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H1 + ZEUS CC + NC ELECTRON DATA
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ZEUS PRELIMINARY NC e- p 98/99 DATA

H1 PRELIMINARY NC e- p (y < 0.9) 98/99 DATA

ZEUS PRELIMINARY CC e- p 98/99 DATA

H1 PRELIMINARY CC e- p (y < 0.9) 98/99 DATA

STANDARD MODEL CC e- √s=320 GeV

STANDARD MODEL NC e- √s=320 GeV

H1 + ZEUS CC + NC POSITRON DATA
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ZEUS 94-97 NC e+ p DATA

H1 94-97 NC e+ p (y < 0.9) DATA

ZEUS 94-97 CC e+ p DATA

H1 94-97 CC e+ p (y < 0.9) DATA

STANDARD MODEL CC e+ √s=300 GeV

STANDARD MODEL NC e+ √s=300 GeV
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Presel. bef. isol. cut (W only)
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Presel. bef. isol. cut (Single Top MC)
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� d p r�c�r�c j o�r _ m�o _!� c j clkiclm�o _�p
hD� f j f
vWvWk _ clw o p o�a�c j f
d#v�k�c p s _ij�p k�f�o�cnw k�clv�o pqh c � c h o j . _ihp r�wWcnr�o p�_ij�p k�f�o�cgc � c h o j s¢r p d j�_�hWy kicgo p v��$ü¡|�f
r � vWr p wW|Wm�o _ipqh �N`baWc�s p k�k p���_�hWy w�c j mnr _ v�o _ipqh
p s�o�a _�j�j c�f�r�m�axm p r�r5c j v pqh w j o p vWr5clk _ d _ih f
rGtzr5c j |�kio j . � a _ m�a � clr�c�vWr�c j c h o�clw÷f�o#o�aWc 25BC6m pqh s¢cnr�c h mlc _�h�DGFGFQDNû L<= � `baWc � � p s�o�aWc�a _iy aWc j o5� � �:9 cno�aWf
wNo p c M mnclclw D:8� c��<; �:8� cJ�
s p r¨f�v p k{f
r�f hWy k�c>= Ò Á(Ä � �:8 Ê)? . o�a¡| j f j5j |Wr _�hWy f�k{f
r y c�a�f
wWr pqhZ_ m f
m�o _!� _ o$t . f j c M v%clm�o�cnw�s¢r p do�aWc j |W� j clü¡|Wc h o�wWcnm�f�t p s�o�aWcA@��$ü¡|�f�r � s¢r p d o�aWc�o p v wWcnm�f�tq�N`baWc�m p r�r�c j v pqh w _ihWy ml|�o _ih
o�aWc 03254@6 f h f
kit j�_�j r5clü¡| _ r�clw�o�aWc}a�f�wWr pqhI_ m�o�r�f h�j5� cnr j c�d p d�c h o�|�d@o p c M mnclclw LQF� c��}� �
v pqj�_ o _!� cbkiclv�o pqh m�a�f
r y c . f j c M v%clmno�clw�s¢r p d o�aWc/o p v#wWcnm�f�tCBED l ö @�D F öHG . � f j r5clü¡| _ r�clwL�` p r�clw�|Wmlc�o�aWc�m pqh o�r _ �W|�o _�pqh s¢r p d vWr p mnc j�j c j���_ o�a p
� � j aWclkik l � pqj5pqhWj . o�aWceo�r�f hWjG� clr j cd#f j5j .JI � . a�f
wøo p c M mnclcnw HPF  c<�}�S£ p r�c j o�r _ mno _�pqhøpqh o�aWc�k�cnv�o p
h m�a�f
r y cef h w pqh o�aWc
o�r�f h�j5� cnr j cedgf j5j#� f j d#f
wWc _�h o�aWc 0325476LK�h f
k�o p væ�$ü¡|�f
r �Dj clkiclmno _�pqh � `baWc 032C476MK�h f�k
j clkiclmno _�pqh f
wWw _ o _ipqh f
kikit�r�cnü¡| _ r5clw � �&�Ü�Th�p o�o p c M mlcnclw L ÿ  c�� _ih o�aWc�clkiclmno�r pqh m�a�f h�h clk .� a _ k�c�o�aWc�m p r�r5c j v pqh w _�hWy ml|�o �^���Ü� � 8GF� c�� � f j f
kir�clf
w�t�f
v�vWk _ clw�o p o�aWc vWr�c j cnk�clm�o _ipqh
p s _ij�p k�f�o�cnwucnk�clm�o�r pqh c � c h o j?_�h m�f j c p s�o�aWc SUH f h f�kit j^_ij � � p r¨o�aWc � a p k�c S 2C[ � \ w�f�o�f j c�o
p s H:HK8 � D vW�  V . � clk�cnmno�r pqh f h w D d}| pqh c � c h o j � clr5c�s p | h w&��t SUH f�s(o�cnr�o�aWc j c#f
wWw _ o _�p
h f
kmn|�o j . � a _ k�c H � � c � c h o j/� cnr�c¨c M v>cnmno�clw�s¢r p d 6ZY ��f�m �æy r p | h w���`baWc�c�N�m _ c h mnt�s p r+wWc�o�cnmno _ihWy
c � c h o j s¢r p d�o�aWc j^_�y
h f
k Y ¥O;QPSRUTWV ? � f je� � � ÿ � _�h o�aWcbclkiclm�o�r p
h m�a�f hWh clk�f h w L � ÿ ;��&_�h o�aWc
d)| pqh m�a�f hWh clk ��`baWc B3p:_�j5j�pqh v�r p ��f�� _ k _ o$t�o p�p � j clr � c 8#p r-d p r�c)c � c h o j . � aWc h�H � � c � c h o j
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	 ®ð�º$¬G²¯æ¾�º�®»�¼¡ð�» × º�ñ¡±:¬�±B¹�»�¼¡ð$º$¬5¾¡¹�º$±Bó¨!¼ '�«�¬G®«�¼�ºÜî�«�ð�ð�» × º�ñ�±I°²±�ï¡º$»�¼qâ
¼�±B¾¡º$¬G®¼�»�âÍñ¡«�ó¡¬�»�¼�ð(*
ð$º$±Bî × »�¬�º�ñ�±�³¨´)º$»�ï�¹�«�¼¡óæ®ó¡«�º$±Bð�®¼�º�ñ�±}±B°²±B¹�º$¬�»�¼e¹5ñ¡«�¼¡¼�±B°
+{¾�ïæï�±�¬�ïæ°®»�º 1 «�¼æó�®¼�º�ñ�±+î¨¾¡»�¼�¹Gñ¡«�¼¡¼¡±B° +{°²»��I±�¬:ïæ°²»�º 1 ��¹�»�î�ïæ«�¬�±Bó�º$»b±��qïW±B¹�º�«�º�²»�¼¡ð
× ¬�»�îY¸¡½�P¯W»�ð$»�¼bïæ¬�»
óæ¾¡¹�º�²»�¼/«�¼¡ó-«6ñ *
ïW»�º�ñ�±�º�®¹�«�°�ð�!¼���°²±�º$»�ï�âÍò
¾¡«�¬��/ï¡¬�»qó¡¾¡¹�º�²»�¼
ð�%��¼¡«�°��¡¼�»�¬Gî «�°®���±Bó}º$»�»�¼�±b±)'�±B¼�º + × ¬�»�î - È /21 ô

f�r�c�c M v>cnmno�cnw . _ij D � ;�� � `baWc p � j cnr � cnw�c M mlc j�j _�j aWc h mlc�kic j�j�j^_iyqhZ_ K m�f h o6o�a�f h o�aWc pqh c _ih o�aWcd p wWclk _ih wWcnv>c h wWc h o j clf
r�m�a�r�clv p rGo�clw _�h o�aWc�vWr�c � _ip | j�j cnmno _�pqh �

� j�j�_�yqhZ_ihWy o�aWc�d _�j5j^_ihWy o�r�f hWj5� clr j c d p d�c h o�|Wd[o p f�a�tæv p o�aWc�o _ mlf
k h cn|�o�r _�hWp f h w�f j�j |�d _ihWy
o�aWc�kiclv�o pqh � h cl|�o�r _�h�p � j t j o�cnd o p�p r _iy:_�h f�o�c�s¢r p d f l � pqj5pqh wWclmlf�t . o�aWc#k�cnv�o pqh � h cn|�o�r _�hWp �
aWf
wWr p
hm_�h�� f
r _ f h o�d#f j5j I Ù���� p s�o�aWc SXH mlf h w _ w�f�o�c j�� f j m p d#vW|�o�clwL��`baWc h cl|�o�r _�h�p���_�h cB�
d#f�o _ m j�� cnr�c p ��o�f _�h cnwNc _ o�aWclr}s¢r p d m pqhWj o�r�f _�hZ_ihWy o�aWc _ih¡� f
r _ f h o)dgf j5j�p s�o�aWc�k�cnv�o p
h f h w
h cl|�o�r _�h�p o p o�aWc l d#f j�j+p r�s¢r p dRo�a�c-c h clr y t��$d p d�c h o�|Wd��$�Wf
k{f h mlc . _ s>o�aWc j mlf�o�o�clr�cnwgkiclv�o pqh� f j�p � j clr � clw _�h o�aWc�m�f
k p r _ d#c�o�cnrl� ` �Sp d#f j�j�j5p k�|�o _�pqh�j)� cnr�c p ��o�f _�h clwNs p r}clf
m�aøc � c h ol�
� p r¨o�aWr5clc p s+o�aWc�mlf h w _ w�f�o�c�c � c h o j pqh kit pqh c j5p k�|�o _�p
hm_�j m p d#vWf�o _ �Wk�c ��_ o�a�o�aWc ��_�h cndgf�o _ m
m pqhWj o�r�f _�h o j . � a _ kic�s p r�o�a�c p o�a�clr�o �Sp mlf h w _ w�f�o�c j � p o�a j�p ki|�o _ipqhWj f
r�c�f
mnmlclv�o�f
�Wkic
� `baWc
r5clm pqhWj o�r�|Wm�o�cnw�d#f j�j _�j m p d#vWf�o _ �Wk�c ��_ o�a�o�a�f�o p sVo�aWc�o p v�ü¡|�f
r � s p rSd pqj o p s:o�aWc�c � c h o j . f jj a p���h _ih � _�y � HPF � H �
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`ba�c SUH m p k�k�f
� p r�f�o _�pqh a�f j f
k j�p v%clr5s p r�d�clw f j c�f�r�m�a&s p r j^_�h�y k�c)o p v��Züæ|Wf
r � v�r p wW|Wmno _�pqh�_ih
o�aWc�a�f
w�r pqhZ_ m�wWclmlf�tem�a�f hWh clk p s6o�aWc l � pqj�pqh f h w v�r�c j c h o�cnw&o�aWc�vWr�cnk _ d _ih f
r5t�r5c j |�kio j f�o
o�aWc 2CBC6�DGF:FQD m p
h s¢clr5c h mnc û LG= �#`baWc�c � c h o j cnk�cnmno _ipqh r�clü¡| _ r�cnw&o�a�r�clc 9 cno j ��_ o�aeo�r�f hWjG� clr j cc h clr y:_ c j)��� Ø�� V� � LQF� c�� . ��� Ø�� 0� � D:8� cJ� f h w ��� Ø��	�� � DGF� cJ���#`baWc�vWa p o p vWr p wW|Wm�o _ipqh
�Wf
m �¡y r p | h w � f j r5clwW|WmnclwD��tTr�cnü¡| _ r _�hWy�p
h c p s�o�aWc D � 9 c�o�dgf j�j c j f h wTo�aWc � � 9 c�o�d#f j�j o p�%cgm p d�v�f�o _ �Wk�c ��_ o�a o�aWc l � p
j�pqh dgf j5j f h w&o�aWc#o p vzd#f j�j . r5c j v%clm�o _!� clk!tq��`baWc h |�d}�>cnrp s p � j clr � clw÷c � c h o j _�h o�aWc�aWf
wWr p
hZ_ m�m�a�f h�h clk � f j s p | h wDo p �%c _ih f y r�cncld�c h o ��_ o�a 6ZY
c M v>cnmno�f�o _�p
hWj . f j5_�h o�a�c-m p r�r5c j v pqh w _�hWy 03254@6 f h f
k!t j^_�j � `baWc j c hWj^_ o _i�`_ o$t p s>o�aWc j clf
r�m�a�c j _iho�aWc�a�f
wWr pqhZ_ m�m�a�f hWh cnk _�j a p�� c � cnr�k p�� clrbo�a�f h s p r/o�aWc�kiclv�o pqhZ_ m�m�a�f hWh cnk . wW|�c o p o�aWc�k{f
r y clrc M v>cnmno�cnw���f
m �¡y r p | h wL�
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`ba�c SXH r�c j |Wkio j s¢r p d o�aWc�k�cnv�o pqhI_ m�f h wøo�aWcuaWf
wWr p
hZ_ m�m�a�f hWh clk j#� cnr�c . f j _�h o�aWc 03254@6f h f
kit j�_�j . | j cnw�o p�p ��o�f _ih f h |�vWv>cnr�� p | h w p
h o�aWc j^_�h�y k�c�o p v�mlr pqj�j-j cnmno _ipqh . � a _ m�a _ij��
� ; õ�� D õ B G���� ��� �IHH�� c�� ? � F � LQ� vW� f�o �Q8�� ¥ ��� �+�

`ba�c¨m p r�r5c j v pqh w _�hWy |WvWv%clr6k _ d _ o pqh o�a�c�f h�p dgf�k p | j B ������� m p |WvWk _�hWy . f j�j |Wd _ihWy f
k�k p o�aWcnrf hWp d#f
k p | j �3¥/£�¥ m p |WvWk _�hWyqj o p �>c��nclr p f h w TWV ;�BED @ l ? � HKFGF�� . � f j��
� �! #" � F � D:D �

`ba�c�c M mnk�| j�_�pqh k _ d _ o j f
r�c k�c j�j�j o�r _�h�y c h o�o�a�f h o�a�c m p r�r5c j v pqh w _�hWy 03254@6 k _ d _ o jSp s � ; õ�� D
õ B G�� � ��� �IHH�� cJ� ? � F � D:D:8 vW��f h w � �! #" � F � H ÿ L . wW|Wc�o p o�aWc�c M mnc j�j-p � j clr � clw���t SXHc_iho�aWc�k�cnv�o pqhI_ m�m�a�f h�h clk �
`ba�c SUH k _ d _ oSm pqh o�f _ihWj � p o�a j o�f�o _�j o _ mlf
kVf h w j t j o�cld#f�o _ m�| h mnclr5o�f _�h o _ c j s p kiwWclw _�h m�a�f h�h clk®�
��t��$m�aWf hWh cnkÚ� \$h o�aWcSvWr5c j c h o 03254@6 f h f�kit j^_ij o�aWc/| h mnclrGo�f _ih o$t pqh o�aWc�o p v}d#f j�j~� f j s p | h w)o p
�%c�o�aWc�w p d _�h f�o _ihWy}pqh c��S`baWc k _ d _ o/mlf
k�mn|Wk{f�o _�pqh#� f j v%clr5s p r�d�clw�s p rbo�aWr5clc�w _i� clr5c h o � f�k�|Wc j
p s~o�aWc�o p v�dgf j�j . h c y kiclm�o _�h�y�p o�aWcnr j5p |Wr5mlc j-p s~| h mnclr5o�f _�h o$t
�
`ba�c �Q8�� ¥����+�:|Wv�v>cnr k _ d _ o pqh o�aWc j^_ihWy kic}o p v��Zü¡|�f
r � vWr p wW|Wm�o _�p
h mnr pqj5j�j clm�o _�p
h s¢r p dPo�aWc
aWf
wWr p
hZ_ m�m�a�f hWh cnk p s�o�aWc SXH f h f
k!t j�_�j m p r5r�c j v p
h w j o p f h |WvWv%clr�k _ d _ o p s 8 � L c � c h o j s¢r p d
j�_�hWy k�c�o p v ü¡|�f
r � wWclmlf�t j _ih o�aWcecnk�cnmno�r pqh f h w d}| pqh m�a�f hWh clk j�p s o�aWc õ ö � w�f�o�f j cno û LG= �
`ba�clr�c�s p r�c-o�aWc _�h o�clr�v�r�cno�f�o _ipqh�p sLo�aWc K�� c p � j cnr � cnw�k�cnv�o pqh c � c h o j f j f hWp d#f
k p | j o p v��Zü¡|�f
r �
v�r p wW|Wmno _�pqh _ijbhWp o-r�|Wkiclw p |�o���t�o�aWc SXH f h f
k!t j^_�j _ih o�aWc�a�f
w�r pqhZ_ m�m�a�f hWh clkÚ�
`ba�c 03254@6 |�vWv>cnr)� p | h w pqh o�aWc j�_�hWy k�c��Úo p v�mnr pqj5j)j cnmno _�pqhz��p |Wkiwzm p r�r5c j v pqh w&o p f�dgf M �
_ d}|Wd p s D � FNp � j clr � clwúo p v c � c h o j _�h o�aWcek�cnv�o pqhI_ mem�a�f h�h clk p s o�a�c SUH f h f
k!t j�_�j � `baWc
p � j cnr � cnw h |Wd)�>cnr p s 8 c � c h o jA_ih o�a�c SXH f h f
kit j�_�j _ij m p d#vWf�o _ �Wk�c ��_ o�a p r _iy:_�h f�o _ihWy s¢r p d
o�aWc�c M v%clm�o�f�o _�pqh�� f
k�|�c p s H � � ��f
m �¡y r p | h w�c � c h o j vWk�| j f h f
wWw _ o _�p
h f
k j^_�y
h f
k p s D � F c � c h o j �
`ba�c _ih o�clr5vWr�c�o�f�o _�pqh)p sÜo�aWc p � j clr � cnwgc M mnc j�j5_ih o�aWc SUH k�clv�o pqhZ_ mbf h f�kit j^_ij f j f h�p dgf�k p | j o p væ�
ü¡|�f�r � vWr p wW|�mno _ipqh1_�j o�aWclr5cns p r5c�f�k j�p�h�p o-r�|Wkiclw p |�o-��t�o�a�c r5c j |Wkio p s3o�aWc 03254@6 f h f
kit j^_ij �
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�
\$h o�aWc�s p k�k p���_ihWy o�aWc p � j clr � clw�c � c h o�t _ clkiw j _�h o�aWc SXH f h w 03254@6 f h f
kit j c j f
r�c�m p d�v�f
r�cnw
o p o�a�c)c M v%clm�o�f�o _�pqh s¢r p d©a�tæv p o�aWcno _ mlf
k j�_�yqh f
k:vWr p mlc j�j c j �>c�t pqh w�o�aWc 6ZY �L`ba�c)w _ij ml| j�j^_ipqh
f�k�k p���j f h c � f
ki|�f�o _ipqh p s�o�aWc�r5c j v>cnmno _!� c j^_�y
hZ_ K mlf h mnc p s�o�aWc�wWc � _ f�o _ipqhWj _�h o�a�c�m�a�f hWh clk j
v�r�c j c h o�cnw�� \$hDj cnmno _�pqh HKF � D � H f y c h clr�f
kbd p wWcnkbf j5j |Wd _�hWy f h�p dgf�k p | j vWr p wW|Wm�o _�p
hDp s l
� pqj5pqhWji_ij m pqhWj^_ wWclr5clwNf j fuv pqj�j�_ �Wkic j5p |Wr5mlc p s/a _�y aæ� � � k�clv�o pqh c � c h o j � 6`_�hWy kic�o p v��Zü¡|�f
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º)��«�¬�±-«�°®ð$»U��%'�±B¼ × »�¬�±B«�¹Gñ�» × º�ñ¡±�¹�»�î-¯æ!¼¡«�º�²»�¼¡ð�ô
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� p kik p���_�h�y o�aWc�w _ij mn| j�j�_�pqh _�h o�a�c�vWr5c �`_�p | j�j clm�o _ipqh . f�d p r5c j v%clm _ K m�d p wWcnkVf j5j |Wd�v�o _ipqh�pqho�aWcbf h�p dgf�k p | j$l vWr p w�|Wmno _�pqh v�r p mlc j5jI� f j d#f
wWc6�¡t�m p d#v�f�r _�h�y o�aWc p ��o�f _�h clw)c � c h o�t _ clk�w j
��_ o�a�o�aWc�vWr�cnw _ m�o _ipqh s¢r p dPf hWp dgf
k p | j¨j^_�h�y k�c)o p v��Züæ|Wf
r � vWr p wW|Wm�o _�p
hu��_ o�a&f�mnr pqj5j�j cnmno _ipqh
� 9 EHG�� � Ä à Ã � S cnr�c � 9 EHG�� � Ä à Ã m p r5r�c j v p
h w j o p o�a�c�ki|Wd _�hWpqj�_ o$t � c _�y a¡o�clwøf � clr�f y c p s�f � f
k�|Wc�f�o� � � �:FGF	 cJ� f h w pqh c)f�o � � � �IHH�� c���� \$h m�f j c p s o�aWc SXH f h f
kit j^_ij . o�a�c�vWr5clk _ d _�h f
rGtr5c j |Wkio j s p r/o�aWc j^_ihWy kic��Zo p v�vWr p wW|�mno _ipqh�j clf
r�m�a � cnr�c m pqhWj�_ wWcnr�cnw û LG= o p�p ��o�f _ih o�aWc p � j clr � clw
h |Wd)�>cnr jbp s3c � c h o j . ��f
m �¡y r p | h w�c M v%clmno�f�o _ipqh�� f
k�|Wc j f h w j�_�yqh f
k>c�N�m _ c h m _ c j s p r j^_�h�y k�cB�Zo p vv�r p wW|Wm _ipqh ��`baWc�m pqhWj^_ wWclr5clw p � j clr � clw c � c h o h |Wd}�%clr j f h we��f
m �¡y r p | h w�c M v%clm�o�f�o _�pqhWj s p r
o�aWc 032C476 m�a�f hWh clk j-� clr5c _ wWc h o _ m�f
k�o p o�aWc pqh c j s¢r p d o�aWc vWr�c �`_�p | j-j cnmno _�pqh . � a _ k�c�s p rbo�aWcj�_�yqh f
kIc�N#m _ c h mnt�o�aWc � f
k�|�c j s p r j�_�hWy k�c��Úo p v�vWr p wW|Wm�o _ipqh�� cnr�c�| j clw�� � p r¨o�a _ij�j mnc h f
r _�p o�aWc
c�N�m _ c h mnt _ih o�aWc 03254@6 o�f�|�m�aWf hWh cnk _ij f
vWvWr pPMI_ dgf�o�clk!t DRL o _ d�c j k p�� cnr�o�a�f h _�h o�aWc 03254@6
cnk�cnmno�r pqh � d)| pqh m�a�f h�h clk�f h w �:F o _ d#c j k p�� clrgo�a�f h _�h o�aWc SXH cnk�cnmno�r pqh � d)| pqh m�a�f h�h clk �
� _�y |Wr5c HKF � D � ? j a p���j o�a�c � f
k�|Wc p s�o�aWc h c y f�o _i� c�k p
y �$k _�� cnk _ a p�p w�s¢| h m�o _ipqh . ; � 9 EHG�� � Ä à Ã ? f js¢| h mno _�pqh&p s�f�a¡tæv p o�a�cno _ m�f
k j^_ihWy kic��Zo p v��ZvWr p wW|Wm�o _�p
h mlr p
j�j)j clm�o _�p
h � 9 EHG�� � Ä à Ã � � k j�p aWclr5c#o�aWc| h mlcnr5o�f _�h o _ c j�pqh o�aWc 6ZY ��f
m �¡y r p | h wzc M v>cnmno�f�o _�p
hWj � clr5c�o�f � c h _ih o p f
mlm p | h o � a�c h mlf
k!�
mn|Wk{f�o _�h�y o�a�c B~p:_ij�j�p
h vWr p �Wf
� _ k _ o _ c j �¨`ba�c � f�k�|Wc j�p s �ICFEHG . 6 à <:9 ; �ICFEHG ? f h w 6 à <:9 ; � � F ? s p r
o�aWc _ih w _!� _ wW|�f
k�m�aWf hWh cnk j f h w�f
kik�m pqhWj�_ wWcnr�cnw�m p d)� _�h f�o _�p
hWj f
r�c y:_i� c h _ih `~f
��� HPF � L � � j c M �
v%clm�o�cnw�s¢r p d§o�a�c � cnr5t�k p�� c0N�m _ c h m�t#s p r j^_ihWy k�cB�Zo p vgü¡|�f
r � v�r p wW|Wmno _�pqh . o�aWc�d pqj oSvWr p ��f
�Wkicj�_�hWy k�c��Úo p v&vWr p wW|Wm�o _ipqh mnr pqj5j}j cnmno _ipqh r�clf
m�aWc j fuk{f�r y c � f
k�|Wc p s �ICFEHG � L � � ö � � � 0 � � vW�Ts p r o�aWc0325476 o�f
|�m�a�f hWh clkÚ� \$h o�a _�j-j mnc h f
r _�p . f j m�f h �%c j clc h s¢r p d o�aWc � f
ki|Wc j¨p s 6 à <,9 ; �ICFEHG ? . o�aWcm p d}� _ih f�o _�pqh�p s 03254@6 clk�cnmno�r pqh � d}| pqh f h w 03254@6 o�f
|�f h w o�aWc+m p d}� _�h f�o _ipqh�p s�f�k�kqm�a�f hWh clk j
aWf � c�f j dgf�k�kIv�r p ��f�� _ k _ o$t . � a _ kic)o�a�c�m p d}� _�h f�o _�pqhup s 032C476 f h w SXH clkiclm�o�r p
h � d}| p
h f h wo�aWc�m p d}� _�h f�o _ipqhgp s SUH clk�cnmno�r pqh � d}| pqh f h w 0325476 o�f
|�f
r5c�m p d�v�f�o _ �WkicW; 6 à <:9 ; �ICFEHG ? � ;��
_ih � p o�aemlf j c j ? ��`baWc _�h mnr�c�f j clw�m p d#vWf�o _ � _ k _ o$tgs p r¨o�a�c}m p d)� _�h f�o _�p
hWj . � aWclr5c}o�aWc SXH clkiclmB�o�r pqh-� d}| pqh f h f
kit j^_ije_�j�_ih��qp k � clw . m p r�r5c j v pqh w j o p o�aWcbsÍf
m�o�o�a�f�o�o�aWc p � j clr � clw�c M mlc j5jt_ih o�a _ijw�clw _ m�f�o�clwzo p v j c�f
r5m�aNf h f�kit j^_ijX_ij kic j5j�j�_�yqhZ_ K m�f h o�o�a�f h o�aWcgc M mlc j5ji_�h o�a�c y c h clr _ m j clf
r�m�a
s p r _ij�p k�f�o�cnwuclkiclm�o�r p
hWj f h wud}| p
hWj . pqh�� a _ m�auo�a�c)r�c j |Wk!o j s¢r p d o�aWc)vWr5c �`_�p | j�j cnmno _�pqh�� cnr�c
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�Wf j cnw���`ba�c � f
k�|�c j p s/o�a�c#vWr p ��f
� _ k _ o _ c j s p r�o�a�c hWp � j^_iyqh f
k�a�tæv p o�aWc j^_�j . 6 à <,9 ; � � F ? . f
r5cs p r�o�aWc 03254@6 f h f
k!t j c j?_ wWc h o _ m�f
k~o p o�aWc pqh c j s¢r p d o�aWc l a�tæv p o�aWc j^_�j . � a�clr�c�o�a�c j f
d�c�Wf
m �¡y r p | h wxc M v%clm�o�f�o _�pqhWj�� cnr�c�| j cnw�� � p r SUH o�aWc h�p � j�_�yqh f�kba¡tæv p o�a�c j^_ijgy c�o j f&a _iy aWcnr
v�r p ��f�� _ k _ o$t _ih o�aWc wWclw _ m�f�o�clw j^_�h�y k�cB�Zo p v j c�f
r5m�a . � aWclr5c�o�a�c�c M mnc j5j@_�j�j d#f
kik�clr�f h w�o�aWc c M �v%clm�o�cnw 6ZY ��f
m �¡y r p | h w _�j k{f�r y cnr�o�a�f h _ih o�aWc y c h clr _ m j c�f�r�m�a&s p r _�j�p k{f�o�clweclkiclm�o�r p
hWj f h w
d)| pqhWj � S c h mlc�o�aWc�m p d}� _�h f�o _ipqhWj+p sVo�a�c�m�a�f h�h clk j . � a�clr�c�o�aWc SUH clkiclm�o�r p
h � d}| p
h f h f�kit j^_ij_ij _�h��qp k � cnw . a�f � c�f
k j�p f�k{f
r y clrbvWr p ��f
� _ k _ o$t 6 à <:9 ; � � F ? s p r/o�aWc j^_ihWy k�cB�Zo p v�a�t�v p o�aWc j�_�j �
� hWp dgf
k p | jbj�_�hWy kic��Úo p v�vWr p w�|Wmno _�pqh
m�a�f hWh clk �ICFEHG 6 à <:9 ; �ICFEHG ? 6 à <,9 ; � � F ?
03254@6 clk�cnmno�r pqh � d}| pqh F ö Æ�� Æ � Æ�� Æ vW� D���� D����
SXH clkiclmno�r pqh-� d}| pqh F � �:� ö Æ�� 0 � Æ�� 0 Æ

v�� HKF:F�� L � ���
03254@6 o�f
| L � � ö � � � 0 � � vW� HKF:F�� H � ���
03254@6 clk�cnmno�r pqh � d}| pqh�� 03254@6 o�f�| F ö Æ�� Æ � Æ�� Æ vW� H � HH� H � H!�
03254@6 clk�cnmno�r pqh � d}| pqh���SUH cnk�clm�o�r pqh � d}| pqh F � F ÿ ö Æ�� V � Æ�� Æ � v�� ; � ��� � � ���
03254@6 o�f
| ��SXH cnk�clm�o�r pqh � d}| pqh F � LQ� ö Æ�� � Æ�� 0$0

v�� ; � L�� F � D<L �
03254@6 clkÚ� � d}| pqh���SXH clk � � d}| pqh�� 03254@6 o�f
| F � H�D ö Æ�� V � Æ�� VÍ0 v�� F � ÿqÿ � F � D����

ã~äæåLç�è é
ê�ë � ì ½�»�ð�ºbï¡¬�»�¯æ«�¯æ°®±�¹�¬�»�ðGðZâÍð$±B¹�º�²»�¼ '�«�°®¾�±Bð � CFEHG » × «}ñ *
ïW»�º�ñ�±�º�®¹�«�°�ð�®¼ ��°²±�â¢º$»�ï
ï¡¬�»qó¡¾¡¹�º�²»�¼�ð�%��¼¡«�° × »�¬~«�°®°�ïW»�ð�ð�²¯�°²±I¹�»�î¨¯æ®¼æ«�º�²»�¼¡ðV» × º�ñ�±6³�´+«�¼¡ó�µ�¶3·b¸�«�¼¡«�°�*qð�®ð�¬�±BðG¾¡°²º�ð
®¼�º�ñ�±�ó¡��W±�¬�±B¼�º/¹5ñ¡«�¼¡¼�±B°!ð�ô
	6ñ�± 'l«�°®¾¡±Bð/» × � à <:9 +�� CFEHG 1 «�¼¡ó � à <,9 +��  É 1 �%«�ð�±��
ïæ°!«�®¼�±Bó
®¼}º�ñ�±�º$±��qº)��«�¬�±�«�°!ð$» ���'�±B¼ × »�¬+±B«�¹5ñ�» × º�ñ�±-¹�»�î¨¯æ®¼¡«�º�®»�¼¡ð�ô
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� hWp d#f
k p | j w _ r5clmno6vWr p w�|Wmno _�pqh�p s�o�f
|gkiclv�o pqhWj5_�h f�vWr p mnc j5j �%cnt p
h wgo�a�c 6ZY . f j m p
hWj^_ wWclr5clw_ih�j cnmno _�pqh�� � � � D . m p |�k�w��%c�o�aWc)mlf
| j c p s�� p o�auo�aWc�o ��p o�f
|uc � c h o j�p � j clr � clw _�h o�aWc 03254@6j c�f
r5m�aNf h w o�aWc�c M mnc j5j}p s/cnk�cnmno�r pqh f h w&d)| pqh c � c h o j f�o k�f
r y c � f
ki|Wc j p s � ý ÞZþ Õ� _ih o�aWc SUH
_ij�p k�f�o�cnwYkiclv�o pqh f h f
kit j^_ij � \$h o�a _�jgj mlc h f
r _ip o�aWcuo�f�|Yk�cnv�o p
hWj w pzhWp o p r _�yG_�h f�o�c�s¢r p d l
w�clm�f�t j f h w�aWc h mncbo�aWc�c M v%clm�o�clw j^_iyqh f
k _�h o�aWc�cnk�clm�o�r pqh � d}| pqh m�a�f hWh clkÜm pqh�j^_�j o j+pqh k!t p s>o�aWc
cnk�cnmno�r pqh � d)| pqh wWclmlf�t�m�a�f hWh cnk p s>o�aWcbo�f
|�kiclv�o pqh . ��_ o�a�f�o p o�f�kW�Wr�f h m�a _�h�y r�f�o _ip�p s �:8�� � \$ho�aWc)s p kik p���_�h�yA_ o _ij f j5j |Wd�clw�o�a�f�o¨o�aWc�wWclmlf�tuvWr p wW|Wm�o j�p s o�aWc}f hWp d#f
k p | j k!t�vWr p wW|Wmnclw�o�f
|
kiclv�o pqhWj f
r�c/w�cno�cnmno�clw ��_ o�a�o�a�c j f
d�cSc�N�m _ c h mnt}f j!_ih o�a�cSm p r�r�c j v pqh w _ihWy?6ZY l �ZvWr p wW|Wm�o _�p
h
m�aWf hWh cnk j � \ obs p kik p���j o�aWf�o�o�aWc�c M v%clm�o�clw h |Wd}�%clr p s~c � c h o j7_ih o�aWc�cnk�clm�o�r pqh � d}| pqh m�a�f hWh cnk
p s�� p o�a&o�aWc SUH f h w 0325476 clkiclmno�r pqh-� d}| pqh f h f
k!t j^_�jU_�j f
vWvWr pPMI_ dgf�o�clk!t�o�a�c j f�d#cgf j o�aWc
p
h c _�h o�aWc 03254@6 o�f�|�m�aWf hWh cnkÚ�
� _�y |Wr5c HKF � D m ? j a p���j o�aWc � f
k�|�c p s�o�aWc h c y f�o _i� c�k pqy �Zk _i� clk _ a pæp w�s¢| h mno _�pqh . ; � 9 EHG�� � Ä à Ã ? f js¢| h mno _�pqh�p s6o�aWc�a�tæv p o�aWc�o _ m�f
k o�f
|��$v�r p wW|Wmno _�pqh mnr pqj5j�j clm�o _ipqh ���:& (*),+ �}`baWc � f
k�|�c j�p s �ICFEHG .6 à <:9 ; �ICFEHG ? f h w 6 à <:9 ; � � F ? s p r+o�aWc _�h w _i�`_ w�|�f
k�m�a�f h�h clk j f h w�f
k�k�m pqhWj^_ wWclr5clw�m p d}� _ih f�o _�pqhWj
f�r�c yG_i� c hm_�h `If
�L� HKF � 8 �-`baWc}d pqj o�vWr p ��f
�Wkic�mnr pqj5j � j clm�o _�p
h�� f�k�|Wc�s p r¨o�aWc)m p d}� _ih f�o _�pqh�p s
f�k�k6m�a�f hWh cnk j}p s �ICFEHG � H � D ö Æ�� � 0 Æ�� � � m p r5r�c j v p
h w j o p�D c M v%clmno�clw j^_iyqh f
k6c � c h o j _ih o�a�c 03254@6o�f
|�m�a�f h�h clkVf j�� clk�kLf j _ih o�aWc SXH f h w 032C476 clkiclmno�r pqh-� d}| pqh m�a�f hWh cnk j �6¥ p d#vWf
r�cnw�o p o�aWc
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f hWp d#f
k p | jCl vWr p wW|�mno _ipqh�j mnc h f
r _�p f h w�o�aWc j^_ihWy kic��Zo p v�vWr p wW|�mno _ipqh�j mnc h f
r _�p . o�aWc¨m p d�v�f�o5�_ � _ k _ o$t p s o�aWc 032C476 o�f�|�m�a�f hWh clk ��_ o�a�o�aWc SUH clkiclmno�r pqh-� d}| pqh m�a�f hWh clk _ij _ih mlr5c�f j clw . w�|Wco p o�aWc-sÍf�mno6o�a�f�oSf
kik�m�a�f hWh cnk j a�f � c�f j^_ d _ k{f
rIc0N�m _ c h m�t _ih o�a _�j+j mnc h f�r _�p ��`baWc¨v�r p ��f�� _ k _ o _ c j
s p r�o�aWc hWp � j^_�y
h f
k a�tæv p o�aWc j^_�j . 6 à <:9 ; � � F ? . f
r5c _ wWc h o _ mlf
kIo p o�a�c pqh c j?_�h o�aWc�f h�p dgf�k p | jl vWr p wW|Wm�o _ipqh�j mlc h f
r _�p . j^_ih mlc�o�aWc j f
d�c���f
m �¡y r p | h wzc M v>cnmno�f�o _�p
hWj�� cnr�c#f j�j |Wd#cnw���`baWcv�r p ��f�� _ k _ o$t}s p r6o�aWc¨m p d)� _�h f�o _�p
h#p s3f�k�k p � j clr � f�o _�pqh�j . 6 à <:9 ; �ICFEHG ? � � � F�� . _�j a _iy aWclr _�h o�a _ijj mlc h f
r _ip o�a�f h s p r/o�aWc�vWr�c � _ip | j kit�w _ij mn| j�j clw�f j�j |�d#v�o _�pqh�j �
� hWp d#f
k p | j o�f
|�v�r p wW|Wmno _�pqh
m�a�f hWh cnk �ICFEHG 6 à <:9 ; �ICFEHG ? 6 à <:9 ; � � F ?
032C476 cnk�cnmno�r pqh � d)| pqh F ö Æ�� � 0 Æ�� Æ vW� D5��� D����
SXH clk�cnmno�r pqh � d}| pqh � � � ö 0 � 0 V � � vW� HKFGF�� F � HK���
032C476 o�f
| H � D ö V � 0 Æ�� � vW� HKFGF�� H � ���
032C476 cnk�cnmno�r pqh � d)| pqh�� 03254@6 o�f
| F � 8 ö Æ�� � � Æ�� � � vW� ÿ�� ;�� H � H!�
032C476 cnk�cnmno�r pqh � d)| pqh���SXH cnk�clm�o�r pqh � d}| pqh H � D ö Æ�� � � Æ�� � � vW� H � ��� F � H�D��
032C476 o�f
| ��SXH clkiclm�o�r p
h � d}| p
h D � D ö V � VÍ0 Æ�� � � vW� LQD�� F � FGFQ8��
032C476 cnkÚ� � d}| p
h ��SXH clk � � d)| pqh � 03254@6 o�f�| H � D ö Æ�� � 0 Æ�� � � vW� � � F�� F � F H:H!�

ã~äæåLç�èué�ê�ë���ì ½�»�ð�º6ï¡¬�»�¯�«�¯æ°²±b¹�¬�»�ð�ðZâÍð�±B¹�º�²»�¼,'�«�°®¾�±Bð � CFEHG » × «�ñ�*
ï�»�º�ñ¡±�º�®¹�«�°Ü«�¼�»�î�«�°®»�¾¡ð
º�«�¾qâ¢ï¡¬�»qó¡¾¡¹�º�²»�¼�ð����¼¡«�° × »�¬�«�°®°:ïW»�ð�ð�®¯æ°²±�¹�»�î-¯�®¼¡«�º�²»�¼¡ð-» × º�ñ�±�³�´ «�¼æóuµW¶~·/¸�«�¼¡«�°�*qð�®ð
¬�±Bð�¾¡°²º�ð�®¼eº�ñ�±gó¡��W±�¬�±B¼�º ¹Gñ¡«�¼æ¼�±B°®ð�ô 	+ñ�±,'l«�°®¾¡±Bð�» × � à <,9 +�� CFEHG 1 «�¼¡ó � à <:9 +��  É 1 �+«�ð
±��
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                                 Scenario 1: high rate
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                             Scenario 2: medium rate
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                              Scenario 3: SM background rate
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� r�f
w.-{f�o/- pqh d pqh -io p r/- hWy�j t j o�cld[��f j cnw pqh�j -�k0-�m p
h2143 £ w.- p wWc j f h w65-f
w7-�f�o8- pqh ��-�cnk�w:9 � clm�o
`3r�f hWj - j o p r j ;;5¨f�w �#9�` j ? - j wWc j mlr<-��%clw6- h o�a.- j m�a�f
v�o�clrn� 3 o�a�f j �%clc h wWc j - yqh cnw�f h w:- hWj o�f
kik�cnw
o p vWr p o�cnmno#o�aWc>=?9A@CB,BD-ikE-im pqhGF -imlr p �+clrGo�cIHx¦�cno�clm�o p r ; F ��¦ ? s¢r p d r�f�w7-{f�o/- pqh w�f�dgf y c
w�|Wr/- hWy2J 9K5 � p v%clr�f�o8- pqh �+`baWc F ��¦L- j �Wr<-�c � tM- h o�r p w�|Wmlcnw?N�s p k�k p�� clw���t�f�wWc j mlr<-�v�o/- pqh�p s
o�aWc}r5clk�c � f h o¨o$tæv%c j�p s��Wf
m �¡y r p | h wer�f
w.-{f�o/- pqh - h o�aWc J 9K5 � c h�� -�r pqh d�c h o��¨`baWc}r�f�w7-{f�o/- pqh
aWf
r�w h c j�jgp s�o�a�c F ��¦�- j w7- j ml| j5j cnw?N � a7-�m�aøk�c�f�w j o p o�aWcur5clü¡|7-�r5cld�c h o j s p r#f&r�f�w7-{f�o/- pqh
d pqh -!o p r<- hWy�j t j o�cnd���`baWc#m pqh mnclv�o�f h wzk�f�t p |�o p s/o�a7- j r�f�w7-{f�o/- pqh d pqh -!o p r<- hWy�j t j o�cnd f
r5c
v�r�c j c h o�cnw��	��-�r j o/r5c j |Wkio j s¢r p d o�a�c�m p d�dO- j�j - pqh - hWy vWa�f j c p sVo�a�c J 9K5 � � 3<3 r�| hWh - hWy v%clr<- p w
f�r�c j a p���h N:wW|Wr/- hWyg� a7-im�aeo�aWc�r�f
w7-{f�o8- p
h d pqh -!o p r<- hWy#j t j o�cld a�f j vWr p�� c h o p �%c�f�r�cnkE-{f��Wk�c
f h w�a.- y aWk!t h clmlc j�j f
r5t�o pæp k � `baWc�m�a�f
v�o�clr-c h w j-� -!o�a�f j a p rGo j |Wd�dgf�r5t�f h w�m pqh mnk�| j - pqhWj �

PQP �RP S ����T �'U�V � 
>W�� ����� ����� ����� � � � � � 	YX@�4Z\[ �
��]
���_^ ` �����aX���Z �

b�c.d J 9K5 �fehgjiEi -Ek7dhlAm.n7k7dol � dhnqpsrut:r 9 g lKm7v7wjl/rxk7d ûzyR{��}| k7m7l/-0n7wup/c7d_~xdYrxl<��� {j{x{�� � {x{.yj� b�c7dr}-EtO� gx� p8c7d�m7v.wjl8rxk.d���dol<d�p g -En e l/dorx�/d�p8c.d�t2r�HD-0t�m7t�-En7��p�rxnqp�r}n7d g m.� i m7tO-En g �<-0p�~ � l g t yj���
p g ÿ�� � � yR{ �/� e t �� �  � rxn7k�p g v7l gR� -0k7d iEg n.wj-0p/m7k7-En7r iEi ~Qv gji rxl/-0�/dhkMd i d e p/l g n7� ��g l�p/c7d eogji0i -0k7dol
d�HDv�dhl/-EtOdonqp/� Juy rxn7k�=?9K@CB�N�p/c�m7�Cwj- � -En7wOc7-Ewxc7dols�/dhn7�/-�p8- � -�p�~Mp g d i d e p8l g � ��dYr}��v7cq~��/- e �Crxn7k
v.c�~��<- e �s �dh~ g n7k�p/c7duB�p�rxn.k¡rxl/k F g k7d i �
b�c.d i dov.p g n(rxn7k¢v7l g p g n( �dorxt ��g�e m.�/�/-0n7w£�<~��<p/dot¤c¡rx�� �dodhn¥l/dhk7do�<-Ewjn.dok¢p g t gR� dQp/c7dQ�/dhv �
r}l8r}p/- g n gx� p8c7d�p�� g  �dYrxtO� eoiEg �/dol¦p g p/c7d£-Enqp8dhl8r e p8- g n§l<dowj- g n§rxn7k¨p8c�m7�Oc7d i v§p g -0n e l<dYrx�<d
p/c7d6-0n7�<p8rxnqp�rxn7d g m7� i m7tO-En g �<-0p�~ � b�c7-0��-En eoi m.k7dok¥p/c7d6-0n7�<p8r iEi r}p8- g n gx� p�� g �<m7v�dol ehg n7k7m e p8-0n7w
t:rxwjn.dhp8� ; ª© r}n7k�«ª«u¬a-0n7�/-0k7d¦p8c7dOk7dhp/d e p g lhN�dIH�p/don7k7-0n7w � l g t¤¯®��D° { t�p g �® � °���t
± « © ¬�rxn.k � l g t�u®
²_³.°�³Qt´p g u®
²C�D° { t ± «ª«u¬ �
b�c.dC=?9K@CB¦d�HDv�dhl/-EtOdonqpKc¡r}�4 �dhdonOdoµ�m7-Ev.v�dhkQ��-�p8cQn7dI�Gp/l8r e ��-En.wªk.dhp8d e p g l/�KdIH�p/don7k7-0n7w�-En�p/c7d
v.l g p g n� �dYr}t¤k7-El<d e p/- g n¶N?p8c7d2B�p8l/rY��b·m7 �dOb·l8r e �}dol ± BDb�bs¬�rxn7k¢p8c7d2BD- i - ehg n F - e l g�¸ dol�p8dIH

y¹� ³
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,adIp8d e p g l ± F ¸ ,�¬ � b�c7dI~Q-EtOv7l gR� d�p/c7d�v7l/d e -0�/- g n g}� p/c7d�dIHD-E��p8-En.w�p/l8r e ��-0n7w��<~��<p/dot�rxn7kOr i0iEg �
p/c7ds-Ek7dhn�p/-.- e r}p8- g n gx� d � dhnqp8� ��-�p8cO�/d ehg n7k¡r}l<~ � dhl<p/- e dh� v7l g k.m e dhk2 q~¦p8c7d�k7d e rY~ gx�?i0g n7w � i - � dok
��p�r}p/do� i -0�xd�c¡rxk.l g n7����-�p8c e c¡rxl<t g l�  g p/p g t�µ�m¡rxl<���srxn.k0/ i dhv.p g n7� �
b�c.d F ¸ ,f-E� ehg t:v g �<dok g}� r� ¡rxl/l<d i ±1 F ¸ ,�¬4rxn7k ��g l<� rxl<k ±�2 F ¸ ,�¬#v¡r}l<pYN�-7p<p8-0n7wu-0n7�/-0k7dsr
e ~ i -En.k7dol g}� ³q� � tOt
k.- rxtOdhp/dol�k.d3-¡n7dhkQ �~up8c7d -En7n7dhl�� r iEiDgx� p8c7d54 donqp8l/r i b·l8r e ��-En.w6,adhp8d e p g l
± 4 b7,�¬ � b�c.dOl<dYrxk g m.p�d i d e p8l g n7- e �oN� ¡rx�<dok g n�p8c.d J 998 3;:�y �
< � � ³ � {>= yjyR{}| e c7-Ev?N�c7r � dQ �dhdon
t g m7nqp/dok¢-En7�<-Ek7d�p/c7dQr e p8- � d �jgji m7tOdxN eoi0g �/d�p g p8c7dQ�<- i - eog n¯�/don.� g l<� � b�c7d 1 F ¸ , ±�2 F ¸ ,�¬
ehg n7�<-E�<p/� g}��? {j{ ± yxy �j¬ �/dhn7� g l/� � b�c.d��<- i - eog n���p8l<-Ev§�/don.� g l<�6rxl<d�t:rxk7d gx� c7-EwxcGl<do�/-0�<p/- � -0p�~
@ � p�~�v�da�/- i - ehg n ± ³u�BA � e tDCFE�CG< �BA � e t2¬K��-0p/cM³ {j{IH t�r e p/- � dCp8c7- e ��n7do�<� ��© n g n7dC�<-Ek7dKJML
��p8l<-Ev7�Crxl/dª-EtOv i r}n�p/dok���-0p/c>r:��p8l<-Ev¯v.-0p e c gx� � {NH t � b�c7d�l/dorxk g mDpCv7-�p e c>-0� y � {NH t£N ��-0p/c
- � d�-0n�p/dol<t:dhk7- r}p/d��<p8l<-Ev7�_ �dIp�� dhdon>p�� g l/dorxk g mDpa�<p/l/-0v7� �_F g l<d k7dIp�rx- i � g n£p8c7d F ¸ ,�k7dh�/-0wjn
r}n7k�tOd e c7rxn7- e r i ��p8l/m e p8m.l/d e rxn£ �d ��g m.n7k�d i �<dh��c7dhl/d =zyxyjy N yjy � | �

PQPPO&Q USR+T>UVRXW�UVY[Z \]R�XK^6W[_9Y[`>Z>T U�Z W�a]b cedgf h UVZiWjb�_�R�X�]
W�UVY[Z _�baW[UVY[Z

b�c.d�p/c7l/dhd�t2rx-0n�� g m.l e dh� g}�  7r e ��wjl g m.n7k,l/rxk7- r�p8- g n�r}p J 9A57k rxl/dMk.-El/d e pOrxn.k§ 7r e ��� e r�p �
p/dol<dok���~Dn e c7l g p/l g n l8rxk7-Er}p8- g n?N g
l � t g tOdonqp8m.t d i d e p8l g n7� g l�v g �/-�p8l g n7�·rxn7kªv7l g p g n �  �dorxt � wqrx�
d � dhn�p/� �A3 n2r}k7k7-0p/- g n¶Nq�/d � dol<dak¡rxt:rxwjd�k7m.dsp g v¡r}l<p8-Er i  �dYrxt i0g �/� e rxn g�eoe m7l � b�c.dC-El<l8rxk.- r}p/- g n
� l g tLp8c7d�v.l/-Et:rxl�~XmnJQ-Enqp8dhl8r e p8- g n7��c g ��d � dolK-E��n7dow i -Ewj-0  i d � ,am7l/-0n7w_p/c7d ~xdYrxl<� gx� J 9K57k ��3 g v �
dhl8r}p/- g n ± y�opo � � � {j{j{ ¬�p/c7dsdIHDv�dhl/-0t:dhn�p/��r ehe m7t m i r}p/dok2rxn6r � dhl8rxwxdCk g �<d g}� �x{ «�~rq�~xdYrxl =zyjy ³ | �
F g �<p gx� p8c7-0��k g �<d�� rx��l/d e dh- � dhk¯k7m.l/-En.wQ��d i0i -Ek.donqp8-s-¡dok�r eoe -Ek7dhnqp8�oN7��c.- i dap/c7d�r � dhl8rxwjdªk g �<d
l/r}p8d k7m7l/-0n7waw g�g k  �dYrxt eog n.k7-0p/- g n7� � rx� eog n.�/-Ek.dol8r}  i ~ iEg ��dol �#3 n�p8c7d ��gjiEi0g ��-0n7w�p8c7d k7- l dol<donqp
� g m7l e do� gx�  ¡r e ��wjl g m7n7kOl8rxk.- r}p/- g n¦r}n7kOp/c7do-0l4l/d i r}p/- g n p g p8c7d J 9K57k t2r e c.-En7d g v�dol/r}p8- g nQrxl<d
k.-E� e m7�/�<dok �

tutuv'wxv�t y7z|{~}��~�����r����{������6���j�����K{

,a-0l/d e pª�<~�n e c7l g p8l g n%l/rxk7- r�p8- g n � l g t�p/c7d i dovDp g n( �dorxt eog n�p8rx-En.�uv7c g p g n.� r}pªc7-0wjc(don7dhl/wx~xN
��-�p8c,r�tOdYrxn e l/-�p8- e r i dhn7dol<wx~ � gx�6�5����� � ®�< � �xd ¸ ± ��g l �5�����n� ® �p��° � «�d ¸ ¬ � ,a-El<d e p:��~�n �
e c.l g p/l g n�l8rxk7-Er}p8- g n>l<dYr e c7dh�up/c7d6=?9K@CB¢k7dIp8d e p g lu-0n¢p/-EtOd���-0p/c¢p/c7d i dovDp g n¢ 7m7n e c7do� � b�c7d
e donqp8l/r i v¡rxl�p g}� p/c7duk.dhp8d e p g l_-0��v7l g p8d e p8dhk � l g t�k7-El<d e p_��~�n e c7l g p8l g n¯l8r}k7- r}p/- g nM q~ ehgjiEi -Et:r �
p g l/�¦-0n7�/-0k7d2p/c7d� �dorxt:v.-Ev�dxN4 q~ g m.p/dol¦k7dIp8d e p g l eog tOv g n7donqp8�Orxn.k§ q~%rxk7k7-�p8- g n¡r i t2r}p/dol<- r i
g m.p8�<-Ek7d�p8c7du �dorxtOv7-Ev�d � b�c.d t:rx-En eog n�p/l/-0 7m.p8- g n gx� �<~�n e c.l g p/l g n>l/rxk7-Er}p8- g n� ¡r e ��wjl g m7n7k>-0�
t:rxk7dAm7v � l g t*v.c g p g n7����c7- e c�rxl<d� 7r e ��� e r�p/p8dhl/dhk¦-Enqp g p8c7d e dhnqp8l8r i k7dIp8d e p g l �xgji m7tOd � ,a-El<d e p
��~�n e c7l g p8l g n>l8rxk.- r}p/- g n�-E��� e r}p<p8dol<dok ± t2r}-En�v7l g�e dh�/�<do�V��4 g t:v.p g n�rxn7k>5srY~ i do-0wjc£� e r�p/p8dhl/-0n7w
r}n7k 1 c g p g d l d e p�¬ � l g t ehgjiEi -Et:r}p g l/�_rxn7k�rxk7k7-�p8- g n¡r i l<d3�¡d e p/-En7w��/m.l � r e do�urxn7k¢p8l8r � d i �ª ¡r e �
p g p/c7d�-Enqp8dhl8r e p8- g nMl/dhwj- g n¶N.��c7dol<du-�p�donqp8dhl/��p8c7d e donqp8l/r i k7dhp/d e p g l � b�c7dª ¡r e ��� e r}p<p8dol<dok>��~�n �
e c.l g p/l g n�l/rxk7- r�p8- g n>rxl<l/- � do�_k7d i rR~xdok���-0p/c>l/dh�/v�d e p�p g p/c7d i dhv.p g n� 7m7n e c7dh� � b�c7d[4 g tOv.p g n
�������9�� �¡£¢�¡¤��¥&¦���§��� �¨!©7ª!«¬¥x®��n�'¢� ¯�°±¡¤³²´��µ�§���²~¥!�¢�������§��� �¨!©!¶�¥!·�ª"¸3�º¹»��¡¤�;�~��¥!¦£«¬ª&«r¢���¼¢�ª&¢;¥&¦½®
ª"¹��� »¡¤
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� e r}p<p8dhl/-En.w gx� p/c7dCv.c g p g n7� -0nOp/c7d ehgjiEi -Et:r}p g lhN}��c7- e c6-E�Kp8c.dCk g tO-En7r}p8-0n7w�v7l g�e dh�/�oN i -0t:-�p8��p/c7d
v.c g p g n�dhn7dol<wx~6p gOi dh�/��p8c7rxn������x� ± ��g l�rQ� e r�p/p8dhl/-0n7wOrxn7w i d gx� y < {�� ¬ �
b�c.d r e p8m¡r i?i d � d i gx� �<~�n e c.l g p/l g n�l8rxk7-Er}p8- g n6k7m.l/-En.w J 9K5�k g v�dol/r}p8- g nMk7dov�don.k7� g n��

��� �! %�'���"�!�n�
�S #�B�&�"�!�����
�%� �!� �!�$
&%
b�c7d��<~�n e c.l g p/l g n�l/rxk7- r�p8- g n�v g � dhlC-E�_v7l g v g l�p8- g n¡r i p g p8c.d i dhv.p g n� �dorxt e m7l<l/dhn�poN('��
rxn7k � r}l/-Edh��rxv7v7l g H.-0t2r�p8d i ~6r}� ��)� �

��* �,+!	���	���� �
�%�0�	 %��	�� 	�+V�
�	���� ���  "�-.- 	��[�
������+1 dol<�/-0�<p8-0n7wOc7-Ewjc i d � d i � gx� k7-El<d e pCr}n7k�l<d3�¡d e p/dok¯��~�n e c7l g p8l g n¯l8r}k7- r}p g n e rxn g�eoe m.lsk.m7d
p g tO-E�/r i -0wjn7dhk ehgjiEi -Et:r}p g l/� � 2 -Ewjm.l/d yjyj��y �<c g ����r�c g l<-�/ g nqp�r i�� -EdI� gx� p8c.d J 9K57k
i dovDp g n§ �dorxt i -En.dM-En�p8c7d � - e -En7-�p�~ gx� p/c7d¯=?9A@CB§-0n�p/dol/r e p/- g n¨l/dhwj- g n?N���-�p8c§-0p8� ehg t �
v i d�H�wjd g t:dIp8l<~6rxn7kMp8c.d � rxl<- g m.��-En7��p�r i0i dok eogji0i -Et:r}p g l/��rxn7k£t2r}wjn7dhp/��-Enr�7m7don e -En7w¦p/c7d
�<~�n e c7l g p8l g n¯l/rxk7- r�p8- g n6 ¡r e ��wjl g m7n7k �

�10 ���V	����&- 	2

�����!���
3 -0p8c6p/c7d�d i d e p/l g n.� g l�v g �/-�p8l g n7� g n6p8c.dªk.do�/-0wjn g l< 7-0poN g n i ~Mr i0g ��N eog n7��p�rxnqp i d � d i?gx�
 ¡r e ��� e r}p/p/dol/dhk¯��~Dn e c7l g p/l g n£l8r}k7- r}p/- g n2l/dYr e c7do��p8c.dªk.dhp8d e p g l�k7m7l<-En7w¦n g l/t:r i l<m7n7n7-0n7w
eog n7k.-0p8- g n7� � ,ad � - r�p8- g n7� � l g t�p/c7-E�sk7do�<-Ewjn g l/ .-0ps-En�v g �<-0p/- g n£rxn7k¯rxn7w i d e rxn¯c g ��d � dol
i dYr}k%p g r i rxl/wjdhl �<v7l/dorxk gx� p8c7dMn g l/t:r iEi ~ eogji0i -0t2r}p/dok(�<~�n e c7l g p8l g n§l8rxk7-Er}p8- g n ehg n7d}N
k7m7dap g p/c7d iEg n7w i d � dhl�rxl/t gx� m7v6p g yR{j{ t�N i dYr}k7-En7wup g t�m e c�c7-0wjc7dhl i d � d i � gx� k7-El<d e p
rxn7k£ ¡r e ��� e r}p/p/dol/dhk>�<~�n e c.l g p/l g n�l8rxk7-Er}p8- g n6-0n�p/c7d�k7dhp/d e p g l �

tutuv'wxv'w 46587|�r�K{:9�5 �<;>=�?u�A@B9~��}DCE?K���GF�{~�

© l � t g tOdonqp8m7t\v g �/-�p8l g n7�oN���c7- e c�c¡r � d iEg ��p�don.dol/w}~¥��-0p/c%l/dh�/v�d e p¦p g p/c7d6v7l<-Et:rxl<~¢ �dYrxt
d � w � k7m7d�p g -0n�p/dol/r e p/- g n7�a��-�p8c�l<do�/-0k7m¡r i wqrx��-En>p/c7d¦ �dorxt�v7-0v�d}N��<p8rxl<p�p g£g � e - iEi r}p8d rxl g m.n7k
p/c7d>k7dh�/-0wjn g l< 7-0p �$3 n p/c7d�=?9K@CBG-Enqp8dhl8r e p8- g n,l<dowj- g n,t g �<p gx� p/c7do�<d>v g �/-0p/l g n.�6rxl<d¯ �donqp
p g ��rxl<k7�4p8c7d�l<-En7w e donqp/l/d ±�HJI ¬ � b�c7dh~ e rxnQv7l g k7m e d�d i d e p8l g t2rxwxn7dhp/- e �<c g � dhl/�K-En�p/c7d e dhnqp8l8r i
k.dhp8d e p g l � BD-En e d�p8c7d g
l � t g t:dhnqp8m7t v g �<-0p/l g n7�Mdhnqp8dol£p8c7d¢-0n�p/dol/r e p/- g n l/dhwj- g n � l g t p/c7d
��g l<� rxl/k�k7-El<d e p/- g n¶N·p/c7d:l<dYrxlªv¡rxl�p8� gx� p/c7d2-0n7n7dhlªk.dhp8d e p g l ehg t:v g n7dhnqp8��r}l/dQt g �<p r l d e p/dok
 q~�p8c7-0�C� g m7l e d gx�  ¡r e ��wjl g m7n7k �uF g l/d gR� doloN�k.m7d�p g p/c7d� �don7k.-En7w6p g � rxl<k7�Cp8c.d�l/-0n7w e dhnqp8l/d}N
p/c7d� ¡r e ��wjl g m7n7k�v�dorx���_r�psp/c7d�-En7�<-Ek7d g}� p/c7d�l/-En.w �
b�c.d i d � d i�gx��i dovDp g n� �dYrxt � wqr}�� ¡r e ��wjl g m7n7k�k7dov�don7k.� g n �

��� �! %�'���"�!�n�
�S�!� �!�$
&%
b�c7d�n�m.t� �dhl gx� v¡rxl�p8- ehi dh� v7l g k7m e dok � - r��<c g � dhl/-En.wO-0��v7l g v g l<p8- g n¡r i p g p/c7d�don.dol/w}~ gx�
p8c7d i dhv.p g n£ �dYr}t � � �

��� �! %�'���"�!�n�
�S #�B�&�"�!�����
�%�LK��B #�M� � 	��>�����N�!�n�
�J %	O ��
b�c7d�n�m7t  �dhl gx� d i d e p/l g n g l v g �/-0p/l g n� �dYrxt � wjrx��� e r}p/p/dol/-0n7wsd � dhnqp8� ��g l·r�wj- � don � r e m7m7t
eog n7k.-0p8- g n%� e r i do� i -En7dorxl i ~(��-�p8c¥p/c7d i dhv.p g n% �dorxt e m7l/l<donqp � 9�HDv�dhl/-Edhn e d�c¡r}���/c g ��n
p8c¡r}p_r i � g p8c.du �dYrxt � wjrx��k7don.�/-0p�~�-�p8�<d i0� -E��r}v7v7l g HD-Et:r}p/d i ~ i -0n7dYrxl i ~:k7dov�don.k7donqp g n£p/c7d
i dovDp g n� �dYrxt£N7�/m e c�p8c7r}p�p8c7dªn�m7t� �dol gx� v7l g k7m e dok£v¡rxl�p8- ehi dh� � r}l/-Edh��rx�E' �� �



yR� ? �������
	��
�	�����������	���������������������� ��� � 	� !�"�$#%�!�&�'��(*)+�!�'�" !�����

C
5A

C
5B

C
5C

A
B

S
1

H
E

S
L5

a
H

E
S

L6
o_

u

HESL15a

HESL19i

HESL40i
HESL52a

HESL66i

G
O

G
I7

G
J9

B
O

09

C
V

27

B
N

41
Q

L1
4

C
H

44

Q
L1

5
C

V
56

Q
L1

6
C

V
62

B
H

20

Q
L2

2

Q
L2

4
C

H
75

Q
L1

9
C

V
81

Q
L2

8

B
I0

1

Q
L2

1
C

V
94

Q
L3

2
C

H
10

1

G
G

01
G

I0
6

G
J0

7
G

J0
8

-62.2 -60 -57.8

-0.468
-0.466
-0.464
-0.462

-0.46
-0.458
-0.456
-0.454
-0.452

-0.45
-0.448
-0.446
-0.444
-0.442

-0.44
-0.438
-0.436

distance from IP along tangent in meter
-110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20

di
st

an
ce

 fr
om

 IP
 p

er
p.

 to
 ta

ng
en

t i
n 

m
et

er

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0.1

0.2

Design orbit

 envelopeσ10

ZEUS

Beampipe

Collimators

Figure 59: The simulation environment - horizontal plane. Shown are the design
positron orbit and its 10σ envelope, the beam-pipe and the collimators. At the top
the Z positions of the (lepton-) magnets are shown. Note the highly distorted scale
(Y : X =̂ 1:100).
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p/do��p8 �dYrxt � 2 g l4p8c7d�l<dYrxk g m.p d i d e p8l g n7- e �Kc g � d � dhl�r�k7dhp/dol/- g l8r�p8- g n g}� p/c7d_v�dol ��g l/t:rxn e dsr � p8dhl
-0l/l/rxk7- r�p8- g n���rx� g  7�<dol � dok?N7rxn7k:p/c7dC�<-En7w i d�p8l/r e �Ql/do� gji mDp8- g n ��g lAv�dol/v�don.k7- e m i rxlK-0n e -0k7don e d_-0n
rM�<-En7w i d�k7- g k7du� g l<�/dhn7� � l g t �D° � H t� �d ��g l/d¦-El<l8rxk.- r}p/- g n£p g y �D°�� H t�r � p/dol � �D«�~>v7c g p g n
-0l/l/rxk7- r�p8- g n � 1 ~ g v.p/-EtO-E�<-En7wªp8c7d�v7l g wjl/rxt:t:rx  i d_l<dYrxk g m.p�v¡rxl/rxtOdhp8dhl/�hNDp8c.d�l/do� gji mDp8- g n�r � p8dhl
-0l/l/rxk7- r�p8- g n¯-EtOv7l g¹� do�ap g yR{ ° ? H t � b�c.dOl<do�<m i p/-En7wMv�dol ��g l/t:rxn e d ��r}��p/c�m7���<p8- iEi ��-0p/c7-En>p/c7d
�<v�d e -s-¡dok�l8rxn7wxd =zyjy ? | �
b�c.d F ¸ , -E� ��g l<do�<dodon¢p g�g v�dol/r}p8d ��g l � ~jdYr}l/��-En>p/c7d J 9K5�k dhn � -0l g n.t:dhn�p �¦J dhl/dQrxn.k(-0n
p/c7d ��gji0iEg ��-En.w7N g n.d2~jdorxl�-E� eog n.�/-Ek.dol/dhk yR{&% �/d eog n.k7�oN eog l/l/dh�/v g n7k7-0n7w>p g p8c7d�rxv.v7l g HD-Et:r}p8d
k.m.p�~�p8-0t:d g}� p/c7d J 9K57k�t:r e c7-0n7d � b�c.dOt:r�HD-Et m7t p gji dhl8rx  i d�k g �/d gx� - g n7-0�/-0n7w6l8r}k7- r}p/- g n
��g l�p/c7dªk7dhp/d e p g l_rxn7k¯-�p8��l/dorxk g mDpCd i d e p8l g n7- e ����rx�s�/v�d e -.-¡dhk¯p g  �d ³Q�D«�~xN�r � p8dol���c7- e c�p/c7d
l<dYrxk g m.p�d i d e p8l g n7- e �_��- iEi r i l/dYr}k.~£�/c g �
k7dowjl/rxk¡r}p/- g n gx� -�p8�Cv�dol ��g l/t:rxn e d � b�c7d¦r ehe dovDp�rx  i d
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k g �/d6l/r}p8d:-E��p8c�m7�Q� �x{ «a~rq�~jdorxl ± � �$H «�~rq}�8¬IN���c7- e c%-E�urxv7v.l g HD-Et:r}p8d i ~>- � d2p8-0t:dh�uc7-0wjc7dhl
p/c¡rxn�p8c7dªr � dhl8rxwxdªk g �/dªl8r}p/d�-EnMp8c.d J 9K5�k ��3 k7r}p�r�p�r}��-0n7wQv�dhl/- g k7� �
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b�c.d�l8rxk.- r}p/- g n£t g n7-0p g l_��~��<p8dht ��g lsp8c7d�=?9K@aB F ¸ , ��rx�Ck7do�<-Ewjn7dhk>p g v.l g p/d e pCp8c7d F ¸ ,
� l g t�c7-0wjc i d � d i � g}�  ¡r e ��wxl g m7n.k>l8rxk.- r}p/- g n � b�c7d ��gxiEiEg ��-0n7w¦l/dh�<p8l<- e p8- g n7�srxn7k£l/doµ�m7-0l/dht:dhn�p/�
��dol<d ehg n7�<-Ek7dhl/dok�do�<�/donqp/- r i �
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,am7d¦p g p8c7dQc7-0wjc i ~¯-En7c g t g wjdon g m7��k7-E��p8l<-E 7m.p/- g n¢r}n7k ehg tOv i d�H¢�/v�d e p8l/m.t gx� p/c7dQdIH �
v�d e p8dhk¯ ¡r e ��wxl g m7n.k¯l8r}k7- r}p/- g n¶N.p8c7d�k g �/dªc¡rx��p g  �d�tOdYrx�<m7l/dhk¯-0n7�/-0k7d�p8c7dªr e p8- � d �jgji �
m7t:d gx� p8c7d�k.dhp8d e p g loNq-0n p8c7d�k.-El/d e p � - e -En.-0p�~ gx� p8c.d F ¸ , � b�c7d�r � r}- i r}  i dA�/v¡r e d�-Enup8c7-0�
l/dowx- g n>-0� i -0t:-�p8dhk�r}n7k?N?-0n¢rxk7k7-�p8- g n?N¶r}n�~�-En.�<p�r iEi dhk ehg t:v g n7dhnqp�c¡rx�ap g  �d g v.p8-0t:-0�/dhk
��g l i0g �%l8rxk7-Er}p8- g n i don.wxp8c ��-�p8cul/do�<v�d e p4p g p8c.d p8l/r�w<d e p g l<-Edo� � l g t p/c7d -0n�p/dol/r e p/- g nuv g -0nqp
p g p8c7d g mDp8dol ehg t:v g n7dhnqp8� �
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b�c7d ehg tOv g n.donqp8� gx� p/c7dªl8rxk7-Er}p8- g nMt g n7-0p g l/-0n7w¦�<~���p8dot�c¡r � dup g �<p8rxn7k£p8c7dªdIHDv�d e p/dok
i d � d i�gx� l8r}k7- r}p/- g n gR� dol�p8c7d�v7l g w<d e p8dhk i - � dhp/-EtOd gx� - � d�~jdorxl/� gx� J 9K57k g v�dhl8r}p/- g n �

� �J� �'���[�
�	� ��!�n�
� �&� �J 
3 n e rx�/d g}� d�H e do�<�/- � d i ~�c7-0wjc>-En.�<p�r}n�p8rxn7d g m7��k g �<d � l8r}p/do�oN r}n¢rxm.p g t2r}p/- e k7m7tOv�v7l g�e d �
k7m7l/d gx� p8c7d i dhv.p g nG �dYrxt�c7rx�¦p g  �dMp8l<-Ewjwxdol/dhkG-0t:tOdok.- r}p/d i ~ � ± b�c.d�v7l g p g nG �dYrxt
k7m7tOv£v.l g�e dok.m7l/dªk g do��n g p ��g l<do�<dodurQk.-El/d e p eog n7n7d e p8- g nMp g p8c7d�dIHDv�dol<-EtOdonqp8� � ¬

�10 � - 	�� �6	��������&�[�
�	����2 g l�  g p8c¶NDp8c.d J 9K57k*rxn.k2p8c7d�=?9A@CB:�/c.- � p e l/dI���oN¡r}n g n i -En7ds-En ��g l/t:r}p8- g n g n2p8c.dar e �
p8m¡r i¡i d � d i gx�  7r e ��wjl g m.n7k2l/rxk7- r�p8- g n¦-EnQp8c7d � - e -En7-�p�~ gx� p8c7d F ¸ ,$c¡rx�Kp g  �d�v7l gR� -0k7dok �
b�c7-E��-En ehi m7k7dh��k7- l dhl/donqp i d � d i � gx� � rxl/n.-En7w�tOdo�<�8rxwxdo��-0n e r}�/d gx� -0n e l<dYrx�<dokMk g �/d � l8r}p/do� �

� � �n�+#�B� �!���!���7����	����'��

���
���n�i�B�,+´�
b�c7d -0n�p/dowjl/r}p8dhk¯k g �/d c7rx�_p g  �dutOdYrx�<m7l/dhk g n¯rOp8-0t:d�� e r i d � l g t �/d eog n7k.�am7v�p g p/c7d
i - � dIp8-0t:d gx� p/c7d F ¸ ,Lk7dIp8d e p g ls�<~���p8dot �

��* �,+!�u�����&���!� 	��������&�[�
��	����
b�c7d � m iEi -0n ��g l<t2r}p/- g n g n�p8c7d��/-�p8m¡r�p8- g n i dYr}k7-En7w�p g rQ �dYr}t � k7m7tOvMl/doµ�m7dh�<p_c¡rx��p g  �d
�<p g l/dok�p g r i0iEg � ��g l�k7dh 7m7wjwj-0n7wOrxn7k eog l<l/d i r}p/- g n6��-�p8c�k¡r}p8r � l g t g p8c7dhl ehg tOv g n.donqp8�hN
p8c7d g p/c7dol J 9K57kLdIHDv�dhl/-0t:dhn�p/�srxn7k�p8c7dªr ehe d i dol/r}p g l �

��� �%�B�! ��!�%�B�!����� �n���B�� �b�c7d��<~��<p/dot c7rx�2p g¥g v�dhl8r}p/d eog n�p/-En�m g m.� i ~xN_-0n7k7dhv�dhn7k7donqp � l g t g p8c7dhl eog t:v g n7dhn�p/�
�/m e c¯rx��p8c7d F ¸ ,'-�p8�/d i0� N.��c.- e c£-E��p8m.l/n7dhk g n g n i ~6k7m.l/-En.wO��p�rx  i d� �dYrxt ehg n7k7-�p8- g n7� �
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b�c.dsk g �/d�l/r}p8d�tOdYr}�/m7l<dotOdonqpK-E�# 7rx�/dhk g nQp/c7d�l<dYrxk g m.p gx� p8c7d�l/rxk7-Er}p8- g n -0n7k7m e dokQ�/-0wjn¡r iDe m7l �
l<donqp8� gx� �/- i - ehg n 143 � k7- g k7do� � k v7l/d e -0�/d�p8dht:v�dol/r}p8m7l<d�t:dorx�/m7l<dotOdonqp�r iEi0g ��� ��g lAr eog l<l/d e p8- g n
g}� p/c7d�p8dht:v�dol/r}p8m.l/d�-En.k7m e dhk e c¡rxn7wjdh�K-En�p8c.d�k7- g k7d
	 � i dYrx��rxwjd e m7l<l/donqp � b�c7d i dorx��rxwjd e m7l/l<donqp
r}k7k7��r}� r eog n.�<p�r}n�p g
l �/dhpªp g p8c7dQp g p�r i tOdYrx�<m7l/dhk e m.l/l/dhnqp gx� p8c7d:l/d � dol<�/d6 7-Erx�/dhk¥k7- g k.do� �
3 n6rxk7k7-�p8- g nOp g p8c.d_tOdYrx�<m7l/dht:dhnqp gx� p/c7dC-0n7�<p8rxnqp�rxn.d g m7��k g �<d � l/r}p8d}NDp/c7d g�l �<dhp e m7l/l<donqp�tOdYr �
�<m7l/dht:dhnqp -0n�v�dol<- g k7�a��-0p/c g m.pªt:r e c7-En.d g v�dhl8r}p/- g n¢-0��m7�/dhk¥p g do��p8-0t2r}p/d¦p8c7dQ 7m i � � k¡rxt:rxwjd
ehg tOv g n.donqp gx� p8c7d: ¡r e ��wjl g m7n7k�l8r}k7- r}p/- g n � 5_rxk.- r}p/- g n � -En7k.m e dhk( .m i �¢k¡rxt:rxwjdO-En¥r�k7- g k.d
r}n7k�p/c7d ��gxiEiEg ��-0n7wOrxn7n7dor i -0n7w gx� p/c7-E�sk¡rxt:rxwjd i dorxk7��p g r:v7l<dok7- e p8rx  i d e c¡r}n7wjd g}� p8c.d g
l �/dIp
i dYrx��rxwxd e m7l<l/donqp g n¥rMp8-0t:d � e r i d � l g t��/d ehg n7k7�um7v�p g p/c7d i - � dhp8-0t:d gx� p/c7d F ¸ ,´�<~��<p/dot �
b�c�m7�ut g n7-0p g l/-0n7w2p8c.d e c7rxn7wjdh� -En�p/c7d:l/rxk7-Er}p8- g n�-En7k.m e dhk i dYrx��rxwjd e m7l/l<donqp8� r iEi0g ��� ��g lªrxn
dh�<p/-Et:r}p8- g n6p8c7d� 7m i �2k7rxt2r}wjd eog tOv g n7donqp gx� p8c7d�p g p�r i l8rxk7-Er}p8- g n6k g �/d �
b�c.d g n i -En7dªk g �<d�l8r}p/d�tOdYrx�<m7l/dht:dhn�p gx� p8c.d��/- i - ehg n£k7- g k7do�_-E� eog tOv i dht:dhnqp8dok¯ �~¯r2��~D��p8dht
g}� l8rxk7-Er}p8- g n -¡d i k>d l d e pap8l/rxn7�/-0�<p g l/� ± 5_r}k 2 94b���¬�N���c7- e c¢rxl/du�/don.�/-0p/- � d p g �<m7l � r e d�k¡r}t2rxwxd
� l g t�- g n7-E�<-En7w l8rxk7-Er}p8- g n �
3 n�rxk7k.-0p8- g n?N�p8c7dhl/t gji m7tO-En.do� e donqp�k g �/-EtOdhp/dol<� ± b78 ,a��¬IN.l/dYr}k g mDp�t g nqp/c i ~xN¡r iEi0g � ��g l�r e r i �
-0 7l8r�p8- g n�rxn7k eog nqp/l gji�gx� p8c.d g n i -0n7d�t:dorx�/m.l/dotOdonqp/� �

tutuv��xv�t 4P� zK�GF|�

b�c.d i rR~ g m.p gx� p8c7dªl8r}k7- r}p/- g n2t g n.-0p g l��<~��<p/dot�-E���<�xdIp e c7dhk�-En 2 -Ew ��yjyj� � �K3 p ehg n7�<-E�<p/� g}� p/c7d
��gxiEiEg ��-0n7w�d i dotOdonqp8�3�
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y ? l<d � dhl/�<d� 7- rx�<dok:�/- i - ehg n 143 � k7- g k7do�hNDwxl g m7v�dok:-En�<ut g k7m i do�hN�rxl/d_t g m.n�p/dok eoiEg �/d_p g
p8c7du=?9K@aB6-Enqp/dol8r e p8- g nMv g -Enqp�-En6p/c7d � - e -0n7-0p�~ gx� p8c7d F ¸ , � 2 -0wjm7l/d yjyj� ³jrq¬��<c g ���sp/c7d
eog tOv g n7donqp8� gx� r�t g k7m i d �M3 p ehg n7�/-0�<p/� gx� p�� g k7- g k7dh� ± y e t � �<-�/odY¬ªt g m7nqp8dhk%-En.k7- �
� -0k7m¡r i0i ~ g nQv7l/-0nqp8dok � e -0l e m7-0p �   g rxl/k.� ± 1 4 1 ¬ � b�c7d�p�� g 1 4 1 � r}l/d�w i m.dokQ ¡r e � � p g �  7r e � N
��-0p8c y t:t gx�?i dYrxkQ�<c7-Ed i k7-0n7w�-EnQ �dhp���dodon � k_n � b�4§p8dht:v�dol/r}p8m.l/d��/dhn7� g lA-E�4t g m7nqp/dok
g n g n7d gx� p8c7d 1 4 1 �hN ehiEg �<d�p g p8c7d¦k.- g k7d � b�c.dO 7r e � � p g �  ¡r e � eog nr-7wjm7l8r�p8- g n gx� p�� g
-En7k7dhv�dhn7k7dhn�p k7- g k7dh�ul<do�/m i p8�ª-En�l/dhk7m7n7k¡r}n e ~ ��g l�p8c7d iEg�e r i k g �/d � l/r}p8dOt:dorx�/m.l/dotOdonqpoN
��c7- e cM-0� -EtOv g l<p8rxnqp ��g l l/d i -Erx  i d� �dYrxt � k.m7t:v:l/dhµ�m.do�<p/� � b�c7d i dYrxk6�<c7-Ed i k7-0n7w �<dov¡r}l8r}p �
-En7w6p/c7d�p�� g 1 4 1 ��rx .� g l< 7� � dol�~ iEg � � don7dhl/wx~�- g n.-E�/-0n7w6l/rxk7- r�p8- g n ± y q yR{ r}p<p8dhn�m7r}p8- g n
��g l r�v7c g p g n� �dorxt gx� < { �xd ¸ don.dol/w}~7¬ � 2 g l�l8rxk7-Er}p8- g n eog tO-En.w � l g t g n i ~ g n7dOk7- �
l/d e p8- g n?N.-�p p/c�m.��r iEi0g ��� ��g l�r �<dov¡r}l8r}p/- g n gx� p/c7d eog n�p/l/-0 7m.p8- g n gx� p/c7d iEg � � don7dhl/wx~:v¡rxl�p
gx� p8c.du�<v�d e p8l<m7t � b�c.d t g k7m i d�-E�sd i d e p/l/- e r i0i ~6�<c7-Ed i k7dhk¯ q~�rxn>r i m7tO-En�m7t e rx�<d � b�c7d
g m.p8dhl�k7-EtOdon7�<- g n.� gx� r¦t g k.m i d�r}l/dªrxv7v7l g H.-0t2r�p8d i ~6³ � tOt�H£�
<¦t:t H��p��t:t �
2 g m7l ��g l<� rxl<k£t g k7m i dh��rxl<d�t g m.n�p/dok g n£rxn£r i m.t:-0n�m.t � r}n7wjdxN eoiEg �/dap g p/c7d 2 F ¸ ,�N
r}p�:® yjyR{ e tMN¶�/m.l/l g m7n7k7-0n7w6p8c7d  �dorxt�v7-Ev�d -0n¯p8c7d � dol�p8- e r i v i r}n7d ± �/dod 2 -Ew �ªyjyj� �j¬ �
b�c7d�t g k7m i do� rxl/d�d i d e p8l<- e r iEi ~Q-0� gji r}p8dhk � l g t p/c7d�r i m7t:-0n�m7t�� rxn7wjdC �~6r���rxv.p g n ��g - i
rxn7k�v i rx�<p/- e � e l/dh��� � b�c7d ��g m7l�l<dYrxl·t g k7m i do��rxl/d�t g m7nqp8dok -Enup/c7d �/rxtOd ehg nr-¡wjm.l8r}p/- g n?N
 7m.p eoi0g �/d¦p g p8c7d 1 F ¸ ,´r�pª�® ² yR{j{ e t � 2 -Ewjm.l/d yjyx� ³x ¡¬C�/c g ���ªrMv7- e p8m7l<d gx� p�� g



y ? { �������
	��
�	�����������	���������������������� ��� � 	� !�"�$#%�!�&�'��(*)+�!�'�" !�����

gx� p8c.d l/dorxlCt g k7m i dh�Cr � p8dol7-¡n¡r i rx�<�/dht�  i ~ � b�c.d�t g k7m i do�_rxl/dun g pCr eoe do�<�/-E  i d k.m7l/-0n7w
�/c�m.p8k g ��n.��rxn7k6r}l/d ��g l/dh�/dodhdon2p g ��p�rY~O-EnOv i r e d ��g lKp/c7d i - � dIp8-EtOd gx� p8c7d F ¸ ,f�<~��<p/dot �
k iEi r e p/- � d ehg tOv g n.donqp8� rxn.k�p/c7dKl/dorxk g m.p d i d e p8l g n7- e � rxl<d4�/-0p/m¡r}p/dok�-En�l/r e ��� g m.p8�<-Ek7d#p/c7d
t2rx-0n6k7dIp8d e p g l � b�c7dap g p8r i¶e rx  i d i dhn7wxp8c � l g t p8c7dak.- g k7do��p g p8c7dal<dYrxk g m.p�d i d e p8l g n7- e �
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zx-Querschnitt

4x2 diodes 4x2 diodes

-100 cm

110 cm

6 Tubes 
for TLD

BMVDFMVD 6 TLD

z=160 cm -120 cm
-130 cm

4 RadFET C5 / 4 RadFET

X
Z
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3

5

2

4

1

beampipeRadFET

diode

TLD

proton direction
view in F:3,4

R:9,10

F:5,6
R:15,16

F:7,8
R:13,14

F:1,2
R:11,12

R1

R2

R3

R4

F5

F6

F7

F8

x

y

Interaction Point (e )

12.5 cm
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Diodes for MVD radiation monitor - long term current test
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 (nA/cm) 3A  6.196e-11± 8.772e-09 

 (s) 3t  67.59±  5520 

data
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2 1 MeV n/cm810⋅=1.2eqφ ) ,  -t/t3e3+A-t/t2e2+A1-t/t
e1(t)+Aα(⋅V⋅eqφI(t)=
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