - - - - 0.68 0.71 0.70 0.69 - 0.34
17295.9 ? - 0.99 0.97 0.91 0.80 0.68 0.59 - - - - -
17296.1 ? - - - - - 0.57 - - - - - -
17297.7 ? 0.87 0.76 0.60 - - - - - - - - -
17297.8 ? - - - 0.53 0.47 0.47 - - - - - -
17298 ? - - - - - - - - - 0.48 0.45 -

17299.4 ? - - - - - - - 0.57 0.54 0.51 - -
17299.5 ? - - - - - 0.56 - - - - - -
17300.6 ? - - - - - - - - - - - 0.38
17303.4 H2O - - - - - - - - - - - 0.28
17303.6 H2O - - - - - - - - - 0.41 0.39 -
17305.1 H2O - - - - - - - - - 0.28 0.26 -
17306.4 ? - - - - - - - 0.41 - - - -
17307.8 H2O - - - - - - - 0.46 0.39 0.39 0.36 -
17308.9 ? - - - - - - - 0.54 - - - -
17309 H2O - - - - - - - - 0.41 0.40 0.36 -

17309.4 ? - - - - 0.96 0.87 0.69 0.53 - - - -
17311.9 ? - - - - - 0.66 - - - - - -
17312.3 H2O - - - - - - 0.69 0.71 0.69 0.71 0.71 0.46

17313.2 12CH4 0.94 0.91 0.84 0.74 0.64 - - - - - - -
17314.6 H2O - - - - - - 0.58 0.59 0.53 0.52 0.49 -

17315.4 12CH4 0.95 0.92 0.83 - - - - - - - - -
17315.9 H2O - - - - 0.77 - 0.68 0.69 0.64 0.63 0.58 0.27
17317.2 H2O - - - - - - - - - - 0.56 -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
17317.7 H2O - - - - - - - - - - - 0.32
17317.8 H2O - - - - 0.81 0.78 0.74 0.73 0.69 - - -
17318.1 ? - - - - 0.70 0.67 0.64 - - - - -

17318.4 12CH4 0.94 - - - - - - - - - - -
17319.4 H2O - - - - - - - - - - - 0.35

17320.1 12CH4 - 0.98 0.95 0.89 - - - - - - - -
17320.8 H2O - - - - - 0.82 0.82 0.83 0.81 0.82 0.81 0.51
17322.1 H2O - - - - - - - - - - - 0.31
17323.6 H2O - - - - - 0.76 0.73 0.72 0.67 0.66 0.63 -
17323.7 H2O - - - - - - - - - - - 0.35
17323.9 H2O - - - - - - 0.69 0.69 - - - -

17324 12CH4 - 0.97 0.94 0.87 0.79 0.75 - - - - - -

17324.5 12CH4 0.98 0.96 0.91 - - - - - - - - -

17328.4 12CH4 - 0.98 0.95 0.87 0.75 - - - - - - -

17328.9 12CH4 - - 0.98 0.95 0.87 0.79 - - - - - -
17329.5 ? - - - - - 0.73 - - - - - 0.45
17329.6 H2O - - - - - - 0.75 0.76 0.74 0.76 0.76 -

17330.3 12CH4 0.98 0.97 - - - - - - - - - -
17333 ? - - - - - - 0.53 0.50 - - - -

17333.2 ? - - - - - 0.51 - - - - - -
17333.3 H2O - - - - - - 0.54 0.56 0.50 0.50 0.46 -
17334.4 ? - - - - - - 0.65 0.66 - - - -
17335.6 H2O - - - - - - 0.63 0.66 0.63 0.65 0.65 0.37
17336.1 ? - - - - - 0.57 - - - - - -
17340 H2O - - - 0.67 0.59 0.60 0.60 0.62 0.57 - - -

17340.1 H2O - - - - - - - - 0.55 - - -
17340.2 H2O - - - - - 0.56 - - - 0.56 0.53 -

17340.8 12CH4 0.91 - - - - - - - - - - -
17341.3 ? - - 0.67 0.53 - - - - - - - -
17341.4 H2O - - - - 0.47 - - - 0.58 - - -
17341.5 H2O - - - - - 0.58 - - - 0.63 0.60 -
17341.7 H2O - - - - - 0.63 0.67 0.69 - - - -
17343.4 H2O - - - - - - - - - - - 0.35
17344 H2O - - - - - - 0.60 0.63 0.60 0.62 0.59 -

17344.1 ? - - - 0.71 0.62 0.63 - - - - - -

17344.2 12CH4 0.97 0.95 0.90 - 0.78 - - - - - - -
17345.3 H2O - 0.98 - 0.89 - 0.69 0.62 0.60 0.54 - - -

17345.4 12CH4 - - 0.98 - - - - - - - - -
17345.7 H2O - - - - - - - - - - - 0.35
17347.1 ? - - - 0.84 0.74 0.71 0.68 0.68 - - - -

17347.2 12CH4 - 0.97 0.93 - - - - - - - - -
17347.5 H2O - - - - - - - 0.57 0.51 - - -
17348.5 H2O - - - - - - - 0.60 0.56 0.56 0.53 -
17350.6 H2O - - - - - - - - 0.65 0.66 0.65 -
17351.1 H2O - - - - - - - 0.77 0.72 0.72 - -

17351.4 12CH4 - - 0.98 0.95 0.88 0.79 - - - - - -
17354.3 H2O - - - - - - - - - 0.68 - -

17354.4 12CH4 - 0.98 0.96 0.92 0.85 0.80 0.77 0.76 0.72 - - -
17354.8 H2O - - - - - - - - 0.65 0.66 0.65 0.38
17356.3 H2O - - - - - - 0.68 0.70 0.67 0.67 0.65 0.34
17363.1 H2O - - - - - - - - - - 0.52 -
17363.2 H2O - - - - - - - - - - - 0.27
17364.4 H2O - - - - - - 0.59 0.60 0.54 0.54 0.49 -
17365.9 H2O - - - - - - - - - 0.66 0.65 0.43
17366.1 H2O - - - - - - - 0.75 0.68 - - -
17366.2 ? - - - 0.99 0.98 0.94 0.86 - - - - -
17366.5 H2O - - - - - - - 0.70 0.65 0.64 - -

17367.8 12CH4 - - 0.99 0.97 0.92 0.84 - - - - - -

17368.2 12CH4 - - 0.99 0.97 0.92 0.85 0.76 - - - - -
17368.6 H2O - - - - - - 0.78 0.76 0.71 - - -
17368.7 H2O - - - - - - - - - 0.72 0.68 -

17369.9 12CH4 0.98 0.96 0.93 - - - - - - - - -
17370 ? - - - 0.89 0.81 - - - - - - -

17370.5 H2O - - - - - - - - - - 0.78 0.47
17370.6 H2O - - - - 0.76 0.79 0.81 0.82 0.80 0.81 - -
17372.3 H2O - - - - - - - - - - - 0.28
17373.9 H2O - - - - - - - - - 0.58 0.58 0.39

17374.6 12CH4 0.97 0.96 0.91 0.81 0.68 0.62 - - - - - -

17376.6 12CH4 0.93 0.90 0.82 0.69 0.54 - - - - - - -
17376.8 H2O - - - - - 0.56 0.57 0.59 0.54 0.53 - -
17377.7 H2O - - 0.66 - - - - - - - 0.53 0.23
17379.2 ? - - - - - - - 0.67 - - - -
17379.5 H2O - - - - - 0.71 0.72 0.74 0.72 0.72 - -
17379.6 H2O - - - - - - - - - - - 0.37
17379.7 H2O - - - - - - - - - - 0.63 -
17380.9 H2O - - - - - - 0.58 0.62 0.58 0.58 0.56 -

17383.3 12CH4 - - 0.99 - 0.89 0.79 0.69 - - - - -
17384.4 H2O - - - - - - 0.66 0.68 0.66 0.66 0.64 -
17384.8 H2O - - - - 0.91 0.84 0.77 0.74 0.70 0.70 0.69 0.46

17388.3 12CH4 0.94 0.91 0.84 - - - - - - - - -
17389.3 ? - - - 0.72 0.71 0.76 0.79 - - - - -

17389.7 12CH4 0.91 0.90 0.84 0.75 - - - - - - - -
17389.8 ? - - - - 0.71 0.71 - - - - - -
17390 H2O - - - - - - 0.75 0.77 0.76 0.78 0.77 0.46

17391.1 12CH4 0.89 0.87 0.80 0.70 - - - - - - - -

17392.3 12CH4 - 0.67 0.63 - - - - - - 0.53 0.49 -
17393.3 H2O - - - - - 0.60 0.61 0.63 0.59 0.59 - -
17394.5 H2O - - - - - - - - - 0.51 - -
17394.6 H2O - - - - - 0.79 0.75 0.62 0.54 - - 0.31
17396 H2O - - - - - - - - 0.56 0.56 0.52 -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
17396.9 ? - - - - 0.83 0.75 0.68 - - - - -
17398.4 ? - - - - - 0.86 0.81 - - - - -
17402.4 ? - - 0.99 0.96 0.88 0.79 0.68 - - - - -
17403.7 ? - - 0.83 0.83 - - - - - - - -
17403.8 H2O - - - - 0.84 0.85 0.83 0.82 0.84 0.87 0.84 0.51
17405.1 H2O - - - - - - - - - - - 0.39
17406.4 H2O - - - - - - - - - - - 0.34

17406.7 12CH4 0.91 0.89 0.81 - - - - - - - - -

17407.2 12CH4 0.97 0.95 0.91 0.84 - - - - - - - -

17408.2 12CH4 0.96 0.95 0.92 0.88 0.84 0.82 0.79 0.76 0.78 0.82 0.78 0.48
17408.8 ? - - 0.88 0.81 - - - - - - - -

17408.9 12CH4 0.96 0.95 - - - - - - - - - -

17409.3 12CH4 0.96 0.95 0.90 - - - - - - - - -
17413 ? - 0.91 - - - - - - - - - -

17413.1 12CH4 0.93 - - - - - - - - - - -
17415.1 ? - - - 0.57 - - - - - - - -
17416.3 H2O 0.68 0.76 - - - - - - - - - 0.28
17418.1 H2O - - - - - - - 0.63 0.68 0.74 0.71 0.45
17420.5 H2O - - - - - - 0.44 0.40 0.43 0.52 0.41 -
17421.6 H2O - - - - - - - 0.35 0.39 0.49 0.38 -
17423.1 H2O - - - - - 0.57 0.53 0.50 0.54 - - 0.26
17423.2 H2O - - - - - - - - - 0.56 0.47 -
17425.5 H2O - - - - - - - - - - - 0.27
17426.9 H2O - - - - 0.77 0.78 0.77 0.75 0.78 0.82 0.79 0.48
17427 ? - - 0.86 0.80 - - - - - - - -

17427.1 ? - 0.88 - - - - - - - - - -
17428.9 H2O - - - - - 0.55 0.52 0.49 0.53 0.60 0.51 0.22
17431.8 H2O - - - - - - - - - 0.53 - -
17432.3 H2O - - - - 0.52 0.56 0.53 0.50 0.54 0.62 0.55 -
17432.4 H2O - - - - - - - - - - - 0.34
17433.3 ? - 0.98 0.94 0.94 0.70 0.57 - - - - - -
17433.4 ? - - - - - - 0.44 - - - - -
17433.5 ? - - - - - - - 0.35 - - - -
17435.4 ? - - - - - - 0.54 0.47 - - - -
17436.9 H2O - - - - - - - - - 0.72 0.67 0.44
17437 ? - - 0.58 - 0.61 0.67 0.66 0.66 0.69 - - -

17438.3 H2O - - - 0.60 0.60 0.65 0.64 0.63 0.66 - 0.50 0.34
17438.4 H2O - - - - - - - - - 0.61 - -
17439.1 ? 0.65 0.68 - - - - - - - - - -
17439.6 ? 0.51 0.65 0.64 - - - - - - - - -
17439.7 H2O - - - - - - - - - - - 0.33
17439.8 H2O - - - - 0.48 0.55 0.53 0.51 0.56 0.64 0.58 -
17440.1 H2O - - - 0.52 0.50 0.55 0.52 0.50 0.55 0.63 0.58 0.31
17440.2 ? - - 0.47 - - - - - - - - -
17441.6 H2O - - - - - - - - - - - 0.31

17441.7 12CH4 0.98 0.97 0.95 - - - - - - - - -
17441.8 ? - - - 0.84 0.69 0.59 0.45 0.36 - - - -
17444.5 H2O - - - - - - 0.69 0.67 - - - 0.29
17445.6 H2O - - - - - - - - - - - 0.28
17445.7 H2O - - - 0.80 0.76 0.76 0.73 0.71 0.73 0.77 0.71 -
17445.9 ? - - - - 0.74 - - - - - - -

17446.3 12CH4 0.96 0.94 0.90 0.83 - - - - - - - -
17447.1 ? - - - - 0.77 0.77 - - - - - -
17447.2 H2O - - - - - - 0.76 0.74 0.76 0.80 0.76 0.42
17449.2 ? - - - - 0.60 - - - - - - -
17449.3 ? 0.88 - - - - 0.62 - - - - - -
17449.6 H2O - 0.93 0.88 - - - - 0.58 0.61 0.68 0.62 0.43

17449.7 12CH4 0.94 - - 0.76 0.68 0.67 0.62 - - - - -
17451.4 H2O - - - - - - - - - - - 0.38
17453.8 H2O - - - - 0.56 0.60 0.58 0.56 0.60 0.66 0.59 -
17454.1 H2O - - - - - - - - - - - 0.32
17455.7 H2O - - 0.69 0.68 0.66 0.70 0.68 0.67 0.58 0.64 0.56 0.26
17456.1 H2O - - - - - - - 0.50 0.56 0.63 0.56 0.29
17458.2 H2O - - - 0.66 0.63 0.67 0.65 0.64 0.67 0.72 0.67 0.35
17460.2 H2O - - - - - - - - - 0.55 0.45 -
17460.5 H2O - - - - - - - - 0.45 0.54 0.45 -
17460.6 H2O - - - - - - - - - - - 0.39
17462 H2O - - - - - - - 0.49 0.47 - - -

17464.8 ? 0.78 - - - - - - - - - - -
17464.9 H2O - 0.87 0.88 0.84 0.83 0.84 0.82 0.81 0.82 0.85 0.83 0.50
17468.1 H2O - - - - 0.82 0.83 0.82 0.81 0.82 0.85 0.83 0.50
17469.4 H2O - - - - - - - - - - - 0.32
17472 H2O - - - - - - - - - - - 0.38

17472.1 H2O - - - - - - - 0.74 0.76 0.79 0.75 -
17472.2 ? - - - - - - 0.77 - - - - -
17472.4 ? - 0.99 0.97 - - - - - - - - -
17475.2 H2O - - - - - - - - 0.80 0.83 0.80 -
17475.3 H2O - - - - - - - - - - - 0.48
17475.7 H2O - - - - - - - - - - - 0.42
17475.8 ? 0.88 0.84 - - - - - - - - - -
17476.1 ? 0.93 0.91 0.87 - - - - - - - - -
17477.1 ? - 0.94 0.90 0.78 - - - - - - - -

17477.2 12CH4 0.96 - - - - - - - - - - -
17479.6 H2O - - - 0.47 0.46 0.52 0.49 0.45 0.49 0.56 0.45 -
17480.9 ? - - 0.54 0.53 0.51 - - - - - - -
17481.3 ? 0.79 0.77 0.71 - 0.59 0.61 0.56 - - - - -
17481.4 ? - - - - - - - 0.58 - - - -
17482.2 ? - - 0.73 0.73 - - - - - - - -

17483.9 12CH4 0.70 0.81 0.83 0.84 0.82 0.83 0.82 0.80 0.82 0.85 0.82 0.44
17484.2 H2O - - - - - - - - - - - 0.30
17486.1 H2O - - - - - - 0.53 0.49 0.51 0.58 0.50 -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
17486.2 H2O - - - 0.61 0.57 0.60 - - - - - 0.19
17487.3 ? - 0.98 0.95 0.89 0.76 0.66 - - - - - -
17490.1 ? - 0.98 0.95 0.89 0.77 - - - - - - -
17491.6 ? - - - - - 0.87 - - - - - -
17494.3 ? - - - - 0.59 0.64 0.63 0.61 0.65 - - -
17494.4 H2O - - - - - - - - - - - 0.42
17494.9 ? - - 0.58 0.59 0.57 0.63 - - - - - -
17495.9 ? - - - - - - 0.44 0.40 0.43 - - -
17496.9 H2O 0.56 0.65 0.64 - - - - - - - - 0.22
17499.9 H2O - - - - - - - - - - 0.56 -
17500 H2O - - - - - - - - - - - 0.29

17501.7 H2O - - - - - - - - 0.54 0.61 0.54 -

17502.8 12CH4 0.81 0.91 0.81 0.78 - - - - - - - -
17503.1 H2O - - - - - - - - - - - 0.38
17503.2 H2O - - - - - - - - - - 0.70 -
17503.3 H2O - - - - - - - - - 0.75 - -
17503.4 H2O - - 0.67 0.72 0.70 0.66 0.63 0.69 0.71 0.75 0.69 0.30
17503.8 H2O - - - - - - 0.62 0.67 0.69 0.73 - -
17505 H2O - - - - - - - - 0.74 0.78 0.73 0.45

17505.9 ? - - 0.98 0.96 0.92 0.83 - - - - - -
17507.8 H2O - - - 0.95 0.94 0.93 0.91 0.92 0.93 0.94 0.92 0.56

17508.6 12CH4 0.94 0.97 - - - - - - - - - -
17509.4 H2O - - - - - - - - - - - 0.34

17509.5 12CH4 0.95 0.97 0.94 - - - - - - - - -
17510.5 H2O - - - - - - - - - - - 0.30

17511.8 12CH4 0.71 0.86 0.76 0.73 0.65 - - - - - - -

17512 12CH4 0.69 0.87 0.77 0.75 0.69 0.61 0.55 - - - - -
17513.9 ? - 0.73 0.66 - - - - - - - - -
17515.5 H2O - - - - 0.66 0.59 0.54 0.59 0.61 0.66 0.57 0.22

17519 12CH4 0.82 0.94 0.92 0.93 0.91 0.88 0.86 0.87 0.88 0.90 0.88 0.51
17520.4 H2O - - - - - - - - - - - 0.37
17521.2 ? 0.59 0.84 0.73 - - - - - - - - -
17521.5 ? - - 0.70 - - - - - - - - -
17522.2 H2O - - - 0.72 0.69 0.64 0.61 0.66 0.68 0.73 0.67 0.32
17523.7 H2O -0.11 - 0.59 - - - - - - 0.57 0.48 -
17524.4 ? -0.05 0.71 - - - - - - - - - -
17525.6 H2O - - - - - - - 0.38 0.43 0.53 0.44 -
17525.7 H2O - - - - - - - - - - - 0.33
17526.1 H2O - - - - - - 0.33 0.43 0.47 0.56 0.46 -
17526.2 ? - - - - - 0.43 - - - - - -

17526.4 12CH4 0.84 0.92 0.82 0.75 0.60 0.42 - - - - - -
17528.4 H2O 0.01 0.72 0.65 - - - - - - - - 0.33
17530.9 ? 0.46 0.75 0.59 - - - - - - - - -
17532.3 H2O - - 0.76 0.79 0.76 0.71 0.68 0.72 0.74 0.78 0.74 0.38

17532.4 12CH4 0.54 0.84 - - - - - - - - - -
17534.9 H2O - - - - 0.75 0.70 0.67 0.72 0.74 0.78 0.73 0.37
17535.3 ? - - - - - - - 0.63 - - - -
17535.4 ? - - 0.98 0.95 0.89 0.77 0.64 - - - - -
17536.8 H2O - - 0.74 0.75 0.74 0.71 0.69 0.75 0.77 0.82 0.79 -
17536.9 H2O - 0.87 - - - - - - - - - 0.56

17541.2 12CH4 0.89 0.95 - - - - - - - - - -

17541.7 12CH4 0.81 - - - - - - - - - - -
17541.8 H2O - 0.96 0.95 0.96 0.95 0.93 0.92 0.93 0.93 0.94 0.92 0.55
17543.8 ? - 0.98 0.96 0.94 - - - - - - - -
17543.9 ? - - - - - 0.84 - - - - - -
17544.3 ? - 0.95 0.93 - - - - - - - - -
17544.4 H2O - - - 0.94 0.92 0.90 0.89 0.90 0.90 0.92 0.89 0.51
17545.6 ? - 0.99 0.98 0.96 0.91 - - - - - - -
17546.2 H2O - - 0.91 0.92 0.91 0.89 0.88 0.89 0.90 0.92 0.90 0.56
17548.1 ? - - - 0.99 0.96 0.88 0.73 - - - - -
17550.4 ? - 0.98 0.94 - - - - - - - - -
17550.9 H2O - - - - - - - - - - - 0.31
17551.6 H2O - - - - - - - - - 0.71 0.64 -
17552.7 H2O - - - - - - - - - - - 0.38
17554.1 H2O 0.40 - - - 0.59 0.54 0.51 0.58 0.62 0.68 0.61 0.37
17555.4 H2O - - - - - - - - - - 0.63 0.41
17559.2 H2O 0.86 0.97 0.96 0.97 0.96 0.94 0.93 0.94 0.94 0.95 0.93 0.55
17561.7 H2O 0.78 0.95 0.94 0.95 0.94 0.92 0.91 0.92 0.92 0.93 0.91 0.54
17563.6 H2O - - - - - - - - - - - 0.26
17565.4 H2O 0.58 0.80 0.72 - - - - - - - - 0.48
17565.5 H2O - - - - - - 0.62 0.68 0.71 0.76 0.72 -
17567 H2O 0.26 0.78 - 0.66 0.65 0.62 0.60 0.66 0.68 0.73 0.68 0.36

17568.2 H2O - 0.81 0.75 - - - - - - - - 0.31
17568.3 ? 0.62 - - - - - - - - - - -
17570.9 H2O - - - - 0.81 0.78 0.76 0.80 0.81 0.84 0.81 0.46
17573 H2O 0.43 - - - - - - - - - - 0.24

17581.2 H2O - - - - - 0.84 0.79 0.81 0.82 0.84 0.79 0.42
17582.6 ? - 0.99 0.98 - - - - - - - - -
17584.3 H2O - - - - - - - - - - - 0.34
17586 H2O - 0.93 0.92 0.93 0.92 0.90 0.89 0.90 0.91 0.92 0.90 0.54

17586.1 H2O 0.73 - - - - - - - - - - -
17586.4 ? - - - - 0.84 - - - - - - -
17588.4 H2O - - - - 0.77 0.73 0.71 0.74 0.76 0.79 0.75 0.37
17588.9 H2O - - - - - - - - - - - 0.34
17589.9 ? - - 0.98 0.95 0.88 0.76 0.64 - - - - -
17590 H2O - - - - - - - - - - - 0.31

17591.2 ? - - - - - 0.68 - - - - - -
17591.3 H2O - - - - - - - 0.63 - - 0.67 0.47
17591.4 H2O - - - - - - - - 0.67 0.73 - -
17591.6 H2O - - - - - - - - - 0.71 - -
17591.7 ? - - - - - - 0.59 0.65 0.68 - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
17591.8 ? - - - - - 0.65 - - - - - -
17591.9 ? - 0.97 0.93 0.89 0.80 - - - - - - -

17592.4 12CH4 0.77 0.88 0.76 - - - - - - - - -
17594.4 H2O - 0.55 0.43 0.54 0.53 0.50 0.50 0.59 0.63 0.69 0.63 -
17594.7 ? 0.10 - - - - 0.48 - - - - - -
17594.8 H2O - - - - - - - - 0.59 0.67 0.64 0.46
17597.4 H2O - - - - - - 0.46 0.55 0.58 0.65 - 0.24
17598 H2O - 0.98 0.94 0.88 0.75 0.56 0.36 0.36 0.35 - - -

17598.3 H2O - - - - - - - - - - 0.48 -
17599.7 H2O 0.37 0.81 - - - - - - - - - 0.36
17600.1 H2O - - - - - - - - - - 0.50 -
17600.5 H2O - - - - 0.69 0.63 0.58 - - - 0.59 -

17604.6 12CH4 0.94 0.94 0.91 0.88 - - - - - - - -
17604.7 ? - - - - 0.84 - - - - - - -
17606.6 H2O - - - - - - - - - - - 0.50
17606.7 H2O - - - - - - 0.89 0.90 0.91 0.92 0.88 -
17607.1 H2O - - - - 0.98 0.96 0.94 0.95 0.94 0.95 0.92 0.54
17607.2 ? - - - 0.99 - - - - - - - -
17608.6 H2O - - - - - - - - - - - 0.44
17609.3 ? - 0.98 0.96 0.94 - - - - - - - -
17610 H2O - - - - - - 0.85 0.86 0.85 0.87 0.81 0.42

17610.4 ? - - - - 0.85 0.78 - - - - - -

17611.8 12CH4 0.90 0.91 0.89 0.84 0.75 0.65 - - - - - 0.28
17611.9 ? - - - - - - 0.59 - - - - -
17613.5 H2O 0.51 0.73 0.79 0.86 0.84 0.80 0.77 0.81 0.82 0.84 0.78 0.40
17615.1 H2O - - - - - - - - - - 0.48 0.35
17615.2 ? - - 0.82 0.82 0.65 0.53 0.49 - - - - -

17615.3 12CH4 0.93 0.92 - - - - - - - - - -
17616.2 ? - - - - - - 0.51 0.59 - - - -
17619.5 H2O - - - - - - - - - - 0.56 0.40
17620.4 ? - - 0.98 0.97 0.93 0.84 - - - - - -
17620.9 ? - - 0.98 0.96 0.91 - - - - - - -
17622.1 H2O - - - - - - - - - - - 0.54
17625.2 ? - - - - - - 0.83 0.82 0.81 - - -
17625.3 H2O - - - - - - - - - 0.83 0.77 0.51
17627.1 H2O - - - - 0.87 0.84 0.81 0.84 0.84 0.86 0.80 -
17627.2 ? - 0.84 0.87 - - - - - - - - -
17627.7 ? - 0.96 0.94 0.93 0.89 0.83 - - - - - -
17627.8 H2O - - - - - - - - - - - 0.51
17628.8 ? - - - - 0.92 0.90 - - - - - -
17634.6 ? 0.84 0.87 0.86 - - - - - - - - -
17634.8 ? - 0.84 - - - - - - - - - -
17639.3 H2O - - - - - - 0.60 0.65 - - - 0.30
17641 H2O - - - - - - - - - 0.64 0.50 -

17642.2 H2O - - - - - 0.67 0.64 0.70 0.65 0.71 0.59 0.40

17643.6 12CH4 0.93 0.92 0.90 - - - - - - - - -
17645.1 H2O - - - - - - - 0.94 0.94 0.94 0.91 0.49
17647.9 H2O - 0.84 0.88 0.92 0.91 0.89 0.88 0.89 0.90 0.92 0.88 0.54
17650.7 H2O - - - - - - - 0.63 0.66 0.72 0.62 0.43
17653.3 H2O - - - - - - - - - - - 0.35
17653.6 H2O - - - - - - - 0.61 0.61 0.66 0.53 -
17656.9 H2O - - - - 0.82 0.78 0.76 0.80 0.82 0.85 0.80 0.52
17658.1 ? - 0.96 0.94 - 0.80 - - - - - - -
17658.7 H2O - - - - - - - 0.64 0.67 0.71 - -
17658.8 H2O - - - - - - 0.62 - - - - 0.30
17659 H2O - - - - - - - 0.66 0.68 0.72 0.61 -

17659.1 ? - - - - 0.79 0.72 0.67 - - - - -
17659.5 ? - - - - - 0.74 - - - - - -
17662.6 H2O - - - - - - - 0.49 0.51 0.55 0.41 0.18
17662.7 ? - - - - - 0.55 0.44 - - - - -
17663 H2O - - - - - - - - - 0.36 0.21 -

17664.4 H2O - - - - - - - - - 0.63 0.49 -
17666.5 H2O - - - - - - - - - - - 0.23
17672.4 ? - 0.96 - - - - - - - - - -

17672.5 12CH4 0.94 0.96 - - - - - - - - - -
17674 H2O - - - - - - - - - - - 0.29

17674.8 12CH4 0.79 0.81 0.79 0.79 - - - - - - - -
17675.3 H2O - - - 0.77 0.75 0.71 0.69 0.73 0.75 - - 0.37
17676.3 H2O - - - - - - - - - - 0.61 -
17678.6 H2O - - - - - - - - - - - 0.57
17680.2 H2O - - - - - 0.89 0.87 0.88 0.88 0.89 0.84 0.39
17680.6 ? - - - - - - 0.82 - - - - -
17684.4 ? - 0.98 0.97 - - - - - - - - -
17684.9 H2O - - - - - - - - - - - 0.49
17687.4 ? - - - - 0.79 - - - - - - -
17687.5 H2O - - - - - 0.76 0.74 0.77 0.79 0.82 0.76 0.50
17689.3 ? 0.72 0.78 - - - - - - - - - -
17690 H2O - - 0.83 0.89 0.88 0.87 0.85 0.87 0.88 0.90 0.87 0.56

17691 12CH4 0.91 0.90 0.87 - - - - - - - - -

17691.5 12CH4 0.87 0.88 0.85 - - - - - - - - -
17691.7 H2O - - - - - - - - - - - 0.38
17692 H2O - - - - - - - - - - - 0.24

17698.5 H2O - - - - - - 0.56 0.61 0.63 0.68 0.54 -
17699.3 ? 0.52 - 0.61 - - - - - - - - -
17699.5 ? 0.53 - - - - - - - - - - -
17702.6 H2O - - - - - - - 0.80 0.82 0.83 0.79 -
17702.7 ? - - - - - 0.84 0.84 - - - - -
17705.2 H2O - - - - - - 0.54 0.51 0.56 - - 0.18
17706.4 H2O - - - - - - - - - - 0.32 -
17707 H2O - - - - - - - 0.41 0.45 0.47 0.34 -

17709.9 ? - 0.97 0.94 0.88 - - - - - - - -



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
17711.3 ? - - 0.98 - - - - - - - - -
17711.4 ? - - 0.98 - - - - - - - - -
17713.7 ? 0.83 - - - - - - - - - - -

17716.5 12CH4 0.87 0.89 0.86 0.82 0.77 0.80 - - - - - -
17716.6 H2O - - - - - - 0.82 0.81 0.83 0.85 0.83 0.56
17718 ? 0.80 0.80 0.69 0.57 - - - - - - - -

17718.3 12CH4 0.91 0.89 0.80 0.65 0.50 - - - - - - -
17720.4 H2O - - - - - - - - - - - 0.32
17720.5 H2O - - - - - - 0.66 0.61 0.64 - - -
17722 H2O - - - - - - - - - - - 0.37

17723.2 ? - 0.96 0.92 - - - - - - - - -
17724.4 H2O - - - - - - - - - - - 0.58
17730.4 ? - 0.98 - - - - - - - - - -
17730.5 ? - - 0.97 - - - - - - - - -
17732.5 H2O - - - - - - - - - - - 0.31
17733.2 ? 0.87 0.87 0.80 - - - - - - - - -
17733.6 ? - - 0.85 0.75 0.66 - - - - - - -
17733.7 ? - - - - - 0.70 - - - - - -
17733.8 H2O - - - - - - - - - - 0.62 0.41

17734.7 12CH4 0.94 0.93 0.87 0.76 0.62 - - - - - - -
17736 H2O - - - - - - - - - - 0.30 -

17736.5 H2O - - - - - - - - - - 0.26 0.14
17737.5 ? - - - - - - 0.48 - - - - -
17741.2 ? - 0.98 0.95 0.88 - - - - - - - -
17742.8 ? - - 0.66 - - - - - - - - -
17742.9 ? 0.74 - - 0.58 0.50 - - - - - - -
17743 ? - 0.77 - - - - - - - - - -

17743.1 ? 0.72 - - - 0.48 - - - - - - -
17743.2 H2O - - - - - 0.60 0.62 0.59 0.65 0.68 0.64 0.44

17745 12CH4 0.87 0.86 0.79 0.68 - - - - - - - -
17746 H2O - - - - - - - - 0.64 0.65 0.57 -

17747.4 ? - 0.97 - - - - - - - - - -
17747.9 ? - 0.95 0.92 - - - - - - - - -
17748 H2O - - - - - - - 0.72 0.73 - - -

17748.1 H2O - - - - - - - - - - - 0.28
17752.4 H2O - - - - - - - - - - - 0.40
17755.2 ? - - - - 0.95 0.94 0.92 0.89 - - - -
17755.3 H2O - - - - - - - - 0.91 0.91 0.88 0.44
17760 H2O - - - - 0.99 0.99 0.98 0.98 0.98 0.98 0.97 0.60

17760.3 H2O - - - - - - - - - - - 0.57
17762.5 H2O - - - - - 0.80 0.80 0.77 0.79 0.79 0.73 0.45
17763 ? 0.83 0.85 - - - - - - - - - -

17763.3 ? 0.90 0.90 0.85 - - - - - - - - -
17766.4 H2O - - - - - - - - - - - 0.39

17766.9 12CH4 0.93 0.93 0.89 - - - - - - - - -
17768.4 H2O 0.91 - - - - - - - - - - -
17772.7 H2O - - - - - - - - 0.61 0.63 0.54 -
17773.2 H2O - 0.63 0.59 - - - - - - - - 0.30
17774.6 H2O - - - - 0.68 0.76 0.77 0.76 0.79 0.81 0.76 0.53
17774.7 ? - - - 0.71 - 0.97 - - - - - -
17778.9 H2O - - - - - - 0.96 0.95 0.95 0.95 0.93 0.49
17783.1 H2O - - - - - 0.74 0.74 0.72 0.76 0.78 0.74 0.51

17784.4 12CH4 0.95 0.94 - - - - - - - - - -
17785.2 ? - - 0.91 - - - - - - - - -

17785.3 12CH4 0.94 - - - - - - - - - - -
17786.4 ? 0.84 - - - - - - - - - - -
17787.7 H2O - - - - - - - - - - - 0.27
17789.4 H2O - - - - - - - - - - - 0.45
17795.8 H2O - - - - 0.72 0.78 0.78 0.76 0.78 0.79 0.74 -
17796 ? 0.76 0.81 0.78 - - - - - - - - -

17797.8 H2O - - - - - - - - - - - 0.54
17802.6 ? 0.26 0.44 - - - - - - - - - -
17803.7 ? 0.49 0.57 0.53 0.44 - - - - - - - -
17803.8 H2O - - - - 0.50 0.55 0.52 0.62 0.58 - - 0.31
17805.3 H2O - 0.64 0.65 0.67 0.69 0.72 0.71 0.78 0.75 0.79 0.80 0.52
17805.7 ? - - 0.59 - 0.55 - - - - - - -
17809.7 H2O - - - - - - - - - - - 0.41
17809.9 H2O - - - - - - 0.85 0.87 0.85 - - -
17810 H2O - - - - - - - - - 0.87 0.86 0.53

17811.9 H2O - - - - - - - - - - - 0.56
17817.2 H2O - - - - - - - - - - - 0.51
17817.3 H2O - - - - 0.98 0.98 0.97 0.97 0.97 0.97 0.96 -
17822.3 ? 0.77 0.78 - - - - - - - - - -
17823 H2O - - 0.70 0.70 0.70 0.72 0.69 0.76 0.73 0.77 0.77 0.48

17824.1 H2O - - - - - - - - - - - 0.36
17824.3 H2O - - - - - - - - - - 0.65 -
17824.4 H2O - - - - - - - - - - - 0.37
17824.5 ? - 0.60 0.56 0.57 - - - - - - - -
17825.9 ? - 0.59 - - - - - - - - - -
17827.6 H2O - - - - - - - - - - - 0.46
17827.9 ? 0.82 0.84 0.81 0.77 - - - - - - - -
17829.1 H2O 0.83 0.89 0.89 0.89 0.88 0.88 0.86 0.89 0.88 0.89 0.89 0.59
17831.6 H2O - - - - - - - - - - - 0.42
17834.2 H2O - - - - - - - - - - - 0.28

17834.3 12CH4 0.83 0.84 0.78 0.71 - - - - - - - -
17835.5 H2O - - - - - - - - - - 0.45 -
17835.8 H2O - - - - - - - - - - - 0.34
17835.9 ? - - 0.71 - - - - - - - - -
17842.9 H2O - - - - 0.99 0.99 0.98 0.98 0.98 0.98 0.97 0.61
17847.2 H2O - - - - 0.99 0.99 0.98 0.98 0.98 0.98 0.97 0.58
17849 H2O - - - - - - - - - - - 0.58



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
17850.7 H2O - - - - - - - - - - - 0.24
17852.3 ? - - - 0.73 0.70 - - - - - - -
17852.4 ? - - 0.78 - - - - - - - - -
17852.5 ? - - - - - 0.69 0.64 - - - - -
17852.6 H2O - - - - - - - 0.69 0.64 0.68 0.66 0.37
17852.7 ? - - - - - - 0.64 - - - - -

17852.8 12CH4 0.93 0.93 0.88 0.81 0.74 0.71 - - - - - -
17854.3 ? - 0.96 0.93 0.89 - - - - - - - -
17854.4 ? - - - - 0.84 - - - - - - -
17854.7 H2O - - - 0.91 0.90 0.90 0.89 0.91 0.89 0.90 0.90 0.55
17854.8 ? - 0.93 0.93 - - - - - - - - -
17857.4 H2O - - - - 0.99 0.99 0.98 0.98 0.98 0.98 0.97 0.63
17859.7 H2O - - - - 0.99 0.99 0.98 0.98 0.98 0.98 0.97 0.57
17862.5 ? - 0.97 0.95 - - - - - - - - -
17866.6 ? - 0.95 0.91 0.85 0.77 0.73 0.65 - - - - -
17867.9 ? 0.89 0.89 - - - - - - - - - -
17868 ? 0.88 - - - - - - - - - - -

17868.9 ? - - 0.87 0.85 - - - - - - - -
17869 ? - - - - 0.84 - - - - - - -

17869.1 H2O - - - 0.85 0.83 - - - 0.83 0.84 - -
17869.2 H2O - - - - - 0.84 0.82 0.86 - - 0.84 0.54
17871.4 H2O - - - - - 0.99 0.99 0.99 0.98 0.98 0.98 0.62
17876.1 ? - - 0.99 - - - - - - - - -
17876.3 H2O - - - - - - - - - - - 0.56
17876.4 H2O - - - - 0.96 0.95 0.94 0.94 0.93 0.93 0.92 -

17877.6 12CH4 0.94 - - - - - - - - - - -
17878.3 H2O - - - - - - - - - - 0.67 0.39
17879.1 ? 0.78 0.81 - - - - - - - - - -
17879.3 ? 0.72 0.77 - - - - - - - - - -
17879.6 H2O - - - - - - - - - - - 0.36

17882.1 12CH4 0.87 0.94 0.95 0.95 0.94 0.94 0.93 0.94 0.93 0.94 0.93 0.60
17884.6 H2O - - - - - - - - - - 0.54 0.42
17887.1 H2O - - - - - - - - - - - 0.39
17893.2 H2O - 0.97 0.94 0.87 0.75 0.67 - - - - - -

17893.5 12CH4 0.95 0.94 0.89 - - - - - - - - -
17894.4 H2O - - - - - 0.73 0.71 0.77 0.75 0.78 0.78 0.49
17897.1 ? 0.68 0.71 0.60 - 0.34 0.31 - - - - - -
17897.2 ? - - - 0.53 - - - - - - - -
17897.5 ? 0.31 0.51 0.43 0.41 - - - - - - - -
17898.1 H2O - - - - 0.42 0.43 0.37 0.48 0.42 0.47 - -
17898.2 H2O - - - - - - - - - - 0.43 -
17899.4 ? - - - - - - 0.44 0.55 0.49 - - -
17900 H2O - - - - - - - - - - - 0.26

17900.3 ? - - - - 0.59 - - - - - - -
17900.4 H2O - - - - - 0.64 - 0.36 0.45 0.49 0.49 0.33
17905.6 H2O - - - - - - - - - 0.91 0.90 0.54
17907.2 H2O - - - - - - - - - - - 0.48
17909.8 H2O - - - - - - - - - - - 0.44
17911.4 H2O - - - - 0.97 0.97 0.96 0.95 0.96 0.96 0.95 0.59
17914.3 H2O - - - - - 0.99 0.99 0.98 0.98 0.98 0.98 0.60
17916.4 ? - 0.95 0.92 0.86 - - - - - - - -
17919.2 H2O - - - - 0.99 0.98 0.98 0.97 0.98 0.98 0.97 0.59
17921.1 H2O - - - - - - - - - - - 0.24
17921.4 ? - - 0.98 - - - - - - - - -
17924.5 ? - - - - - 0.81 0.78 0.75 0.78 - - -
17924.6 H2O - - - - - - - - - 0.82 0.81 0.47
17925.4 ? - - 0.97 0.92 0.86 - - - - - - -
17927.5 H2O - - - - 0.99 0.99 0.98 0.97 0.98 0.97 0.97 -
17927.6 H2O - - - - - - - - - - - 0.59
17932 H2O - - - - - 0.68 0.64 0.60 0.65 0.68 0.66 0.32

17932.9 ? - 0.98 0.95 0.89 0.78 - - - - - - -
17933.9 ? - - - - - 0.76 0.65 - - - - -
17934.3 H2O - - - - - - - 0.63 0.65 0.67 0.65 -
17934.5 H2O - - - - - - - - - - - 0.33
17936.8 H2O - - - - - - - 0.83 0.85 0.86 0.86 0.48
17936.9 ? - - - - - 0.91 0.87 - - - - -
17937 ? - - - - 0.93 - - - - - - -

17937.1 ? - - - - - - 0.84 - - - - -
17937.2 H2O - - - 0.98 0.95 0.91 - - - - - 0.43
17939.3 H2O - - - - 0.99 0.98 0.98 0.97 0.97 0.97 0.96 0.48
17942 H2O - - - - - - - - - - - 0.42

17943.8 ? - 0.97 0.95 - - - - - - - - -
17944.1 H2O - - - - - - - - - - - 0.25
17944.9 ? - - 0.98 0.96 0.89 0.81 - - - - - -
17946.2 H2O - - - - - - - - - - 0.57 -
17946.4 H2O - - - - - - - - - - - 0.28
17947.1 ? - - 0.97 0.94 0.87 0.79 - - - - - -
17947.8 H2O - - - - - - 0.72 0.70 0.75 0.78 0.79 0.49
17948.2 ? - - - - - - 0.70 0.67 0.73 - - -
17949.3 H2O - - - 0.67 - - - - - - - 0.36
17951.2 H2O - - - - - - - - - - - 0.40
17952.8 H2O - - - - - 0.99 0.99 0.98 0.98 0.98 0.98 0.61
17955.5 H2O - - - - - - - - 0.71 0.72 0.70 0.34
17955.6 ? - - - - - - 0.74 0.70 - - - -
17955.7 ? - - 0.98 0.95 0.90 0.84 - - - - - -
17957.2 H2O - - - - - - - - - - 0.54 -
17957.3 H2O - - - - - - - 0.54 0.59 0.60 - 0.18
17960.4 H2O - - - - - - - - - - - 0.42
17960.7 H2O - - - - 0.99 0.98 0.98 0.97 0.97 0.97 0.96 0.51
17963.1 H2O - - - - 0.99 0.99 0.98 0.98 0.98 0.98 0.97 -
17963.2 H2O - - - - - - - - - - - 0.62
17966.4 H2O - - - - - - - - - - - 0.20



Brown Dwarf spectral features in the H band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
17966.8 H2O - - - - - - - - - - - 0.19
17969 H2O - - - - - 0.98 0.97 0.96 0.96 0.96 0.95 -

17970.1 H2O - - - - - 0.99 0.99 0.98 0.98 0.98 0.98 0.59
17972.4 H2O - - - - - - - - - - - 0.20
17973.7 ? 0.90 0.90 0.84 - - - - - - - - -
17978.3 H2O - - - - - - - - - - - 0.32
17981.1 H2O - - - - - 0.61 0.52 - - - 0.48 -
17981.2 H2O - - - - 0.58 0.57 0.51 0.46 0.53 0.57 - -
17982.2 H2O - - - - - - - - - - 0.48 0.31
17982.4 ? - - 0.60 - - - - - - - - -
17984.4 H2O 0.46 0.71 0.73 0.73 0.74 0.76 0.74 0.73 0.78 0.81 0.81 -
17984.5 H2O - - - - - - - - - - - 0.53
17985.5 ? 0.69 0.73 - - - - - - - - - -
17987.3 H2O - - 0.40 0.37 0.39 0.46 0.44 0.41 0.51 0.56 - 0.29
17987.4 H2O - - - - - - - - - - 0.49 -
17989.2 H2O - - - - - - - - - - - 0.20

17991.6 12CH4 0.93 0.95 0.93 - - - - - - - - -
17991.7 H2O - - - 0.94 0.93 0.93 0.91 0.91 0.92 0.93 0.92 0.60
17993.8 H2O - - 0.71 - - - - - - - - 0.36
17995.3 H2O - - - - - - - - - 0.66 0.65 -
17995.4 H2O - - - - - - - - - - - 0.42
17997.1 ? - - 0.98 - - - - - - - - -
17997.8 H2O - - - - - - - - - - - 0.40
17998.2 H2O - - - - 0.99 0.99 0.98 0.98 0.98 0.98 0.97 0.51



Table 23: Detected spectral features in Brown dwarf spectra in the K
band region. The sign ’?’ in column 2 (ID) means that the features
is not identified.

Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
20501 ? - - 0.48 - 0.52 0.53 0.53 0.58 0.62 0.64 0.62 0.26

20502.9 ? - - - - - - - 0.46 0.50 0.53 0.50 -
20504 ? - - - - - - - - - - - 0.29

20504.1 ? - 0.51 0.52 0.50 0.55 0.56 0.56 0.61 0.65 0.67 0.66 -
20505.3 ? - - 0.46 0.44 0.49 0.49 0.49 0.54 0.58 0.60 0.58 -
20505.9 ? - - - - - 0.40 0.39 0.45 0.49 - - -
20508.6 ? - - - - - - - 0.39 0.44 0.46 0.43 -
20509.9 ? - - - - 0.44 0.44 0.45 0.51 0.55 0.58 0.56 -
20514 ? - 0.54 0.54 0.52 0.57 0.57 0.57 0.62 0.66 0.68 0.67 0.28
20515 ? - - - - - - - - 0.60 0.62 - -

20515.1 ? - 0.59 0.58 0.52 0.56 0.56 0.56 0.61 - - 0.42 -
20515.7 ? - - - - - - - - - - 0.41 -
20517.2 ? - - 0.46 0.43 0.49 0.49 0.48 0.54 0.57 0.60 0.58 -
20517.7 ? - 0.52 0.51 0.50 0.51 0.52 0.52 0.57 0.61 0.64 0.63 0.31
20519.1 ? - - - - - - - 0.61 0.64 0.66 0.65 -
20519.9 ? 0.71 0.71 0.67 - - - - - - - - -
20520.9 ? 0.79 0.70 0.69 0.66 0.67 0.63 0.60 - - - - -
20521.5 ? 0.69 0.68 0.65 - - - - - - - - -
20521.6 ? - - - - - - - - - 0.61 0.59 -
20522 ? - - - - - - 0.56 0.59 0.62 0.63 0.58 -

20522.8 ? 0.71 0.71 0.70 0.67 - - - - - - - -
20523.5 ? - - - - 0.62 0.61 0.60 0.64 0.67 0.68 0.67 -
20523.9 ? 0.62 - - 0.58 0.62 0.61 0.61 0.65 0.67 0.68 0.63 0.28
20525.7 H2O 0.90 0.78 0.81 0.81 0.82 0.81 0.81 0.83 0.84 0.85 0.85 0.48
20528.4 ? 0.74 0.75 0.75 - - - - - - - 0.55 0.32
20529.3 ? - - - 0.57 0.61 0.60 0.60 - - - - -
20530.5 ? - - - 0.42 0.49 0.49 0.49 0.55 0.58 0.61 0.59 0.26
20531 ? - - - - - - - 0.47 0.50 0.52 0.50 -

20532.7 H2O - - - - 0.57 0.57 0.58 0.63 0.66 0.69 0.68 -
20532.8 ? 0.81 0.82 0.81 0.69 - - - - - - - 0.40
20534.4 ? 0.67 0.65 - - - - - - - - - -
20534.6 ? - - - - - - - - - - - 0.25
20535.7 ? - - - - - - - - - 0.51 - -
20536.3 ? - - - - - - - - - - 0.49 -
20536.8 ? - - - - - - - - 0.49 - - -
20538.9 ? - - - - - - - 0.57 0.62 0.65 - -
20538.8 ? - - - - - - - - - - 0.61 0.26
20539.1 ? 0.69 0.67 0.66 - - - - - - - - -
20539.2 ? - - - 0.60 0.64 0.63 0.63 0.66 - - - -
20540 ? 0.73 0.74 0.74 - - - - - - - - -

20541.5 ? - - - - - - - - - - 0.57 -
20541.9 ? - - 0.46 - - - - - - - - -
20543.2 ? 0.70 0.72 0.73 0.72 - - - - - - - 0.39
20543.6 H2O 0.76 0.77 0.77 - - 0.62 0.63 0.67 0.71 0.73 0.73 0.42
20544.7 ? - - - 0.67 0.71 0.71 0.71 0.75 0.77 0.77 - -
20545.1 ? - - - - - - - - - - 0.68 -
20545.3 ? 0.69 - - - - - - - - - - -
20546.1 ? - - - - 0.71 - - - - - - -
20546.4 H2O - - 0.47 0.45 0.54 0.57 0.57 0.62 0.66 0.68 0.68 0.33
20547.8 ? - 0.49 0.50 0.47 0.53 0.54 0.54 0.59 0.62 - - 0.25
20547.9 ? - - - - - - - - - - - -
20549.5 ? - 0.61 0.59 0.52 - - - - - - - -
20549.9 ? - - 0.52 0.47 0.52 0.50 0.47 0.51 0.54 0.56 0.53 -
20550.1 ? 0.74 0.66 - - - - - - - - - -
20551.9 ? - 0.51 0.52 0.48 0.54 0.54 0.53 0.58 0.61 0.63 - 0.21
20554.7 H2O 0.68 0.69 0.70 0.67 0.57 0.57 0.56 0.61 0.64 0.67 0.65 0.37
20559 H2O 0.87 0.88 0.76 0.50 0.57 0.60 0.60 0.65 0.71 0.74 0.74 0.44

20559.4 ? - - 0.64 0.64 0.68 0.69 0.69 0.72 - - - -
20560 ? - - 0.69 0.67 0.70 - - - - - - -

20561.6 ? - 0.55 0.56 0.48 - - - - - - - -
20562.5 ? - - - - - - - - - - 0.55 -
20562.9 ? - 0.63 0.65 0.62 0.66 0.66 0.67 - - - - 0.33
20563 H2O - - - - - - - 0.46 0.50 0.52 0.50 -

20564.4 ? - 0.63 - - - - - - - - - -
20565 ? 0.79 - - - - - - - - - - -

20565.1 ? - - - - 0.42 0.39 0.49 - - - - -
20565.7 ? - - - - - 0.35 - 0.40 0.43 0.43 0.41 -
20566.7 ? 0.64 0.63 0.60 - - - - - - - - -
20567.1 ? - - - 0.43 0.49 - - 0.55 0.63 0.65 0.64 0.27
20568.7 ? - - - - - 0.35 - 0.39 0.43 0.44 0.42 -
20570 ? - - - - - 0.38 0.39 0.45 0.50 0.53 0.53 -

20570.5 ? - - - - - 0.39 0.40 0.47 0.52 0.55 0.55 0.26
20571.5 ? - - 0.47 0.45 0.52 0.52 0.53 0.59 0.63 0.65 - 0.30
20572 ? - - - - - 0.36 - 0.41 0.45 0.47 0.50 -
20574 ? - - - - - 0.35 - 0.41 0.45 0.47 0.45 -

20574.4 ? - - 0.47 0.42 0.49 0.49 0.49 0.54 0.58 0.60 0.58 -
20576 ? - - - 0.43 0.49 0.49 0.49 0.54 0.58 0.60 0.59 -

20576.1 ? - - 0.50 - - - - - - - - -
20577.2 ? - 0.59 0.57 0.51 - - - - - - - -
20577.8 ? - - - - 0.46 0.47 0.47 0.53 0.57 0.60 0.59 0.24
20578.1 ? - - - - - 0.37 - 0.42 0.45 0.47 0.44 -
20580.8 ? - - - - - - - - - 0.52 0.50 -
20581.4 ? - 0.49 0.50 0.47 0.52 0.53 0.53 0.58 0.61 - - -
20581.9 ? - - - - - 0.36 - 0.42 0.46 0.50 0.49 -
20584.3 ? - - - - - - - 0.38 0.42 0.43 0.42 -
20586 ? - - - - - - - - - - 0.40 -

20588.5 ? - - 0.46 - 0.51 0.51 0.51 0.57 0.60 0.62 - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
20589.5 H2O - - - - - - - 0.60 0.64 0.67 0.67 -
20589.6 ? 0.80 0.79 0.79 0.76 0.70 0.70 0.70 - - - - 0.44
20591.1 ? - 0.63 0.64 0.60 0.65 - - - - - - -
20591.6 ? - - - - 0.43 0.46 0.47 0.54 0.58 0.61 0.60 0.27
20591.9 ? - - - - - 0.44 0.44 - - - - -
20594.1 ? - - - - - - - - 0.40 0.43 0.41 0.14
20595.4 ? - - - - - 0.38 0.38 0.44 0.49 - - -
20598 ? - 0.62 0.64 0.62 0.67 0.67 0.68 0.72 0.55 0.58 0.58 0.39

20599.1 ? - - - - - - - - 0.41 0.42 0.41 -
20601.6 ? - - - - 0.47 - - - - - - -
20602.5 ? - 0.53 0.54 0.55 - - - - - - - -
20604.7 ? - - - 0.57 0.56 0.58 0.62 0.64 0.65 0.69 0.69 -
20604.9 ? - - - - - - - - - - - 0.32
20605 ? 0.71 0.72 0.74 - - - - - - - - -

20605.9 H2O - - - - 0.55 0.57 0.61 0.64 0.66 - - -
20606 ? 0.85 0.86 - - - - - - - 0.72 0.74 0.46

20606.8 ? - - 0.57 0.59 - - - - - - - -
20607.4 ? 0.74 - - - - - - - - - - -
20608.4 ? - - 0.45 0.48 0.48 0.50 0.54 0.57 0.58 0.62 0.63 0.25
20609.7 ? - - - - 0.41 0.45 0.50 0.53 0.55 0.60 0.62 -
20611 ? - 0.56 - - - - - - - - - -

20611.2 ? - 0.62 0.63 0.65 0.64 0.66 0.68 - - - - 0.32
20611.6 H2O - - 0.45 - 0.47 0.49 0.52 0.57 0.58 0.62 0.64 -
20612.9 ? - 0.60 0.61 0.63 0.63 0.64 0.67 0.69 0.71 0.74 - 0.34
20615.7 ? - - - - - - - - - - 0.65 -
20616.4 ? - 0.49 0.58 0.60 0.60 0.63 0.66 0.68 0.69 0.73 0.57 0.34
20617.9 ? - - - - - - - - - - 0.45 -
20619.3 ? - 0.53 0.56 0.58 0.57 0.60 0.63 0.65 0.67 0.70 0.70 0.31
20620.2 ? 0.62 0.58 - - - - - - - - - -
20621.2 ? - - 0.45 0.48 0.49 0.53 0.57 0.60 0.61 0.66 - 0.30
20622.4 H2O - - - - - 0.61 0.64 0.66 0.67 - - -
20622.6 ? 0.64 0.65 0.65 0.66 0.66 - - - - - - 0.37
20622.9 ? - - - - - - - - 0.64 0.69 0.71 -
20623.2 ? 0.69 0.69 0.69 0.70 0.69 - - - - - - -
20624.2 ? - - - - - 0.58 0.61 0.62 0.63 0.67 - -
20625 ? - - - - - - - - - - 0.56 -

20627.3 ? - - - - 0.49 0.52 0.56 0.58 0.60 0.64 0.65 -
20627.9 ? - 0.54 0.50 0.49 - - - - - - - -
20628.4 ? - - - - 0.44 0.47 0.51 0.53 0.55 0.60 0.61 -
20629.2 ? 0.62 - - - - - - - - - - -
20631.5 H2O 0.75 0.76 0.77 0.77 0.62 0.64 0.67 0.69 - - - 0.42
20632.8 ? - - - - 0.41 0.44 0.49 0.51 0.53 0.57 0.58 -
20633.9 ? - - - - 0.48 0.50 0.54 0.56 0.58 0.61 0.62 -
20635.9 ? 0.81 0.66 0.66 0.66 0.65 0.66 0.69 0.70 0.66 0.70 0.70 0.34
20637 ? - 0.59 0.59 0.58 - - - - - - - -

20639.2 H2O - 0.85 - - - - - - - - - -
20639.3 H2O 0.93 - - 0.82 0.81 0.81 0.82 0.83 0.81 0.84 0.85 0.50
20639.6 H2O - - 0.82 - 0.72 0.73 0.75 0.77 - - - -
20641.3 ? - - - - - - 0.72 0.73 0.68 0.72 - -
20641.6 ? - 0.61 0.63 0.64 0.64 0.65 0.69 0.71 - - - 0.37
20642 ? - 0.64 0.65 0.66 0.66 0.67 - - - - - -

20642.6 ? - - - - - - - - 0.64 0.67 0.68 -
20646.5 ? - - - - - 0.42 0.48 0.50 0.53 0.58 0.60 0.22
20647.9 ? - 0.61 0.62 0.63 0.60 0.62 0.61 0.63 0.65 0.69 - 0.36
20648.4 ? - - 0.46 0.49 0.45 0.48 0.52 0.54 0.56 0.60 0.63 -
20648.8 ? - - - - - - - - - - 0.63 -
20650 ? - - - - - 0.38 - 0.47 0.49 0.55 0.58 -

20651.2 ? - - 0.49 0.52 0.52 0.55 0.60 0.62 0.64 0.68 0.61 0.34
20652.8 ? - - - - - - - 0.40 0.42 0.48 0.51 -
20653.8 ? - - - - 0.41 0.44 0.48 0.51 0.52 0.56 0.57 -
20656.1 ? - - - - - 0.41 0.50 0.53 0.55 0.60 0.62 0.28
20657.2 ? - - 0.48 0.52 0.52 0.55 0.59 0.61 0.62 0.67 0.68 0.29
20657.6 ? - - - - - - - - - - 0.44 -
20658.7 ? - - - - - - - 0.41 0.43 0.49 0.51 -
20659.2 ? - - - - 0.44 0.47 0.52 0.55 0.57 0.62 0.63 0.29
20661.7 H2O 0.84 0.84 0.84 0.75 0.65 0.67 0.70 0.72 0.73 0.77 0.78 0.47
20664.6 ? - - - - - 0.41 0.50 - - - 0.51 -
20665.6 ? - - - - 0.50 0.52 0.56 0.58 0.60 0.64 0.65 0.24
20665.8 ? - 0.48 0.48 0.51 - - - - - - - -
20668.7 ? - - - - - - - 0.41 0.43 0.49 0.51 -
20671.1 ? - 0.49 0.50 0.52 0.52 0.54 0.58 0.60 0.61 0.65 0.66 -
20672.4 ? 0.65 0.67 0.67 0.68 0.56 0.58 0.67 0.69 0.70 0.73 0.74 -
20672.8 ? - - - - - - - 0.40 0.42 0.49 0.52 -
20675 ? - - - - - - - - - 0.58 0.59 -

20675.6 ? - 0.53 0.56 0.58 0.58 0.61 0.64 0.66 0.68 - - 0.32
20677.5 ? - - - - 0.45 0.49 0.54 0.56 0.58 0.64 0.65 0.32
20677.8 ? - - - - - 0.38 - 0.46 - - - -
20681.9 ? - 0.49 0.47 - - - - - - - - -
20682.3 ? - 0.58 0.56 - - - - - - - - -
20682.6 ? - - - - - 0.43 - - - - - -
20684.6 ? - - - - - - 0.47 0.48 0.49 0.54 0.54 -
20684.9 ? - 0.50 0.51 0.52 0.49 0.48 0.49 0.50 0.48 0.52 0.52 -
20686.9 ? - 0.52 0.53 0.55 0.55 0.57 0.61 0.63 0.65 0.69 0.70 0.32
20688.4 ? 0.72 - - - - - - - - - - -
20688.8 ? - 0.54 0.55 0.57 0.56 0.57 0.59 0.61 0.62 0.65 0.66 -
20689.1 ? - 0.51 0.52 0.52 0.53 0.54 0.58 0.60 0.61 0.66 0.67 0.31
20690.6 ? - 0.54 0.55 0.57 0.58 0.60 0.64 0.66 0.67 0.71 0.65 0.33
20692 ? 0.67 0.69 0.70 0.71 - - - - - - - 0.41

20693.7 ? - 0.49 0.47 - - 0.42 0.46 0.49 0.50 0.55 0.56 -
20695.2 ? - - - - 0.44 0.47 0.52 0.54 0.56 0.61 0.62 0.26
20697.3 ? - - - - - 0.36 - 0.43 0.44 0.49 0.50 -
20699.5 ? - - - - - - - 0.40 0.42 0.47 0.48 0.18



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
20700.9 ? - - - - 0.40 0.43 0.47 0.51 0.53 0.58 0.59 0.26
20701.3 ? - - 0.49 0.48 0.48 0.49 0.52 0.55 0.57 0.61 0.61 0.26
20705.3 ? - - - - 0.46 0.46 0.51 0.55 0.57 0.62 0.62 0.26
20707.5 ? 0.67 - - - 0.41 0.43 0.46 0.49 0.50 0.55 0.54 -
20707.8 ? - - - - - 0.36 - 0.45 0.47 0.52 0.52 -
20708.8 ? - - 0.47 0.49 0.49 0.51 0.55 0.58 0.59 0.63 - -
20711.4 ? - - - - 0.40 0.43 0.48 0.52 0.53 0.58 0.59 -
20711.7 ? - - - - - 0.38 - 0.42 0.43 0.49 0.50 -
20713.1 ? - 0.50 0.52 0.54 0.55 0.57 0.60 0.63 0.64 0.68 - 0.22
20714.9 H2O 0.83 0.84 0.84 0.72 0.45 0.48 0.58 0.61 0.64 0.69 0.69 0.46
20715.3 ? - - - 0.50 0.56 0.58 0.62 0.66 0.67 0.71 0.70 -
20716.3 ? - - - 0.51 0.52 0.54 0.58 0.61 0.62 - - -
20716.5 ? - 0.52 0.50 0.52 0.53 0.54 0.57 0.60 0.55 0.60 0.60 -
20718.4 ? - 0.55 0.57 0.57 0.58 0.60 0.63 0.66 0.67 - - -
20719.2 ? - - - - - - - - - 0.65 0.65 -
20719.5 ? - - 0.47 0.47 0.48 0.49 0.53 0.56 0.57 0.62 0.62 -
20719.8 ? - - - - - - - 0.47 - - - -
20721 ? - - - - - - - 0.49 0.51 0.57 0.57 -

20722.3 ? 0.69 0.68 0.66 - - - - - - - 0.48 -
20723 ? - - - - 0.56 0.59 0.62 0.65 0.67 0.71 - 0.31

20725.1 ? - - - - - - - - 0.51 0.57 0.58 -
20725.9 ? - 0.52 0.53 0.54 0.54 0.56 0.59 0.62 - - - -
20726.6 ? - - 0.48 0.49 0.50 0.53 0.57 0.60 0.63 0.67 - -
20727.7 ? - - - - 0.39 0.42 0.47 0.51 0.53 0.58 0.58 -
20729.9 ? - - - - 0.40 0.43 0.49 0.53 0.55 0.60 0.60 -
20731.5 ? - 0.48 0.46 - - - - 0.41 0.43 0.49 0.50 -
20733.4 ? 0.62 0.65 0.67 0.66 0.67 0.68 0.57 0.60 0.62 0.66 0.67 0.34
20734.9 ? - - - - - - - - - - 0.68 -
20735.4 ? - - - - - - - - - - 0.57 -
20735.6 H2O - - - - - - 0.58 0.62 0.63 0.68 - -
20735.8 ? 0.63 0.66 0.68 0.68 0.68 0.70 - - - - - 0.41
20738.7 ? - - - - - - - 0.43 0.45 0.51 0.53 -
20738.9 ? - - - - - 0.34 - 0.46 0.48 0.54 0.55 0.25
20739.3 ? - - - - - 0.38 0.45 0.49 0.52 0.57 0.58 0.25
20740.7 ? - 0.49 0.52 0.53 0.54 0.57 0.61 0.64 0.66 0.70 0.60 0.33
20741.7 ? - - - - - - - - - - 0.67 -
20745.6 ? - - - - - 0.36 - 0.41 0.41 - - -
20746.6 ? - - - - - - - - 0.40 0.45 0.45 -
20747.1 ? - - - - - - - 0.43 0.45 0.51 0.51 -
20747.7 ? - - - - - - - 0.43 0.45 0.51 0.52 0.25
20748.1 ? - - - - 0.46 0.48 0.52 0.56 0.58 0.62 0.62 0.25
20749.4 ? - - - - - - - - - - 0.43 -
20751.9 ? 0.65 0.66 0.56 0.56 0.57 0.59 0.62 0.64 0.66 0.69 - 0.34
20752.3 ? - - 0.51 0.51 0.47 0.50 0.57 0.60 0.61 0.65 0.64 0.31
20753.2 ? 0.66 - - - - - - - - - - -
20755.3 H2O 0.87 0.87 0.77 0.58 0.60 0.62 0.65 0.68 0.70 0.74 0.76 0.45
20755.7 ? - - - - 0.57 0.59 0.62 0.65 0.66 0.70 0.70 -
20757.3 ? - - 0.50 0.51 0.50 - - - - - - 0.17
20757.5 ? - - 0.56 0.55 0.50 0.51 0.55 0.57 0.57 0.61 0.60 -
20758.3 ? 0.68 0.67 - - - - - - - - - -
20760.3 ? - - - - 0.41 0.44 0.48 0.52 0.53 0.58 0.58 -
20762.3 ? - - - - - 0.42 0.47 0.51 0.53 0.59 0.59 0.28
20762.8 ? - - - - - 0.38 - 0.43 0.43 0.48 - -
20763.4 ? - - - - - - - - - - 0.55 -
20764.3 ? - - - - 0.42 0.45 0.49 0.52 0.54 0.59 0.58 -
20765.7 H2O 0.72 0.74 0.74 0.73 0.59 0.60 0.63 0.66 0.67 0.62 0.64 0.39
20766.9 ? - 0.53 0.54 0.51 0.53 0.54 0.56 0.58 0.58 0.63 0.62 -
20768.1 ? - 0.52 0.51 0.49 0.49 - - - - - - -
20769.1 ? - - - - - 0.37 - 0.43 0.43 - - -
20769.6 ? - - - - - - - 0.43 0.43 0.48 0.45 -
20770.7 ? - - - - 0.42 0.43 0.45 0.48 0.49 0.54 0.53 -
20772.2 ? - - - - - 0.40 0.44 0.48 0.50 0.55 0.54 -
20775.4 ? - - - - - - - - 0.40 0.46 0.45 -
20776.8 ? - - - - 0.39 0.42 0.47 0.52 0.54 0.60 0.60 -
20777.1 ? - - - - 0.44 0.47 0.52 0.55 0.58 0.63 0.63 0.29
20779.1 ? - - 0.45 0.47 0.46 0.46 0.49 0.51 0.53 0.57 0.57 0.22
20779.6 ? - 0.49 0.50 0.50 0.50 0.52 0.55 0.59 0.60 0.64 0.64 0.24
20782.1 ? - - - - - - - - - - 0.44 -
20783.7 ? - - - - - 0.38 - 0.42 - - - -
20784.3 ? - - - - - - - - - 0.46 0.51 -
20784.8 ? - 0.49 0.52 0.53 0.55 0.57 0.61 0.65 0.66 0.70 - 0.34
20787.3 ? - 0.57 0.59 0.58 0.58 0.60 0.62 0.65 0.66 0.69 0.69 0.34
20787.7 ? 0.60 0.59 - - - - - - - - - -
20789.3 ? - - - - 0.43 0.46 0.50 - 0.56 0.61 0.61 0.25
20792 ? - - - - - - - - 0.39 0.46 0.46 -

20793.7 ? - 0.49 0.51 0.51 0.51 0.53 0.56 0.54 0.63 0.67 0.66 -
20794.6 ? - 0.58 0.60 0.61 0.62 0.64 0.67 0.61 - - - 0.36
20797.6 ? 0.60 0.59 0.57 - - 0.35 - 0.42 0.42 0.47 - -
20798.1 ? - 0.48 0.49 0.50 0.50 0.52 0.55 0.58 0.59 0.64 0.55 0.22
20799.5 ? - - - - 0.40 0.40 - 0.44 0.44 - - -
20799.9 ? - - - - - 0.36 - 0.43 0.44 0.50 0.49 -
20802.9 ? - - - - - 0.42 0.49 0.52 0.56 0.58 0.61 -
20803.4 ? - - - - - 0.39 - 0.44 - - - -
20805.1 ? - - - - 0.46 0.48 0.54 0.56 0.59 0.60 0.61 -
20807.4 ? - - - - - - - - - - 0.45 -
20809.1 ? - - - - 0.42 0.44 0.50 0.52 0.56 0.58 0.59 0.22
20809.4 ? 0.74 0.75 - - - - 0.46 0.48 0.51 0.53 0.56 -
20812 ? - 0.47 0.43 0.48 0.49 0.50 0.55 0.56 0.59 0.60 0.56 -

20813.2 ? 0.58 - - - - 0.38 - 0.46 0.50 0.51 0.53 -
20814.5 ? - - 0.40 0.47 0.48 0.51 0.57 0.59 0.63 0.64 0.66 0.31
20815.9 ? - - 0.41 0.47 0.47 0.49 0.53 0.55 0.58 0.59 0.60 -
20817.1 ? - 0.52 0.47 0.53 0.54 0.55 0.60 0.62 0.65 0.66 0.67 0.26



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
20820.2 ? - - - - 0.41 0.44 0.50 0.53 0.56 0.58 0.60 0.24
20821.6 ? - - - - 0.40 0.41 0.46 0.48 0.51 0.52 0.52 -
20825.8 H2O 0.71 0.74 0.73 0.75 0.62 0.64 0.68 0.70 - - - 0.42
20826.1 ? - - - - - - - - 0.64 0.66 0.69 -
20827.4 ? - - - - 0.45 0.46 0.50 0.51 - - - -
20828.4 ? - - - - - - 0.57 0.60 0.63 0.65 0.66 -
20830.8 ? - - - - - - - - 0.42 0.45 0.48 0.14
20832.4 ? - 0.50 0.46 0.53 0.54 0.55 0.60 0.61 0.64 0.66 - 0.20
20833.5 ? - - - - - - - - - 0.57 0.59 -
20833.8 ? - 0.52 0.49 0.55 0.56 0.58 0.62 0.64 0.67 - - -
20834.5 ? - - - - - - - - - 0.60 0.62 -
20835.1 ? - 0.51 0.43 - - - - - - - - -
20836 ? 0.69 - - - - - - - - - - -

20836.5 ? - - - - 0.45 0.47 0.53 0.55 0.58 0.60 0.62 -
20839.3 ? - 0.54 0.51 0.57 0.58 0.60 0.64 0.66 0.69 0.70 0.59 0.29
20840.6 ? - - - - 0.44 0.47 0.53 0.49 0.53 0.55 0.58 -
20842.6 ? - - - - - - - - - 0.44 - -
20842.8 ? 0.63 0.62 - - - - - - - - - -
20844 ? - - - - - 0.38 0.44 0.47 0.51 0.53 0.54 -

20846.2 ? - - - - - - - - - - 0.44 -
20851.9 ? - - - - - 0.45 0.51 0.53 0.57 0.59 0.60 -
20852.5 ? - - 0.42 0.49 0.50 0.52 0.57 0.59 0.62 0.64 0.65 0.27
20854.1 ? - - - - 0.45 0.48 0.53 0.55 0.59 0.60 0.62 0.25
20854.5 ? - - - - - 0.37 0.46 0.49 0.53 0.56 0.58 0.25
20855.9 ? - - - - 0.40 0.44 0.51 0.54 0.59 0.61 0.63 -
20856.5 ? - - - - - - - 0.43 0.48 0.51 - -
20857.4 ? - - 0.38 - 0.44 0.45 0.50 0.51 - - - -
20862.3 ? 0.59 0.57 0.48 - - - - - - - - -
20864.2 ? - - - - - 0.40 0.49 0.51 0.54 0.55 0.54 0.22
20867 ? - - - - - 0.35 - 0.44 0.49 0.50 0.52 -

20867.4 ? - 0.53 0.46 - - - - - - - - -
20868.2 ? - - - - - 0.40 0.46 0.48 0.52 0.52 0.53 0.20
20868.4 ? - - - - - - - 0.45 0.50 0.50 0.52 0.20
20869.4 ? - 0.53 0.48 0.54 0.53 0.54 0.57 0.59 - - - -
20869.9 ? - - - - 0.43 0.46 0.51 0.55 0.59 0.61 0.62 0.26
20871.2 ? 0.60 0.64 0.61 0.66 0.67 0.68 0.71 0.61 0.65 0.66 0.67 0.33
20871.7 ? - - - - - - - 0.46 0.51 0.52 0.54 -
20873.9 ? 0.80 0.82 0.80 0.69 - - - - - - - 0.40
20874.1 H2O - - - - - 0.53 0.58 0.61 0.65 0.67 0.69 -
20875.2 ? - 0.49 - - - - - - - - - -
20875.7 ? - - - - 0.43 0.46 0.51 0.54 0.57 0.59 0.60 -
20879.3 ? - - - - - 0.40 0.46 0.49 0.52 0.54 0.55 -
20879.8 ? - - - - - - - - 0.47 0.48 0.50 -
20880.4 ? - - - - - - - - 0.43 0.46 - -
20883 ? - - - - - - - - 0.44 0.46 0.47 -

20885.4 ? - - - - - 0.38 0.45 0.47 0.51 0.53 0.55 -
20887.4 ? - - - - - - - - - - 0.52 0.23
20887.7 ? - - 0.39 - 0.44 0.45 0.50 0.51 0.54 0.55 0.45 -
20890.7 ? - - - - 0.47 0.50 0.56 0.58 0.62 0.64 0.65 0.29
20892 ? - - - - - - - 0.42 0.45 0.47 0.48 -

20894.8 ? - - - - - 0.35 - 0.46 0.50 0.53 0.55 -
20896.7 ? - - - - 0.46 0.49 0.54 0.57 0.60 0.62 0.63 0.26
20899.9 ? - 0.59 0.57 0.63 0.64 0.66 0.70 0.71 0.74 0.62 0.64 0.35
20901 ? - - - - 0.40 0.44 0.49 0.53 0.57 0.62 0.62 0.29

20903.1 ? - - - - 0.42 0.43 0.47 0.51 0.54 0.58 0.57 -
20904.2 ? - 0.50 0.45 - - - - - - - - -
20904.5 ? - - - - - - - - 0.42 0.46 0.46 -
20905.4 ? 0.69 0.53 - - - - - - - - - -
20905.6 ? - - - - - - - 0.42 0.46 0.50 0.50 0.20
20907.1 ? - - - - - - - 0.41 0.45 0.48 0.47 0.16
20911.7 ? - - - - - 0.40 0.45 0.49 0.53 0.56 0.56 -
20914.9 ? - - - - - - - 0.42 - - - -
20915.8 ? - - 0.50 0.50 - - - - - - - -
20918.3 ? - - - - 0.43 0.46 0.51 0.55 0.59 0.62 0.62 -
20919.3 ? - - 0.42 - - - - - - - - -
20920.7 ? - - - - - 0.34 - 0.44 0.48 0.51 0.52 -
20921.8 ? - - - - - 0.39 0.44 0.47 0.51 0.54 0.51 -
20923.1 ? - - - - - 0.39 - 0.45 0.48 0.51 0.50 -
20927.9 ? - - - - - - - - - 0.45 0.45 0.16
20932.7 ? - - 0.45 0.48 0.50 0.53 0.57 0.61 0.64 0.66 0.67 -
20934.9 ? - 0.48 0.45 - - - - - - - - -
20935.1 ? - - - - - - - 0.42 0.47 0.51 0.51 0.20
20935.5 ? - - - - - 0.40 0.45 0.51 0.55 0.58 0.58 0.21
20936.6 ? - - - - - - - 0.40 0.44 0.47 - -
20938.8 H2O 0.66 0.69 0.70 0.71 0.71 0.58 0.62 0.65 0.68 0.71 0.65 0.41
20941.4 ? - - 0.42 - 0.45 0.48 0.52 0.55 0.58 0.61 0.60 -
20946.5 ? 0.70 0.52 0.50 - 0.44 0.46 0.51 0.57 0.60 0.62 0.60 -
20948.3 ? - - - - 0.39 0.42 0.47 0.51 0.56 0.59 0.59 0.28
20949.8 ? - - - - 0.46 0.49 0.53 0.57 0.60 0.63 0.63 0.24
20951.2 ? - - - - 0.40 0.42 0.46 0.49 0.52 0.55 0.54 -
20952.6 ? - - - - - - - - 0.48 0.52 0.52 0.20
20953.7 ? - - - - - - - - - - 0.43 -
20956 ? - - - - - 0.34 - 0.44 0.48 0.52 0.53 -

20956.4 ? - - - - 0.39 0.40 0.43 0.46 0.49 0.51 - -
20958.1 ? - - - - - - - 0.41 0.46 0.50 0.50 -
20961.6 ? - 0.51 0.49 - - 0.37 0.43 0.48 0.52 0.56 0.57 0.26
20964.2 ? - - - - - - - - - - 0.44 -
20965.6 ? - - - - - - - 0.44 0.49 0.54 0.55 0.27
20967.3 ? - - - - 0.42 0.43 0.46 0.49 0.51 0.53 0.52 -
20968.5 ? - - - - - - - - 0.43 0.48 0.48 -
20969 ? - 0.52 0.50 - - - - - - - - -

20969.6 ? - - 0.44 0.48 0.47 0.48 0.51 0.48 0.50 0.53 - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
20970.8 ? - 0.50 0.46 - - - - - - - - -
20971.4 ? - - - - - - - - 0.43 0.47 0.47 -
20973.2 ? - - - - - 0.45 0.50 0.55 0.59 0.63 0.63 0.32
20973.5 ? 0.61 0.60 0.57 - - - - - - - - -
20976.1 ? - - - - 0.41 0.45 0.50 0.55 0.59 0.62 0.63 0.29
20977.8 ? - 0.53 0.55 0.57 0.58 0.60 0.63 0.66 0.69 0.71 0.58 0.31
20980 ? - - - - - 0.36 - 0.46 0.50 0.53 0.54 -
20983 ? - - - - - - - - - 0.45 0.44 -

20983.4 ? - - - - - - - 0.42 0.47 0.51 0.52 0.23
20987.6 ? - - - - - 0.35 - 0.43 0.47 0.51 0.50 -
20987.9 ? - 0.48 0.47 0.47 0.46 0.47 0.50 0.54 0.56 0.53 0.53 0.25
20990.9 ? - - - - - - - 0.42 0.46 0.50 0.50 -
20992.4 ? - - - - - 0.43 0.47 0.52 0.55 0.59 0.59 0.24
20994.9 H2O 0.68 0.71 0.71 0.72 0.62 0.64 0.67 0.70 0.72 0.68 0.69 0.40
20997.1 ? - - - - - - - - - 0.45 0.46 -
21001.1 ? - - - - - 0.37 - 0.46 0.50 0.53 0.50 0.23
21001.6 ? - - - - - 0.34 - 0.40 0.43 - - -
21003.6 ? - - - - - 0.38 0.43 0.47 0.51 0.54 0.55 -
21003.7 ? - - - - - 0.39 0.44 0.47 0.50 0.53 0.54 -
21005 ? - 0.45 0.47 0.52 0.53 0.55 0.60 0.63 0.67 0.69 0.70 0.34

21014.9 ? 0.62 0.61 0.57 0.47 0.44 0.42 0.43 0.44 0.45 0.47 0.45 -
21017.9 ? - - - - - - - - 0.44 0.48 0.49 -
21020 ? - - - - - - - - - 0.46 0.48 -

21022.4 ? - - 0.44 0.48 0.48 0.50 0.54 0.57 0.60 0.63 0.64 0.27
21024.7 ? - - - - - 0.37 - 0.46 0.50 0.54 0.55 -
21028.2 ? - - - - - 0.35 - 0.43 0.46 0.49 0.50 -
21030.7 ? - - - - 0.45 0.47 0.53 0.57 0.60 0.63 0.64 0.29
21033.5 ? - - - - - - - 0.44 0.48 0.52 0.53 0.25
21036.5 ? - - - - 0.41 0.40 - - - - - -
21037.3 ? - - - - - - - - - 0.51 0.54 0.29
21039.5 ? 0.60 0.58 - - - - - 0.53 - - - -
21039.8 ? - - 0.41 - 0.44 0.45 0.49 - 0.56 0.59 0.61 0.27
21041.1 ? - - - - - - - - - - 0.45 -
21046.4 ? - - - - - - - - - - 0.46 -
21048.3 ? - 0.50 0.46 - - - - - - - - -
21049.4 ? - - - - - - - - 0.42 0.47 0.48 -
21052.5 ? - - - - - - - - - 0.61 0.63 -
21052.9 ? - - 0.64 0.67 0.67 0.68 0.71 0.73 0.76 0.65 0.67 0.40
21053 ? 0.73 0.74 - - - - - - - - - -

21055.3 ? - - - - - - - - - 0.47 0.48 0.21
21058.7 ? - - - - - - - 0.41 0.46 0.50 0.52 0.24
21063.8 ? 0.66 - - - - - - - - - - -
21064.7 ? - - - - 0.41 0.44 0.49 0.53 0.57 0.60 0.61 0.27
21065.1 ? - - - - - 0.36 - 0.45 0.49 0.52 0.54 0.21
21070.8 ? - - - - - - - 0.40 0.45 0.49 0.51 0.24
21073 ? 0.56 0.57 0.54 - 0.39 0.36 - 0.44 0.48 0.51 0.52 -

21074.4 ? - - - - - 0.40 0.46 0.50 0.55 0.58 0.60 0.29
21075.5 ? - - - - 0.40 0.41 0.45 0.48 0.51 0.53 0.54 -
21081.1 ? - - - - - 0.33 - - - - - -
21081.5 ? - - 0.41 - - 0.35 0.47 0.49 0.52 0.55 0.56 -
21084.5 ? - - - - - - - - - - 0.54 -
21085.5 ? - - - - 0.45 0.47 0.52 0.56 0.59 0.62 0.63 -
21086.8 ? - - - - - 0.38 - 0.46 0.49 0.52 0.53 -
21087.7 ? - 0.54 0.52 - - - - - - - - -
21088.4 ? - - - - 0.41 0.43 0.47 0.51 0.54 0.57 0.58 -
21089.6 ? - - - - - - - - 0.42 0.45 0.46 -
21091.6 ? - - - - - - - - - 0.45 0.46 -
21092 ? - - - - - - - - 0.43 0.48 0.49 0.23

21095.8 ? 0.64 0.62 - - - - - - - - - -
21096 ? - - 0.54 0.55 - - - - - - - -

21097.5 ? 0.60 0.58 0.43 - 0.43 0.42 0.44 0.46 0.47 - - -
21101.2 ? - - - - - - - - 0.43 0.50 0.52 0.21
21102.4 ? - 0.48 0.45 - - - - - - - - -
21105.7 ? - - - - - - - - 0.44 0.50 0.52 0.20
21106.2 ? - - - - - 0.34 - 0.41 0.44 0.48 0.49 -
21115.5 ? - - - - - - - 0.41 0.45 0.51 0.53 -
21117.6 ? 0.57 0.57 0.55 - - - - - - - - -
21118 ? 0.58 0.62 0.64 0.66 0.66 0.68 - - - - - -

21120.5 ? - 0.46 0.41 - - - - - - - - -
21123.7 ? - - - - - - - - - 0.47 0.49 -
21128.9 ? - - - - - - - - - - 0.49 -
21129.3 ? - - - - 0.41 0.44 0.49 0.53 0.57 0.62 0.64 0.27
21135.8 ? - - - - - - - - - 0.47 0.49 -
21137.5 ? - - - - - - - 0.41 0.45 0.50 0.53 0.21
21140.1 ? - - - - - - - - - - - 0.18
21141.5 ? - - - - - - - - - - - 0.19
21151.5 ? - - - - - - - 0.41 0.46 0.52 0.54 0.23
21156.5 ? 0.76 - - - - - - - - - - -
21157.3 ? - - - - - - - - - - 0.48 -
21159.5 ? - - 0.42 - 0.42 0.48 0.51 0.53 0.56 0.60 0.61 0.19
21164.3 ? - - - - - - - 0.43 0.47 0.53 0.55 0.23
21165.9 ? - - - - - - - 0.40 0.44 0.49 0.51 -
21167.9 ? - - - - - 0.40 0.46 0.50 0.54 0.59 0.61 0.28
21170.3 ? - - - - - - - - - - 0.51 -
21171.6 ? - 0.48 0.50 0.53 0.55 0.58 0.62 0.65 0.68 0.71 0.60 0.34
21173.4 ? - - - - - - - - - - 0.51 -
21173.8 ? - - 0.41 - 0.41 0.42 0.50 0.52 0.54 0.57 - -
21175.8 ? 0.73 - - - - - - - - - - 0.19
21177.4 ? 0.58 0.57 0.53 - - - - - - - - -
21178.6 ? - - - - - - - - 0.42 0.48 0.50 -
21179.1 ? 0.67 - - - - - - - - - - -
21181.1 ? - 0.50 0.48 - - - - 0.51 0.53 - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
21184.7 ? - - - - - 0.36 - 0.43 0.46 0.50 0.52 -
21185 ? - - - - - 0.36 - 0.45 0.48 0.53 0.55 0.23

21193.6 ? - - - - - - - - 0.55 0.60 0.62 -
21194.4 ? - - 0.41 - - - - - - - - -
21195.5 ? - - - - - 0.39 - 0.44 0.47 0.51 0.51 -
21198.9 ? - 0.46 0.44 - - - - - - - - -
21202 ? - - - - - 0.34 - 0.41 0.44 0.47 0.50 -

21202.2 ? - 0.49 - - - - - - - - - -
21203.6 ? - - - - - 0.36 - 0.42 0.45 0.48 0.51 -
21204.1 ? - 0.46 0.45 0.43 - - - - - - - -
21210.5 ? - - - - - 0.37 - 0.46 0.49 0.52 0.56 -
21215.3 ? 0.64 0.64 - - - - - - - - - -
21216.7 ? - - - - - 0.41 0.45 0.51 0.55 0.59 0.62 0.29
21219.1 ? - - - - - - - - 0.42 0.45 0.49 0.21
21221.5 ? - - - - - - - - - - - 0.16
21223.9 ? - - - - - - - - - - - 0.18
21227.4 ? - - - - - 0.38 - 0.44 0.51 0.55 0.58 0.21
21233.4 ? - - - - - - - - - 0.45 0.50 -
21236.2 ? - - 0.44 0.47 0.48 0.52 0.55 0.59 0.62 0.65 0.67 0.25
21237.5 ? - - 0.40 - - - - - - - - -
21242.9 ? - - - - - 0.38 - 0.44 0.47 0.49 0.51 -
21246.4 ? - 0.50 0.46 - - - - - - - - -
21255.3 ? - - - - 0.43 0.47 0.50 0.55 0.59 0.62 0.64 0.25
21260.5 ? - - - - - 0.35 - 0.46 0.51 0.56 0.60 0.30
21270.8 ? - - - - - - - - 0.42 0.47 0.51 -
21276.4 ? - - - - - 0.34 - 0.43 0.46 0.50 0.53 0.19
21277.9 ? - - - - - - - - - - 0.48 0.20
21279.2 ? - 0.46 0.42 - - - - - - - - -
21284.9 ? - - 0.46 0.48 0.49 0.53 0.56 0.61 0.64 0.67 0.70 0.32
21289.8 ? - - - - - - - - - 0.46 0.50 0.21
21292.9 ? - - - - - - - - - - 0.48 0.20
21294.8 ? - 0.47 0.45 0.45 - - - - 0.42 0.46 0.50 0.21
21298.3 ? 0.68 0.67 0.64 - - - - - - - - -
21300.2 ? 0.54 - - - - - - - - - - -
21300.5 ? 0.58 0.59 0.56 - 0.39 0.41 0.43 0.48 0.50 0.52 0.54 0.23
21300.9 ? - 0.47 0.46 0.47 - - - - - - - -
21302 ? - - - - - 0.34 - 0.45 0.48 0.51 0.54 0.25

21323.1 ? - - - - 0.36 0.40 0.45 0.46 0.49 0.52 0.55 0.27
21326.7 ? - 0.44 0.43 0.42 0.42 0.44 0.46 0.49 0.50 - - -
21332.8 ? - - - - - 0.38 0.41 0.46 0.48 0.51 0.53 -
21335.2 ? - - - - - - - - - - 0.46 0.19
21341.2 ? - - - - - - - - - - 0.46 0.23
21348.2 ? - - - - - - - - - - 0.45 -
21351.7 ? - - - - - - - - - - - 0.23
21362 ? 0.55 0.56 0.54 0.52 - - - - - - - -

21362.5 ? - - - - 0.38 0.41 0.44 0.49 0.51 0.53 0.52 0.25
21367.5 ? 0.68 0.68 - - - - - - - - - -
21371.7 ? - - - - 0.43 0.47 0.51 0.56 0.58 0.66 0.68 0.31
21380.9 ? 0.68 - - - - - - - - - - -
21383 ? - - - - - - - - - - 0.45 -

21395.2 ? - - - - 0.36 0.37 - 0.43 0.44 0.45 0.46 -
21400.7 ? 0.58 0.55 0.53 - - - - - - - - -
21403.7 ? - - - - 0.36 0.40 0.46 0.50 0.54 0.57 0.59 0.32
21405.8 ? - - - - - 0.32 - 0.42 0.45 0.49 0.50 -
21410 ? - - - - - - - - - 0.43 0.45 -

21410.2 ? 0.56 0.55 0.52 - - - - - - - - -
21412.3 ? - - - - - - - - - - 0.43 -
21414.8 ? - 0.43 0.43 0.42 0.43 0.44 0.47 0.49 0.50 - - -
21419.4 ? 0.65 0.49 0.49 0.48 0.48 0.43 0.47 0.49 0.51 0.53 - -
21421 ? - - - - - - - - - - 0.43 -
21423 ? - - - - - 0.36 - 0.44 0.47 0.51 0.52 -

21423.5 ? - 0.51 0.48 - - - - - - - 0.43 -
21428.2 ? - - - - - - - 0.51 - - - -
21429 ? - - 0.97 0.93 0.83 0.66 - - - - - -

21429.6 ? - - - 0.98 0.94 0.83 0.64 0.44 - - - -
21433 ? 0.62 - - - - - - - - - - -

21433.4 12CH4 0.86 0.79 0.70 0.59 0.47 0.40 - - - - - -

21435.7 12CH4 0.82 0.74 0.64 0.50 - - - - - - - -
21462 ? - - - - - 0.36 - 0.40 0.41 - - -

21462.2 ? - - - - - - - - - - - 0.12
21467.4 ? - - - - - 0.34 - 0.40 0.41 0.43 0.43 -
21468.8 ? - 0.44 0.41 - - - - - - - - -
21470.1 ? 0.66 0.62 - - - - - - - - - -
21473.1 ? - - - 0.98 0.94 0.84 0.65 0.44 - - - -

21474.3 12CH4 - 0.96 0.92 0.83 0.66 0.46 - - - - - -
21480.9 ? - - - - - - - - - - - 0.22
21488.3 ? - - - - - - - 0.44 0.46 0.49 0.50 -
21489.2 ? - - 0.98 0.94 0.86 0.71 0.54 0.50 - - - -

21493 12CH4 0.95 0.90 0.82 0.68 0.49 - - - - - - -

21495.6 12CH4 0.92 0.86 0.78 0.63 0.48 - - - - - - -
21496.4 ? - - - - - - - 0.42 0.43 0.46 0.47 -
21500.7 ? - - - - - 0.33 - - - - - -
21501.2 ? - - - - 0.37 0.41 0.45 0.51 0.54 0.58 0.59 0.27
21506.4 ? - 0.43 - - - - - - - - - -

21510.9 12CH4 - 0.95 0.91 0.82 0.68 0.52 - - - - - -
21511.3 ? - 0.74 - - 0.35 - - - - - - -
21519.3 ? - - - 0.97 0.94 0.84 0.65 0.48 - - - -
21520.4 ? - - - - - - 0.50 0.55 0.57 0.60 0.56 0.28

21521 12CH4 0.96 0.92 0.86 0.72 0.54 - - - - - - -
21523.5 ? - - - - - 0.88 0.74 0.60 0.47 0.47 0.43 -
21523.7 ? - - - 0.99 0.97 - - - - - - -
21526.9 ? - - - - - - - - - - - 0.18



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
21530.8 ? - - - - - - - - 0.40 - 0.43 -
21535.1 ? - 0.47 0.45 - - - - - - - - -
21543.7 ? - - - - - 0.32 - 0.40 0.43 0.46 0.47 -
21545.3 ? - 0.46 0.43 - - - - - - - - -

21549.2 12CH4 - 0.98 0.95 0.87 0.73 0.53 - - - - - -

21552.4 12CH4 - 0.94 0.91 0.81 0.64 0.46 - - - - - -

21553.4 12CH4 - 0.96 0.91 0.80 0.64 - - - - - - -

21553.9 12CH4 - 0.98 0.96 0.89 0.74 0.54 - - - - - -

21555 12CH4 - 0.93 0.87 0.73 0.54 0.35 - - - - - -
21558.2 ? 0.58 0.58 0.56 - - - - - - - - -
21558.5 ? - - - - 0.36 0.37 - 0.41 0.42 0.44 0.44 -
21563.2 ? - - - - 0.35 0.37 - 0.43 0.44 0.46 0.46 -
21564.8 ? - - 0.96 0.91 0.78 0.59 - - - - - -
21568.7 ? - 0.43 0.40 - 0.36 0.37 - 0.40 0.40 - - -

21570.8 12CH4 0.87 0.81 0.72 0.58 0.44 - - - - - - -

21575 12CH4 - 0.96 0.92 0.82 0.66 0.47 - - - - - -
21588.6 ? - 0.47 0.45 0.43 - - 0.44 0.47 - - - -
21592.5 ? 0.54 0.55 0.52 - - - - - - - - -
21594.6 ? - 0.48 0.46 0.44 0.44 0.39 0.40 0.44 0.45 - - -
21602.6 ? - - - - - 0.30 - - - - - -
21605.6 ? - 0.38 - - - 0.32 - 0.37 0.39 - - -
21609.3 ? - - - 0.98 0.95 0.85 0.64 0.42 - - - -
21610.5 ? - - 0.97 0.92 0.80 0.61 0.42 - - - - -
21613.1 ? - - 0.98 0.96 0.89 0.75 0.56 0.42 - - - -

21623.5 12CH4 0.86 0.78 0.68 0.53 0.36 - - - - - - -

21626.9 12CH4 0.85 0.77 0.67 0.52 0.36 - - - - - - -
21632 ? - - - - - 0.30 - 0.41 0.46 0.50 0.52 -

21632.4 ? - - - - - - - - 0.40 0.44 0.46 0.26
21645 ? - - - - - 0.32 - 0.38 0.40 - - -

21647.9 ? - - - - - - - - - - 0.43 -

21649.5 12CH4 0.83 0.75 0.65 0.49 - - - - - - - -
21651.7 ? - - - - - - - - 0.41 0.44 0.45 -
21655.3 ? - - - - - 0.29 - 0.38 0.42 0.46 0.45 0.18
21656.7 ? - 0.96 0.92 0.83 0.65 0.43 - - - - - -
21657.8 ? - - - - 0.47 0.47 0.51 0.53 0.56 0.58 - -
21662.2 ? - - - - - - - - 0.40 0.44 0.46 0.24
21668.2 ? - 0.98 0.95 0.87 0.71 0.49 - - - - - -
21669.4 ? - - - 0.59 0.48 0.40 - - - - - -
21670.8 ? - - 0.99 0.96 0.90 0.73 0.49 - - - - -
21671.3 ? - - 0.97 0.91 0.78 0.58 0.40 - - - - -
21673.4 ? - 0.49 0.46 0.44 0.42 0.43 0.45 0.47 0.50 0.52 - -

21675.2 12CH4 0.82 0.72 0.62 0.47 - - - - - - - -

21679 12CH4 0.93 0.87 0.78 0.63 0.45 0.30 - - - - - -
21695.1 ? 0.65 0.63 - - - - - - - - - -

21703.1 12CH4 - 0.96 0.92 0.82 0.64 0.43 - - - - - -
21709.1 ? - 0.42 0.42 0.41 0.40 0.40 0.43 0.45 0.46 - - -
21713 ? - - - - - 0.32 - 0.40 0.43 0.46 0.46 -
21724 ? - - 0.39 - 0.36 0.36 0.40 - - - - -

21725.6 ? - - 0.97 0.91 0.77 0.57 - - - - - -
21726.2 ? - - 0.96 0.90 0.76 0.54 - - - - - -
21726.7 ? - - - 0.97 0.91 0.76 0.54 - - - - -
21728.6 ? - - 0.97 0.91 0.78 0.57 - - - - - -
21730.3 ? 0.74 - - - - - - - - - - -

21730.8 12CH4 0.75 0.66 0.57 0.47 0.39 0.33 - - - - - -
21734.6 ? - - - - 0.34 0.34 - 0.39 0.40 - - -
21742.8 ? - - 0.38 0.56 0.40 0.41 0.46 0.49 0.52 0.53 0.53 -

21749.9 12CH4 0.90 0.83 0.72 - 0.38 - - - - - - -

21750.2 12CH4 0.87 0.78 0.66 0.49 - - - - - - - -
21762 ? - - - - - - - - - 0.44 0.45 0.19

21762.9 ? - - 0.43 0.42 0.41 - 0.43 0.44 0.46 - - -
21763.6 ? 0.66 0.65 - - - - - - - - - -
21764.2 ? - 0.40 0.43 0.42 - - - - - - - -
21768.6 ? - - - - - 0.35 - 0.42 0.45 0.48 0.48 -
21775.9 ? - - - - - 0.33 - 0.38 0.40 - - -
21779.7 ? 0.70 0.59 0.48 - - - - - - - - -
21783.6 ? - - 0.97 0.92 - - - - - - - -
21784.3 ? - - 0.97 0.92 0.80 0.53 - - - - - -
21785.3 ? - - 0.97 0.91 0.80 0.65 0.52 0.45 0.43 - - -
21789.4 ? - - 0.35 - 0.34 0.34 - 0.39 0.41 - - -
21792.9 ? 0.56 0.57 0.56 - - 0.30 - - - - - -
21796.4 ? 0.86 0.78 0.67 0.52 - - - - - - - -
21802.3 ? 0.52 0.53 0.51 - - - - - - - - -
21804.4 ? - 0.37 0.35 - 0.35 0.36 - 0.39 0.42 0.43 - -
21823 ? - - - - - - - - 0.39 0.43 0.45 -

21824.3 ? - - - - - - - - - - 0.45 -
21828.4 ? - - - - - 0.32 - 0.39 0.44 0.47 0.49 -
21831.6 ? 0.85 0.77 0.65 0.50 0.35 - - - - - - -
21833 ? - - - - - 0.30 - 0.37 0.42 0.46 0.48 0.15

21840.3 ? - - - 0.97 0.91 0.76 0.51 - - - - -
21842.5 ? - - - - - 0.31 - 0.38 0.44 0.47 0.49 0.14
21844.2 ? 0.72 0.63 0.51 0.40 - - - - - - - 0.14
21860.6 ? - 0.41 0.41 0.42 0.43 0.45 0.47 0.56 0.59 0.62 0.63 0.18
21863.6 ? - - - - - 0.30 - - - - - -
21864.9 ? - 0.43 0.41 0.41 - - - - - - - -
21866 ? - - - - - 0.30 - - - - - -

21867.2 ? 0.51 0.53 0.53 0.52 - - - - - - - -
21875.5 ? - 0.43 0.43 0.43 0.44 0.46 0.49 0.52 0.56 0.58 - -
21894.5 ? - 0.38 - - - - - - - - - -
21896.2 ? - - 0.96 0.89 0.75 0.56 0.38 - - - - -
21903.7 ? - - - - - 0.29 - 0.36 0.40 0.43 0.44 -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
21915.6 ? - - - - - 0.29 - 0.35 0.40 - - -
21924 ? - - - - 0.33 0.34 - 0.39 0.43 0.46 0.45 -

21929.6 ? - 0.41 0.42 0.42 0.43 0.44 0.47 0.50 0.54 0.56 0.44 -
21932.5 ? - - - - - 0.31 - 0.37 0.42 0.45 0.48 0.18
21936.5 ? - - - - 0.33 0.35 0.38 0.41 0.46 0.49 0.49 -
21946.2 ? - 0.43 0.40 - - - - - - - - -
21948.5 ? - - - - - - - - - - - 0.17

21951.1 12CH4 - 0.95 0.90 0.77 0.59 0.39 - - - - - -
21954.7 ? 0.52 0.50 - - - - - - - - - -
21957.3 ? - 0.45 0.46 0.46 0.46 0.46 0.48 0.50 0.54 0.56 0.56 0.19
21959.7 ? - 0.42 0.40 0.38 0.37 0.36 0.38 0.39 0.41 - - -
21962.4 ? - - - - 0.33 0.35 0.39 0.43 0.47 0.50 0.51 0.20
21968.9 ? - 0.36 - - - - - - - - - -
21974.1 ? - - - - - 0.42 0.43 0.46 0.50 0.52 0.52 -
21974.5 ? - - - - - - - - - - - 0.21
21975.5 ? - - - 0.98 0.97 0.92 0.77 0.55 - - - -
21977.8 ? - 0.63 0.55 - - - - - - - - -
21980.6 ? - - 0.98 0.96 0.90 0.76 0.56 0.39 - - - -
21982.5 ? - - - 0.98 0.96 0.89 0.71 0.48 - - - -
21983.5 ? - - - - - - - 0.45 0.48 0.51 0.50 -

21983.7 12CH4 - 0.96 0.93 0.85 0.72 0.56 - - - - - -

21985.1 12CH4 - 0.95 0.91 0.81 0.63 0.42 - - - - - -
21986.4 ? - - 0.98 0.94 0.85 0.66 0.42 - - - - -
21987 ? - - 0.98 0.94 0.86 - - - - - - -

21987.7 ? - - 0.98 0.95 0.87 0.69 0.46 - - - - -
21989.1 ? - - - - - 0.64 0.46 - - - - -
21989.7 ? - - 0.97 0.93 0.83 0.65 0.42 - - - - -
21990.2 ? - - - - - - - 0.41 - - - -
21990.8 ? - - 0.98 0.96 0.89 0.73 0.50 - - - - -
21991.9 ? - - 0.98 0.94 0.85 0.67 0.46 0.37 - - - -
21993.1 ? - - 0.98 0.94 0.85 0.67 0.45 - - - - -
21994.2 ? - - - 0.97 0.92 0.80 0.58 0.37 - - - -
21995.3 ? - - - 0.97 0.93 0.80 0.63 0.39 - - - -
21996.6 ? - - - 0.97 0.93 0.80 0.56 - - - - -
21998.6 ? - - - 0.97 0.93 0.83 0.66 0.51 0.43 - - -
21999.7 ? - - - 0.99 0.97 0.94 0.80 0.57 - - - -
22001.8 ? - - - 0.98 0.94 0.83 0.60 0.38 - - - -
22003.5 ? - - - - - 0.87 - - - - - -
22004.4 ? - - - - - - - 0.51 0.53 0.52 0.51 -
22005.6 ? - - - 0.99 0.97 0.91 0.74 0.52 0.42 - - -
22007.4 ? - - 0.98 0.95 0.86 0.69 0.48 0.35 - - - -

22009.5 12CH4 0.84 0.72 0.63 0.50 0.39 0.32 - - - - - -

22010.8 12CH4 0.94 0.87 0.81 0.66 0.48 0.31 - - - - - -
22012 ? 0.77 0.73 - - - - - - - - - -

22014.1 ? - - - - - 0.28 - - - - - -
22014.4 ? - - - 0.74 0.56 - - - - - - -
22015.5 ? - - 0.98 0.94 0.85 - - - - - - -
22017.2 ? - - - 0.98 0.97 0.92 0.76 0.51 - - - -
22018.2 ? - - - 0.99 0.98 0.96 0.88 0.71 0.53 - - -
22019.4 ? - - - 0.99 0.98 0.95 0.86 0.64 0.40 - - -
22020.5 ? - - - - - - - - - - 0.47 -
22021.3 ? - - - - - - - 0.57 0.59 0.61 - -
22021.7 ? - - - 0.98 0.96 0.91 0.73 - - - - -
22022.1 ? - - - 0.98 0.95 0.88 0.70 - - - - -
22024.8 ? - - 0.98 0.96 0.90 0.74 0.51 - - - - -
22027 ? - - - 0.98 0.96 0.89 0.72 0.50 - - - -

22027.4 ? - - - - - - - - - - - 0.19
22027.6 ? - - - 0.97 0.93 0.83 0.65 0.48 0.40 - - -
22030.4 ? - - - - 0.98 0.97 0.91 0.72 0.45 - - -
22033.5 ? - - - 0.98 0.95 0.86 0.67 0.46 - - - -
22035 ? - - - - - - - - - 0.45 0.47 -

22036.8 ? - - - 0.99 0.98 0.95 0.87 0.72 0.56 0.52 - -
22039.9 ? - - - - - 0.50 0.50 0.52 0.51 0.54 0.55 0.19
22040.2 ? - - 0.99 0.97 0.92 0.81 0.56 0.43 0.38 - - -

22043.8 12CH4 0.96 0.92 0.84 0.70 - - - - - - - -
22044.4 ? - - - - - 0.52 0.47 0.46 0.48 0.49 0.49 -

22045.2 12CH4 - 0.96 0.93 0.83 - - - - - - - -
22046.5 ? - - 0.97 0.94 0.85 0.71 0.54 0.45 0.40 0.42 0.43 0.18

22046.9 12CH4 - 0.92 0.85 0.70 0.50 - - - - - - -
22049.5 ? - - - 0.98 0.97 0.92 0.78 0.55 - - - -
22050.6 ? - - - 0.98 0.95 0.87 0.67 0.42 - - - -

22052.2 12CH4 - 0.96 0.93 0.84 0.67 0.46 - - - - - -
22053.8 ? - - - 0.99 0.97 0.93 0.80 0.56 - - - -

22056.3 12CH4 - 0.94 0.88 0.76 0.58 0.39 - - - - - -
22059 ? - - 0.98 0.95 0.88 0.71 0.47 - - - - -

22061.7 12CH4 - 0.94 0.89 0.78 0.60 0.40 - - - - - -
22062.4 ? - - - - - - - - - - - 0.48

22064.4 12CH4 0.91 0.86 0.78 0.65 0.47 0.30 - - - - - -
22065.9 ? - 0.39 0.35 - 0.33 0.32 - 0.35 0.38 - - -
22067.6 ? 0.59 0.59 0.57 0.37 0.36 0.36 0.38 0.40 0.44 0.47 0.48 -
22074.6 ? - - - 0.97 0.94 0.83 0.62 0.41 - - - -
22077.9 ? 0.48 0.45 0.42 0.40 0.38 0.38 0.40 0.42 0.45 0.47 - -
22080.7 ? - - 0.97 0.94 0.85 0.67 0.45 - - - - -
22083.1 ? 0.44 0.43 0.42 0.42 0.42 0.44 0.46 0.50 0.54 0.57 0.57 0.18
22084.5 ? - - 0.32 - 0.33 0.35 0.37 0.40 0.45 0.48 0.49 -
22086.8 ? - 0.40 0.39 0.40 0.40 0.41 0.43 0.46 0.50 0.52 - -
22089.6 ? - - - - - - - - - - - 0.43
22102.5 ? - - 0.98 0.95 0.88 0.72 0.40 - - - - -
22105.8 ? 0.48 0.47 0.46 0.46 0.47 0.48 0.49 0.53 0.57 0.59 - -
22107.3 ? 0.49 0.47 0.45 0.44 0.45 0.45 0.45 0.49 0.52 - - -
22111.5 ? - - 0.98 0.95 0.86 0.68 0.42 - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
22112.4 ? - - - - - - - 0.35 - - - -
22113.6 ? - - - 0.54 - - - - - - - -
22113.8 ? - - - - 0.42 0.43 0.43 0.48 0.52 0.54 0.54 -
22119.8 ? - - - - - - - - - - - 0.16
22123.5 ? - - - - - 0.27 - - - - - -
22128.6 ? - - - - - 0.28 - 0.34 0.39 0.41 0.42 -
22130.4 ? - - - - - 0.30 - 0.35 0.40 0.41 - -
22138.5 ? - - - - - - - - 0.39 0.41 0.43 0.17
22140.3 ? - - - - - - - 0.44 0.48 0.49 - -
22141 ? - - 0.98 0.96 0.91 0.77 0.53 0.34 - - - -

22143.5 ? - - - 0.98 0.96 0.89 0.69 0.44 - - - -
22148.1 ? - 0.32 0.30 - 0.33 0.34 0.37 0.42 0.46 0.48 0.49 -
22152.2 ? - 0.36 0.33 - 0.35 0.36 0.35 0.40 0.44 0.45 0.45 -
22156.8 ? - - 0.97 0.93 0.83 0.65 0.40 - - - - -
22160.3 ? 0.48 0.36 - - - - - - - - - -
22162.2 ? - - - - 0.32 0.32 - 0.38 0.43 0.45 0.46 -
22163.4 ? - - 0.97 0.92 0.79 0.58 - - - - - -
22165.1 ? - - 0.98 0.94 0.85 0.67 0.43 - - - - -
22165.6 ? - - 0.98 0.96 0.90 0.75 0.49 - - - - -
22166.7 ? - - 0.98 0.95 0.86 0.67 0.40 - - - - -
22167.3 ? - - - - - - - 0.36 0.41 0.44 0.45 0.20
22173 ? - - - - - - - 0.49 0.52 - - -

22173.6 ? - - 0.98 0.96 0.91 0.79 0.59 0.39 - - - -
22176.2 ? - - 0.97 0.94 0.85 0.67 0.42 - - - - -
22176.8 ? - - - - - - - - - 0.43 0.44 -
22178.2 ? - - 0.98 0.95 0.88 0.72 0.47 - - - - -
22179.7 ? - - - 0.98 0.95 0.86 0.64 0.40 - - - -
22181.2 ? - - 0.97 0.93 0.83 0.65 0.39 - - - - -
22182.8 ? - - - 0.44 0.40 0.38 0.36 0.40 0.43 0.43 0.42 -
22184.8 ? - - - 0.98 0.96 0.91 0.73 0.49 - - - -
22185.1 ? - - 0.99 0.97 0.93 0.83 - - - - - -
22187.4 ? - - - - 0.98 0.96 0.89 0.70 0.46 - - -
22191.2 ? 0.58 0.51 0.45 0.41 0.39 0.35 - 0.36 0.42 0.43 0.42 0.17
22192.9 ? 0.53 0.52 0.50 0.50 0.50 0.51 0.51 0.55 - - - 0.18
22195.8 ? 0.68 0.57 0.55 0.54 0.54 0.33 - 0.37 0.43 0.45 0.45 0.23
22196.8 ? 0.71 0.68 - - - - - - - - - -
22199.1 ? - - 0.98 0.95 0.89 0.75 0.53 - - - - -
22199.9 ? - - - - - - - 0.45 0.49 0.51 0.51 -
22202.1 ? - - 0.41 0.35 0.35 0.36 0.38 0.41 0.44 0.47 0.48 0.21
22203.6 ? - - - - - - 0.50 0.53 0.56 0.59 - 0.21
22204.6 ? - - 0.98 0.95 0.89 0.75 0.52 - - - - -
22205.9 ? - - - 0.99 0.97 0.95 0.86 - - - - -

22206.4 12CH4 - - - - 0.99 0.98 0.96 0.88 0.66 0.41 - -
22207.8 ? - - - 0.98 0.97 0.93 0.80 0.59 0.38 - - -
22209.4 ? - - - - - - - - - - - 0.21

22210.2 12CH4 0.79 0.73 0.64 0.49 - - - - - - - -
22212 ? 0.49 0.54 0.58 - - - - - - - - 0.24

22213.3 ? - - - - - - - - 0.45 0.47 0.46 -
22214.1 ? - - - 0.97 0.92 0.80 0.58 - - - - -
22215.8 ? - - 0.98 - - - - - - - - -
22216 ? - - - 0.98 0.95 0.86 0.65 0.49 - - - -

22217.1 ? - - - - - - - - - - - 0.23
22219.4 ? - - 0.98 0.94 0.86 0.70 0.49 0.35 - - - -
22221 ? - - 0.98 0.95 0.88 0.73 0.49 - - - - -

22222.3 ? - - - - - - - - - - - 0.16
22223.5 ? - - 0.96 0.92 0.81 0.63 0.41 - - - - -
22225.8 ? - - 0.98 0.95 0.89 0.74 0.51 0.33 - - - -
22226 ? - - 0.97 0.93 0.85 0.70 0.48 - - - - -

22229.4 ? - - 0.98 0.96 0.90 0.76 0.52 - - - - -
22230.7 ? - - 0.98 0.96 0.90 0.77 0.56 0.39 - - - -
22231.8 ? - - - - - - - 0.38 0.41 0.44 0.45 -

22234.3 12CH4 0.78 0.70 0.60 0.42 0.28 - - - - - - -
22236.9 ? - - - 0.98 0.96 0.89 0.72 0.52 - - - -
22237.1 ? - - - - - - - - 0.42 - - -
22237.4 ? - - - 0.98 0.95 0.89 0.72 0.53 - - - -

22239.4 12CH4 - 0.94 0.91 0.80 0.63 - - - - - - -
22240.3 ? - - 0.95 0.87 0.74 0.55 0.34 - - - - -

22241.6 12CH4 0.83 0.75 0.66 0.48 0.33 - - - - - - -
22242.8 ? 0.51 0.55 - - - - - - - - - -
22245.8 ? - - - 0.98 0.96 0.89 0.69 0.45 - - - -
22247.6 ? - - - 0.98 0.96 0.90 0.73 0.48 - - - -
22252.1 ? - - - 0.97 0.94 0.85 0.65 0.42 - - - -
22254.5 ? - - - 0.97 0.94 0.86 0.65 0.41 - - - -
22258.9 ? - - 0.98 0.96 0.92 0.79 0.57 0.38 - - - -

22260.7 12CH4 - 0.90 0.84 0.69 0.51 0.34 - - - - - -
22262 ? - - - - 0.25 0.27 - - - - - -
22264 ? - - - 0.98 0.97 0.95 0.84 0.63 0.39 - - -

22265.2 ? - - - - - - - - 0.44 0.47 0.48 0.24
22266.2 ? - - - 0.97 0.95 0.86 0.67 - - - - -
22266.7 ? - - - - - - 0.61 0.47 0.41 - - -
22267 ? - - - - - - - 0.51 - - - -

22268.5 ? - - - 0.97 0.95 0.89 0.71 0.48 - - - -
22268.7 ? - - - 0.97 0.95 0.88 0.69 0.46 - - - -

22270.9 12CH4 - - - - 0.99 0.98 0.96 0.91 0.76 0.57 0.41 -

22271.4 12CH4 - - - - 0.99 0.98 0.96 0.87 0.65 - - -
22275.8 ? - - 0.98 0.95 0.90 0.78 0.61 0.49 0.41 0.42 0.42 0.27
22276.1 ? - - - - - - - - - - 0.43 -
22276.9 ? - - - 0.98 0.97 0.93 0.81 0.63 0.47 - - -

22278.3 12CH4 - - - - 0.98 0.97 0.91 0.76 0.55 - - -
22281.4 ? - - - 0.97 0.94 0.85 0.65 0.44 - - - -
22282 ? - - - - - 0.42 0.39 0.41 0.43 0.45 0.44 -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
22284.3 ? - - - 0.98 0.97 0.94 0.82 0.60 - - - -
22287.2 ? - - - - - - - 0.41 0.45 0.49 0.51 0.24
22287.8 ? - - - 0.98 0.96 0.89 0.71 0.46 - - - -
22290.6 ? - - - - - - - - - - 0.43 -

22290.9 12CH4 - - - - - 0.99 0.98 0.95 0.80 0.59 - -

22292.6 12CH4 - 0.90 0.85 - - - - - - - - -
22295.4 ? - - 0.98 0.95 0.89 0.76 0.54 0.36 - - - -
22297.3 ? - - - - 0.26 0.29 - 0.34 - - - -
22298 ? 0.32 0.37 0.38 0.34 - - - - - - - -

22300.3 12CH4 0.83 0.72 0.64 0.43 0.30 - - - - - - -
22301.7 ? - - - - 0.39 0.40 0.36 0.40 0.43 0.44 - -
22303.1 ? - - 0.98 0.95 0.89 0.75 0.54 0.36 - - - -
22303.6 ? - - - 0.98 0.96 0.92 0.77 0.55 - - - -
22305.5 ? - - - - - - - - - - - 0.21

22306.1 12CH4 - - - - 0.98 0.97 0.94 0.82 0.59 - - -

22307.4 12CH4 - - - - 0.99 0.98 0.97 0.95 0.82 0.54 - -

22310.1 12CH4 - 0.96 0.94 0.86 0.72 0.51 - - - - - -

22311.6 12CH4 - - - - 0.98 0.97 0.94 0.84 0.69 0.50 - -

22313 12CH4 - - - - 0.99 0.98 0.96 0.88 0.67 0.41 - -
22316.1 ? - - - 0.99 0.98 0.95 0.84 0.61 - - - -

22318.1 12CH4 - - - - 0.98 0.97 0.91 0.74 0.48 - - -
22319.2 ? - - 0.98 0.96 0.92 0.82 0.65 - 0.44 0.40 - -
22320.5 ? - - 0.96 0.91 0.80 0.60 0.38 - - - - -
22323.4 ? - - - 0.97 0.95 0.86 0.66 - - - - -
22323.8 ? - - 0.98 0.96 0.92 0.82 0.61 0.40 - - - -

22328.4 12CH4 - - - - 0.98 0.96 0.91 0.76 0.52 - - -
22329.3 ? - - - - - - - - - - - 0.25
22329.5 ? - - - - - - - - 0.49 0.51 0.55 -
22330.4 ? - - - 0.98 0.97 0.94 0.82 0.61 - - - -

22331.9 12CH4 - 0.93 0.90 0.77 0.60 - - - - - - -
22334.4 ? - - - - 0.50 0.49 0.52 0.56 0.59 0.61 0.65 0.27

22336.6 12CH4 - - - - - 0.99 0.98 0.95 0.84 0.56 - -

22339.7 12CH4 - - - 0.99 0.98 0.96 0.88 0.67 0.36 - - -
22342.9 ? - - 0.96 0.91 0.79 0.60 - - - - - -
22343.4 ? - - 0.98 0.96 0.91 0.78 0.56 0.41 - - - -
22346.4 ? - - - - 0.98 0.97 0.91 0.74 0.49 - - -
22348 ? - - - - - 0.42 0.46 0.51 0.55 0.57 0.61 0.28

22351.6 ? - - - 0.98 0.96 0.91 0.76 0.53 - - - -

22353.6 12CH4 0.81 0.72 0.61 0.46 - - - - - - - -
22354 ? - - - 0.46 0.49 0.52 0.55 0.59 0.62 - - 0.24

22354.8 12CH4 0.75 0.65 0.58 - - - - - - - - -
22355.8 ? - - 0.53 - - - - - - - - -
22357.7 ? - - 0.76 0.62 - - - - - - - -

22357.9 12CH4 0.89 0.83 0.76 0.60 - - - - - - - -
22358.5 ? - - - - - 0.48 0.51 0.55 0.58 0.59 - 0.22
22360.7 ? - - - 0.98 0.97 0.93 0.86 0.58 0.43 - - -
22361.4 ? - - - - - - - - 0.40 0.40 - -

22363.9 12CH4 - - - - 0.98 0.97 0.94 0.84 0.72 0.60 0.63 -
22365.3 ? - - - 0.96 0.93 0.82 0.64 0.48 - - - -
22365.9 ? - - - 0.98 0.96 0.91 0.75 0.51 - - - -
22367.2 ? - - - - - - 0.38 0.41 0.43 0.44 0.47 0.16
22368.3 ? - - 0.97 0.93 0.85 0.66 0.43 - - - - -
22369.4 ? - - 0.94 0.86 - - - - - - - -

22370.1 12CH4 - 0.94 0.91 0.80 0.64 - - - - - - -
22370.6 ? - - 0.95 0.86 0.72 0.51 - - - - - -
22373.1 ? - - 0.97 0.92 0.83 0.65 0.43 - - - - -

22374.5 12CH4 - - - - 0.98 0.97 0.94 0.83 0.62 - - -
22379.8 ? - - - 0.98 0.97 0.94 0.83 0.61 0.37 - - -
22380.9 ? - - - 0.97 0.95 0.88 0.73 0.55 0.42 - - 0.16
22381.2 ? - - - 0.97 0.94 0.85 0.68 - - - - -
22382.8 ? - - - - - - - - 0.52 0.47 0.51 0.17
22383.2 ? - - - 0.98 0.97 0.94 0.83 0.62 - - - -
22386.5 ? - - - - - - - - - - - 0.21
22387.5 ? - - 0.97 0.93 0.84 0.68 0.48 0.35 - - - -
22389.9 ? - 0.53 0.60 - - - - - - - - 0.24
22391.2 ? - 0.96 0.94 0.86 0.72 0.54 0.38 - - - - -
22392.6 ? 0.92 0.86 0.80 0.63 0.47 0.33 - - - - - -
22392.8 ? - - - 0.58 - 0.30 - - - - - -
22396.7 ? - - - 0.98 0.96 0.92 0.78 - - - - -
22397.3 ? - - - 0.98 0.97 0.93 0.81 0.59 - - - -

22403.1 12CH4 - - - - - 0.99 0.98 0.97 0.92 0.71 - -
22405.5 ? - - - 0.99 0.98 0.96 0.87 0.67 0.38 - - -

22409.9 12CH4 - 0.93 - - 0.64 - - - - - - -
22410.3 ? - - - 0.97 0.93 0.83 0.61 0.34 - - - -
22411.5 ? - - - - - 0.93 - - - - - -
22413 ? - - - - - - - - 0.37 - - -

22414.1 ? - - - 0.98 0.97 0.94 0.83 0.63 0.40 - - -
22414.7 ? - - - - - 0.87 - - - - - -
22415.4 ? - - - 0.97 0.95 0.87 0.69 0.48 - - - -

22416.8 12CH4 - - - - 0.98 0.97 0.94 0.82 0.58 - - -
22418.6 H2O - - - 0.97 0.95 0.89 0.77 0.66 0.59 - - 0.31
22421.4 ? - - 0.36 0.31 0.34 0.35 0.39 0.44 0.47 0.51 0.54 0.18
22424.2 ? - - - 0.98 0.97 0.95 0.84 0.64 0.41 - - -
22424.7 ? - - - 0.98 0.97 0.95 0.85 0.65 0.42 - - -
22427.4 ? - - - - - - - 0.43 0.45 0.47 0.49 -
22428.4 ? - - - - - - 0.59 - - - - -
22428.8 ? - - 0.98 0.96 0.91 0.80 0.60 0.42 - - - -
22429.1 ? - - 0.98 - - - - - - - - -
22430.9 ? - - - - - 0.26 - - - - - -
22432.4 ? - - - - - - - 0.36 0.40 0.45 0.48 0.18



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
22433.7 ? - - - 0.96 0.92 0.81 0.59 - - - - -

22434.8 12CH4 - 0.93 0.90 0.82 0.70 0.48 0.52 0.49 - - - -
22436.2 ? - - 0.95 0.88 0.78 0.63 0.47 0.40 0.37 - - -

22437.5 12CH4 - - - - 0.98 0.96 0.91 0.77 0.56 0.41 - -
22438.2 ? - - - 0.98 0.97 0.95 0.81 0.66 - - - -

22440.3 12CH4 - - - - 0.98 0.98 0.95 0.85 0.60 - - -
22441.5 ? - - - - - - - - 0.54 0.57 - 0.21

22443.1 12CH4 - - - - - 0.99 0.98 0.97 0.89 0.67 - -
22443.6 ? - - - - - - - - 0.48 0.51 0.53 -
22447.7 ? - - - 0.46 0.47 0.48 0.51 0.55 - - - -

22447.9 12CH4 0.62 0.60 0.61 - - - - - - - - -
22448.7 ? - - - - - - - - 0.53 0.56 0.48 -
22451.8 ? - - - - 0.98 0.96 0.90 0.76 0.51 0.42 - -

22454.5 12CH4 - 0.91 0.87 0.74 0.55 0.35 - - - - - -
22455 ? - - 0.98 - - - - - - - - -

22455.9 ? - - - 0.97 0.93 0.83 0.62 0.39 - - - -

22456.4 12CH4 - 0.92 0.88 0.75 0.58 0.37 - - - - - -
22459.5 ? - - - 0.97 0.95 0.87 0.68 0.44 - - - -

22460.9 12CH4 - - - - 0.99 0.98 0.96 0.89 0.66 - - -
22461.4 ? - - - 0.97 0.95 - - - - - - -

22462.4 12CH4 - - - - 0.98 0.97 0.94 0.82 0.58 - - -
22463.5 ? - - - 0.97 0.95 0.87 0.69 0.47 - - - -

22465.1 12CH4 - - - - 0.99 0.98 0.96 0.91 0.72 0.48 - -
22466.4 ? - - - 0.99 0.98 0.96 0.90 0.75 0.56 0.44 - -
22467.5 ? - - - - - - - - - 0.48 0.51 0.24

22468.8 12CH4 - - - 0.99 0.98 0.96 0.88 0.70 0.48 - - -

22471.4 12CH4 - - - - - 0.99 0.98 0.97 0.95 0.78 - -

22472.6 12CH4 - - - - - 0.99 0.98 0.97 0.91 0.69 - -
22473.2 ? - - - - 0.98 0.97 - - - 0.48 - -
22475 ? - - - 0.97 0.95 0.88 0.70 0.48 - - - -

22477.6 ? - - - - - - 0.35 0.40 0.43 0.47 0.50 -
22479.8 ? - - 0.97 0.94 0.87 0.71 0.48 - - - - -
22480.1 ? - - 0.97 0.93 0.85 0.68 0.45 - - - - -
22483.4 ? - - - - - 0.50 0.52 0.57 0.60 0.64 - 0.28
22483.9 ? - - 0.98 0.96 0.91 0.84 0.64 0.42 - - - -
22485.1 ? - - - 0.97 0.93 0.82 0.60 0.37 - - - -
22487.1 ? - - - 0.97 0.94 0.84 0.63 0.39 - - - -
22488.5 ? - - 0.98 0.95 0.89 0.73 0.50 - - - - -
22489.1 ? - - 0.95 0.90 0.79 0.59 0.38 - - - - -
22491.7 ? - - - 0.98 0.97 0.93 0.80 0.57 - - - -
22493.6 ? - - - 0.98 0.96 0.92 0.77 0.54 - - - -
22496.7 ? - - - - 0.98 0.96 0.89 0.79 0.59 - - -
22497.2 ? - - - - - - - - - - - 0.21

22500.1 12CH4 - 0.91 0.84 0.72 0.55 - - - - - - -
22500.9 ? - - - - - - - 0.40 0.43 0.46 0.51 0.28
22502.2 ? - - - 0.98 0.97 0.92 0.80 0.62 0.49 - - -
22502.5 ? - - - - - - - - 0.49 0.45 0.47 -

22504.3 12CH4 - 0.94 0.91 0.82 0.69 0.55 0.46 0.42 0.42 0.43 0.48 -
22505.6 ? - - - - 0.98 0.97 0.92 0.76 0.51 - - -
22508 ? - - 0.97 0.94 0.87 0.71 0.49 0.32 - - - -
22509 ? - - 0.97 0.95 - - - - - - - -

22509.6 ? - - - 0.98 0.96 0.91 0.77 0.57 0.41 - - -
22510.1 ? - - - 0.98 0.97 0.93 0.79 0.55 - - - -
22510.7 ? - - 0.98 0.96 0.91 0.79 - - - - - -
22511.3 ? - - 0.97 0.94 0.86 0.70 0.46 - - - - -
22512.7 ? - - - 0.98 0.97 0.93 0.79 0.55 - - - -
22514.9 ? - - 0.98 0.97 0.92 0.81 0.60 0.38 - - - -
22516.1 ? - - - 0.99 0.97 0.95 0.86 0.65 0.42 - - -
22518 ? - - - - - - - - - - - 0.27

22518.2 ? - - - - - - - 0.42 0.44 0.46 0.52 -
22518.6 ? - - 0.98 0.95 0.89 0.77 0.58 0.42 - - - -
22519.1 ? - - 0.97 0.93 0.84 0.70 0.52 - - - - -

22522.1 12CH4 - - - - 0.99 0.98 0.96 0.88 0.67 0.43 - -
22522.7 ? - - - 0.98 0.97 0.93 0.82 0.58 - - - -
22524.2 ? - - - - 0.98 0.96 0.90 0.73 0.49 - - -
22527.5 ? - - 0.97 0.94 0.86 0.71 0.50 0.35 - - - -
22528.1 ? - - - - - - 0.40 0.44 0.47 0.49 0.54 -
22529.3 ? - - - - - - - - - - - 0.23
22530.8 ? - - - 0.98 0.97 0.93 0.80 0.57 0.36 - - -
22533.2 ? - - - 0.97 0.94 0.85 0.65 0.46 - - - -
22535.4 ? - - 0.98 0.96 0.91 0.80 0.61 0.43 - - - -
22536.5 ? - - - 0.97 0.94 0.85 0.66 0.46 - - - -
22537.2 ? - - - - - - - - - - - 0.22
22537.8 ? - - - - - 0.42 0.43 0.45 0.47 0.48 - -

22539.2 12CH4 - 0.93 0.88 0.76 - - - - - - - -
22540.5 ? - - - - 0.98 0.97 0.90 0.72 0.46 - - -
22540.8 ? - - - - 0.98 0.96 0.90 0.72 0.45 - - -
22543.8 ? - - - 0.97 0.92 0.79 0.57 0.36 - - - -
22545.5 ? - - - - - 0.43 0.44 0.47 0.50 0.52 0.56 0.22
22547.1 ? - - - - 0.98 0.97 0.92 0.76 0.50 - - -
22548.7 ? - - - - - - 0.45 0.45 0.47 - - -
22550.1 ? - - - - - - - 0.47 0.48 - - -
22550.3 ? - - - - - - - - - - - 0.18
22551 ? - - 0.98 0.96 0.90 0.77 - - - - - -
22552 ? - - 0.96 0.93 0.83 0.67 0.47 - - - - -

22554.7 ? - - - 0.99 0.98 0.96 0.89 0.71 0.44 - - -
22555.9 ? - - - - 0.98 0.97 0.92 0.74 0.46 - - -

22560 12CH4 - - - - 0.99 0.98 0.97 0.91 0.74 - - -

22560.6 12CH4 - - - - - - - - - 0.56 0.58 -
22563.8 ? - - 0.97 - - - - - - - - 0.20



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
22564.6 ? - - - - - 0.77 0.63 0.54 0.49 0.48 0.46 -
22565.2 ? - - 0.98 0.96 0.91 0.80 0.59 0.39 - - - -
22566.8 ? - - - 0.99 0.97 0.95 0.84 0.64 0.43 - - -
22567.1 ? - - - 0.98 0.97 0.93 - - - - - -
22568.3 ? - - 0.98 0.96 0.90 0.77 0.55 0.33 - - - -
22569.4 ? - - - 0.99 0.97 0.94 0.83 0.59 - - - -

22570.7 12CH4 - - - - 0.99 0.98 0.96 0.87 0.63 - - -

22571.2 12CH4 - - - - 0.99 0.98 0.96 0.88 0.65 - - -
22572.4 ? - - 0.97 0.94 - - - - - - - -
22573.7 ? - - - 0.98 0.96 0.90 0.73 0.49 - - - -
22575.4 ? - - 0.97 0.93 0.83 - - - - - - -

22576.1 12CH4 - 0.97 0.95 0.90 0.79 0.64 0.50 0.40 0.40 0.39 - -
22577.4 ? - - - 0.97 0.94 0.85 0.64 0.39 - - - -
22577.7 ? - - 0.97 0.95 0.90 0.81 0.65 - - - - -
22578.7 ? - - - - - - - - - - 0.60 -

22579.3 12CH4 - - - - 0.99 0.98 0.97 0.94 0.83 0.61 - -
22580.9 ? - - 0.98 0.97 0.93 0.83 0.61 0.38 - - - -
22583.5 ? - - - - - - - - 0.44 0.41 0.46 -
22584.4 ? - - - 0.99 0.97 0.94 0.83 0.61 - - - -
22585.7 ? - - - - - - - 0.45 0.47 - - -

22592.3 12CH4 0.89 0.85 0.77 0.63 0.45 0.31 - - - - - -
22595.7 ? - - 0.98 0.96 0.92 0.80 0.58 - - - - -
22596.9 ? - - - - - - 0.57 0.51 0.48 0.46 0.49 -
22597 ? - - 0.97 0.94 0.87 0.76 - - - - - -

22599.3 ? - - - 0.97 0.93 0.83 0.62 0.39 - - - -
22600.6 ? - - - 0.99 0.98 0.96 0.88 0.67 0.39 - - -
22601.2 ? - - - 0.97 0.95 0.87 0.69 0.43 - - - -
22601.6 ? - - - - - - - - 0.49 0.43 0.42 -
22603 ? - - 0.98 0.96 0.90 0.75 0.52 0.30 - - - -

22604.2 ? - - 0.95 0.89 0.76 0.57 0.38 - - - - -
22604.9 ? - - - - - - - 0.33 0.36 0.39 - -
22608.8 ? - - - 0.98 0.96 0.90 0.72 0.45 - - - -

22610.5 12CH4 - - - - 0.99 0.98 0.95 0.85 0.59 - - -
22611 ? - - 0.98 0.96 0.94 - - - - - - -

22613.1 12CH4 - - - - 0.99 0.98 0.96 0.89 0.71 - - -

22613.3 12CH4 - - - - - - 0.95 0.88 0.71 0.50 - -
22613.4 ? - - - - 0.99 0.98 - - - - - -
22614.8 ? - - 0.97 0.93 0.83 0.64 - - - - - -

22617.3 12CH4 - - - - 0.99 0.97 0.95 0.82 0.55 - - -
22620.4 ? - - - 0.98 0.97 0.92 0.76 0.50 - - - -
22621 ? - - 0.97 0.95 0.88 0.72 0.50 - - - - -

22621.5 ? - - - - - - - - 0.47 0.49 0.52 0.22
22622.2 ? - - - 0.98 0.96 0.90 0.72 - - - - -
22624.3 ? - - - 0.98 0.97 0.92 0.79 0.54 0.32 - - -
22625.7 ? - - - - - - - 0.30 0.34 0.37 - -
22631.4 ? - - - - - - - - 0.34 0.37 - -

22632.3 12CH4 - 0.97 0.94 0.89 0.77 0.59 0.44 - - - - -
22632.8 ? - 0.79 0.69 0.67 - - - - - - - 0.34

22635.2 12CH4 - - - - 0.99 0.98 0.96 0.91 0.72 0.45 - -
22637.7 ? - - - 0.99 - - - - - - - -
22639.3 ? - - - - - - 0.92 0.80 0.64 0.58 0.56 -
22643.3 ? - - - - 0.98 0.97 0.93 0.79 0.57 0.42 - -
22644.5 ? - - - - - - - - - - - 0.21
22646.8 ? - - - - - - - - - - 0.41 0.33
22647.2 ? - - - - 0.98 0.96 0.88 0.71 0.52 0.41 - -

22648.6 12CH4 - - - - - 0.99 0.98 0.96 0.90 0.71 - -
22649.2 ? - - - - - - - - - - 0.63 0.27

22649.6 12CH4 - - - - - 0.99 0.98 0.96 0.88 0.71 - -

22651.2 12CH4 - - - - 0.98 0.97 0.94 0.82 0.59 - - -
22652.4 ? - - 0.97 0.95 0.88 - - - 0.35 - - -
22652.6 ? - - 0.97 0.95 0.88 0.74 0.52 - - - - -
22654.2 ? - - - 0.98 0.97 0.93 0.82 0.58 - - - -
22655.8 ? - - - - - - 0.40 0.39 0.42 0.43 - -

22658.7 12CH4 0.70 0.71 0.51 0.40 0.25 - - - - - - -

22662.3 12CH4 - - - - 0.98 0.96 0.91 0.73 0.48 - - -
22664.2 ? - - - - 0.37 0.36 0.38 0.37 0.40 0.43 0.45 0.20
22666.3 ? - 0.55 0.37 0.39 0.36 0.36 0.39 0.40 0.43 0.46 0.48 0.15
22668.7 ? - - - 0.98 0.95 0.87 0.70 0.56 0.33 - - -
22670.3 ? - - 0.96 0.92 0.82 0.64 0.44 - - - - -
22672.7 ? - - 0.95 0.91 0.81 0.64 0.47 0.31 - - - -
22674.1 ? - - 0.98 0.96 - - - - - - - -
22674.7 ? - - - 0.98 0.96 0.91 0.75 0.49 - - - -
22675.9 ? - - - - 0.98 0.96 0.90 0.71 0.42 - - -
22676.8 ? - - - - - - - - - 0.38 - -
22677.7 ? - - 0.97 0.94 0.85 0.67 0.44 - - - - -
22678.7 ? - - - 0.98 0.96 0.90 0.75 0.52 0.35 - - -
22681.8 ? - - - - - - - - 0.53 0.50 0.49 0.19
22682.3 ? - - - - 0.98 0.96 0.89 0.73 0.52 0.39 - -

22686.5 12CH4 - - - - 0.98 0.97 - 0.77 - 0.39 - -
22687.2 ? - - - - - - - - 0.59 - - -
22687.7 ? - - - - - - - - - 0.40 - -
22688.1 ? - - - 0.98 0.97 0.94 0.83 0.63 - 0.39 - -
22689.8 ? - - - 0.98 0.97 0.93 0.83 0.67 0.56 - - -
22691.3 ? - - - 0.97 0.93 0.84 0.66 0.43 - - - -
22693 ? - - - 0.98 0.97 0.93 0.81 0.58 0.43 0.41 - -

22695.6 ? - - - 0.98 0.95 0.88 0.71 0.48 0.33 - - -
22697.5 ? - - - 0.99 0.98 0.96 0.89 0.72 0.50 - - -
22701.1 ? - - - 0.98 0.96 0.92 0.79 0.58 0.46 - - -
22701.5 ? - - - - - - - - - - 0.43 -
22703.1 ? - - - - - - - - 0.66 - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K

22703.5 12CH4 - - - - 0.98 0.97 0.94 0.88 0.72 0.59 - -
22704 ? - - - - - - - - - - 0.58 0.28

22704.5 ? - - - - 0.98 0.95 - - - - - -
22708.7 H2O 0.68 0.72 0.72 - 0.25 0.27 0.29 0.32 0.38 0.41 0.46 0.32
22713.3 ? - 0.54 - - - - - - - - - -
22715.3 ? - - 0.98 0.95 0.86 0.69 0.45 - - - - -
22716.8 ? - - - 0.98 0.97 0.92 0.78 0.55 - - - -

22718.1 12CH4 - 0.93 0.88 0.75 0.57 - - - - - - -

22719.2 12CH4 - 0.96 0.93 0.85 0.69 0.50 - - - - - -
22720.8 ? - - 0.96 0.92 0.81 0.64 0.46 - - - - -
22721.2 ? - - - - - - - 0.45 0.48 0.49 0.51 -
22722.7 ? - - - 0.98 0.97 0.95 0.86 0.69 0.54 0.45 - -

22724.3 12CH4 - - - - 0.98 0.97 0.94 0.83 0.65 0.49 - -
22724.5 ? - - - - - - - - - - - 0.20
22726.7 ? - - - - 0.98 0.96 0.87 0.67 0.45 - - -
22728.4 ? - - - 0.99 0.97 0.94 0.84 0.62 0.41 - - -
22730.9 ? - - 0.67 - - - - - - - - 0.20
22731 ? - - - - - 0.23 - - - - - -

22735.7 ? - - - - 0.98 0.96 0.90 0.71 0.45 - - -
22736.2 ? - - 0.98 0.96 0.92 - - - - - - -
22740.4 ? 0.40 0.40 0.38 0.36 0.35 0.37 0.40 0.44 0.49 0.52 0.55 0.20
22741.9 ? - 0.16 - - - 0.22 - 0.30 0.37 0.40 0.45 -
22746.8 H2O - - - - - - - 0.40 0.44 0.47 0.51 0.29
22747.8 ? - - - 0.97 0.93 0.82 0.63 0.45 - - - -
22748.3 ? - - - 0.98 0.96 0.91 0.75 0.53 - - - -
22752 ? - - 0.97 0.91 0.79 0.58 0.35 - - - - -

22754.4 ? - - - - 0.98 0.95 0.85 0.62 0.36 - - -

22756.7 12CH4 - - - - 0.98 0.97 0.91 0.72 0.46 - - -

22759 12CH4 - - - - 0.99 0.98 0.95 0.86 0.63 - - -
22760.1 ? - - - - - - - - 0.41 0.41 - -
22761.1 ? - - - - - - - - - 0.41 0.44 -
22761.3 ? - - - - - - - - - - - 0.16
22763.1 ? - - - - - - - 0.29 0.34 - - -
22764.8 ? - - - 0.99 0.98 0.95 0.86 0.67 0.47 - - -

22765.3 12CH4 - - - - 0.98 0.97 0.91 0.75 0.53 - - -

22767.3 12CH4 - 0.96 0.93 0.84 0.67 0.50 0.31 - - - - -

22767.7 12CH4 - 0.97 0.94 0.86 0.73 0.56 0.41 - - - - -
22769.6 ? - - - 0.97 0.92 0.79 0.56 0.33 - - - -
22772.2 ? - - - - 0.98 0.96 0.87 0.65 0.39 - - -

22774.4 12CH4 0.94 0.89 0.80 0.64 0.43 0.31 - - - - - -
22776 ? - - 0.97 0.92 0.81 0.62 0.38 - - - - -

22778.8 ? - 0.49 0.45 0.42 0.41 0.41 0.43 0.47 0.51 - - -
22780.7 ? - - 0.97 0.93 0.82 0.62 0.38 - - - - -
22781.8 ? - - - 0.98 0.95 0.86 0.66 0.43 - - - -
22783.2 ? - 0.97 0.94 0.87 0.72 0.52 0.32 - - - - -
22785.5 ? 0.65 0.66 0.33 0.30 0.30 0.31 0.34 0.38 0.43 0.46 0.50 0.18
22787 ? - - - - - - - - - - - 0.20

22787.9 ? - - 0.98 0.97 0.92 0.82 0.61 0.45 0.33 - - -
22790.5 ? - - 0.31 - - - - - - - - -
22791.5 ? 0.44 0.47 0.48 0.47 0.48 0.50 0.53 0.57 0.61 0.64 - 0.27
22793.6 ? - - 0.98 0.96 0.91 0.80 0.56 0.46 0.44 0.41 0.46 -
22795.4 ? 0.90 0.85 0.77 0.61 0.43 0.28 - - - - - -
22796.9 ? 0.66 0.68 - - 0.22 - - - - - - -
22801.5 H2O - - 0.62 0.64 0.61 0.62 0.61 0.63 0.65 0.66 0.67 0.31
22802.9 ? - - 0.98 0.96 0.90 0.80 0.65 0.54 - - - -
22804.2 ? - - - - - - - 0.37 0.39 0.41 0.41 -
22806 ? - - - 0.98 0.95 0.89 0.75 0.57 0.50 0.49 0.49 -

22808.3 12CH4 - - - - 0.99 0.98 0.97 0.93 0.83 0.72 0.66 0.29
22815.7 ? - - 0.98 0.95 0.88 0.73 0.50 - - - - -
22818.1 ? - - - 0.98 0.97 0.94 0.81 0.58 0.34 - - -
22820.1 ? - - 0.98 0.96 0.92 0.80 0.58 0.36 - - - -
22822.4 ? - - - - - 0.36 0.37 0.39 0.42 0.44 0.44 -

22823 12CH4 0.92 0.86 0.79 0.66 0.46 0.30 - - - - - -

22824.7 12CH4 - 0.87 0.79 0.66 0.46 - - - - - - -
22827.6 ? - - - - 0.98 0.95 0.85 0.62 0.39 - - -
22829.3 ? - - - 0.97 - - - - - - - -
22830.2 ? - - - - - 0.94 0.82 - - - - -
22830.9 ? - - - - - - 0.73 0.49 - - - -
22832.2 ? - - 0.98 0.95 0.89 0.76 0.64 0.56 0.53 0.59 0.60 0.22

22833.2 12CH4 - 0.95 0.94 0.88 0.75 - - - - - - -
22833.5 ? - - - - - - - 0.30 - - - -
22833.9 ? - - - - - - - 0.34 0.37 0.39 - -
22838.7 ? - - - 0.98 0.96 0.91 0.75 0.54 0.39 - - -
22839.9 ? - - - - 0.98 0.97 0.91 0.76 - - - -
22840.3 ? - - - 0.97 0.94 0.89 0.78 0.65 0.59 0.57 - -
22842.3 ? - - - 0.99 0.98 0.95 0.85 0.66 0.40 - - -
22843.4 ? - - - 0.97 0.95 0.89 0.74 - - - - -
22843.6 ? - - - 0.97 0.94 0.88 0.75 0.60 0.50 - - -
22844.6 ? - - - - - - - - - 0.53 0.54 0.25
22845.1 ? - - - - - - 0.46 0.47 0.48 0.49 0.50 -
22846.5 H2O 0.65 0.68 - - 0.36 0.38 0.39 0.41 0.44 0.47 0.50 0.31
22849.9 ? - - 0.98 0.96 0.90 0.76 0.55 - - - - -
22853.4 ? - - - - 0.98 0.97 0.91 0.73 0.46 - - -
22853.9 ? - - - - 0.98 0.96 0.87 0.66 0.39 - - -
22857.1 ? - - - - 0.99 0.98 0.96 0.90 0.70 - - -
22857.9 ? - - - - - - - - - 0.66 0.51 0.21
22861.6 ? - - - 0.97 0.94 0.86 0.66 0.41 - - - -
22863.2 ? - - 0.96 0.93 0.83 0.66 0.43 - - - - -
22866.4 ? - - - 0.97 0.93 0.83 0.63 0.41 - - - -
22867.1 ? - - 0.97 0.94 0.84 - - - - - - -
22868.3 ? - - - 0.98 0.96 0.90 0.75 0.52 - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
22869.6 ? - - - 0.97 0.95 0.88 0.73 0.56 - - - -
22872.8 ? - - - 0.99 0.98 0.96 0.92 0.78 0.54 - - -
22875.9 ? - - - - 0.99 0.98 0.96 0.91 0.74 0.46 - -
22877.1 ? - - - 0.99 0.97 0.95 0.83 0.60 0.36 - - -
22877.4 ? - - - - - - - - 0.35 0.39 - -
22881.8 ? - - 0.95 0.90 0.78 0.60 0.37 - - - - -
22883 ? - - 0.97 - - - - - - - - -

22883.3 ? - - 0.97 0.95 0.89 - - - - - - -
22883.6 ? - - - 0.97 0.95 0.88 0.70 0.44 - - - -
22884.9 ? - - - 0.98 0.95 0.90 0.73 0.48 - - - -
22886.9 ? - - 0.97 0.95 0.90 0.81 0.69 0.60 0.56 - - -
22890.5 ? - - - 0.99 0.98 0.96 0.92 0.78 0.55 - - -
22894.5 ? - - - - 0.98 0.96 0.90 0.70 - - - -
22895 ? - - - 0.99 0.98 0.96 0.91 0.78 0.65 0.55 - -

22896.4 ? - - 0.97 0.94 0.86 0.70 - - - - - -
22896.5 ? - - - - - - 0.51 - - - - -
22896.7 ? - - - - - - 0.51 0.42 0.41 0.42 0.44 -
22896.9 ? - - 0.96 0.92 0.83 0.69 - - - - - -
22899 ? - - - - - 0.98 0.97 0.94 0.79 0.48 - -

22902.2 12CH4 - - - - 0.98 0.97 0.94 0.82 0.59 0.38 - -
22903.3 H2O - - - 0.97 0.93 - 0.71 0.57 0.47 0.48 0.50 0.22
22906 ? - - 0.97 0.95 0.90 0.78 0.56 0.33 - - - -

22906.5 ? - - - 0.98 0.97 0.95 0.87 0.66 0.38 - - -
22907.6 ? - - - 0.97 0.93 0.85 0.65 0.41 - - - -
22908.3 ? - - - - - - - 0.36 0.37 - - -
22910.6 ? - - - 0.97 0.94 0.86 0.68 0.44 - - - -
22911 ? - - 0.98 0.96 0.91 0.80 0.58 0.36 - - - -
22913 H2O 0.64 0.64 0.69 0.66 0.60 0.58 0.56 0.55 0.55 0.57 0.58 0.21

22915.9 ? - - - 0.98 0.96 0.93 0.81 0.61 0.45 - - -
22916.4 ? - - - 0.98 0.96 0.93 0.83 0.65 0.47 - - -
22917.6 H2O - - - - - - - 0.47 0.50 0.55 0.60 0.39
22920 ? - - - 0.29 0.22 0.26 0.29 0.32 0.35 0.39 0.42 -

22922.4 ? - - - 0.98 0.97 0.94 0.82 0.63 0.44 0.35 - -
22923.6 ? - - - 0.98 0.96 0.92 0.81 0.60 0.40 - - -

22924.9 12CH4 - - - - 0.98 0.97 0.95 0.87 0.63 - - -
22926.3 ? - - - 0.97 0.95 0.91 0.76 0.54 0.34 - - -
22927.4 ? - - - 0.98 0.96 0.93 0.81 0.58 0.35 - - -
22929.9 ? - - - - - - - - 0.28 - - -
22930.1 ? - - 0.97 0.94 0.84 0.67 - - - - - -
22930.7 ? - - - - - 0.50 0.52 0.56 - - - 0.25
22931 ? - - - - - - - - 0.41 0.46 0.49 -

22932.8 ? - - - 0.97 0.93 0.84 0.66 0.47 0.36 - - -
22934.8 ? - - - 0.98 0.95 0.89 0.75 - - - - -

22935.2 12C16O - - - - - - 0.71 0.71 - 0.74 0.77 0.50
22935.6 ? - - - - - - - - - - 0.76 -

22936.3 12CH4 - - - 0.98 0.97 0.95 0.91 0.85 0.78 0.76 - -

22937.9 12C16O - - - - 0.98 0.97 0.94 0.86 0.78 0.75 0.74 0.45
22938.3 ? - - - 0.98 0.97 - - - - - - -
22939.1 ? - - - - - - - - - 0.67 0.69 0.40

22939.3 12C16O - - - 0.98 0.97 0.94 0.87 0.77 0.72 0.72 0.74 0.46
22940.5 ? - - - 0.98 0.97 0.95 0.86 - - - - -
22941 ? - - - 0.98 0.97 0.95 0.89 0.79 0.69 - - -

22941.6 12C16O - - - - - - - 0.65 0.69 0.73 0.76 0.47

22943.1 12CH4 - 0.88 0.83 0.69 - - - - - - - -

22944.1 12C16O - - - - - - - 0.68 0.72 0.76 0.78 0.48
22944.7 ? - - - 0.98 0.97 0.95 0.89 0.77 0.62 - - -
22945.8 ? - - - 0.98 0.97 0.95 0.88 0.77 0.65 - - -
22947 ? - - - - - - - - - 0.79 0.81 0.49

22947.2 12C16O - - - 0.98 0.96 0.93 0.87 0.81 0.78 - - -
22948.8 ? - - - 0.98 0.96 0.91 0.84 0.69 - - - -

22950.3 12C16O - - - 0.97 0.94 0.88 0.81 0.79 0.79 0.81 0.82 0.50
22951.6 ? - - - 0.97 0.94 0.88 0.76 0.64 - - - -
22951.8 ? - - - - - - - - - - - 0.24
22952.1 ? - - 0.97 0.95 0.89 0.79 0.65 - - - - -
22953.5 ? - - - 0.96 0.91 0.84 0.72 0.64 - - - -

22954 12C16O - - - - - - 0.73 0.77 0.80 0.82 0.84 0.51
22956 ? - - - - - - - - - 0.55 0.56 -

22956.3 ? - - 0.98 0.95 0.89 0.80 - - - - - -
22956.7 ? - - - 0.98 0.96 0.93 0.82 0.70 - - - -

22958.1 12C16O - - - 0.98 0.96 0.93 0.88 0.85 0.84 0.85 0.85 0.51

22959.3 12CH4 - 0.86 0.83 0.71 - - - - - - - -
22960.8 ? - - - 0.98 0.97 0.95 0.86 0.68 - - - -
22961.7 ? - - - 0.98 0.97 0.95 0.89 - - - - -
22962 ? - - - 0.98 0.97 0.94 0.88 - - - - -

22962.6 ? - - - - - - - - 0.83 0.85 0.86 0.51
22965.1 ? - - - - - - - 0.45 0.47 0.51 0.53 -
22966.2 ? - - - 0.98 0.96 0.93 0.83 - - - - -

22967.4 12C16O - - - - 0.98 0.97 0.95 0.93 0.90 0.89 0.88 0.52
22968.6 ? - - - 0.98 0.96 0.93 0.85 - - - - -

22971.3 12CH4 - 0.92 0.90 0.82 0.69 0.60 - - - - - -

22971.7 12CH4 - 0.94 0.93 0.87 0.76 0.64 - - - - - -

22972.8 12C16O - - - 0.70 0.67 0.76 0.81 0.84 0.86 0.88 0.88 0.52
22974 ? - - - 0.97 0.94 0.87 0.74 - - - - -

22975.1 ? - - 0.98 0.96 0.91 0.81 0.64 0.46 - - - -
22977.6 ? - - 0.97 0.94 0.87 0.77 - - - - - -

22978.6 12C16O - - - - - 0.80 0.84 0.87 0.88 0.90 0.90 0.55
22980.3 ? - - - - 0.98 0.96 0.91 0.79 0.62 - - -
22981.2 ? - - - - - - - - - - 0.53 0.22
22982.9 ? - - - - - - 0.84 0.69 - - - -
22983.5 ? - - - 0.97 0.93 0.86 - - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K

22984.6 12C16O - - - 0.98 0.97 0.96 0.93 0.91 0.89 0.91 0.91 0.55
22985.6 ? - - - - 0.98 0.96 - - - - - 0.23
22988.3 ? - - 0.97 0.95 0.89 0.78 0.60 - - - - -
22989.4 ? - - - 0.98 0.96 0.92 0.82 0.67 - - - -

22991.2 12C16O - - 0.97 0.94 0.90 0.88 0.88 0.90 0.90 0.92 0.92 0.56
22994.1 ? - - - 0.98 0.97 0.94 0.83 0.65 0.47 - - -

22998.1 12C16O - - 0.96 0.93 0.89 0.89 0.90 0.91 0.91 0.92 0.92 0.56
23000.4 ? - - - - 0.97 0.95 0.86 0.67 0.51 - - -
23001.7 ? - - - 0.97 0.93 0.84 0.66 0.43 - - - -
23003.3 ? - - - 0.98 0.96 0.91 0.77 0.56 - - - -

23005.4 12C16O - - 0.96 0.92 0.89 0.88 0.89 0.90 0.91 0.91 0.91 0.56
23005.7 ? - - 0.97 0.94 0.89 - - - - - - -
23007.2 ? - - - 0.98 0.96 0.91 0.80 0.67 0.57 - - -
23007.5 ? - - - 0.98 0.96 0.92 0.83 0.69 0.56 - - -

23009.1 12CH4 - - - - 0.98 0.96 0.91 0.78 0.55 0.36 - -
23010.4 ? - - 0.96 0.90 - - - - - - - -
23011.3 ? - - 0.97 0.94 0.86 - - - - - - 0.23
23012.2 ? - - 0.98 0.95 0.90 - - - - - - -

23013.1 12C16O - - - - - 0.86 0.89 0.90 0.91 0.92 0.92 0.56
23015.4 ? - - 0.96 0.91 0.81 0.67 0.53 - - - - -
23015.9 ? - - - - - 0.61 - - - - - -
23016 ? - - 0.97 0.93 0.83 - - - - - - -

23017.8 ? - - - 0.96 0.91 0.78 0.59 0.41 0.25 - - -

23019.3 12CH4 - 0.91 0.86 0.75 0.59 0.49 - - - - - -

23021.2 12C16O - - - - - - 0.92 0.91 0.91 0.92 0.92 0.56
23021.6 ? - - - - 0.98 0.96 0.92 - - - - -
23024.4 ? - - - 0.97 0.94 0.87 0.70 0.48 0.29 - - -
23026.5 ? - - - - 0.97 0.95 0.85 0.65 - - - -
23027.5 ? - - - 0.98 0.95 0.90 0.79 0.63 0.53 - - -
23027.9 ? - - - 0.96 0.91 0.82 0.68 0.55 - - - 0.23

23029.8 12C16O - - 0.97 0.95 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.55
23030.1 ? - - 0.96 0.93 0.89 - - - - - - -
23032.2 ? - - - - - - - - - - 0.38 -
23033.1 ? - - 0.96 0.92 0.82 0.64 0.45 - - - - -
23033.4 ? - - - - - - - 0.34 0.33 0.33 0.35 -
23034.5 ? - - - 0.98 0.95 0.89 0.73 0.50 0.32 0.26 - 0.17
23035.9 ? - - - - 0.97 0.95 0.87 0.68 0.43 - - -
23037.6 ? - - - 0.97 0.94 0.87 - - - - - -

23038.7 12C16O - - 0.98 0.95 0.93 0.91 0.92 0.93 0.93 0.94 0.93 0.58
23039.3 ? - - 0.94 0.89 0.81 - - - - - - -

23041.2 12CH4 - 0.96 0.93 0.85 0.71 0.52 - - - - - -
23044.2 ? - - - 0.98 0.97 0.93 0.81 0.58 0.32 - - -
23046.1 ? - - 0.97 0.93 0.83 0.67 - - - - - -

23047.4 12CH4 - 0.95 0.92 0.86 0.81 - - - - - - -

23048 12C16O - - - - 0.87 0.90 0.92 0.93 0.93 0.94 0.94 0.58
23049.4 ? - - - 0.98 0.96 0.92 0.82 - - - - -
23050.1 ? - - - - - - - - - 0.56 0.57 -
23054.5 ? - - - - - - - - 0.54 0.53 0.54 0.29
23055.1 ? - - - 0.98 0.97 0.93 0.84 0.68 - - - -
23055.7 ? - - - 0.96 0.91 0.82 - - - - - -
23056.4 ? - - - - - - - - - - - 0.30

23057.6 12CH4 - 0.96 0.94 0.91 - - - - - - - -

23057.7 12C16O - - - - 0.91 0.91 0.93 0.93 0.94 0.94 0.94 0.57
23060.9 ? - - - 0.96 0.91 0.78 0.60 - - - - -
23063.2 ? - - 0.98 0.96 0.90 0.75 0.55 0.36 0.22 - - -
23065.7 ? - - - - 0.97 0.95 0.89 0.75 0.56 - - -

23067.8 12C16O - - - 0.79 0.87 0.90 0.92 0.93 0.94 0.94 0.94 0.57

23068.4 12CH4 - 0.94 0.90 0.86 0.78 - - - - - - -

23070 12CH4 - 0.96 0.92 0.84 0.71 0.55 - - - - - -
23075.1 ? - - - 0.98 0.97 0.93 0.82 0.64 - - - -
23076.2 H2O - - 0.98 0.96 0.91 0.83 0.74 0.67 0.65 0.65 0.67 0.40

23078.4 12C16O - - - - 0.88 0.92 0.93 0.94 0.95 0.95 0.95 0.58

23079.1 12CH4 - 0.92 0.87 0.83 - - - - - - - -
23080.5 ? - - 0.97 0.92 0.83 0.68 0.55 - - - - -

23082.7 12CH4 - 0.93 0.89 0.78 0.60 0.40 0.27 - - - - -

23083.7 12CH4 - 0.96 0.93 0.85 0.68 0.47 0.31 - - - - -
23087.1 ? - - 0.98 0.96 0.90 0.79 0.62 - - - - -

23089.3 12C16O - - - - 0.89 0.92 0.94 0.94 0.95 0.95 0.95 0.58
23089.8 ? - - - 0.98 0.96 0.89 0.85 - - - - -
23091.1 ? - - - - - - - - - - - 0.22

23091.3 12CH4 0.86 0.78 0.70 0.62 - - - - - - - -
23092.6 ? - - - - - - - 0.33 0.34 0.34 0.35 -
23094 ? - - - 0.97 0.92 0.82 0.59 0.46 0.39 0.37 0.37 -

23096.5 H2O 0.70 0.75 0.79 0.79 0.75 0.72 0.71 0.70 0.70 0.70 0.70 0.32
23097.9 ? - - - - - - 0.50 0.51 - - - -
23098.5 ? - - 0.59 - - - - - - - - -
23099.9 ? - - - 0.98 0.96 - - - - - - -

23100.6 12C16O - - - - - 0.92 0.93 0.94 0.95 0.95 0.95 0.56

23103 12CH4 0.80 0.71 0.59 0.49 - - - - - - - -
23110.1 ? 0.35 0.37 0.34 - - - - - - - - -
23112.3 H2O - 0.72 0.82 0.84 0.89 0.92 - - - - - 0.56

23112.4 12C16O 0.58 - - - - - 0.94 0.95 0.95 0.96 0.96 -
23115.4 ? 0.81 - - 0.44 0.41 0.41 0.41 0.44 0.46 0.48 0.51 0.24
23116.6 H2O 0.53 0.60 0.60 0.54 0.49 0.47 0.46 0.48 0.50 0.50 0.54 -
23116.9 H2O 0.55 0.60 0.59 - - - 0.44 0.47 0.48 0.50 - -
23119.1 ? - - 0.33 0.26 0.20 - - - - - - -
23121.7 ? - - - 0.97 0.93 0.84 0.65 0.48 - - - -

23124.5 12C16O 0.48 0.68 0.80 0.83 0.90 0.93 0.94 0.95 0.95 0.96 0.96 0.58
23131.5 ? 0.61 0.61 - - - - - - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
23133.4 ? - 0.19 0.25 - - 0.25 0.28 0.34 0.38 0.42 0.47 -

23137 12C16O 0.43 0.65 0.79 0.82 0.89 0.92 0.94 0.95 0.95 0.95 0.95 0.56
23140.1 ? - - - - - - - - - - 0.44 -
23140.5 ? 0.56 0.59 0.61 0.55 - - - - - - - 0.31
23146.7 H2O 0.68 0.69 0.73 0.70 0.66 0.65 0.64 0.66 0.67 0.68 0.71 0.34
23149.6 H2O 0.80 0.82 - 0.86 - - - - - - - -

23150 12C16O - - 0.86 0.85 0.91 0.94 0.95 0.95 0.96 0.96 0.96 0.58
23153.5 ? 0.78 0.76 - - - - - - - - 0.45 0.24
23158.5 ? - - - - - - - - - 0.33 - -
23158.7 ? - - 0.98 - - - - - - - - -
23159.2 ? - - - 0.97 0.95 0.90 0.75 0.54 - - - -

23160.4 12CH4 - - - - 0.97 0.96 0.90 0.77 0.55 - - -
23162.4 ? - - - 0.98 0.95 - - - - - - -

23163.3 12C16O - - - - - - 0.94 0.95 0.95 0.96 0.96 0.56
23164.2 ? - - - - 0.98 0.97 - - - - - -
23166.2 ? - - - 0.98 0.97 0.94 0.86 0.71 - - - -
23167.9 ? - - - - 0.97 0.96 0.90 0.75 0.51 0.30 - -
23168.9 ? - - - - - - - - 0.59 0.48 0.47 0.15
23169.5 ? - - - - 0.98 0.96 0.91 0.77 0.51 - - -
23169.8 ? - - - - 0.97 0.96 - - - - - -
23171.3 ? - - - - 0.97 0.95 0.87 0.75 0.55 0.43 0.44 -
23173.1 ? - - - - 0.97 0.95 0.89 0.74 - - - -
23173.4 ? - - - - 0.97 0.96 0.91 0.78 0.59 0.44 - -
23174.9 ? - - 0.98 0.95 0.89 - - - - - - -
23175.8 ? - - - - - - - - - - 0.80 0.42

23176.6 12CH4 - - - - 0.98 0.97 0.95 0.91 - - - -

23177.1 12C16O - - - - - - 0.95 0.96 0.96 0.96 0.96 0.57
23177.8 ? - - - - 0.98 0.97 - - - - - -
23178.4 ? - - - 0.98 0.97 0.95 0.90 - - - - -
23180.6 ? - - - - 0.97 0.96 0.90 0.76 0.55 0.37 - -
23182.3 ? - - - 0.98 0.96 0.91 0.76 0.58 0.39 - - -
23182.6 ? - - - 0.98 0.95 0.90 0.76 0.56 0.47 0.40 0.41 -

23184.7 12CH4 - - - - 0.98 0.97 0.93 0.81 0.62 0.53 0.55 0.15

23186.8 12CH4 - - - - 0.98 0.97 0.94 0.84 0.60 0.33 - -
23187.8 ? - - - - - 0.95 0.89 0.74 - - - -
23189.1 ? - - - 0.96 0.92 0.83 0.66 - - - - -
23190.2 ? - - - 0.96 0.92 - - - - - - -

23191.3 12C16O - - - 0.98 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.57
23191.9 ? - - - 0.97 - - - - - - - -

23192.9 12CH4 - - - - 0.98 0.97 0.94 0.88 0.75 - - -
23194.5 ? - - - 0.97 0.93 0.86 0.70 0.51 0.41 - - -
23195.7 ? - - - - 0.98 0.96 0.90 0.78 0.63 0.58 0.59 0.31

23196.1 12CH4 - - - - 0.98 0.96 0.91 0.80 - - - -
23197.8 ? - - - 0.98 0.96 0.92 0.79 0.56 0.32 - - -
23199.6 ? - - - 0.98 0.96 0.93 0.79 0.57 0.34 - - -
23200.2 ? - - - - - - - 0.46 - - - 0.14
23201.9 ? - - - 0.98 0.97 0.94 0.83 0.60 0.40 - - -

23202.9 12CH4 - - - 0.98 0.97 0.95 0.89 0.72 0.53 - - -
23203.4 ? - - - 0.96 0.93 0.86 0.70 0.53 - - - -

23205.8 12C16O - - - - - 0.94 0.95 0.95 0.96 0.96 0.95 0.54
23206.8 ? - - - 0.98 0.97 0.94 - - - - - -
23207.5 ? - - - - - - - - - - - 0.20
23208.4 ? - - 0.98 0.95 0.90 0.80 0.61 - - - - -
23208.6 ? - - 0.98 0.95 0.90 - - - - - - -
23210.3 ? - - 0.98 0.96 0.92 0.82 0.61 0.39 0.30 0.25 - -
23210.7 ? - - - 0.96 0.93 0.84 0.62 0.39 - - - -
23213 ? - - - - - - - - 0.28 0.31 0.34 -

23213.6 ? - - - - - - - 0.30 0.37 0.39 0.42 -
23214.8 ? - - - 0.98 0.96 0.90 0.72 0.44 0.25 - - -
23217.5 ? - - - - - - - - - - 0.41 -
23218 ? - - - 0.98 0.97 0.94 0.84 0.64 - - - -

23219 12CH4 - - - - 0.98 0.96 0.91 0.80 0.71 - - -

23220.8 12C16O - - - - 0.94 0.95 0.95 0.95 0.96 0.96 0.96 0.54
23221.1 ? - - 0.98 0.96 0.94 - - - - - - -
23222.9 ? - - - - - - - - - - 0.51 -
23224.1 ? - - - - - - - 0.39 0.45 0.48 0.51 0.24
23225.4 ? - - 0.98 0.95 0.91 0.82 - - - - - -
23225.8 ? - - - 0.97 0.94 0.88 - - - - - -
23226.4 H2O - - - - - - 0.73 0.70 0.72 0.73 0.74 -
23226.6 ? - - - - - - - - - - - 0.46
23228.6 ? - - 0.98 0.96 0.91 0.87 0.75 0.64 0.62 0.61 0.63 0.41
23230.2 ? - - - - - - 0.53 0.54 0.61 0.64 0.52 0.43
23231.4 ? - - - 0.98 0.96 0.93 0.84 0.70 - - - -
23232.1 ? - - - - - - - - 0.69 0.71 0.65 0.44
23234.5 ? - - - - - - - - 0.65 - - 0.44

23235.4 12CH4 - 0.96 0.94 0.90 - - - - - - - -

23236.2 12C16O - - - - 0.92 0.95 0.95 0.95 0.96 0.96 0.96 0.55
23237.3 ? - - - - - - - - - - - 0.45
23237.6 ? - - - 0.96 0.93 0.86 0.75 - - - - -
23238.9 ? - - 0.97 0.93 0.85 0.73 0.56 - - - - -
23240.2 H2O - 0.81 0.80 0.76 0.73 0.73 0.71 0.71 0.71 0.72 0.74 0.45
23241.8 ? - - - 0.97 0.95 0.89 0.73 - - - - -
23242.8 ? - - - - - - - - - - - 0.27

23244 12C16O - - - - - - 0.61 0.41 0.51 0.56 0.61 0.44
23245 ? - - - 0.96 0.93 0.83 - - - - - -

23248.1 ? - - - - - - 0.64 - 0.55 0.60 0.65 0.47
23248.7 ? - - - 0.97 0.95 0.90 0.75 0.60 - - - -
23250.6 ? - - 0.98 0.95 0.91 0.83 - - - - - -

23252 12C16O - - - - - 0.95 0.95 0.95 0.96 0.96 0.96 0.54
23252.4 ? - - - 0.98 0.96 0.93 - - - - - 0.47



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
23253.8 ? - - - 0.97 0.93 0.86 0.71 - - - - -
23255.5 ? - - 0.98 0.95 0.89 0.75 0.55 0.34 - - - -
23255.9 ? - - - - - - - - - - - 0.24
23256.9 ? - - 0.97 0.93 0.83 0.66 0.54 0.45 - - - -

23257.3 12C16O - - - - - 0.63 0.49 0.50 0.58 0.65 0.69 0.49
23258.5 ? - - 0.43 0.36 0.37 0.39 0.41 - - - - -
23261.9 ? - - - 0.97 0.95 0.88 0.73 - - - - -

23262.6 12C16O - - - - - - - 0.55 0.63 0.68 0.71 0.48
23262.9 ? - - - - - - - 0.52 0.59 - - -
23264.2 ? - - - 0.98 0.96 0.90 0.75 0.51 - - - -
23265.5 ? - - 0.96 0.91 0.81 0.66 - - - - - -
23266 ? - - 0.98 0.95 0.90 0.81 0.64 - - - - -

23267.8 ? - - 0.98 0.96 0.93 - - - - - - -

23268.2 12C16O - - - - - 0.95 0.95 0.95 0.96 0.96 0.96 0.57
23268.9 ? - - 0.98 0.95 - - - - - - - -
23271.9 ? - 0.26 0.29 0.29 0.31 0.36 0.35 0.33 0.39 0.41 0.43 -
23272.9 ? - - - - - - - - - - - 0.21

23274.3 12C16O - 0.24 0.39 0.48 0.58 0.51 0.54 0.57 0.65 0.69 0.72 0.47

23276.6 12CH4 - 0.93 0.89 0.76 0.61 0.49 0.35 0.26 0.30 0.32 0.34 -
23278.2 H2O - 0.55 0.56 0.51 0.49 0.50 0.45 0.41 - - 0.46 -

23280.8 12C16O - - 0.53 0.56 0.63 0.57 0.61 0.63 0.69 0.73 0.75 0.48

23284.8 12C16O - - - - - - 0.95 0.95 0.96 0.96 0.96 0.53
23285.1 ? - - - - 0.98 0.97 - - - - - -
23285.5 ? - - - - 0.98 0.96 - - - - - -

23287.7 12C16O - - - - - - - 0.67 0.72 0.75 0.77 0.49
23288.3 ? - - 0.97 0.94 0.88 0.80 0.67 - - - - -
23290.5 ? - - 0.98 0.95 0.88 0.75 0.51 0.27 - - - -
23290.9 ? - - - - - - 0.33 - - - - -
23291 ? - - - - - - - 0.26 0.32 0.36 0.39 0.20

23292.2 ? - - - - - - - - - 0.33 0.35 -
23293.5 ? - - - 0.98 0.96 0.92 0.77 0.54 - - - -

23295 12C16O - - - - - - - 0.65 0.72 0.75 0.77 0.49
23295.7 ? - - - 0.97 0.92 0.84 0.68 - - - - -

23296.2 12CH4 - 0.96 0.92 0.82 0.65 - - - - - - -

23301.8 12C16O - - - 0.98 0.96 0.96 0.96 0.95 0.96 0.96 0.95 0.50
23302.8 ? - - - - - - - - - - - 0.52
23305.2 H2O - 0.55 0.65 0.66 0.64 0.62 0.65 0.66 0.69 0.70 0.73 0.34
23305.7 ? 0.50 0.54 0.63 0.62 0.58 0.55 0.58 - - - - -
23307.4 ? - - - 0.46 - - - - - - - -
23308.8 ? - - - 0.96 0.91 0.80 0.63 0.54 0.47 0.44 0.45 -
23310.5 ? - - 0.97 0.95 0.89 0.81 0.74 - - - - -

23311 12C16O - - 0.98 0.95 0.91 0.85 0.81 0.79 0.79 0.81 0.83 0.51
23316.2 ? - - - - - - - - - - 0.57 0.26
23316.5 ? - - - 0.98 0.96 0.93 0.85 0.71 0.61 - - -
23317.9 ? - - - 0.97 0.93 0.86 0.75 - - - - -

23319.3 12C16O - - - - 0.90 0.93 0.95 0.95 0.96 0.96 0.96 0.56
23320.1 ? - - 0.97 0.94 - - - - - - - -
23321.1 ? - - 0.96 0.91 0.82 - - - - - - -
23322.8 ? - - - 0.96 0.90 0.78 0.61 - - - - -
23324.1 ? - - 0.98 0.95 0.91 0.79 0.60 0.40 - - - -

23325.4 12CH4 - - - 0.98 0.97 0.95 0.91 0.77 0.54 0.37 - -
23326.6 ? - - - - - - - 0.50 - - - -

23328.3 12C16O - - 0.97 0.94 0.88 0.85 0.83 0.82 0.84 0.85 0.86 0.53

23329.4 12CH4 - 0.95 0.93 0.96 - - - - - - - -
23333.6 ? - - - - - - - - - - 0.37 0.14
23334.4 ? - - - - 0.93 0.84 0.69 0.50 - - - -
23334.7 ? - - - 0.96 0.93 0.86 0.72 - - - - -
23335.7 ? - - - 0.98 0.96 0.93 0.86 0.72 - - - -

23337.1 12C16O - - - - 0.89 0.92 0.94 0.95 0.95 0.95 0.95 -
23337.8 ? - - - - - - - - - - - 0.53
23339.8 ? - - - 0.97 0.93 0.84 0.68 0.51 - - - -
23341.5 ? - - - 0.98 0.96 0.92 0.86 0.69 0.52 - - -
23341.9 ? - - - - - - - - - 0.46 0.52 0.27
23343.1 ? - - - 0.97 0.93 0.84 0.66 0.45 - - - -
23343.4 ? - - - - - - - - 0.43 0.48 0.52 0.25
23344.6 ? - - - 0.96 0.91 0.79 0.62 0.46 0.40 0.36 0.39 -

23346.3 12CH4 - - - 0.98 0.97 0.95 0.90 0.77 - - - -

23347.6 12C16O - - - - - - 0.78 0.81 0.84 0.85 0.85 0.53

23349.4 12CH4 - - - - - 0.98 0.97 0.96 0.92 0.76 - -
23350.9 ? - - - - - - - - - - 0.39 -
23351.4 ? - - - 0.97 0.95 0.90 0.79 0.63 0.50 - - -
23352.2 ? - - - - - - - - - - 0.46 -
23352.8 ? - - 0.97 0.93 0.86 0.71 0.54 0.39 - - - -

23355.4 12C16O - - 0.98 0.95 0.94 0.94 0.94 0.95 0.95 0.95 0.95 0.47
23357.7 ? - - - - - - - - - 0.85 0.86 0.51

23358.5 12CH4 - - - - 0.98 0.97 0.95 0.91 - - - -
23359.8 ? - - - 0.97 0.93 0.85 0.69 - - - - -
23360.8 ? - - - 0.97 0.93 0.84 0.66 0.41 - - - -
23361.4 ? - - - 0.97 0.94 0.86 - - - - - -
23361.9 ? - - - 0.98 0.97 0.94 0.86 0.66 0.42 - - -
23363.7 ? - - - - - - - - 0.43 0.47 0.51 0.20

23365.9 12CH4 - - - - 0.98 0.96 0.93 0.83 0.61 0.37 - -
23366.5 ? - - 0.97 0.95 - - - - - - - -

23367.6 12CH4 - - - - 0.98 0.97 0.96 0.93 - - - -
23368.3 ? - - - - - - - - 0.88 0.88 0.87 0.52

23369 12CH4 - - - - 0.98 0.97 0.96 0.92 0.83 - - -

23371.2 12CH4 - 0.91 0.89 0.78 0.62 0.42 - - - - - -
23372.5 ? - - 0.97 0.93 0.85 0.71 0.57 - - - - -

23374.1 12C16O - - - - 0.98 0.97 0.96 0.95 0.95 0.95 0.95 0.44



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
23376.4 ? - - 0.95 0.88 0.76 0.58 0.45 - - - - -
23377.5 ? - - - - - - - - 0.49 0.53 0.57 0.28
23379 ? - - 0.97 0.93 0.87 - - - - - - -

23379.3 12C16O - - 0.97 0.94 0.89 0.85 0.83 0.82 0.84 0.87 0.88 0.53

23382.9 12CH4 - - - - 0.98 0.97 0.95 0.88 0.72 0.60 0.53 0.25
23384.3 ? - - - 0.98 0.96 0.93 0.85 0.67 - - - -
23385.4 ? - - - - - - - - - - - 0.34
23387 ? - - - 0.98 0.97 0.94 0.88 0.69 0.44 - - -

23388.1 ? - - - - - - - - 0.58 0.60 - 0.26
23390.8 ? - - - - - - - - 0.87 0.87 0.88 0.53

23391 12CH4 - - - - 0.98 0.96 0.94 0.91 - - - -
23391.4 ? - - - 0.98 0.96 0.93 0.88 0.79 - - - -

23393.2 12C16O - - 0.74 0.77 0.86 0.90 0.92 0.93 0.94 0.94 0.94 0.41
23394.7 ? - - - 0.96 0.92 0.83 0.69 - - - - -
23395 ? - - - 0.97 0.94 0.86 0.71 0.52 - - - -

23396.4 ? - - - 0.96 0.91 0.81 0.61 0.48 0.46 - 0.49 -
23397.4 ? - - - - - - - - 0.40 0.43 0.47 -
23398.6 ? - - - 0.97 0.95 0.89 0.77 0.61 - - - -
23399 ? - - - - - - - - - - 0.62 0.24

23399.8 ? - - - - 0.99 0.98 0.97 0.94 0.86 0.69 - -
23401.1 ? - - - 0.98 0.96 0.93 0.82 0.69 - - - -

23402.6 12C16O - - - - - 0.76 0.80 0.84 0.85 0.87 0.88 0.52
23403.7 ? - - - 0.98 0.96 0.93 0.83 - - - - -
23404 ? - - - - - - - - - - - 0.34

23405.9 ? - - 0.95 0.90 0.85 0.75 0.61 0.58 0.55 0.57 0.52 0.24

23407.3 12CH4 - - - 0.98 0.96 0.95 0.87 0.72 0.52 0.39 - -
23409.3 ? - - 0.96 0.93 0.85 0.73 0.58 - - - - -
23410.6 ? - - - - 0.98 0.97 0.94 0.88 0.74 - - -
23410.9 ? - - - - - - - - - - - 0.32
23412.7 ? - - - - - - - - 0.92 0.93 0.92 0.37

23412.9 12CH4 - - - - 0.98 0.98 0.96 0.94 - - - -

23414.5 12CH4 - - - 0.98 0.97 0.96 0.91 0.85 - - - -

23414.9 12C16O - - - 0.96 - - 0.88 0.88 0.88 0.88 0.89 0.53
23415.6 ? - - - 0.97 0.95 0.92 - - - - - -
23416.9 ? - - - 0.95 0.92 - - - - - - -
23418 ? - - - - - - - 0.55 0.57 0.60 - 0.27

23420.3 H2O 0.80 0.80 0.84 0.83 0.80 0.80 0.76 0.77 0.76 0.77 0.78 0.29

23424.8 12CH4 - - - - 0.97 0.96 0.90 0.77 0.53 - - -

23425.1 12CH4 - - - 0.98 0.97 0.95 0.90 0.76 0.53 - - -

23427.6 12C16O - - - 0.98 0.96 0.94 0.91 0.90 0.89 0.87 0.88 0.51
23428.1 ? - - - 0.98 0.96 0.95 0.89 0.81 0.71 - - -
23429.8 ? - - - 0.96 0.92 0.84 0.66 0.50 - - - -
23431.5 ? - - - 0.98 0.96 0.94 0.87 0.72 - - - -

23432.6 12C16O - - - - 0.98 0.98 0.96 0.94 0.92 0.90 0.88 0.29
23432.9 ? - - - - 0.97 0.96 - - - - - -

23434.9 12CH4 - - - - 0.97 0.96 0.91 0.82 0.68 0.60 0.58 0.26
23436.6 ? - - - - - - - - - - 0.49 -
23438.3 ? - - - - - - - - 0.64 0.58 0.58 0.28

23438.4 12CH4 - - - - 0.97 0.96 0.91 0.82 - - - -

23440.6 12C16O - - - 0.65 0.66 0.77 0.81 0.85 0.87 0.88 0.89 0.52
23444.3 ? - - - 0.98 0.97 0.95 0.89 0.78 0.63 0.54 - -
23444.6 ? - - - - - - - - - 0.57 0.60 0.30
23445.6 ? - - - 0.96 0.93 0.89 0.76 - - - - -
23446.7 ? - - - - - - - - - 0.85 0.85 0.45

23447.6 12CH4 - - - - - 0.98 0.97 0.95 0.90 - - -
23448.1 ? - - - - - - - - - - - 0.29

23449 12CH4 - - - - 0.99 0.98 0.97 0.94 0.85 0.69 - -

23450.3 12CH4 - - - - - - - 0.79 0.78 0.78 0.79 0.30
23451.2 ? - - - 0.98 0.96 0.94 - - - - - -

23451.6 12CH4 - - - - 0.97 0.96 0.93 0.85 0.69 - - -

23453.1 12C16O - - - - - - - 0.84 0.82 0.82 0.82 -
23453.5 ? - - - - 0.98 0.97 0.95 - - - - -

23454.2 12C16O - - - - - - - 0.91 0.88 0.89 0.89 0.52
23454.9 ? - - - 0.98 0.96 0.95 - - - - - -
23456.3 ? - - 0.97 0.94 0.87 0.78 0.61 0.52 0.45 - - -

23457.9 12CH4 - - - - 0.98 0.97 0.95 0.89 0.70 0.45 - -
23459.6 ? - - - 0.97 0.95 0.91 0.75 0.52 0.27 - - -
23460.1 ? - - 0.94 0.90 0.81 0.67 0.43 - - - - -
23464.5 ? - - - - - - - - - 0.78 0.77 0.36

23464.9 12CH4 - - - - - 0.98 0.97 0.94 0.85 - - -
23467.2 ? - - - 0.98 0.96 0.94 - - - - - -
23467.5 ? - - - 0.97 0.96 0.93 0.85 0.78 - - - -

23468 12C16O - - - - - - 0.89 0.88 0.88 0.88 0.89 0.52
23469.6 ? - - - 0.96 0.92 0.85 0.69 - - - - -
23473.5 ? - - - - - - - - - - 0.40 0.20

23474.3 12CH4 - - - - 0.98 0.98 0.96 0.90 0.71 0.43 - -
23475.3 ? - - - - - - - - - 0.49 0.52 0.26

23475.8 12CH4 - - - - 0.99 0.98 0.96 0.92 0.77 0.53 0.39 -
23478.2 ? - - - 0.96 0.92 0.84 0.63 0.42 - - - -

23480 12CH4 - - - - 0.98 0.97 0.93 0.83 - - - -

23481.3 12CH4 - - - - - 0.98 0.97 0.96 0.89 - - -
23482.3 ? - - - - - - - - 0.91 0.89 0.89 0.53
23484.8 ? - - - - 0.98 0.97 0.95 0.88 0.68 0.43 - -
23487.5 ? - - - 0.96 0.94 0.89 0.73 0.53 0.32 - - -
23487.8 ? - - - 0.96 0.93 0.87 0.69 0.47 0.26 - - -
23490.5 ? - - - - - - - - - 0.32 - -

23490.7 12CH4 - - - - 0.97 0.96 0.90 0.74 0.49 - - -
23492.9 ? - - - - 0.97 0.95 0.88 0.74 0.54 0.39 0.37 -
23494.3 ? - - - 0.97 0.96 0.93 0.82 - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K

23495 12C16O - - - - - - 0.78 0.81 0.81 0.81 0.81 -

23497.1 12C16O 0.46 0.37 0.57 0.68 0.70 0.80 0.83 0.87 0.88 0.89 0.90 0.52
23499 ? - - - - - - - - - - - 0.30

23499.5 ? - - 0.97 0.94 0.89 0.78 0.61 0.46 - - - -
23501.2 ? - - - - - - - 0.38 0.32 0.36 0.41 -

23504.6 12CH4 - - - - - 0.98 0.97 0.96 0.91 0.71 0.36 -
23505.1 ? - - - - - - - - - - 0.54 -

23505.9 12CH4 - - 0.96 0.93 - - - 0.79 - - - -
23507.5 ? - - - 0.97 0.93 0.85 0.71 - - - - -
23507.7 ? - - - - - - - - - 0.52 - -
23508.1 ? - - - - - - - - 0.56 0.60 0.64 0.33
23509.3 ? - - - - - - - - 0.62 0.56 0.56 -
23509.9 ? - - - - 0.98 0.96 0.91 - 0.54 - - -

23512.3 12C16O - - 0.68 0.76 0.73 0.79 0.83 0.88 0.88 0.89 0.90 0.53
23514.7 ? - - - - - - - - 0.60 0.63 0.67 0.30
23516.1 H2O - - 0.97 0.96 0.93 0.91 0.88 0.88 0.85 0.85 0.85 -

23516.6 12C16O - - - - - - 0.89 0.91 0.90 0.90 0.90 0.41

23518.2 12CH4 - - - 0.98 0.97 0.94 0.89 0.83 0.65 - - -
23518.7 ? - - 0.97 0.94 - - - - - - - -

23520.1 12C16O - - - 0.98 0.96 0.91 0.78 0.63 0.39 - - -
23521.1 ? - - - - - - - - - 0.38 0.43 -
23522.5 ? - - - 0.98 0.96 0.91 - - - - - -

23523 12CH4 - - - - 0.98 0.96 0.93 0.86 0.68 - - -

23524.2 12CH4 - - - - 0.98 0.96 0.92 0.86 0.74 0.69 0.67 -
23524.6 ? - - - - - - - - - - - 0.41
23525.1 ? - - - - - - - - - - - 0.37
23525.7 ? - - - - 0.66 0.61 0.59 0.63 0.60 0.62 0.65 -

23527.8 12C16O - - - 0.75 - 0.78 0.82 0.86 0.86 0.87 0.89 0.50
23528.6 H2O - 0.76 0.75 - - - - - - - - -

23530 12CH4 - 0.94 0.90 0.84 0.68 0.52 - - - - - -
23530.5 ? - - 0.97 0.93 0.83 0.68 0.52 0.48 - - - -
23531.1 ? - - - - - - - 0.50 0.47 0.51 0.57 -
23531.5 ? - - - - - - - - - 0.47 0.54 0.38

23532.5 12CH4 - - - - - 0.98 0.97 0.94 0.77 - - -
23533 ? - - - - - - - - - 0.30 - 0.28

23534.1 12CH4 - - - - 0.99 0.98 0.96 0.93 0.80 - - -
23534.2 ? - - - - - - - - - 0.70 0.63 0.39
23534.4 ? - - - - - - - - - - 0.63 -
23535.9 ? - - - - - - - - - - 0.40 0.25

23536.1 12CH4 - - - - - 0.98 0.97 0.96 0.87 0.62 - -
23537.3 ? - - - - - - - - - 0.56 0.61 0.40

23537.8 12CH4 - 0.96 0.93 0.87 - - - - - - - -

23538.7 12C16O - - - - 0.83 0.88 0.90 0.92 0.92 0.92 0.92 0.38
23540.2 ? - - - - - - - 0.64 0.62 0.66 - -
23540.8 ? - - - - - - - - - - 0.63 0.41
23541 ? - - 0.95 0.91 0.81 0.66 - - - - - -

23542.6 ? - - - 0.97 0.95 0.88 0.76 - - - - -

23543.8 12C16O - - - - - - - 0.86 0.86 0.87 0.88 0.49
23544.6 ? - - - 0.99 0.97 0.94 0.88 - - - - -
23546.4 ? - - - 0.97 0.94 0.85 0.67 0.52 0.31 - - -
23549 ? - - - 0.97 0.94 0.86 0.76 0.67 0.57 0.55 0.64 0.42

23551.1 ? - - - 0.97 0.95 0.89 0.77 0.62 0.48 0.48 0.55 -
23552.3 ? - - 0.98 0.96 0.89 0.75 0.52 - - - - -
23553.8 ? - - - - - - 0.44 0.50 0.50 0.55 0.61 0.40
23554.3 ? - - 0.98 0.96 0.90 0.78 0.50 0.35 - - - -
23555.5 ? - - - 0.98 0.96 0.92 0.81 0.63 - - - -
23556.2 ? - - - - - - - - 0.37 0.41 0.47 -

23558.1 12CH4 - - - - 0.98 0.96 0.90 0.78 0.55 - - -
23558.5 ? - - - - 0.92 - - - - - - -
23559 ? - - - - - - - - - - - 0.41

23560.2 12C16O - - - - 0.98 0.97 0.95 0.93 0.89 - - -
23560.3 ? - - - - - - - - - - - 0.51

23561.2 12C16O - - - - - - - 0.94 0.93 0.94 0.94 -
23562 ? - - - - 0.97 0.95 - - - - - -

23563.6 ? - - - - - - - - - 0.55 0.60 -
23564 ? - - 0.95 0.90 0.77 0.60 - - - - - -

23564.7 ? - - - - - - 0.53 0.63 0.62 0.66 0.71 0.45
23567.4 ? - - 0.95 0.89 0.76 0.60 - - - - - -
23568.6 H2O 0.90 0.91 0.91 0.90 0.86 0.83 0.81 0.83 0.81 0.81 0.82 0.37
23570.7 ? - - - - - - 0.50 0.61 0.60 0.64 0.69 0.43
23572.7 ? - - - 0.98 0.97 0.94 0.83 0.67 0.41 - - -
23573.1 ? - - - - - - - - 0.31 0.32 0.37 -
23575.1 ? - 0.60 0.60 0.59 0.54 0.55 - - - - 0.51 0.38

23577.1 12C16O - - 0.67 0.75 0.72 0.78 0.82 0.87 0.87 0.88 0.89 0.54

23579.6 12CH4 - - - - 0.98 0.96 0.94 0.87 0.67 0.49 - -
23579.9 ? - - - - - - - - - - 0.44 -
23580.3 ? - - - - - - - - - - 0.47 0.21
23580.7 ? - - - 0.97 0.93 0.84 - - - - - -
23583.4 ? - - - - 0.98 0.97 0.93 - - - - -
23583.9 ? - - - 0.99 0.97 0.95 - - - - - -
23584 ? - - - - - - 0.94 - - - - -

23584.1 12C16O - - - - - - - 0.95 0.94 0.94 0.94 0.52
23585.3 H2O - 0.95 0.95 0.93 0.90 0.88 0.87 0.88 0.87 0.87 0.88 0.42
23586.8 ? - - - - - - - - - - 0.68 0.32
23586.9 ? - - - - - - - - 0.65 - - -
23587.2 ? - - - - 0.97 0.95 0.90 0.80 - - - -
23589 ? - - - 0.99 0.97 0.94 0.87 - - - - -

23590.3 ? - - - - - - 0.59 0.53 - - - -
23590.4 ? - - 0.98 0.96 0.91 0.80 - - - - - -
23590.7 ? - - 0.95 - - - - - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
23591.3 ? - - - - - - - 0.66 0.66 0.70 0.68 0.48
23591.7 ? - - - - - - - 0.55 0.54 0.58 0.67 -
23591.8 ? - - - - - - 0.49 - - - - -
23594.3 ? - 0.48 0.61 - 0.70 0.75 - - - - - 0.49

23594.4 12C16O - - - 0.74 - - 0.82 0.86 0.86 0.87 0.89 -
23596.8 ? - - 0.97 0.94 0.86 0.72 0.52 0.43 - - - -
23599.1 ? - - - - - 0.46 0.54 0.64 0.64 0.68 0.59 0.45

23599.9 12CH4 0.87 0.82 0.75 0.63 - - - - - - - -
23601 ? - - - - 0.38 - - - - - - -

23601.2 ? 0.60 - - - - - - - - - - -
23602.7 ? - - - - - - - - - - - 0.29
23602.8 ? - - - - - - - - 0.45 0.48 0.53 -
23603.1 ? - - 0.96 0.92 0.83 0.68 0.55 - - - - -
23606.7 ? - - 0.94 0.89 - - - - - - - -
23607.3 ? - - - - - - - - - - - 0.49

23607.4 12C16O - - - - 0.88 0.91 0.93 0.94 0.93 0.94 0.93 -
23609.2 ? - - 0.97 0.94 0.88 0.77 0.63 - - - - -
23612 ? - - - - - - - - - - - 0.44

23612.1 12C16O - 0.49 0.60 0.71 0.69 0.76 0.81 0.84 0.84 0.86 0.86 -
23614.5 ? - - - - - - 0.42 0.45 0.45 0.50 0.54 -
23615.8 ? - - - - - - - - - - 0.59 0.45

23615.9 12CH4 - - - - - - - 0.84 0.74 0.59 - -
23616 ? - - - - 0.98 0.97 0.94 - - - - -

23616.3 ? - - - - - - - - 0.56 - - -
23616.4 ? - - - - 0.98 0.96 0.92 0.79 - - - -
23616.9 ? - - - - - - - - - - 0.57 -
23617.9 ? - - - 0.96 0.92 0.83 0.66 - - - - -
23618.4 ? - - - - - - - - 0.34 0.38 0.41 -
23619.3 ? - - - 0.97 0.94 0.85 0.67 0.46 - - - -
23620.6 ? - - - - - 0.42 0.45 0.47 - - - -
23620.8 ? - - 0.67 - - - - - - - - 0.24
23621.6 ? - - - - - - - - 0.36 0.39 - -
23622 ? 0.56 0.58 - - - - - - - - - -

23623.7 ? - - 0.22 0.30 0.35 0.22 0.29 0.32 - - - -
23624.7 ? - - - - - - - - - 0.50 0.56 -
23624.8 ? - - - 0.36 0.44 0.51 0.58 0.63 - - - 0.45
23625.3 ? - - - - - - 0.34 0.38 0.44 0.49 0.53 -
23626.3 ? - - 0.96 0.92 0.83 0.65 0.44 - - - - -
23626.8 ? - - 0.97 0.95 0.88 0.75 0.56 0.38 - - - -
23627.8 ? - - - - - - 0.47 0.50 0.50 0.53 - 0.18
23630.2 ? - - - - - - - - - - - 0.45

23631.2 12C16O - - - - - 0.92 0.94 0.94 0.94 0.94 0.94 0.46
23631.9 ? - - 0.97 0.95 0.91 - - - - - - -

23633.4 12CH4 - 0.71 0.68 0.67 0.64 - - - - - - -
23633.5 ? - - - - - - - - 0.61 0.62 - -
23634.2 ? - - - - - - - 0.66 - - - 0.45
23635.6 ? - - - - - - 0.32 0.34 - - - -
23636.2 H2O 0.85 0.79 0.68 0.53 0.38 0.28 - - - - - -
23638.4 ? - - - 0.97 - - - - - - - -
23638.5 ? - - - - - - 0.74 - - - - -
23639 H2O - - - 0.98 0.95 0.91 0.82 0.68 - - - -

23639.4 H2O - - - - - - - 0.67 0.64 - - -
23639.5 ? - - - - - - - - - 0.67 0.68 0.28
23640.6 ? - - - 0.96 0.92 0.83 0.68 - - - - -
23644 ? - - - - - - 0.59 0.63 0.46 0.53 0.59 0.44

23644.5 ? - - - - - - - - 0.42 0.46 0.49 -
23645.1 ? - - - 0.98 0.97 0.94 0.85 0.64 - - - -
23645.9 ? - - - - - - - - - - 0.30 -
23648.4 ? - - 0.97 0.93 0.87 - - - - - - -
23648.5 ? - - - - - 0.82 - - - - - -
23648.6 ? - - - - - - 0.77 - - - - -

23648.7 12C16O - - - - - - - 0.80 0.80 0.82 0.83 0.42
23651.1 ? - - - - - - - - - - - 0.17
23651.2 ? - - - - - - 0.49 0.52 0.50 - - -
23651.5 ? - - - - - - - 0.35 - - - -
23651.6 ? - - 0.98 0.95 0.89 0.74 0.54 - - - - -
23654.3 ? - - - - - - - - - - - 0.46

23654.5 12CH4 - 0.96 0.93 0.88 - 0.92 - - - - - -
23655 ? - - 0.96 0.92 0.87 - - - - - - -

23655.4 12C16O - - - - 0.89 - 0.94 0.94 0.94 0.94 0.94 0.47
23659.5 ? - - - - - 0.24 0.30 0.34 0.33 0.39 0.44 -
23660.6 ? - - - 0.60 0.60 - - - - - - 0.34
23660.9 ? - - - - - 0.44 0.47 0.51 0.50 0.55 0.58 -
23662.3 ? - - - 0.98 - - - - - - - -
23662.5 ? - - - - 0.97 0.95 0.90 - 0.50 - - -
23662.6 ? - - - - - - - 0.82 - - - -
23663.2 ? - - - - - - - - - - 0.38 -
23664.9 ? - - - - - - - - - - 0.60 0.43
23665 ? - - - - - - 0.65 - 0.50 0.57 - -

23665.3 12C16O - - 0.98 0.95 0.90 0.79 - 0.54 - - - -
23667.6 ? - - - - 0.57 - - - - - - -

23667.7 12C16O - - - 0.66 - 0.67 0.73 0.77 0.78 0.80 0.81 0.41

23670.5 12CH4 - 0.95 0.92 0.83 0.69 - - - - - - -
23671.2 ? - - - - - - - - 0.55 0.59 - 0.29
23672 ? - - 0.96 0.91 0.84 0.73 0.63 - - - - -

23672.1 ? - - - - - - - - - - 0.61 -
23673.1 ? - - - 0.98 0.96 0.93 0.83 0.67 - - - -
23673.9 ? - - - - - - - - - 0.51 0.55 -
23674.3 ? - - - - - - - - - - - 0.37
23674.8 ? - - - 0.98 0.96 - - - - - - -

23675.2 12CH4 - - - - - 0.98 0.97 0.96 0.91 0.78 - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
23676.1 ? - - - - - - - - - - 0.67 0.46
23676.4 ? - - - 0.98 0.97 0.95 0.89 0.81 - - - -
23677.6 ? - - - 0.99 0.97 0.95 0.90 0.82 0.65 0.59 0.58 0.36

23680.1 12C16O - - - - 0.90 0.93 0.94 0.95 0.95 0.95 0.95 0.49

23680.9 12CH4 - 0.94 0.90 0.85 - - - - - - - -
23682.2 ? - - - 0.97 0.93 0.85 0.70 0.53 - - - -
23684.3 ? - - - - - - - - 0.46 0.49 - 0.17
23685 ? - - - 0.98 0.96 0.91 0.78 0.58 - - - -

23686.7 12CH4 - - - - 0.98 0.96 0.93 0.85 - - - 0.48
23686.8 ? - - - - - - - - 0.74 - - -
23687.1 ? - - - - - - - - 0.77 0.79 0.80 -
23687.5 ? - - - - - - - - - - 0.71 -
23689.3 H2O - - - - - 0.83 0.81 0.80 0.77 0.77 0.77 0.30
23689.8 ? - - - - - - 0.79 0.68 - - - -
23689.9 ? - - - 0.98 0.96 0.92 - - - - - -

23693 12CH4 - - - - 0.98 0.96 0.92 0.83 0.69 0.60 0.58 0.26
23695.6 ? - - 0.73 - 0.46 0.40 0.40 0.42 0.39 0.42 - -
23697.2 ? - - - - - - - - - - 0.49 0.35
23697.6 ? - - - - - - - - - 0.48 - -

23697.7 12CH4 - - - - - - 0.93 0.85 0.66 - - -

23698.6 12CH4 - - - - 0.98 0.97 0.95 0.88 0.70 - - -
23699 ? - - - - - - - 0.59 - - - -

23699.1 ? - - - - - - - - 0.58 0.60 - -
23699.5 ? - - - - - - - - - 0.64 0.69 0.47

23700.3 12CH4 - - - - 0.98 0.97 0.93 0.85 0.69 - - -
23701.3 ? - - - - 0.98 0.96 - - - - - -
23702.5 ? - - - - - - - - 0.69 0.51 - -

23702.6 12CH4 - - - - 0.98 0.97 0.95 0.89 - - - -
23703.6 ? - - - - - - - - - - - 0.20
23704.8 ? - - - - 0.99 0.98 0.96 - - - - -

23705.1 12C16O - - - - - - - 0.95 0.95 0.95 0.94 0.47
23705.9 ? - - - - 0.98 0.97 - - - - - -
23706 ? - - - - - - 0.96 - - - - -

23706.9 ? - - - - - - - - - 0.78 0.76 0.34

23707.1 12CH4 - - - - 0.98 0.97 0.95 0.90 - - - -
23707.4 ? - - - - 0.98 0.97 - - - - - -

23710.2 12CH4 - - - - 0.98 0.96 0.91 0.77 0.55 - - -
23711.5 ? - - - - 0.98 0.97 - - - - - -
23711.9 ? - - - - - - - - - - 0.67 0.46
23712.1 ? - - - 0.98 0.97 - - - - - - -

23712.5 12CH4 - - - - 0.99 0.98 0.96 0.94 0.87 0.75 - -
23713.8 ? - - - - - - - - - - 0.70 0.21
23713.9 ? - - - - - - - - - 0.77 - -

23714 12CH4 - - - - - - - 0.91 0.84 - - -
23714.1 ? - - - - 0.98 0.98 0.96 - - - - -

23715.3 12CH4 - - - - 0.99 0.98 0.97 0.94 0.88 0.69 - -

23715.8 12CH4 - - - - 0.98 0.98 0.96 0.93 0.85 0.72 - -
23716 ? - - - - - - - - - - - 0.26

23716.2 ? - - - - - - - - - - - 0.26
23716.3 ? - - - - - - - - - - 0.57 -
23717.7 ? - - - - - - - 0.69 0.53 0.47 0.44 0.23
23717.8 ? - - - - 0.97 0.95 0.89 - - - - -
23719.3 ? - - - - 0.97 0.96 0.91 0.77 0.51 - - -

23721.2 12CH4 - - - - 0.97 0.95 0.89 0.76 0.60 0.52 0.46 -
23721.3 ? - - - - - - - - - - - 0.18

23722.4 12CH4 - - - - 0.98 0.96 0.93 0.83 0.61 0.37 - -

23724.5 12C16O - - - - 0.97 0.95 0.88 0.77 - - - -
23724.6 ? - - - - - - - - 0.68 0.66 - -
23724.7 ? - - - - - - - - - - 0.66 0.46
23726.2 ? - - - 0.98 0.97 0.95 0.88 0.73 - - - -
23727.1 ? - - - - - - - - - 0.65 0.63 0.26
23727.7 ? - - - - - - - - 0.74 - - -

23727.8 12CH4 - - - - 0.98 0.97 0.94 0.89 - - - 0.24
23728.7 ? - - - - - - - - 0.77 0.66 - -
23728.8 ? - - - - - - - - - - 0.59 -
23730.2 ? - - - 0.97 0.94 0.90 - - - - - -

23730.7 12C16O - - - - - 0.93 0.94 0.95 0.95 0.95 0.95 0.50
23731.2 ? - - 0.98 0.96 0.93 - - - - - - -
23732.2 ? - - - 0.97 0.95 0.91 0.80 - - - - -
23732.6 ? - - - 0.98 0.96 0.93 0.84 0.69 - - - -
23735.6 ? - - - 0.98 0.97 0.94 0.86 0.66 0.42 - - -
23736 ? - - - - - - - - - 0.45 0.37 -

23736.1 ? - - - - 0.98 0.96 0.90 0.78 0.60 - - -

23737.8 12CH4 - - - - 0.98 0.97 0.93 0.86 0.76 0.70 - -
23737.9 ? - - - - - - - - - - 0.68 0.46
23739.7 ? - - 0.96 0.91 0.81 0.64 0.41 0.28 - - - -
23742.2 H2O - - - - - - - 0.58 0.62 0.66 - 0.37

23742.7 12CH4 - - - - 0.98 0.96 0.92 0.84 0.72 0.65 0.60 -
23743.9 H2O - - - 0.98 0.96 0.94 0.85 0.69 0.54 - - 0.33

23745.3 12CH4 - - - - 0.98 0.96 0.91 0.78 0.60 0.48 0.38 -
23745.8 ? - - - 0.97 0.95 0.92 0.80 0.60 0.39 - - -

23747.6 12CH4 - - - 0.98 0.97 0.95 0.87 0.71 - - - -
23747.8 ? - - - - - - - - - - 0.48 -
23748.3 ? - - - - - - - - 0.52 0.57 - -
23748.4 ? - - - - - - - - - - 0.50 0.28
23749.3 ? - - - 0.98 0.97 0.94 0.84 0.62 - - - -
23751.5 ? - - - - - - - - - 0.64 0.66 0.44

23751.6 12C16O - - - - - 0.63 0.52 0.58 0.63 - - -
23752.6 ? - - - 0.96 0.93 0.86 0.69 - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
23753.1 ? - - - - - - - 0.59 0.45 0.41 - -
23753.7 ? - - - 0.98 0.96 0.93 0.82 0.64 0.45 - - -
23756 ? - - - 0.98 0.97 0.95 - - - - - -

23756.6 12C16O - - - - - 0.93 0.93 0.94 0.95 0.95 0.94 0.50
23758.7 ? - - 0.96 0.93 - - - - - - - -
23759.5 ? - - - - - - - - - - 0.41 -
23759.6 ? - - - - - - - - - 0.48 - -
23759.7 ? - - - 0.98 0.96 0.94 0.85 0.71 0.56 - - -
23761.6 ? - - - - - - - - 0.60 0.58 0.56 0.33
23761.7 ? - - - 0.98 0.97 0.95 0.89 0.76 - - - -
23763.8 H2O - 0.79 0.75 0.66 0.57 0.49 0.42 0.43 0.45 - - -
23765.3 ? - - - 0.97 0.95 0.90 0.78 0.64 - - - -
23765.6 ? - - - - - - - - - 0.66 0.67 0.45

23765.7 12C16O - - 0.97 0.95 0.92 0.86 0.72 0.65 0.64 - - -
23766.9 ? - - - - - - - - - - - 0.36
23767 ? - - - - - - - - 0.63 0.64 - -

23767.1 ? - - - - - - - 0.72 - - - -
23767.2 ? - - - 0.98 0.97 0.94 0.86 - - - - -
23767.3 ? - - - 0.98 - - - 0.71 - - - -
23767.4 ? - - - - 0.97 0.95 0.87 - - - - -
23768.4 ? - - - - - - - - 0.60 0.64 0.50 0.31
23768.8 ? - - - - 0.98 0.96 0.91 - - - - -
23769.5 ? - - - - - - - - - - 0.54 0.31
23769.6 ? - - - - - - - - - 0.59 - -

23769.7 12CH4 - - - - 0.98 0.97 0.93 0.84 0.69 - - -
23771.8 H2O - - - 0.98 0.97 0.95 0.88 0.75 - - - -
23771.9 ? - - - - - - - - 0.65 0.59 0.55 -
23772 ? - - - - - - - - - - - 0.38

23773.9 ? - - - 0.98 0.97 0.94 0.86 0.70 0.49 - - -
23774 ? - - - - - - - - - 0.40 - -

23775.1 ? - - - 0.98 0.97 0.94 - - 0.47 0.33 - -
23775.2 ? - - - - - - 0.87 0.71 - - - -

23775.5 12CH4 - - - - 0.98 0.97 0.94 0.86 0.66 - - -
23775.6 ? - - - - - - - - - 0.47 - -
23776.7 ? - - - - - - - - - 0.27 - -
23779.7 ? 0.63 0.55 0.58 - - - - - - - - -

23780.1 12C16O - - 0.39 0.50 0.56 0.61 0.50 0.56 0.61 0.67 0.68 0.44
23781.9 H2O 0.92 0.89 0.88 0.87 0.83 0.80 - - - - - -

23783 12C16O - - - - 0.89 0.92 0.93 0.94 0.95 0.95 0.94 0.50
23783.4 ? - - 0.96 0.93 0.90 - - - - - - -
23784.8 ? - - - - - - - - - 0.62 0.62 0.29
23787 ? - - 0.96 0.92 0.84 0.71 - - - - - -

23787.5 H2O - - - - - - 0.52 0.54 0.58 - - 0.38
23787.6 ? - - - - - 0.57 - - - - - -
23787.9 ? - - - - - - - 0.48 0.42 - - -
23788 ? - - - 0.96 0.92 0.84 0.67 - - - - -

23789.1 ? - - - - - - - - - - - 0.23

23790.4 12CH4 - - - - 0.97 0.96 0.91 0.82 0.69 0.60 0.52 -
23790.5 ? - - - - - - - - - - - 0.23
23792.8 ? - - - - - 0.35 - - - - - -
23792.9 ? - - - 0.41 - - 0.33 0.35 0.39 0.45 0.43 -
23793 ? - - - - 0.44 - - - - - - -

23793.3 ? - - - 0.42 0.40 0.42 0.41 0.45 0.49 - - -

23795 12C16O - - 0.31 0.43 0.51 0.58 0.41 0.48 0.56 0.63 0.65 0.43
23797 ? - - 0.43 0.38 0.32 - - 0.31 - - - -
23798 ? - - - - - - - - 0.38 0.46 0.47 0.26
23799 ? - - - 0.98 0.95 0.89 0.72 0.49 - - - -

23800.5 ? - - - - - - - 0.50 0.54 0.56 0.55 0.26
23801.5 ? - - - 0.98 0.95 0.90 - - - - - -
23801.6 ? - - - - - - 0.82 0.69 - - - -
23801.7 ? - - - - - - - - 0.63 0.59 0.37 -

23804.1 12CH4 - - - - 0.98 0.97 0.96 0.92 0.78 0.55 - -
23804.6 ? - - - - - - - - - - 0.34 -
23804.7 ? - - - - - - - - - 0.43 - -
23807.9 H2O - - 0.97 0.95 0.94 0.93 0.92 0.92 0.92 0.91 0.91 0.48

23809.9 12C16O - - - 0.84 0.91 0.94 0.95 0.95 0.95 0.95 0.95 0.51
23810.4 ? - - - - - - - - - - - 0.44
23811.9 ? - 0.53 - - - - - - - - - -

23812.4 12C16O - - - - - - 0.61 0.64 0.66 0.66 0.64 0.27

23813.3 12CH4 - 0.96 0.94 0.87 0.77 0.64 - - - - - -
23814.6 ? - - 0.98 0.95 0.91 0.80 0.61 - - - - -
23815.6 ? - - - - - - - - 0.59 0.60 0.61 0.38
23815.7 ? - - - - 0.74 0.66 0.61 0.59 - - - -

23815.8 12CH4 - 0.95 0.93 0.87 - - - - - - - -
23816.2 ? - - 0.95 0.90 0.79 0.63 - - - - - -
23816.8 ? - - - - - - 0.53 0.56 0.59 0.61 - -

23818 12CH4 - 0.95 0.93 0.85 0.70 0.51 0.33 - - - - -
23818.1 ? - - - - - - - 0.23 - - - -
23821.6 ? - - - - - - - 0.55 0.58 - - -
23821.7 ? 0.45 0.44 0.50 0.51 0.52 0.54 0.57 - - - 0.37 -
23822 ? 0.45 - - - - - - - - - - -

23822.1 ? - 0.42 0.43 - - - - - - - - -
23822.2 ? - - - 0.39 0.39 0.42 0.44 0.46 0.49 0.52 - -
23823.2 ? - - - - - - - 0.45 0.50 0.53 0.53 0.34
23823.3 ? - - - 0.33 - - - - - - - -
23825.6 ? - - 0.97 0.94 0.89 0.80 - - - - - -
23826 ? - - 0.87 - - - - - - - - -

23826.1 12C16O - - - 0.84 0.82 0.81 0.78 0.78 0.79 0.80 0.79 0.45
23828.9 ? - - - - - - - - - 0.62 0.62 -
23829.9 H2O - - - 0.98 0.96 0.93 0.85 0.74 0.66 - - -
23831.3 ? - - 0.98 0.96 0.92 0.84 0.68 - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
23832.3 ? - - - 0.98 0.96 0.92 - - - - - -
23832.4 ? - - - - - - 0.85 0.68 0.52 - - -

23834.2 12CH4 - - - - 0.98 0.97 0.94 0.86 - - - -
23834.9 ? - - - - - - - - 0.74 0.75 0.73 -

23837.2 12C16O - - 0.78 0.83 0.90 0.93 0.95 0.95 0.95 0.95 0.95 0.52
23839.2 ? - - - 0.98 0.96 0.93 - - - - - -
23840.1 ? - - - - - - - - - 0.86 0.84 -
23840.2 H2O - - - - 0.96 0.95 0.93 0.90 0.89 - - -
23840.3 ? - - - 0.98 - - - - - - - -

23842.4 12C16O - - - - 0.61 0.65 0.57 0.61 0.64 0.66 0.66 0.43
23844.1 ? - - - - - - - - - 0.70 0.67 -
23844.4 ? - - - - - - - - - - - 0.33

23844.8 12CH4 - - - 0.99 0.97 0.96 0.92 0.81 - - - -

23846.3 12CH4 - - - 0.98 0.97 0.95 0.90 0.79 0.66 - - -
23846.4 ? - - - - - - - - - 0.57 - -
23846.6 ? - - - - - - - - - - 0.56 -
23846.7 H2O - - - 0.97 0.94 0.89 0.80 0.70 - 0.58 - 0.47
23848.2 ? - - - - - - - - - - - 0.30
23849.7 ? - - - - - - - 0.33 0.35 0.35 0.31 -
23850.3 ? - - 0.95 0.91 0.81 0.66 0.48 0.34 - - - -
23851.4 ? - - - - - - - - 0.30 0.31 0.29 -
23852.5 ? - - - - - - - - - - - 0.32
23853.2 ? 0.46 0.39 0.47 0.48 0.49 0.50 0.52 0.53 0.56 0.57 0.57 -
23854.8 ? - - - - - 0.36 0.38 0.39 0.41 0.40 - -
23854.9 ? - - - 0.32 0.35 - - - - - 0.38 0.23
23855 ? 0.74 0.69 - - - - - - - - - -

23857.7 12CH4 - - - - - 0.71 0.75 0.78 0.80 0.81 0.80 -
23857.8 ? - - - - - - - - - - - 0.45
23858.6 ? - - 0.96 0.92 0.85 - - - - - - -
23859 ? - - - - - - - - - - - 0.42

23859.7 ? - - - - - - - - 0.74 0.73 0.69 -
23859.8 H2O - - - - - - 0.80 0.77 - - - -
23859.9 ? - - 0.98 0.95 0.92 0.87 - - - - - -
23861.7 ? - - - 0.98 0.96 0.93 0.83 0.69 - - - -
23861.8 ? - - - - - - - - 0.58 - - -
23862.1 ? - - - - - - 0.67 0.66 0.67 - - -
23862.2 ? - - - - - - - - - 0.63 0.62 0.41
23863.6 ? - - - - 0.98 0.96 0.92 0.83 - - - -

23864.9 12C16O - - - - 0.90 0.93 0.94 0.95 0.95 0.95 0.94 0.51

23866.9 12CH4 - - - - 0.99 0.98 0.97 0.94 0.86 0.69 - -
23867.9 ? - - - - - - - - - - - 0.34
23868.9 ? - - - - - - 0.60 0.60 0.63 - - -
23869 ? - - - - - - - - - 0.65 0.64 0.34

23870.5 ? - - - - - - - - 0.62 0.63 0.63 -
23870.6 ? - - 0.62 0.59 0.58 0.60 0.62 0.65 - - - 0.39
23872.4 H2O - - - 0.64 0.62 0.62 0.63 0.65 0.68 - - -
23872.5 ? - - - - - - - - - 0.65 0.65 0.40
23873.9 ? - - - - - - - - - 0.57 - 0.36

23874 12CH4 - - - - 0.98 0.97 0.94 0.85 0.71 - - -

23875.7 12C16O - - - 0.98 0.97 0.94 0.86 0.73 - - - -
23875.8 ? - - - - - - - - 0.64 - - -
23876 ? - - - - - - - - 0.62 - - -

23876.1 ? - - - - - - - - - 0.64 0.65 0.42
23878.4 ? - - 0.51 0.44 - - - - - - - -

23881.3 12C16O - - - - - - 0.91 0.90 0.90 0.90 0.88 -
23881.4 ? - - - 0.97 0.95 0.94 - - - - - 0.47
23883.5 ? - - - - - - - - - 0.66 0.67 0.48
23883.7 ? - - - - - - - - 0.68 - - -
23883.8 H2O - - - 0.61 0.61 0.62 0.65 0.67 - - - -

23885.7 12CH4 - 0.88 0.82 0.71 0.58 0.47 - - - - - -
23887.2 ? - - - - - - - - - 0.49 0.48 0.37
23888.4 ? - - 0.95 0.91 0.84 0.74 - - - - - -
23888.5 ? - - - - - - 0.67 0.61 0.58 - - -
23888.6 ? - - - - - - - - - 0.57 0.54 -

23893.1 12C16O - 0.68 0.79 0.83 0.89 0.93 0.94 0.94 0.95 0.95 0.94 0.53
23893.6 H2O 0.83 0.52 - - - - - - - - - 0.49

23897.4 12CH4 - - - - 0.98 0.97 0.94 0.86 0.67 0.44 - -
23901.5 ? - - - 0.99 0.97 0.95 0.87 0.67 - - - -
23902.2 ? - - - - - - - - 0.45 0.48 0.53 0.38

23903.2 12CH4 - 0.91 0.87 0.77 0.59 0.44 - - - - - -

23904.7 12C16O - 0.43 0.53 0.66 0.59 0.68 0.74 0.77 0.80 0.81 0.82 0.42
23910 ? - - - 0.98 0.96 0.93 0.84 - - - - -

23910.1 ? - - - - - - - 0.69 0.48 - - -
23910.3 ? - - - - - - - - - 0.45 - -
23910.4 ? - - - - - - - - - - 0.51 0.37

23911.5 12C16O - - - - 0.48 0.54 - 0.47 0.52 0.55 0.59 0.38
23912.1 ? - - - - - - - - 0.53 0.54 0.56 -
23913 ? - - - 0.98 0.97 0.94 0.87 0.72 - - - -

23914.7 H2O - - - - - - 0.86 0.84 0.84 0.83 0.82 -
23915.6 ? - - - 0.98 0.96 0.94 - - - - - -
23916.8 H2O - - - - - - - 0.68 0.71 0.73 0.76 0.50
23918.9 ? - - - - - - - - - 0.50 0.53 0.34

23921.8 12C16O 0.25 0.53 0.73 0.81 0.88 0.92 0.94 0.94 0.95 0.95 0.94 0.52
23923.6 ? 0.68 0.74 0.61 - - - - - - - 0.63 0.39
23925.7 ? - - - - - 0.36 0.41 0.43 0.47 0.47 0.50 -
23926.9 ? - - 0.98 0.96 0.92 0.85 0.74 0.64 - - - -
23927 ? - - - - - - - - 0.64 0.61 - -

23927.5 ? - - 0.98 0.96 0.93 0.86 0.72 0.56 - - - -

23928.9 12C16O - - - 0.68 0.60 0.69 0.76 0.79 0.81 0.82 0.83 -
23931.3 ? - - - - - - - - - - - 0.30



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K

23931.8 12CH4 - - - 0.98 0.97 0.95 0.88 0.76 0.63 0.53 - -
23931.9 ? - - - - - - - - - - 0.52 -

23933.4 12CH4 - - - 0.98 0.97 0.95 0.88 0.72 0.53 0.37 - -
23936 ? - - - 0.97 0.95 0.90 0.78 0.63 - - - -

23936.1 ? - - - - - - - - 0.57 0.52 0.52 -
23936.2 ? - - - - - - - - - - - 0.28
23936.4 ? - - - - - - 0.55 - - - - -
23936.5 ? - - 0.97 0.95 0.89 0.77 - - - - - -
23937.4 ? - - - - - - - - 0.42 0.46 0.50 0.36
23938 ? - - - - - 0.27 - - - - - -

23938.1 ? - - - - - - 0.30 0.34 0.39 0.41 - -
23940.9 ? - - - - - - - - 0.25 0.26 - -
23941.3 H2O - 0.91 0.87 0.78 0.58 0.42 - - - - - -
23942.6 ? - - - 0.99 0.97 0.95 0.89 0.73 - - - -
23943.8 H2O - - - 0.88 0.83 0.80 0.78 0.77 0.77 0.76 0.76 0.29
23947.3 ? - - - - - - - - - - - 0.36
23948.2 ? - - - 0.99 0.97 0.95 0.90 0.80 0.69 - - -
23948.7 ? - - - - - - - - - - 0.66 0.40
23948.8 ? - - - - - - - - 0.67 - - -

23950.9 12C16O - - - - - - - 0.95 0.95 0.95 0.94 0.52
23951 ? - - - - 0.98 0.97 0.96 - - - - -

23953.5 12C16O - - - 0.71 0.65 0.72 0.77 0.80 0.82 0.83 0.84 0.44
23955 ? - - - - 0.97 0.96 0.91 0.79 0.61 - - -

23955.5 ? - - - 0.98 0.96 0.94 0.86 0.69 0.49 - - -
23956.1 ? - - - 0.97 0.94 - - - - - - -
23957.6 ? - - - - - - - - 0.46 0.48 0.52 0.36
23957.7 ? - - - - - - - 0.43 - - - -
23958 ? - - - 0.97 0.94 0.88 0.74 0.55 0.38 - - -

23960.4 ? - 0.73 0.71 0.59 0.49 0.49 0.52 0.54 0.58 0.59 - 0.35
23960.5 ? - - - - - - - - - - 0.53 -
23961.7 ? - - - - - - - - - - 0.51 0.31
23962.2 ? - - - 0.98 0.95 0.91 0.80 0.65 0.55 0.48 - -
23963.3 ? - - - - - - - - - 0.59 0.62 0.40
23963.4 H2O - - - - - - - 0.69 0.63 - - -
23963.5 ? - - - 0.98 0.96 0.93 0.84 - - - - -
23964.5 ? - - - 0.98 0.95 0.92 0.81 0.63 - - - -
23966.3 ? - - - - - - - - - 0.52 0.54 0.27

23966.7 12CH4 - - - 0.99 0.97 0.95 0.90 0.77 - - - -
23967.9 ? - - - - - - - - - - 0.57 -
23968 ? - - - - - - - - - - - 0.35

23968.6 12CH4 - - - - 0.98 0.97 0.95 0.89 0.78 - - -
23969.3 ? - - - - - - - - - - 0.66 -

23971.4 12CH4 - 0.96 0.95 0.92 0.85 0.77 - - - - - -
23972.2 ? - - - - - - - - - 0.67 0.69 0.39
23972.3 H2O - - - - - - - 0.66 0.67 - - -
23972.7 ? - - 0.96 0.93 0.87 0.80 0.70 - - - - -
23974.4 ? - - 0.97 0.95 0.91 0.85 - - - - - -
23975 ? - - 0.98 0.96 0.94 0.90 0.81 0.64 - - - -

23976.4 ? - - - - - - - - - 0.48 0.50 -
23976.5 ? - - - 0.94 0.89 - - - - - - 0.26
23977.5 ? - - 0.98 0.97 0.94 0.91 0.84 - - - - -
23977.9 ? - - 0.96 0.93 0.88 - - - - - - -
23978.6 ? - - - - - - 0.84 0.84 0.84 0.84 0.85 0.45
23980.4 ? - - - - - - - - - - - 0.49

23981.2 12CH4 - - - - - - 0.99 0.99 0.98 0.98 0.96 -
23981.9 ? - - - - - - - - - - - 0.38
23983.9 ? - - - - - - - - - - - 0.29
23985 ? - - - - - - - - - 0.44 0.44 -

23985.5 ? - - 0.98 0.96 0.93 0.89 0.78 0.58 - - - -
23985.9 ? - - 0.97 0.95 0.91 0.84 - - - - - -
23986.9 ? - - - - - - - - 0.43 - - -
23987 ? - - - - - - - - - 0.47 0.50 -

23987.3 12CH4 - 0.94 0.91 0.84 0.65 - - - - - - -
23987.6 ? - - - - - - 0.53 - - - - 0.30

23989.5 12CH4 - - - - 0.97 0.96 0.92 0.80 0.56 - - -
23991.2 ? - - - - - - - 0.42 0.47 0.50 0.55 0.38
23992.8 ? - - 0.96 0.93 - - - - - - - -
23993.7 ? - - 0.97 0.95 0.90 0.82 0.69 - - - - -
23993.8 ? - - - - - - - 0.62 0.58 - - 0.39
23994.1 ? - - - - - - - - 0.65 0.66 0.68 0.40
23995 ? - - - - 0.98 0.97 0.94 0.86 - - - -

23996.7 ? - - - - - - - - 0.39 0.38 0.42 0.27
23997.1 ? - - - 0.98 0.97 0.95 0.87 0.68 0.43 - - -
23999.7 ? - - 0.97 0.94 0.87 0.74 0.57 - - - - -
24000.4 ? - - - - - - - - 0.40 0.45 0.51 0.30

24001.5 12CH4 - 0.88 0.87 0.78 - - - - - - - -
24002.3 ? - - - - - - - - 0.56 0.58 0.61 -
24002.6 ? - - 0.95 0.92 0.86 0.77 0.63 - - - - -

24004.1 12C16O - - - - - - 0.77 0.80 0.82 0.83 0.85 0.43

24005.2 12CH4 - - - - 0.97 0.96 0.91 0.81 - - - -

24006.2 12CH4 - - - 0.98 0.97 0.95 0.90 0.77 - - - -
24008.4 ? - - - - - - - - - 0.58 0.62 0.27
24009.2 ? - - - - 0.92 0.87 - - - - - -
24009.6 ? - - - 0.97 0.95 0.92 - - - - - -

24010.5 12C16O - - - - - - 0.92 0.93 0.94 0.94 0.94 0.50
24011.4 ? - - - 0.96 0.94 - - - - - - -
24011.7 ? - - - - - 0.89 0.79 - - - - -
24012.1 ? - - - - - - - - - - - 0.46
24013.7 ? - - - - - - - - - 0.59 0.64 0.35
24014 ? - - 0.97 0.96 0.94 0.90 0.80 0.69 - - - -

24015.5 ? - - - - 0.90 0.82 - - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
24015.6 ? - - - - 0.90 0.82 - - - - - -
24015.7 ? - - 0.97 0.94 - - 0.68 0.58 0.53 0.53 0.57 0.34
24015.9 ? - - - 0.94 0.90 - - - - - - -
24017.8 ? - - 0.94 - - - - - - - - -
24017.9 ? - - - 0.92 0.87 0.78 0.67 - - - - -
24018 H2O - - - - - - - 0.62 0.60 - - -

24018.1 ? - - - - - - - - - 0.61 0.64 -
24018.3 ? - - - - - - - - - - - 0.24
24019.5 ? - - - - - - - 0.49 0.49 0.51 - -
24019.8 ? - - - - - - - 0.51 - - - -
24019.9 ? - - 0.97 0.95 0.93 0.87 0.73 - - - - -

24021.1 12CH4 - - - - 0.98 0.97 0.95 0.89 0.75 - - -
24021.2 ? - - - - - - - - - 0.62 0.57 -
24021.3 ? - - - - - - - - - - - 0.32

24022.9 12CH4 - - - - 0.97 0.96 0.91 0.80 0.65 - - -
24023.5 ? - - - - - - - - - 0.61 0.65 -

24024.3 12CH4 - 0.93 0.92 0.87 0.79 - - - - - - -
24024.9 ? - - - - - - - - - - - 0.35
24026.3 ? 0.75 0.72 0.71 0.63 - - - - - - - -
24026.8 H2O - - - - 0.63 0.64 0.63 0.65 0.68 0.71 0.74 -
24026.9 ? - - - - - - - - - - - 0.44

24027.8 12CH4 - 0.85 0.83 0.73 - - - - - - - -
24028.6 ? - - - - - - - - 0.51 0.55 0.60 0.35
24028.9 ? - - 0.94 0.89 0.81 0.69 - - - - - -

24030.1 12C16O - - - - - - 0.80 0.82 0.83 0.85 0.86 0.45
24030.2 ? - - - - 0.83 0.81 - - - - - -
24031.3 ? - - - 0.96 0.94 0.89 0.76 - - - - -
24031.6 ? - - - - - - - - - - - 0.26

24032.3 12CH4 - - - 0.98 0.97 0.95 0.89 0.75 0.54 - - -
24033.5 ? - - - - - - - - 0.41 0.45 0.50 0.25

24034.4 12CH4 - 0.93 0.92 0.86 0.74 0.58 - - - - - -

24034.9 12CH4 - 0.92 0.92 0.87 0.77 0.61 0.41 - - - - -
24036.1 ? - - - - - - - 0.38 0.40 0.43 0.48 -

24036.2 12CH4 - 0.84 0.82 0.73 0.61 0.52 0.43 - - - - -
24036.5 ? - - - - - - - - 0.26 0.27 0.32 -

24038.2 12CH4 - - - 0.98 0.97 0.95 0.89 0.75 0.55 - - -
24039.3 ? - - - - - - - - - 0.62 - 0.33
24039.8 ? - - 0.95 0.92 0.88 0.81 - - - - - -

24041 12C16O - - - - - 0.91 0.92 0.93 0.93 0.94 0.94 0.51
24041.3 ? - - - - - - 0.90 - - - - -
24041.4 ? - - - - 0.97 0.96 - - - - - -
24042.9 H2O - - - - - 0.93 0.92 0.91 0.91 0.91 0.91 -
24043.9 ? - - - - 0.97 0.96 0.92 - - - - -
24047.2 ? - - 0.97 0.96 0.93 0.87 0.72 - - - - -
24047.6 ? - - - - - - - - - - - 0.36
24047.8 ? - - - - - - - 0.59 - - - -
24048.9 H2O - - - - - - - 0.61 0.65 0.70 0.75 0.52

24050 12CH4 - 0.94 0.93 0.89 0.83 0.72 0.59 - - - - -

24052 12CH4 - - - 0.97 0.96 0.94 0.90 0.81 0.68 0.57 0.54 0.20
24052.6 ? - - - 0.97 0.94 0.90 0.75 - - - - -
24053.9 ? - - 0.96 0.94 0.89 0.79 - - - - - -
24054.3 ? - - - 0.96 0.93 0.86 0.69 - - - - -
24056.3 ? - - - - 0.98 0.98 - - - - - -

24056.4 12C16O - - - - - - 0.96 0.94 0.90 - - -
24056.5 ? - - - - - - - - - 0.88 0.87 0.45
24057.8 ? - - 0.93 0.88 0.80 - - - - - - -

24059.3 12CH4 0.80 0.75 0.71 0.56 0.42 - - - - - - -
24061.3 ? - - - - - - - - 0.57 0.60 0.65 0.38
24061.9 ? - - - 0.98 0.97 0.94 0.87 0.72 - - - -
24063.2 ? - - - - - - - - 0.30 0.34 0.41 -
24063.3 ? - - - - - - - - - - - 0.25
24063.6 ? - - - - - - - - - - - 0.28
24063.7 ? - - - - - - - - - 0.45 0.52 -

24064.9 12CH4 - 0.85 0.81 0.68 0.49 - - - - - - -
24065.2 ? - - - - - 0.41 0.39 0.43 0.47 0.51 0.57 0.27
24066.3 ? - - - - - 0.24 0.25 0.30 0.35 0.40 0.46 -

24066.9 12CH4 0.65 0.57 0.54 0.43 0.28 - - - - - - -

24067.4 12CH4 0.61 0.54 0.54 0.44 - - - - - - - -
24069.1 ? - - - - - - - 0.57 0.58 - - -

24069.4 12CH4 - 0.92 0.91 0.86 - - - - - - - -
24069.5 ? - - - - 0.82 0.74 0.64 0.59 0.57 - - -

24070.6 12CH4 - 0.86 0.83 0.77 0.69 - - - - - - -

24071.9 12C16O - - - - - - - 0.92 0.93 0.93 0.93 0.49

24072.5 12CH4 - - - - - - - 0.85 - - - -
24072.6 ? - - - - 0.98 0.96 0.93 - - - - -
24074.6 ? - - - - - - - - - 0.49 0.54 0.25

24075.2 12CH4 - - - 0.98 0.97 0.96 0.91 0.80 0.62 - - -
24076.9 H2O - - - - - - 0.87 0.86 0.85 0.85 0.85 0.34
24077.6 ? - - - 0.97 0.95 0.91 - - - - - -
24078.8 ? - - - - - - - - - - 0.56 -
24079.3 ? - - 0.95 0.93 0.90 0.83 0.70 - - - - -

24079.8 12CH4 - 0.88 0.87 0.81 - - - - - - - -
24081.2 H2O - - - - 0.98 0.97 0.94 0.90 0.84 0.81 0.80 0.42
24082.8 ? - - 0.89 0.85 0.80 - - - - - - -
24082.9 ? - - - - - 0.79 - - - - - -
24083 H2O - - - - - - 0.76 0.77 - - - 0.40

24083.4 12C16O - - - - - - 0.81 0.83 0.85 0.86 0.87 0.46
24084.1 ? - - - 0.93 0.89 0.82 - - - - - -
24084.2 ? - - 0.97 - - - - - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
24084.6 ? - - - - - - - - - - - 0.43

24085.6 12CH4 - 0.90 0.90 0.85 0.75 0.63 - - - - - -
24086.9 ? - - - - - - - 0.51 0.55 0.59 0.64 0.34
24088 ? - - 0.96 - - - - - - - - -

24088.1 ? - - - 0.94 0.90 0.82 0.72 0.66 - - - -
24088.2 ? - - - - - - - - 0.66 - - -
24088.3 ? - - - - - - - - - 0.68 0.72 -
24088.5 ? - - - - - - - - - - - 0.44

24090.5 12CH4 - - - - 0.98 0.97 0.95 0.91 0.81 0.68 - -
24090.6 ? - - - - - - - - - - 0.63 -
24090.8 ? - - - - - - - - - - 0.65 0.38

24093.2 12CH4 - - - - 0.98 0.98 0.96 0.92 0.83 - - -
24093.8 ? - - - - - - - - 0.73 0.74 0.77 0.43

24096 12CH4 - - - - 0.97 0.96 0.92 0.82 0.64 - - -
24096.1 ? - - - - - - - - - 0.54 0.49 -
24097.3 ? - - - - - - - 0.52 0.53 0.57 0.62 0.36
24097.4 ? - - - - - - 0.57 - - - - -
24098.5 ? - - 0.97 0.94 0.90 0.82 0.67 - - - - -
24098.7 ? - - - - - - - - 0.57 0.59 0.62 -
24099.2 ? - - - - - - - 0.57 0.59 0.62 0.65 -
24099.8 ? - - - - - - - 0.52 0.55 0.59 0.64 0.37
24101.1 ? - - 0.97 0.95 0.92 - - - - - - -
24101.9 ? - - - - - - - - - - - 0.40
24102.1 ? - - - - 0.97 0.96 0.93 - - - - -
24102.7 ? - - - 0.98 0.97 0.96 0.93 - - - - -

24103.3 12C16O - - - - - - 0.92 0.92 0.92 0.92 0.92 0.48
24104.8 ? - - 0.92 0.86 0.75 - - - - - - -
24107.4 ? - - - - - - - - - - 0.59 -
24107.5 ? - - - - - 0.58 0.60 0.65 0.65 0.67 - 0.41
24108.8 ? - - - - - - - 0.56 0.49 - - -
24108.9 ? - - 0.97 0.94 0.90 0.82 0.68 - - - - -

24110.7 12C16O - - - - - 0.73 0.78 0.82 0.82 0.83 0.84 0.44
24111.9 ? - - - - - - 0.72 - - - - -
24112 ? - - 0.97 0.95 0.92 0.87 - - - - - -

24113.2 ? - - - - - - - - 0.36 0.37 0.40 -

24114.5 12CH4 0.80 0.76 0.71 0.59 - - - - - - - -
24115.2 ? - - - - 0.52 0.55 0.57 0.62 0.62 0.60 - -
24115.3 ? - - - - - - - - - - 0.64 0.40
24116.5 ? - - 0.97 0.96 0.92 0.86 - - - - - -
24117.4 H2O - - - - - - 0.81 0.81 0.80 0.79 0.79 -
24117.5 ? - - - - - - - - - - - 0.39
24118.6 ? - - - - - - - - - - - 0.33
24121.2 ? - - - - - - - - - - 0.28 -
24121.4 ? - - 0.96 0.93 0.87 0.75 0.57 0.42 0.31 - - -
24123.1 ? - - - 0.97 0.95 0.93 0.85 0.75 - - - -
24123.2 ? - - - - - - - - 0.68 0.64 0.63 0.31
24123.6 ? - - 0.97 0.95 0.92 0.86 0.72 - - - - -
24124.8 ? - - - - - - - 0.60 0.60 - - 0.39
24124.9 ? - - - - - - 0.59 - - - - -

24125.1 12CH4 - 0.94 0.93 0.88 0.80 0.69 - - - - - -
24126.5 ? - - - - - - - - - 0.54 0.56 0.26

24127 12CH4 - - - - 0.98 0.97 0.96 0.94 0.89 0.72 0.45 -
24127.5 ? - - - 0.97 0.96 0.93 0.87 - - - - -
24130.3 ? - - 0.64 - - - - - - - - -
24130.5 ? - - - - - - - 0.68 0.69 0.71 - -
24130.9 ? - - 0.62 - - - - - - - - -
24131 ? - - - - - - - - - - - 0.45

24131.1 ? - - - - - - - - 0.65 0.67 0.70 -
24131.9 ? - - - 0.56 0.57 - - - - - - -

24132.3 12CH4 0.68 0.65 0.61 0.55 - - - - - - - -

24134.2 12CH4 - 0.84 0.79 0.72 - - - - - - - -

24135.2 12C16O - - - - - 0.88 0.90 0.91 0.92 0.92 0.91 0.48

24135.9 12CH4 - 0.94 0.92 0.87 0.81 - - - - - - -

24136.4 12CH4 - 0.94 0.92 0.87 0.80 - - - - - - -
24138.5 ? - - - - - - - - 0.84 0.84 0.85 0.46

24139.2 12CH4 - - - - 0.98 0.96 0.94 0.88 - - - -

24140.6 12CH4 - - - 0.98 0.97 0.95 0.91 0.85 0.76 - - -
24140.7 ? - - - - - - - - - 0.71 0.70 -

24141.3 12CH4 - - - 0.98 0.97 0.95 0.91 0.84 - - - -
24142.3 H2O - - - 0.96 0.95 0.92 0.89 0.87 0.85 0.85 0.86 0.56
24143.6 ? - - - - 0.79 - - - - - - -
24143.7 H2O - 0.92 0.92 0.88 - - - - - - - -

24144.1 12CH4 - 0.94 0.93 0.89 0.82 - - - - - - -
24144.5 ? - - - - - - - - - - - 0.33
24146.4 ? - - 0.97 0.96 0.93 0.86 0.71 0.56 0.41 - - -
24147.8 ? - - - - - - - - - - - 0.33
24148.8 ? - - - - - - - - - 0.63 0.68 -
24149.3 ? - - - - - - - - - - 0.61 -
24149.4 ? - - - - - - 0.67 0.68 0.67 0.68 - 0.43

24149.5 12CH4 - 0.94 - - 0.81 0.75 - - - - - -
24149.6 ? - - 0.93 0.89 - - - - - - - -
24151 ? - - - - - 0.36 0.36 0.40 0.38 0.38 - -

24152.1 ? - - 0.95 0.90 0.79 0.62 0.41 - - - - -
24152.8 ? - - - - - - - 0.40 0.39 0.39 - -
24153.4 ? - - - - - - - 0.29 0.29 0.31 0.37 0.19
24155.2 ? - - - - - - - - - - - 0.25

24155.3 12CH4 0.61 0.62 0.59 0.51 0.44 0.43 0.42 0.46 0.45 0.46 0.49 -

24157.9 12CH4 - - - 0.98 0.97 0.96 0.93 0.88 0.80 0.73 0.69 -

24159.7 12CH4 - - - - 0.98 0.97 0.94 0.89 0.76 0.63 0.55 -
24160.1 ? - - - - - - - - - - - 0.34



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
24160.9 ? - - 0.97 0.96 0.93 - - - - - - -
24161 ? - - - - - 0.90 - - - - - -

24161.1 H2O - - - - - - 0.86 0.84 - - - -
24161.2 ? - - - - - - - - 0.81 0.79 0.78 -
24162.4 ? - - - 0.97 0.95 0.92 0.83 0.71 - - - -
24163.4 ? - - - - - - - - - - - 0.40

24164 12CH4 - 0.92 0.90 0.82 0.70 - - - - - - -

24164.6 12CH4 - 0.86 0.84 0.77 0.68 - - - - - - -
24166.5 ? - - - 0.98 0.96 0.95 0.91 - - - - -

24166.6 12C16O - - - - - - - 0.88 - - - -

24167.6 12C16O - - - - - - - 0.93 - 0.92 0.91 -
24167.7 ? - - - - 0.97 0.96 0.94 - 0.92 - - -
24168 ? - - - - - - - - - - - 0.46

24170.3 12CH4 - 0.90 0.88 0.83 0.74 0.66 - - - - - -
24170.9 ? - - - - - 0.62 0.59 0.62 0.61 0.63 - 0.41

24171.5 12CH4 - 0.93 0.91 0.84 0.71 - - - - - - -

24173.1 12CH4 - - - - 0.98 0.97 0.95 0.92 0.83 0.55 0.45 -
24173.2 ? - - - - - - - - - - - 0.41
24173.6 ? - - - - - - - - - 0.39 0.44 -
24175 ? - - - - - - - - - - - 0.29

24175.1 ? - - - - - - - - - 0.52 0.55 -

24176 12CH4 - - - - 0.98 0.97 0.95 0.92 0.76 - - -
24176.2 ? - - - - - - - - - 0.56 - -
24176.3 ? - - - - - - - - - - - 0.26
24177.8 ? - - - - - - - - - 0.54 0.58 -
24177.9 ? - - - - - - - - 0.64 - - 0.43
24179.2 H2O - - 0.79 0.73 0.68 0.67 0.66 0.57 0.58 0.61 0.64 0.46
24180.8 ? - - 0.96 0.94 0.89 0.78 0.59 - - - - -
24181.2 ? - - - - - 0.65 - - - - - -
24181.3 ? - - 0.94 0.90 0.81 - - - - - - -
24181.9 ? - - - - - - - - 0.43 0.45 0.48 0.28
24182.3 ? - - 0.94 0.89 0.79 - - - - - - -
24182.4 ? - - - - - 0.69 0.50 - - - - -
24183.7 ? - - 0.93 - - - - - - - - -
24184.3 ? - - - - - - - - - - 0.71 0.44
24184.9 ? - - - 0.97 0.96 0.94 0.88 - - - - -
24185.4 H2O - - 0.96 0.94 0.92 0.90 0.88 0.87 0.85 0.84 0.83 -
24188.2 ? - - 0.95 0.91 0.83 0.71 - - - - - -

24190.1 12CH4 - - - 0.98 0.97 0.95 0.91 0.83 0.65 - - -
24190.7 ? - - - 0.96 0.94 0.91 - - - - - -
24191.4 H2O - - - - - - 0.83 0.82 0.79 0.77 0.75 -
24193.5 ? - - - 0.97 0.94 0.90 0.81 - - - - -
24195 H2O - - - 0.97 0.96 0.95 0.93 0.93 0.92 0.92 0.92 0.49

24195.4 12C16O - - - - - - - 0.88 0.88 0.88 0.88 0.52
24198.3 ? - - - 0.98 0.97 0.95 0.91 0.84 0.71 - - -
24197.4 ? - - - - - - - - - - - 0.47

24200.4 12C16O - - - 0.97 0.95 0.93 0.92 0.90 0.90 0.89 0.88 0.48
24201.9 ? - - 0.97 0.95 0.90 0.83 - - - - - -
24202.5 H2O - - - - 0.79 0.78 0.76 0.74 0.74 0.74 0.73 0.39

24203.7 12CH4 - 0.92 0.90 0.86 0.77 - - - - - - -
24204.7 ? - - - - - - - - - - - 0.23

24205.9 12CH4 - 0.91 0.87 0.80 0.64 0.47 - - - - - -
24207.2 ? - - - - - - - - - 0.46 0.47 -

24207.5 12CH4 0.86 0.86 0.81 0.73 0.59 - - - - - - -
24207.9 ? - - - - - 0.63 0.58 0.54 0.54 - - -

24208 12CH4 - 0.91 0.88 0.83 0.73 - - - - - - -
24208.4 ? - - - - - 0.52 0.48 0.47 - - - -
24208.8 ? - - - - - - - - - 0.36 0.39 -
24209.6 ? - - - 0.97 0.95 0.90 0.74 0.51 - - - -
24211.5 ? - - - - - 0.17 0.20 0.19 0.23 0.24 0.27 -
24212.6 ? - - - - - - - - - 0.41 - -
24212.7 ? - - - - - 0.46 0.46 0.44 0.45 - 0.27 -

24213.6 12CH4 - 0.93 0.89 0.80 0.62 - - - - - - -
24214.4 ? - - - - - - - - - - - 0.31
24214.5 ? - - - - - - 0.50 0.49 0.50 0.51 - -

24215.8 12CH4 - 0.86 - - - - - - - - - -
24215.9 ? - - 0.83 - - - - - - - - -
24216.1 ? - - - - - - 0.59 0.55 0.55 0.56 - 0.44
24216.2 ? - - 0.86 0.83 0.77 0.73 - - - - - -
24216.3 ? - - - - - - - - - - 0.49 -
24217.9 ? - - - - - - - 0.50 0.52 0.53 0.56 0.46
24218.3 ? - - 0.93 0.89 0.80 0.68 0.55 - - - - -
24220.1 ? - - - 0.98 0.96 0.94 0.88 0.75 - - - -
24220.7 ? - - - - - - 0.72 - - - - -
24220.8 ? - - - - - - - 0.71 0.70 - - -
24221 ? - - - - - - - - - 0.70 0.71 -

24221.1 ? - - - - - - - - - - - 0.51
24223.9 ? - - - 0.97 0.94 0.90 - - - - - -

24224.6 12C16O - - - - - - 0.76 0.77 0.78 0.79 0.78 0.44
24226.1 ? - - 0.97 0.96 - - - - - - - -
24226.4 ? - - - 0.97 0.95 0.92 0.83 0.67 0.51 - - -
24228.3 ? - - - 0.96 0.94 0.90 0.80 0.63 - - - -
24228.7 ? - - - 0.97 0.95 0.91 0.82 0.66 - - - -
24228.8 ? - - - - - - - - 0.54 - - -
24229.1 ? - - - - - - - - 0.58 0.58 0.58 0.36
24230.3 ? - - - 0.97 0.95 0.92 0.84 0.69 0.58 - - -
24230.6 ? - - - - - - - - - - - 0.47
24230.7 H2O - - - - - - - 0.73 - 0.56 0.56 -
24230.8 ? - - - - - - 0.83 - 0.61 - - -
24230.9 ? - - - 0.97 0.95 0.92 - - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
24232.6 ? - - - 0.96 0.92 0.84 - - - - - -

24233.7 12C16O - - - - - 0.85 0.88 0.88 0.88 0.88 0.87 0.46
24234.2 ? - - - - - - 0.74 - - - - -
24234.3 ? - - 0.95 0.92 0.87 0.81 - - - - - -
24235.6 H2O - - - - - - 0.86 0.84 0.85 0.84 0.84 0.54
24236.3 ? - - 0.97 - - - - - - - - -
24236.4 ? - - - 0.95 0.92 - - - - - - -
24236.5 ? - - - 0.95 0.91 - - - - - - -
24238.2 ? - - - - - - - - - - - 0.24

24239.1 12CH4 - - - - 0.98 0.97 0.95 0.89 0.74 0.49 - -
24239.9 ? - - - - - - - - - - 0.35 -
24241.2 ? - - - 0.98 0.97 0.95 0.90 0.77 0.58 - - -
24242.3 H2O - - - 0.97 0.95 0.92 0.85 0.73 0.64 0.59 0.57 0.33
24243.4 ? - - - 0.96 - - - - - - - -
24243.5 ? - - 0.97 - - - - - - - - -
24245.2 H2O - - - - - - - 0.49 0.51 0.53 0.55 0.42
24246.9 ? - - - 0.96 0.93 - - - - - - -
24247 ? - - - - - 0.88 0.76 - - - - -

24247.1 ? - - - - - - - 0.63 - - - -
24247.2 ? - - - - - - - - - 0.55 - -
24248.1 H2O - - - - - - - 0.62 0.63 - - 0.49
24248.6 ? - - 0.97 0.95 0.90 0.80 0.63 - - - - -
24250.1 ? - - - - - - - - - - 0.31 -
24250.2 ? - - - - - - - - 0.37 0.38 - -
24250.3 ? - - - - - - 0.45 0.40 - - - -
24250.6 ? - - - - - - 0.51 - - - - -
24250.7 ? - - 0.97 0.94 0.88 0.75 - - - - - -

24253.4 12C16O - - 0.97 0.95 0.91 0.83 - 0.78 - - - -
24253.9 ? - - 0.96 0.94 0.90 0.83 - - - - - -
24254 ? - - - - - - 0.75 - - - - -

24254.3 ? - - - - - - 0.78 - 0.80 0.80 0.80 -
24255.6 ? - - - - - - - - - - - 0.24

24255.7 12CH4 - - - - 0.98 0.96 0.93 0.85 0.71 0.55 - -
24257.4 H2O - - - - 0.98 0.96 0.93 0.87 0.78 0.69 0.66 0.47
24258.6 ? - - - - - - - - 0.61 0.62 0.64 -
24258.7 ? - - - - - - - - - - - 0.47
24261 ? - - 0.97 0.96 0.93 0.87 0.74 0.55 - - - -

24261.2 ? - - - - - - - - - - - 0.24

24262.2 12CH4 - 0.94 0.91 0.85 0.72 - - - - - - -
24262.3 ? - - - - - 0.62 0.47 - - - - -
24263.7 H2O 0.84 0.86 0.83 - 0.72 0.69 - - 0.60 - - -
24264.4 ? - - - - - - - - - - - 0.48

24265.2 12CH4 - - - 0.98 0.97 0.95 0.90 0.78 0.64 - - -

24266.2 12CH4 - - - - 0.98 0.97 0.94 0.87 0.73 - - -
24267.1 ? - - - - - - - - - - - 0.41

24267.5 12C16O - - - - - 0.84 0.87 0.87 0.87 0.87 0.86 0.46
24267.9 ? - - 0.95 0.93 0.89 0.84 - - - - - -
24269 ? - - - - - - - - - - 0.56 -

24269.3 ? - - - - - - - - - - - 0.45

24270.1 12CH4 - - - - 0.98 0.97 0.95 0.90 0.79 0.61 - -
24272.5 H2O - - - - - 0.87 0.85 0.83 0.83 0.83 0.83 0.55

24273.6 12CH4 - - - - 0.98 0.97 0.94 0.88 - - - -
24275.1 ? - - - - - - - - - - 0.42 0.22

24275.2 12CH4 - - - - 0.98 0.96 0.94 0.86 0.71 0.54 - -

24276.5 12CH4 - - - - 0.99 0.98 0.96 0.93 0.85 0.62 - -
24276.8 ? - - - - - - - - - - 0.33 -
24276.9 ? - - - 0.96 - - - - - - - -

24279.1 12CH4 - - - - - 0.95 0.92 0.83 - - - -
24280 ? - - - - - - - - - 0.70 0.70 0.41

24280.5 ? - - - - - - - 0.67 - - - 0.42

24281.7 12CH4 0.77 0.80 0.75 - - - - - - - - -
24284.2 ? - - - - 0.91 0.87 - - - - - -
24284.3 ? - - - - - - 0.84 - - - - -

24284.4 12C16O - - - - - - - 0.82 0.81 0.81 0.80 0.46
24284.8 ? - - - - - - - - - - - 0.52
24285.9 ? - - 0.96 0.94 - - - - - - - -
24286 H2O - - - - 0.91 0.85 0.76 0.66 - - - -

24286.1 ? - - - - - - - - 0.63 0.61 - -
24286.2 ? - - - - - - - - - - 0.61 -
24287.8 ? - - - 0.97 0.95 0.91 0.80 0.60 0.42 - - -
24289.4 ? - - 0.97 0.96 0.93 0.87 0.72 0.49 - - - -
24290.1 ? - - - - - - - - - - 0.26 0.27
24291.2 ? - - - - - - - - - - - 0.27
24292 ? - - 0.95 0.93 0.87 - - - - - - -

24292.4 H2O - - - - - - 0.81 0.77 0.76 0.75 0.74 0.35
24292.5 ? - - 0.95 0.94 0.90 0.86 - - - - - -
24294.8 ? - - 0.95 0.92 0.86 0.76 0.62 0.47 0.42 0.39 0.38 0.28
24295.4 ? - - 0.94 0.90 0.80 0.65 - - - - - -
24296.5 ? - - - 0.97 0.96 0.93 0.83 0.62 0.43 - - -
24298.1 ? - - - - - - - - 0.39 - 0.36 -

24299.1 12CH4 - 0.93 - - 0.78 0.66 0.53 - - - - -
24300.1 ? - - 0.97 - - - - - - - - -
24300.2 ? - - - 0.95 0.90 0.81 0.69 - - - - -
24301.4 ? - - - - - - - - - - - 0.51

24301.8 12C16O - - - - - - 0.91 0.90 0.89 0.89 0.89 0.49
24301.9 ? - - - 0.98 0.96 0.94 - - - - - -
24304.3 H2O 0.81 0.83 0.85 0.84 0.82 0.81 0.80 0.80 0.80 0.79 0.81 0.38
24306.3 H2O - 0.63 0.66 0.64 0.62 0.62 0.61 0.61 0.60 0.60 0.62 0.20
24308.8 ? - - 0.96 0.93 0.87 0.79 0.68 - - - - -
24310.4 ? - - 0.95 0.91 0.85 - - - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
24310.5 ? - - - - - 0.81 - - - - - -
24310.6 H2O - - - - - - 0.79 0.79 0.78 0.79 0.81 0.46
24311.4 ? - - 0.95 0.91 - - - - - - - -
24313.2 ? - - - 0.96 0.93 0.88 0.78 0.67 - - - -
24314.6 H2O - - 0.96 0.93 0.90 0.87 0.84 0.83 0.82 0.81 0.82 -

24314.9 12C16O - - - - - - - 0.81 0.81 - - -
24315 ? - - - - - - - - - 0.83 0.84 -

24315.7 ? - - - - - - - - - - - 0.50
24316.2 ? - - 0.97 0.94 0.89 0.83 0.74 - - - - -

24316.7 12CH4 - 0.93 0.90 0.82 0.72 - - - - - - -

24318.3 12CH4 0.88 0.85 - 0.74 0.68 - - - - - - -
24318.4 ? - - 0.86 - - 0.65 - - - - - -
24318.5 ? - - - - - - 0.64 - - 0.67 0.71 0.48
24318.6 H2O - - - - - - - 0.65 0.66 - - -
24318.9 ? - - - - 0.60 0.62 0.63 0.64 0.65 0.66 0.70 -
24319 ? - - - 0.71 - - - - - - - 0.40

24322.1 ? - - 0.27 0.27 0.29 0.36 0.40 0.43 0.45 0.48 0.54 0.33
24323.9 ? - - - - - - - - - 0.34 0.39 -
24324.2 ? - - - - - - - - - 0.31 - 0.16
24324.3 ? - - - - - - - 0.51 0.50 - - -
24324.6 ? - - - 0.97 0.94 0.87 0.70 - - - - -
24327.5 ? - - - - 0.41 0.35 0.32 0.31 0.31 0.33 0.39 -

24327.6 12CH4 0.90 0.83 0.76 0.61 - - - - - - - -

24329.1 12CH4 - 0.95 0.93 0.88 0.80 0.71 0.61 - - - - -
24329.2 ? - - - - - - - 0.58 0.56 0.56 0.60 0.34
24329.4 ? - - - - - - - 0.57 - - - -
24329.5 ? - - 0.96 0.92 0.86 0.77 0.66 - - - - -

24331.5 12CH4 - - - - 0.98 0.96 0.94 0.88 0.73 - - -
24332.9 ? - - 0.98 0.95 0.91 0.86 - - - - - -
24333 ? - - - - - - 0.81 - - - - -

24333.1 H2O - - - - - - - 0.78 - - - -
24333.2 ? - - - - - - - - 0.77 0.78 0.80 -
24335.1 ? - - - 0.98 0.96 0.93 0.86 0.75 - - - -

24336.5 12C16O - - - - - 0.82 0.84 0.86 0.86 0.86 0.87 0.47
24338.1 ? - - - - - - - - - - 0.60 -
24338.2 ? - - - - - - - - - - - 0.36
24339 ? - - 0.97 0.95 0.92 0.87 0.77 0.66 - - - -

24339.4 12CH4 - 0.93 - - - - - - - - - -
24341.1 ? - - 0.97 0.95 - - - - - - - -
24341.7 ? - - - - - - - - 0.78 0.78 0.81 0.54
24341.8 H2O - - - - - - 0.80 0.78 - - - -
24343.1 H2O - 0.95 0.95 0.92 0.90 0.88 0.86 0.85 0.85 0.84 0.85 0.44
24343.5 ? - - - - - 0.80 - - - - - -
24343.6 ? - - 0.95 0.91 0.86 - - - - - - -

24346 12C16O - - - - - - - 0.78 0.79 0.79 0.81 0.43
24346.1 ? - - - - 0.81 0.79 0.79 - - - - -

24346.2 12CH4 - 0.95 - 0.88 - - - - - - - -
24347.2 H2O - 0.96 0.94 0.90 0.84 0.78 - - - - - -
24347.3 ? - - - - - - 0.74 - - - - -
24347.4 H2O - - - - - - - 0.74 0.74 0.75 0.78 0.50

24348.5 12CH4 0.92 0.90 0.88 0.84 0.79 0.77 0.74 0.73 0.72 - - -
24350.1 ? - - 0.95 0.90 0.81 0.69 0.56 - - - - -

24350.5 12CH4 - 0.95 0.93 0.86 0.74 0.62 0.49 - - - - -
24350.9 ? - - - - - - - - 0.49 0.49 0.54 0.30
24353.1 ? - - - 0.98 0.96 0.94 0.88 - - - - 0.33
24354.1 H2O - - - - 0.95 0.93 0.91 0.90 0.89 0.88 0.87 -
24357.3 H2O - - - - 0.98 0.96 0.94 0.89 0.82 - - -
24357.4 ? - - - - - - - - - 0.78 0.78 0.52
24357.8 ? - - - - - - - - - 0.71 - -

24357.9 12CH4 - - - - 0.98 0.97 0.95 0.91 0.82 - - -

24360.3 12CH4 - 0.92 0.89 0.81 - - - - - - - -

24361.3 12CH4 - 0.96 0.94 0.90 0.85 - - - - - 0.69 -
24361.8 ? - - - - - - - - - 0.71 0.71 -
24361.9 H2O - - - - - - 0.80 0.77 0.75 - - -
24362.5 ? - - - 0.96 0.93 0.89 0.79 - - - - -
24364.2 ? - - - 0.98 0.96 0.94 0.90 0.82 0.75 0.69 - -
24365.6 H2O - - - - - - - 0.89 0.87 0.86 0.86 -
24365.7 ? - - - - - - 0.91 - - - - -
24365.8 ? - - - 0.98 0.96 0.94 - - - - - -
24366.7 H2O - - - - - - - 0.92 0.92 0.91 0.92 0.59
24366.8 ? - - - - - - 0.93 - - - - -
24367 ? - - - 0.98 0.96 0.95 0.93 - - - - -

24368.5 ? - - - 0.97 0.94 0.90 0.82 0.74 - - - -
24369.7 ? - - - - - - - - - 0.77 0.80 0.52

24370.7 12CH4 - - - - 0.98 0.97 0.95 0.91 0.84 - - -
24371.2 ? - - 0.97 0.94 - - - - - - - -
24371.8 H2O - - - - - - 0.86 0.87 0.87 0.87 0.88 0.50
24372.1 ? - - - - - - 0.83 - - - - 0.51
24373.2 ? - - - 0.98 0.97 0.95 0.89 - - - - -
24373.9 ? - - - - - - - - - - - 0.31
24375.7 ? - - - - - - - - - - - 0.37
24375.9 ? - - - - - - - - - - 0.53 -

24376 12CH4 - - - - 0.97 0.96 0.93 0.85 0.72 0.58 - -

24377.6 12C16O - - - - 0.98 0.96 0.94 0.91 0.86 0.82 0.81 0.44
24379 ? - - - 0.98 0.96 0.94 0.88 0.79 0.67 - - -
24380 ? - - - - - - - - - 0.66 0.71 0.47

24381.4 ? - - 0.97 0.94 0.87 0.76 0.61 - - - - -
24382.5 ? - - - - - - - - - - 0.55 0.37

24383.2 12CH4 0.93 0.88 0.84 0.73 0.64 0.58 0.54 0.53 - - - -

24385.1 12CH4 0.61 0.51 0.47 0.33 0.25 - - - - - - -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
24385.7 ? - - 0.40 0.32 - 0.30 0.30 0.30 0.30 0.28 - -
24386.3 ? - - - - - - - - 0.25 0.25 0.29 -
24387.5 ? - - - - - - - - - - 0.44 -
24387.6 ? - - - - - - - - 0.42 - - -
24387.7 ? - - 0.98 0.96 0.93 0.86 0.71 0.55 - - - -
24390.6 ? - - - - - - - - 0.58 0.60 0.64 0.37

24390.7 12C16O - - - - - 0.67 0.58 0.59 - - - -

24390.8 12CH4 0.92 0.89 0.87 0.80 0.73 - - - - - - -

24391.9 12CH4 - 0.90 0.86 0.76 0.64 - - - - - - -
24392.4 ? - - - - - - - - - - - 0.40
24392.5 H2O - - - - - 0.58 0.59 0.61 0.62 0.63 0.67 -
24392.9 ? - - - - - - - 0.55 - - - -

24393 12CH4 - 0.93 0.91 0.86 0.77 0.68 0.60 - - - - -
24394.5 ? - - 0.95 0.90 0.81 0.68 - - - - - -
24395.2 ? - - - - - - - 0.51 0.52 0.54 0.58 0.34
24396.3 ? - - - 0.97 0.95 0.92 0.81 0.64 - - - -
24397.1 ? - - - - - - - - - 0.49 0.54 0.31
24401.1 ? - - 0.95 0.93 - - - - - - - -
24401.2 H2O - - - - 0.92 0.89 0.87 0.86 0.86 0.88 0.87 -
24401.3 ? - - - - - - - - - - - 0.56
24401.5 ? - - 0.93 - - - - - - - - -
24403.1 ? - - 0.97 0.95 0.90 0.81 0.67 - - - - -
24404.2 ? - - - - - - - - - - - 0.36

24404.7 12CH4 - 0.94 0.91 0.85 0.75 0.62 0.50 - - 0.49 - -
24405.2 ? - - - - - - - - 0.42 0.53 0.48 -
24405.3 ? - - - 0.79 0.69 0.57 0.49 0.44 - - - -

24405.4 12CH4 - 0.92 0.89 - - - - - - - - -
24407 ? - - 0.97 0.95 0.92 - - - - - - -

24407.1 ? - - - - - 0.88 0.78 0.67 - - - -

24407.5 12C16O - - - - - 0.72 0.75 0.77 0.78 0.82 0.80 0.40

24409.6 12C16O - - - - - - 0.66 0.68 0.70 0.76 0.74 0.42
24410.1 ? - - - 0.97 0.94 0.89 - - - - - -
24410.7 ? - - 0.97 0.96 0.93 0.89 0.79 0.66 - - - -
24411.8 H2O - - - - - - - 0.72 0.73 0.79 0.78 0.51

24413.9 12CH4 0.72 0.67 0.62 0.57 0.47 - - - - - - -

24415.6 12CH4 - 0.92 0.89 0.84 - - - - - - - -
24415.7 ? - - - - 0.78 - - - - - - -
24416 H2O - - - - - 0.73 0.72 0.73 0.73 0.79 0.78 0.52
24418 H2O - - 0.86 0.86 0.84 0.81 0.80 0.79 0.78 0.81 0.79 -

24418.5 ? - - - - - - - - - - - 0.42
24419 ? - - - 0.89 0.81 - - - - - - -

24419.1 ? - - 0.94 - - - - - - - - -
24420.7 ? - - - 0.96 0.93 0.87 0.74 0.59 0.46 0.47 0.38 0.20

24421.2 12CH4 - 0.93 0.90 0.86 0.76 0.60 0.43 - - - - -

24423 12CH4 0.85 0.80 0.74 0.68 - - - - - - - -
24424.7 H2O - - - - - 0.73 0.73 0.74 0.75 0.80 0.79 0.53
24425.7 ? - - - 0.96 0.92 0.86 - - - - - -
24426.5 H2O - - - - - - 0.83 0.83 0.83 0.86 0.85 0.56
24426.9 ? - - 0.90 - - - - - - - - -

24428 12CH4 0.87 0.84 - - - - - - - - - -

24430.1 12CH4 - - - - 0.98 0.97 0.94 0.90 0.82 0.72 0.58 -
24432.2 ? - - 0.95 0.91 0.82 0.66 0.46 - - - - -
24433.9 ? - 0.65 - - - - - - - - - -
24434 ? - - - - - - - - - - 0.60 0.43

24434.2 ? - - - - - - - - 0.56 0.65 - -
24434.3 ? - - - 0.57 0.55 0.54 0.55 0.56 - - - -
24436.4 H2O - - - - - 0.92 0.89 0.86 0.84 0.86 0.85 0.55
24436.5 ? - - - 0.97 0.96 - - - - - - -
24437.5 ? - - 0.97 - - - - - - - - -
24439.4 H2O - - - - 0.82 0.79 0.77 0.76 0.75 0.80 0.77 0.41
24440 ? - - 0.95 0.91 0.84 0.75 - - - - - -

24442.3 12CH4 - 0.93 - - - - - - - - - -
24443 H2O - - 0.89 0.90 0.89 0.87 0.86 0.86 0.85 0.88 0.86 -

24445.3 H2O - - - - - 0.64 0.65 0.66 0.67 0.74 0.72 0.49
24446.7 ? - - - - - - - - - - 0.56 -

24446.8 12C16O - - 0.95 0.93 0.87 0.79 0.66 0.58 0.54 0.61 - -
24447.4 ? - - - - - - - - - - - 0.38

24449.3 12CH4 - 0.91 - - - - - - - - - -
24450.1 H2O - - 0.90 0.89 0.87 0.84 0.82 0.81 0.80 0.84 0.81 0.40
24452.7 ? - - - 0.96 0.94 0.88 0.74 0.53 0.31 - - -
24453.1 ? - - - - - - - - - 0.40 - -
24454.7 ? - - - - - - 0.36 0.35 0.22 0.27 0.27 -
24455.9 ? - - - - - - - - - - 0.38 -
24456 ? - - - - - - - - - - - 0.34

24456.1 ? - - - - - - - - 0.60 0.60 - -

24456.2 12CH4 - - - 0.98 0.96 0.94 0.88 0.78 - - - -
24456.6 ? - - - 0.97 0.95 0.92 0.84 0.66 0.39 - - -
24458.2 ? - - - - - - - 0.39 0.36 - 0.35 -
24460.8 H2O - - - 0.97 0.95 0.94 0.92 0.91 0.90 0.91 0.89 0.35
24463.5 H2O - 0.93 0.92 0.91 0.88 - - - - - - -
24463.6 H2O - - - - - 0.86 0.84 0.84 0.83 0.87 0.86 0.57
24466.3 H2O - - - 0.75 0.72 0.69 0.68 0.67 0.66 0.71 0.68 -
24466.7 ? - - - - - - - - - - - 0.35
24467.3 H2O - 0.89 0.85 0.79 - - - - - - - -

24470 12CH4 - - - - 0.97 0.96 0.93 0.88 0.83 - - -
24470.3 H2O - - - - - - - 0.84 - - - -
24470.4 ? - - - - - - - - - 0.87 0.85 0.52

24472 12CH4 - - - 0.97 0.96 0.93 0.88 0.77 - - - -
24472.6 ? - - - - - - - - - - - 0.24
24472.7 ? - - - - - - - - 0.60 0.65 0.60 -



Brown Dwarf spectral features in the K band

λ [Å] ID 1000K 1100K 1200K 1300K 1400K 1500K 1600K 1700K 1800K 1900K 2000K 3000K
24473.7 ? - - - 0.97 0.96 0.93 0.87 0.75 - - - -

24475.1 12C16O - - - - - - 0.66 0.68 0.69 0.76 0.74 0.42
24475.5 ? - - - - - - - - - - - 0.35
24476.2 ? - - 0.96 0.94 0.89 0.83 0.75 - - - - -
24476.6 ? - - 0.94 0.91 - - - - - - - -
24477.4 H2O - - - - - 0.85 0.84 0.83 0.83 0.87 0.85 0.56
24477.5 ? - - - - 0.88 - - - - - - -
24477.9 H2O - - - - 0.81 0.79 0.79 0.78 0.78 0.82 0.80 -
24479 ? - - - 0.97 0.94 0.90 0.81 - - - - -

24479.4 ? - - - - - - - - - - - 0.31
24480.5 ? - - - - - - - - - 0.82 0.80 -

24480.6 12CH4 - - - 0.98 0.96 0.94 0.90 0.86 0.82 - - -
24481.2 ? - - - - - - - - - - - 0.42

24482.5 12CH4 - - - - 0.97 0.95 0.92 0.85 0.72 - - -
24484.5 H2O - - - - - - - 0.81 0.81 0.85 0.84 0.54
24484.8 ? - - - - - - - - 0.78 - - -

24484.9 12CH4 - - - 0.98 0.96 0.94 0.90 0.85 - - - -
24486 ? - - - - - 0.86 0.83 - - - - -

24486.1 H2O - - - - - - - 0.83 0.82 0.86 0.85 0.56
24488.6 ? - - 0.96 0.94 0.89 0.79 0.65 0.51 - - - -
24490 ? - - - - 0.73 - - - - - - -

24490.1 ? - - 0.93 0.89 - - - - - - - -
24490.6 ? - - - - 0.58 - - - - - - -
24490.7 ? - - - - - 0.53 0.52 0.52 - - - 0.41
24490.8 ? - - - - - - - - 0.41 0.53 0.51 -
24491.1 ? - - 0.89 0.82 0.68 0.51 - - - - - -
24492.9 ? - - 0.94 0.90 0.81 0.65 - - - - - -
24493.4 ? - - - - - 0.51 - - - - - -
24493.5 H2O - - - - - - 0.52 0.54 0.56 0.66 0.65 0.44
24496.4 ? - - 0.97 0.95 0.91 0.82 0.64 0.48 0.34 - - -
24496.7 ? - - - - - - - - - 0.42 - -
24496.8 ? - - - - - - 0.54 - - - 0.40 0.37

24499.4 12CH4 - 0.90 0.87 0.79 0.63 0.50 0.42 0.37 - - - -


