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LO Comparison
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th. uncert.

exp. uncert.

 World average
 (S. Bethke, hep-ex/0211012)

 Dijet cross sections in NC DIS
 ZEUS (Phys Lett B 507 (2001) 70)

 Inclusive jet cross sections in NC DIS
 ZEUS (Phys Lett B 547 (2002) 164)

 NLO QCD fit
 ZEUS (Phys Rev D 67 (2003) 012007)

 Multi-jets in NC DIS
 ZEUS new (this analysis)

 Subjet multiplicity in NC DIS
 ZEUS (Phys Lett B 558 (2003) 41)

 Subjet multiplicity in CC DIS
 ZEUS (hep-ex/0306018)

 Inclusive jet cross sections in γp
 ZEUS (Phys Lett B 560 (2003) 7)

0.1 0.12 0.14
αs(MZ)

#"?BI01>=F9 V:g A � ] J(.k<k.�@=B'LM5�.3Q � � :=@=7lL(.?E35�4=< 0IJMACBn@=DR@67 �;B'ACBn2�46<,>(@=5�.�Q 014 460IJ(.G5 <k.3@ �
B'LM5�.�< .�D(0_B�@6DRQn0IJ(. H 465'79Q @6:;.�5�@ S!. f



� �������	��
 �

� ���  � � �Å����� �

'09TCaG61>=F9�Ae9�KuM�GV_D]�OQ?J¤ 9�=F9�KuM@?RCDf c4=F_LGFGbGS9dc/M@?B_aKnGV?BKzM@7>9{w�Ca=@?RCD~:fJ9dGV� <F�!�� k�¥ <F�!� CaK:O  "!7nC�wa9$~�9�9�Kb;:=@9dGS9TKLMF9TO�]^_a="C8K>9�1>M@=�CDfLc�1>=F=@9TKLMdk�A�1>fjMF? )m9�M"Y�[S\39�wL9�KuMhGFCDAe;>fB9$_D]�V�O>� O�;:~ � +_a] � � �3\|O>CDMFC&M�CD·a9TK�?JK�M@7:9 A V �l�a�P=61:K>K>?BK>I:g 687>9TG@9X7:C�wa9X~�9�9�K0c�_aAe;:Ca=@9dO�MF_�U,��&;:=@9dOQ?Bc4M@?B_aK:G3IL9�K>9T=FCDM@9TO 1:GS?BK>I{M@7>9<U���&�:	��6¹;>=F_aIL=FCaA�gb687>9eU,��&Å7:CLG�~�9�9TK0]^_�1>K:OMF_<OQ9TGFc4=F?J~�9�M@7>9bO>CDMFC5�2?jMF7>?JK�9�=F=F_a=dg"��G C5Ae_a=F9�;:=@9dc4?RGS9�M@9dGmM8M@7:9Xc�=@_uG@G G@9Tc/MF?J_LK|=�CNMF?J__a]�M@=F? )m94M�MF_5OQ? )m94M89�wL9�KuMFG�7:CaGx~�9�9�K�c�CafBc�1>fBCDM@9dOe?JK  "! g¢��IuCD?BK�CDK|CaIa=F9�9TA&9TKuM�~n9�Mm�x9T9�KO:CNMFC<CaK:O{M@7>9T_a=FE�;>=F9TOQ?Rc/MF?J_LK�� CLG2GS7>_N�2K¶gT#>=F_aA�MF7>?RG�c4=F_LGFG2GS9dc/MF?J_LK{=�CNMF?J_<CewNCDfY1>9b_D]
� �5� CLGb94�lMF=FCLc/M@9dO 1nGS?BK>I�M@7:9 � �&OQ9T;n9TK:OQ9TK:c49�CLGb;>=F9TOQ?Rc/MF9TO�~lE0M@7:9�W 6 � ��»���Y�# g687:9bw�Caf 1:9bA&9dCaG61>=F9TO�?RG2?BK+CDIa=F9�9TAe9�KuM �2?JM@7�MF7>9b�x_L=@fRO|C�wL9�=�CDIL9a�

� �%M �>�B�*Oa�as�	��:� �L�>�T�no � - 1%-St � ��� � � !��� ��� � ��� � o � � � t 	r�>� �a�D»Q£Qo3- /LW��Dt o A gB�dt
687:9x~>?BIaIL9TGSM"9T=@=F_a=h]^_a=hM@7:?BG�Ae9TCLG71:=@9TA&9TKuM�c�_aAe9TG¶]^=@_LA M@7:9x=F9�K>_L=@A<CafJ?BÃTCDM@?B_aKPGFc�CafJ9

1:K:c49T=SM�CD?BKLMmELkD�27>?Rc�7<c�CDKe;>=F_a~nCD~>fBEb~n92=F9TO�1:c49dO*ka�27>9TK<U,U,��&�cTCDfRc,1>fRCNMF?J_LK:G�CD=F92C�w�Ca?JfJ¦Ca~>fB9ag�&�KeM@7>9�94�Q;�9�=F?JAe9�KuM�CDfnG@?ROQ92M@7:9,~>?BIaIL9TGSM�9�=F=@_L=$?BG�M@7:9,9�K:9�=FIaE5GFc�CafJ9�1>K:c49T=SM�CD?BKuMmEak�27:?Bc�7rc�_01>fRO�~n9{=@9dO21:c�9TOz~lE 1:K:OQ9�=�GSMFCDKnOQ?JK:I�M@7>9{9�K>9T=@ILEHG@cTCDfB9�_D]8MF7>9|c�CafJ_L=@?BAe94MF9�=~�94M@M@9T=Tg��,K>_DMF7>9�=2~:?JIe9�=F=F_a=8GS_�1>=Fc�9�?RG M@7:9b?JK:c�_a=F=@9dc/M2OQ9TGFc4=F?B;QM@?B_aK�_D]hM@7>9V� � o�CDK:O�?BKQ¦wNCa=@?RCDKuM8AeCLG@G�txGS;�9Tc4M@=91>A�_D]hM@7>9�)m94M�G�k>CaK|?BA&;:=@_NwL9TO0op_a=8~n9�MSMF9�=8M61:K>9TO:t%'+_LKuM@9VW CD=FfJ_Ae_QOQ9Tf¢c4_01:fBOy=@9dO21:c�9PMF7>?BGV94¤ 9Tc/Mdg&�,K�CafjMF9�=FK:CNMF?JwL9&G@_afY1QMF?J_LK0M@_�MF7>9TG@9PMm� _�;>=F_a~>fB9�A<Gc�_01>fROz~�9�;>=F9TG@9�KuM@9dOy~lEHM@7>9�� ���,� [S[X;>=F_aIa=�CDA`�27>?Bc�7�Ca?JA<GVCDM5c4_LfJfB9Tc4M@?BK>I0C�7>?BIa7fY1>Ae?BK>_LG@?jMmE�GFCDAe;>fB9V_D]¢Y�[S\+O>CNM�C>g2687>?RG,GFCDAe;>fB9V� _01>fRO�CDfBfJ_N�¡M@_�Ae9dCaG61>=@9VCDM,7>?BIa7>9T=� �±o�CDK:O  "! t4kl�27>?Bc�7{�x_�1>fRO<fJ9dCaOeMF_&CPfJ_N� 9�= G@cTCDfB9�1>Knc49�=@MFCa?JKuMmEe?BK|~�_DM@7|M@7>9T_a=FE<CDK:O9��Q;n9T=@?BAe9�KuMTg

A �



A O ����������	�
��4� �������������4�������



� �������	��
 ���

 �� � ��� ����� � � �����

[8� _01>fRO�fJ?B·a9XMF_eM@7:CaK>·�APE{CLOQwl?BG@_a=	�XfRC 1nG ��?Bc�·{]^_a=�IL?Jwl?BK>IeAe9bM@7>9P_a;>;�_a=@M61>K:?jMmE|M@_� _a=F·e_aK<MF7>?RG�MF7>9TG@?RG�g$687:CaK>·QG�IL_u9dGxCafBG@_bMF_���9TG@fJ9TE�\lAe?jMF7|]^_L=xIL?Jwl?BK>IPAe9�CLO>OQ?JM@?B_aK:CafG61>;>;�_a=@M,CDKnO�MF_K:01:CaK�6h9�=F=F_aK�]^_L=27:C�wl?JK:I5MF7>9VCDKnGS� 9�=�G �27>9�K�[ O>?BOQK!	 M�7:C�wL93M@7>9TA�g¸ ?BIaIL9TGSM2M@7:CaK>·QG�Ia_�M@_|�¶?BCaK>I|��?¶]^_a=3OQ_a?BK>I<MF7>95G@9Tc�_aK:O�CDKnCDfBElG@?RG�CDK:OHOQ9�~�1:IaIa?BK>IMF7>95CaK:CDfBEQGS?RG�O21:=@?BK>I|c�_01>KuM@fB9TGFG2K>?BIa7uM�G�g�\l;�9Tc�?BCaf¶MF7:CDK>·QG,Ia_eM@_
�XfBC01:G ��?Rc�·�k#��9TG@fJ9TE\QA&?JM@7eCDKnOP\QCD~:?JK>98�¶CaAeA&9T=FG�]^_a="=@9dCaOQ?BK>I,M@7>9 c4_aAe;>fB94MF9�MF7>9TG@?RGhOQ=�CN] M$CDKnOVG71:~>Ae?jM@M@?BK>IMF7>9�?B=Xc4_aAeAe9�KuM�G�?BK+M@?BAe9ag�[2CDfRG@_�� CaKuM2M@_�MF7:CDK:·�\QCa~>?BK>9b]^_a=�A<CDKlE{?BKuM@9T=@9dGmMF?JK>I{CDK:O
1nGS9�] 1>fJf>O>?BGFc,1:GFG@?J_LK:G�gh[®K5IL9�K>9T=FCafaMF7>9 � � �3\V��CDAP~L1>=@I3[�IL=@_�1>;�k�M@7:9���� ��\ ��?BGFc4_LK:G@?JKIL=@_�1>;|CaK:O�CDfBf�APE<_DMF7>9�=x]^=F?J9TK:O>Gx7:C�wa9�AeCLOQ9,A5Ee;:CaGSM G@?j��EL9TCa=FG�?JK|��CDA5~�1>=FI5CVwL9�=FE;:fJ9dCaGFCDKuM294�Q;n9T=@?B9�Knc49ag

A s



A » ����������	�
����;� �����"����� ��	 � � 	���� �



� ��� ��������� �

� ������� ��� 	 ��� ���

A q



A � ������	�� ����� ��� ����� ��
 ��� �����"� �

)
2

log(Q
1 2 3

ev
en

ts
/lu

m
i

0

20

40

60

)
2

log(Q
1 2 3

ev
en

ts
/lu

m
i

10
-1

1

10

10
2

jby
0 0.2 0.4 0.6 0.8 1

ev
en

ts
/lu

m
i

0

20

40

60

jby
0 0.2 0.4 0.6 0.8 1

ev
en

ts
/lu

m
i

10
-1

1

10

10
2

ely
0 0.2 0.4 0.6

ev
en

ts
/lu

m
i

0

10

20

30

ely
0 0.2 0.4 0.6

ev
en

ts
/lu

m
i

1

10

hγcos 
-1 -0.5 0 0.5

ev
en

ts
/lu

m
i

0

50

100

hγcos 
-1 -0.5 0 0.5

ev
en

ts
/lu

m
i

10

10
2

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

0

100

200

300

400

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

#"?BI01>=F9<�VgB�a��-/.G0o.32G0o4=5k7r.G:=.G7i234=<?>	@65'ACBG46D	B?EG465k0IJ(.��6AIDR.�< @60_Am2 :=@=5'Am@!XG79.GB�f ] J	.�Qg@601@
@65�. 2346<,>(@=5�.3Q 014�� [O\^] � >`5�.3Q=Am2�0_Am46D	B�f ] J	. �q4=D�01. � @=5'794 >R5�.�Q6Am2G0VAm4=D(B @=5�. @65�.3@
D`4=5'<k@=7lA�� .3Q 014q0IJ(.�Qg@=0o@ H A9JU0VAID 0IJ(.j2�LM0�X34=LMDRQ!@=5'Am.GB�f ��.�5'0VAm2�@6787lAID`.'B AIDRQ=Am23@601. 2�LM0mB
@3>g>R7TAm.�Q 014 0KJ	./B�@6<,>`79. f ] J	. Q=ACB'0_5'AmX�LM0VAm4=D	Bk4=D 0KJ	. 7r.mE30 @65�.p46D 7TAIDR.3@=5/B�23@=79.p@6DRQ 46D
0KJ	.^5'ATS JM0i46Dq794�SW@=5'AI0KJU</Am2�BG23@679. f



A £

maxη
2 3 4 5

ev
en

ts
/lu

m
i

0

50

100

maxη
2 3 4 5

ev
en

ts
/lu

m
i

10
-1

1

10

10
2

zE-p
40 45 50 55 60

ev
en

ts
/lu

m
i

0

20

40

60

zE-p
40 45 50 55 60

ev
en

ts
/lu

m
i

1

10

10
2

eE
10 20 30 40

ev
en

ts
/lu

m
i

0

20

40

60

eE
10 20 30 40

ev
en

ts
/lu

m
i

1

10

10
2

e)z(E-p
20 30 40 50

ev
en

ts
/lu

m
i

0

10

20

30

e)z(E-p
20 30 40 50

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

vertz
-60 -40 -20 0 20 40 60

ev
en

ts
/lu

m
i

0

20

40

60

80

vertz
-60 -40 -20 0 20 40 60

ev
en

ts
/lu

m
i

1

10

10
2

#"?JI�1>=@9b�Pg O>� aeB ��SWf�a�f�� XGLM0REG4=5^4=0KJ	.�5�.�:;.�D(0 :;@65'Am@gX�79.GBGf



A V ������	�� ����� ��� ����� ��
 ��� �����"� �

T,1E
0 20 40 60

ev
en

ts
/lu

m
i

0

50

100

150

T,1E
0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

T,2E
0 20 40 60

ev
en

ts
/lu

m
i

0

50

100

150

T,2E
0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

1η
-1 0 1 2 3

ev
en

ts
/lu

m
i

0

20

40

60

80

1η
-1 0 1 2 3

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

2η
-1 0 1 2 3

ev
en

ts
/lu

m
i

0

20

40

60

2η
-1 0 1 2 3

ev
en

ts
/lu

m
i

1

10

10
2

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

0

100

200

300

400

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

#"?JI�1>=F9X�Pg s:� aeB ��SWf)a�f��jXGLM0REG4=5 0KJ	.���.G0�:=@=5'Am@gX�79.GB�f



A�A

)
2

log(Q
1 2 3

ev
en

ts
/lu

m
i

0

10

20

)
2

log(Q
1 2 3

ev
en

ts
/lu

m
i

10
-1

1

10

jby
0 0.2 0.4 0.6 0.8 1

ev
en

ts
/lu

m
i

0

5

10

15

20

jby
0 0.2 0.4 0.6 0.8 1

ev
en

ts
/lu

m
i

10
-1

1

10

ely
0 0.2 0.4 0.6

ev
en

ts
/lu

m
i

0

5

10

ely
0 0.2 0.4 0.6

ev
en

ts
/lu

m
i

10
-1

1

10

hγcos 
-1 -0.5 0 0.5

ev
en

ts
/lu

m
i

0

20

40

hγcos 
-1 -0.5 0 0.5

ev
en

ts
/lu

m
i

1

10

10
2

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

0

5

10

15

20

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

10
-1

1

10

#h?BI01:=@9b�Vg »:� a�B �*S!f)a^f��nX�LM0�EG465�0_5'A ��.�0�.G:=.GD�0mB�f



�d�a� ������	�� ����� ��� ����� ��
 ��� �����"� �

maxη
2 3 4 5

ev
en

ts
/lu

m
i

0

20

40

maxη
2 3 4 5

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

zE-p
40 45 50 55 60

ev
en

ts
/lu

m
i

0

10

20

zE-p
40 45 50 55 60

ev
en

ts
/lu

m
i

10
-1

1

10

eE
10 20 30 40

ev
en

ts
/lu

m
i

0

5

10

15

20

eE
10 20 30 40

ev
en

ts
/lu

m
i

10
-1

1

10

e)z(E-p
20 30 40 50

ev
en

ts
/lu

m
i

0

5

10

e)z(E-p
20 30 40 50

ev
en

ts
/lu

m
i

10
-1

1

10

vertz
-60 -40 -20 0 20 40 60

ev
en

ts
/lu

m
i

0

10

20

30

vertz
-60 -40 -20 0 20 40 60

ev
en

ts
/lu

m
i

1

10

#"?BI01>=F9b�Vg qQ� aeB ��SWf�a^f��jX�LM0�EG4=5 0V5'A ��.�0i.�:;.�D(0_B�f



�d�>�

T,1E
0 20 40 60

ev
en

ts
/lu

m
i

0

20

40

60

T,1E
0 20 40 60

ev
en

ts
/lu

m
i

10
-1

1

10

10
2

T,2E
0 20 40 60

ev
en

ts
/lu

m
i

0

20

40

60

80

T,2E
0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

T,3E
0 20 40 60

ev
en

ts
/lu

m
i

0

50

100

T,3E
0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

#"?JI�1>=@9b�Pg �:�Oa�B���SWf)a�f�� X�LM0�EG465�0V5'A ��.G0�.G:=.�D(0_BGf � 4=D�0_AID�L(.�QpAID �*S!f)a^f �



�d��O ������	�� ����� ��� ����� ��
 ��� �����"� �

1η
-1 0 1 2 3

ev
en

ts
/lu

m
i

0

10

20

30

1η
-1 0 1 2 3

ev
en

ts
/lu

m
i

10
-1

1

10

2η
-1 0 1 2 3

ev
en

ts
/lu

m
i

0

10

20

2η
-1 0 1 2 3

ev
en

ts
/lu

m
i

10
-1

1

10

3η
-1 0 1 2 3

ev
en

ts
/lu

m
i

0

10

20

3η
-1 0 1 2 3

ev
en

ts
/lu

m
i

10
-1

1

10

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

0

5

10

15

20

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

10
-1

1

10

#"?JI�1>=@9X�Vg £l� � 46D(0VAID(L(.3Q,E35�46< �*S!f)a^f � f



�d�as

)
2

log(Q
1 2 3

ev
en

ts
/lu

m
i

0

20

40

60

)
2

log(Q
1 2 3

ev
en

ts
/lu

m
i

10
-1

1

10

10
2

jby
0 0.2 0.4 0.6 0.8 1

ev
en

ts
/lu

m
i

0

20

40

60

jby
0 0.2 0.4 0.6 0.8 1

ev
en

ts
/lu

m
i

10
-1

1

10

10
2

ely
0 0.2 0.4 0.6

ev
en

ts
/lu

m
i

0

10

20

30

ely
0 0.2 0.4 0.6

ev
en

ts
/lu

m
i

1

10

hγcos 
-1 -0.5 0 0.5

ev
en

ts
/lu

m
i

0

50

100

hγcos 
-1 -0.5 0 0.5

ev
en

ts
/lu

m
i

10

10
2

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

0

100

200

300

400

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

#"?BI01>=F9b�Vg V>�?@=B �*S!f)a^f���
�X�LM0�EG465ea,b?c�a,-ed [ f



�d�D» ������	�� ����� ��� ����� ��
 ��� �����"� �

maxη
2 3 4 5

ev
en

ts
/lu

m
i

0

50

100

maxη
2 3 4 5

ev
en

ts
/lu

m
i

10
-1

1

10

10
2

zE-p
40 45 50 55 60

ev
en

ts
/lu

m
i

0

20

40

60

zE-p
40 45 50 55 60

ev
en

ts
/lu

m
i

1

10

10
2

eE
10 20 30 40

ev
en

ts
/lu

m
i

0

20

40

60

eE
10 20 30 40

ev
en

ts
/lu

m
i

1

10

10
2

e)z(E-p
20 30 40 50

ev
en

ts
/lu

m
i

0

10

20

30

e)z(E-p
20 30 40 50

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

vertz
-60 -40 -20 0 20 40 60

ev
en

ts
/lu

m
i

0

20

40

60

80

vertz
-60 -40 -20 0 20 40 60

ev
en

ts
/lu

m
i

1

10

10
2

#"?BI01>=F9b�Vg A �?@;B��*S!f)a^f�� 
 X�LM0�EG4=5�a,b,c�a,-ed [ f



�d�Lq

T,1E
0 20 40 60

ev
en

ts
/lu

m
i

0

50

100

150

T,1E
0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

T,2E
0 20 40 60

ev
en

ts
/lu

m
i

0

50

100

150

T,2E
0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

1η
-1 0 1 2 3

ev
en

ts
/lu

m
i

0

20

40

60

80

1η
-1 0 1 2 3

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

2η
-1 0 1 2 3

ev
en

ts
/lu

m
i

0

20

40

60

2η
-1 0 1 2 3

ev
en

ts
/lu

m
i

1

10

10
2

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

0

100

200

300

400

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

#"?BI01>=F9b�VgB�T�:��@=B���SWf)a�f�� 
iXGLM0REG4=5 a,b?c�a,-ed [ f



�d�a� ������	�� ����� ��� ����� ��
 ��� �����"� �

)
2

log(Q
1 2 3

ev
en

ts
/lu

m
i

0

10

20

30

)
2

log(Q
1 2 3

ev
en

ts
/lu

m
i

10
-1

1

10

jby
0 0.2 0.4 0.6 0.8 1

ev
en

ts
/lu

m
i

0

10

20

jby
0 0.2 0.4 0.6 0.8 1

ev
en

ts
/lu

m
i

10
-1

1

10

ely
0 0.2 0.4 0.6

ev
en

ts
/lu

m
i

0

5

10

ely
0 0.2 0.4 0.6

ev
en

ts
/lu

m
i

10
-1

1

10

hγcos 
-1 -0.5 0 0.5

ev
en

ts
/lu

m
i

0

20

40

hγcos 
-1 -0.5 0 0.5

ev
en

ts
/lu

m
i

1

10

10
2

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

0

5

10

15

20

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

10
-1

1

10

#"?JI�1>=F9X�PgJ�L�a�,@;B��*S!f)a^f � 
�X�LM0�EG465ea,b,c�a,-ed [ f



�d�u£

maxη
2 3 4 5

ev
en

ts
/lu

m
i

0

20

40

maxη
2 3 4 5

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

zE-p
40 45 50 55 60

ev
en

ts
/lu

m
i

0

10

20

zE-p
40 45 50 55 60

ev
en

ts
/lu

m
i

10
-1

1

10

eE
10 20 30 40

ev
en

ts
/lu

m
i

0

5

10

15

20

eE
10 20 30 40

ev
en

ts
/lu

m
i

10
-1

1

10

e)z(E-p
20 30 40 50

ev
en

ts
/lu

m
i

0

5

10

15

e)z(E-p
20 30 40 50

ev
en

ts
/lu

m
i

10
-1

1

10

vertz
-60 -40 -20 0 20 40 60

ev
en

ts
/lu

m
i

0

10

20

30

vertz
-60 -40 -20 0 20 40 60

ev
en

ts
/lu

m
i

1

10

#"?BI01>=F9b�VgB�*O>��@=B���SWf)a�f���
iXGLM0REG4=5 a,b?c�a,-ed [ f



�d�0V ������	�� ����� ��� ����� ��
 ��� �����"� �

T,1E
0 20 40 60

ev
en

ts
/lu

m
i

0

20

40

60

T,1E
0 20 40 60

ev
en

ts
/lu

m
i

10
-1

1

10

10
2

T,2E
0 20 40 60

ev
en

ts
/lu

m
i

0

20

40

60

80

T,2E
0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

T,3E
0 20 40 60

ev
en

ts
/lu

m
i

0

50

100

T,3E
0 20 40 60

ev
en

ts
/lu

m
i

10
-2

10
-1

1

10

10
2

#"?BI01>=F9b�VgB�Ts>�,@=B �*S!f)a^f � 
�X�LM0�EG465ea,b?c�a,-ed [ f � 46D(0VAID(L(.3QkAID �*S!f)a^f�� � f



�d� A

1η
-1 0 1 2 3

ev
en

ts
/lu

m
i

0

10

20

30

1η
-1 0 1 2 3

ev
en

ts
/lu

m
i

10
-1

1

10

2η
-1 0 1 2 3

ev
en

ts
/lu

m
i

0

10

20

2η
-1 0 1 2 3

ev
en

ts
/lu

m
i

10
-1

1

10

3η
-1 0 1 2 3

ev
en

ts
/lu

m
i

0

10

20

3η
-1 0 1 2 3

ev
en

ts
/lu

m
i

10
-1

1

10

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

0

5

10

15

20

jets
m

0 20 40 60

ev
en

ts
/lu

m
i

10
-1

1

10

#h?BI01:=@9b�VgB��»n�,@;B���SWf)a�f � 
�XGLM0REG4=5 a?b,c�a?- d [ f � 46D(0VAID(L(.3QkAID ��SWf)a�f�� �!f



�L�T� ������	�� ����� ��� ����� ��
 ��� �����"� �



� ��� ��������� �

	 � �¡� ��� � ���X � ��� � � ������� �

�L�a�



�L�*O ������	���������� � �����X��	 � �J����� ��	"�8�\�J���������

�,��[m�,Y3U � 9TfJ9dc/MF=@_LK{Ae94MF7>_QO 9TK>9�=FIaE�GFc�CafJ9 op��³{´ µ t@�

�
� ���
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

�
� � �
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

�
� 	 �
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2


��
� ���
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2


��
� ���
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2


 �
� 	��
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

�
� � �
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

�
� 	��
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2


��
� ���
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2


 �
� 	��
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

#"?BI01>=F9V¸3gJ�L�,h �;B'0o.G<k@=0VAm2�LMDR23.�5'01@6AID(0VAm.'B^4YE^0IJ(. ��.G0i:=@=5'Am@gX�79.GB�EG465 BV>	.32�A � 2�B �;B'01.�< @60_Am2
0o.'B'0_B�f



�L�Ts
���75 � <F�!��� ¥|� OQ� q ¥|��³b� �¹³{´�µ

�
� � �
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

�
� ���
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

�
� 	��
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2


 �
� ���
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2


��
� � �
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2


��
� 	 �
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

�
� ���
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

�
� 	��
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2


 �
� ���
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2


��
� 	 �
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

#"?BI01>=F9P¸3g`OQ��h��;B30o.�< @60_Am2�LMDR23.�5'01@6AID(0VAm.'B�4+E 0KJ	. ��.G0i:=@=5'Am@!XG79.GB�EG465�BV>(.�2�A � 2^B �;B'01.�<k@=0VAm2
0o.GB30_B�f



�L��» ������	���������� � �����X��	 � �J����� ��	"�8�\�J���������

�=<9>8�²�>� �D» �L�}º��²�>� � 
�4��� �p��� K>_L=@9T�x9T?JIL7LM

�
� � �
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

�
� � �
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

�
� 	��
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2


 �
� ���
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2


��
� � �
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2


��
� 	 �
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

�
� ���
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

�
� 	��
�
�

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2

-1 0 1 2
-0.2

-0.1

0

0.1

0.2


��
� � �
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2


��
� 	 �
�
�

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

10 20 30 40 50 60
-0.2

-0.1

0

0.1

0.2

#"?BI01>=F9V¸3g s:�,h �;B'0o.G<k@=0VAm2�LMDR23.�5'01@6AID(0VAm.'B^4YE^0IJ(. ��.G0i:=@=5'Am@gX�79.GB�EG465 BV>	.32�A � 2�B �;B'01.�< @60_Am2
0o.'B'0_B�f



�L�dq
���2[m�,Y3U � 9�fB9Tc4M@=F_aK�A&9�M@7>_QO 9TK>9�=FIaE{G@cTCDfB9 op�¹³�´nµ�t �

�
�
� �
� �
�

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

�
�
� �
�

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

�
�
� �
�

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

� � 5 � <F�!��� ¥|� OQ� q ¥|��³b� �¹³{´ µ

�
�
� �
� �
�

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

�
�
� �
�

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

�
�
� �
�

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

�=<9>2�²�>� �D» �L�®º"�±�>� � 
�4��� �p��� K:_a=F9�� 9�?BIa7uM

�
�
� �
� �
�

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

�
�
� �
�

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

�
�
� �
�

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

10
2

10
3

-0.2

-0.1

0

0.1

0.2

#"?BI01>=F9�¸3g »n� h �;B'0o.G<k@=0VAm2pLMD`23.G5'0o@=AID�0_Am.GBn4YE 0KJ	.  ! 2�5�4;B3B B�.32G0VAm4=D(B�EG465 BV>	.32�A � 2nB �;B �
0o.�< @60_Am2^01.GB'0mB�f



�L�T� ������	���������� � �����X��	 � �J����� ��	"�8�\�J���������



� ��� ��������� �

� � � � ��� � �b�2� � � � ����� � �

@ ��� � ����� �
	 � A+¿À-±Á��RC¶�"��¿
��] M@9T=eM@7>9 A V �l�L�+=61:K>K>?BK>Iz;n9T=@?B_QOrCyAeC )m_a= 1>;>IL=FCLOQ9{_a]�M@7:9���������A<Cac�7:?JK>9��8CaGO>_aK>9Lg�687:9,;�1>=F;�_LG@9�_D]*MF7>9�1:;>Ia=�CaOQ92�8CaG¢M@_5Ia94M8Cb7>?BIa7>9T=�?BK:GSMFCDKuM�CDK>9T_01:G�f 1>Ae?BK>_LG@?JMmECaK:O<;�_afRCD=F?JÃT9TOe~�9TCaAeGTg$Y�1:9�M@_PM@7>9�7>?BIa7>9T=�fY1>Ae?JK>_uGS?JMmE&M@7>9T=@9,� CLG�CDK|?JK:c�=@9dCaG@9TO&fB9�wa9Tf_a] =�CaO>?BCDM@?B_aK�7>?jM@M@?BK>I+MF7>9<;>7>_aM@_aKvcTCDfB_a=F?JAe94MF9�=dk�A<CD·l?BK>I+C+GS7>?B9�fROQ?BK>I+_D] M@7:9<;>7>_DMF_aKcTCDfB_a=F?JAe9�M@9�=5K>9Tc�9TGFG@Ca=@ELgHY�1>9|MF_0MF7:CNMeGS7>?B9�fROQ?BK>I0MF7>9�94��c4?B9�K:c�Ez_D]2M@7:9{c�CafJ_L=@?BAe94MF9�=O>=@_L;>;n9dO�CDKnO²?BG{K>_DM�CaG|�x9TfJf3OQ94MF9�=FA&?BK>9dO*gÄ6h_�_D¤*GS9�M|MF7:CNM�;>=@_L~>fB9�A�M@7>9y;>7>_DMF_aKcTCDfB_a=F?JAe9�M@9�=&?RG5C01>IaAe9�KuMF9TO�~lE�M@7:9{;:Ca?J=eG@;n9dc/M@=F_aAe9�M@9�=5M@7nCNMeA&9dCaG61>=F9TGPM@7>9�9�K>9T=@ILEG@;�9Tc/MF=61:A�_a]Q;>7>_DMF_aK:G*M@7:CDM"OQ_�;nCD?B=�;>=F_lO�1:c/MF?J_LKb?JKXMF7>9�~�9TCaA¡9��l?JM¶�2?BK:OQ_N�bg"��fJM@7>_�1>Ia7MF7>?RG|IL?JwL9TG<CDK�?BK:OQ9T;n9TK:OQ9TKLM�Ae9TCaG61>=F9�Ae9�KuM�_a]�MF7>9HfY1>Ae?JK:_LG@?jMmELk ?JM{OQ_l9dGSK
	 M|7>9TfJ; ?JKO>94M@9T=@Ae?BK>?BK>IXM@7>929���c4?B9�K:c�Eag�6¶_bG@_afBwa9xM@7:CDM$M@7>9��aA MFCaIaIa9T=�� CLG�~�1>?BfjMdg�¸ EVAe9dCaG61>=@?BK>IMF7>9 9�fB9Tc/MF=@_LK:G¶CaK:O3M@7:9 c�_a=F=@9TfBCDM@?B_aKX�2?jMF7bM@7:9�;>7>_aM@_LK:G¶_LK>9�cTCDKVAe9TCLG71:=@9$MF7>9�9���c4?B9�K:c�E_a]hMF7>9VG@;n9dc/M@=F_aAe9�M@9�=�CaK:O�c�CDfB_a=F?BA&9�M@9T=8CaK:O�CDfRGS_ec4=F_LGFGS¦}cTCDfB?J~>=�CNMF9�MF7>9�A�g687:9,�DAÅMFCaIaIL9�=$?RG�CbwL9�=FE&c�_aAe;:Cac4M�GS;nCDIa7:94MSMF?ncTCDfB_a=F?JAe94MF9�=,ogVLq�� Oas �|�T�L�$AeA �Tt4g[}M�7:CaG�~n9T9�K�~�1>?BfJM{CDK:O±MF9TGSM@9dO²?JK Oa�a�a� � Oa�a�>�|~n9�]^_a=F90?JKnGmM�CDfBfBCDM@?B_aK�CNM � � ��\ g 687>9MF9TGSMFG{GS7>_N� 9TO²CzIL_u_QO²CDIL=@9T9�Ae9�KuM<~�94Mm� 9�9�K�O:CNMFCvCaK:O�G@?JA�1>fBCDM@?B_aK�CDKnO�CDK²_Nwa9T=FCafJfGFCNMF?BGS]pCac4M@_L=@E�;�9�=@]^_a=FA<CDK:c�9ag$�¹Ae_a=F9bOQ94M�CD?BfJ9dO�O>9TGFc4=F?J;QMF?J_LK{_a]hMF7>9TG@9XM@9dGmM�G�CDKnO{_a]¶MF7>9O>94M@9dc/MF_a=�cTCDKe~n9�]^_01>K:Oe?BK - Oe/ g�687>9�_L=@?BIa?BK:Caf>OQ9TG@?JILK5?BK:c�f 1:O>9TO<CX�8CNM@9T=¢c4_l_afB?BK>IVCaG"MF7>9
S3[m��q�A<CDILK>94M3?JKy�27>?Rc�70?jMX�8CaG�?JK:GSMFCafJfB9TO0� CLG,9��l;�9Tc4M@9dO�M@_�=@9dCac�7�MF9�Ae;n9T=FCDM61>=F9TG�_D]
1:;0M@_5Va����W�g,� fJ9dCD·�?JK0M@7>?RG�c�_l_afB?JK>I|� CLG2]^_01:K:O+?BKHG71:A&Ae9T= Oa�a��OeCaK:O�M@7:9&c�_u_LfJ?BK>I�8CaG5M91>=@K:9TOÂ_D¤�gr687>9�MFCaIaIa9T=5G@7>_N� 9TOrC�c4_LKuM@?BK;1:_01:G&OQ9Tc�=@9dCaG@9|?BKÂfB?BIa7uM&El?B9�fROr_NwL9�=MF7>9V=F9TGSM�_D]"M@7>9PEa9TCa=Tg���7>9�K+?JM�� CLG2=F9�Ae_Nwa9dO�?BK0GS;>=F?BK>IROD�L�as5?jM,�8CaG ]^_�1>K:O�MF_<7:C�wa9c�_aAe;>fB94MF9�fBE|=91:GmMF9TO�C�� C�ELg"687:?BG2A<CLOQ9X?jM�K>9dc49dG@GFCD=FEeM@_e=F9�~�1>?BfRO{?JMTg

@ ��¼ � ��F A+-���)0-�% � �Ä!$#��2�JC�C
687:9Pi:=�GSMXGSM@9T;H_D]x=@9T~�1>?BfBOQ?BK>I{� CLG�MF_�MFCa·a95M@7>9&_afRO0OQ9�M@9dc/M@_L=bc4_aAe;>fB94MF9�fBE+CD;:Ca=SMXCDK:Oc�fJ9dCDK±CDfBfxMF7>9�M61>K:ILGSM@9�KÂ;>fRCNM@9dG&?jM<7:CLGP~�9�9TK±c�_aK:GSM@=91:c/MF9TO�]^=@_LA�g #:_a=<c4fB9TCaK>?BK>I0MF7>9;:fBCDM@9TGx� 9�=F98i:=FGSM��8CaG@7>9TOe?BK|c�?jMF=@?Rc�Cac�?BO<CaK:O<CN] MF9�=F� Ca=FO:G¢c4fB9TCaK>9TOe�2?JM@7|CV�2?J=F9�~>=91:G@7�gY�1>=F?JK:IXM@7>?RG�;>=F_lc�9TGFG�GS9Twa9�=�CDfl;>fRCNMF9TG"~>=F_a·L9 CaK:OP7nCaOPM@_b~�9 =F9�;:fBCLc49TOP�2?jMF7e;>fBCDM@9dG"]^=@_LAMF7>9&AeCaK41Q]pCac4M61>=F?JK:I|G@CaAe;>fJ9Lg3687:9TG@9P;>fRCNMF9TG��x9T=@9PO>9TG@?JILK>9TO�]^_L=�OQ?J¤ 9�=F9�KuMXG@;:CLc4?BK>I�_D]MF7>9 i:~�9�=�G�kaG@_�M@7:CDM"?JM$?BG�K>_aM";�_LGFG@?J~>fB9xM@_3Ia94M¢CaKuE3i:~�9�=�G"~n9�Mm�x9T9�KeO21>AeAPE5CDK:OPK>_a=FA<CDf;:fBCDM@9TGTg$687>?RG�=F9TG61>fJMFG¢?BKeMm� _VfBC�EL9�=�G$_D]�OQ9dCaOein~n9T=FGTkL_LK>9,CDM�9TCLc�7<9�K:O<_a] M@7>93OQ94MF9Tc/MF_a=dg

�L��£



�L�UV ������	�������� ��� ����	 
J	 � ���\�X�H� �P�L������	�


�,G O21>=F?BK>IbM@7:9,_a=F?BIa?BK:CDf>~L1>?JfROQ?BK>IP;:=@_Qc49dG@G¢M@7>9�;>fRCNM@9dG¢� 9�=F92M@7:9�K|GSMFCLc�·a9TOeCaK:OeM@7:9i:~�9�=�G�Ae_NwL9TO�?BK+]^=@_LA MF7>9P~nCac�· g��,G�M@7>95;>fBCDM@9&G71>=@]pCac�9TG2~�9TcTCDAe9PAe_L=@9b=F_01>IL7�opO21:9MF_0M@7:9{c4fB9TCaK>?BK>IH;>=F_Qc49dG@G�tbCHc�_aK:G@?ROQ9�=�CD~>fB9<K41>AP~�9�=&_D]2in~n9T=FG5�x9T=@9{O>CDA<CDIL9TOz�27>9TK?BK:G@9�=@M@9TOy_a=Vc�_01>fRO�K>_DMb~�9<?JKnGS9T=SMF9TOzCNMVCDfBf gK#h?BK:CafJfBE0MF7>9e]^=@_LKuMX_a]xMF7>9�OQ9�M@9Tc4M@_L=b� CLG;:Ca?JKuMF9TO��27:?jMF9,MF_5?BK:c4=F9TCLGS9,=@9 �:9Tc4M@?B_aK:G CDK:O�M@7>9XOQ9�M@9Tc4M@_L= �8CaG��2=FCa;>;�9TO�?BK|~:fBCLc�·5]^_L?JfMF_eG@7>?B9�fRO�?jM2]^=F_aA�_�1QMFG@?ROQ9bfJ?BIa7uMdg
@ �9? �Â�JC¶��F���1V¿ Á|�8��A �
687>9�M�CDIaIL9�=&7:CaOrM@_ 1>KnOQ9�=FIa_zC0MF9TGSM@?BK>Iz;>=F_aIa=�CDA CDM&MF7>90Y �x\�� M@9dGmMF~n9dCDA�g²687>?BG�8CaG,?JK0_L=FO>9�=�MF_|7:C�wL9PC�wNCafJ?RO0c�CafJ?B~>=�CNMF?J_LK�]^_a=�M@7>95fBCDM@9�=3?BK:GmM�CDfBfBCDM@?B_aK0CDM � � ��\�CaK:OMF_0;>=F_Nwa9eM@7nCNMVMF7>9�M�CDIaIL9�=b�2?BfJf � _a=F·HCDfJM@7>_�1>Ia7zMF7>9�M91>K>IuGmMF9�Kv;>fRCNMF9TGPCa=@9<?BKrC�~:CLOc�_aK:OQ?JM@?B_aK¶g687>9{MFCaIaIa9T=V�8CaGV?BK:GSMFCafJfB9TOÂCNM&Cyq �{CDK>ILfJ9|M@_N�8CD=�O>GXM@7:9{~�9TCaA�g�6¶_HM@=F?JILIa9T=VM@7:99TfJ9dc/M@=F_aKnG Mm�x_<c4=F_LGFG@9TO5O¢c4A�MF=@?BIaIL9�=�c4_�1>KuM@9T=FG � 9�=F9�1nGS9dO*g�#>_L=8M@7>9XinK>9VG@cTCDK�C<G@c�?JK>¦MF?JfBfBCDM@_L=b;>fBCDM@9<�2?JM@7�C+s$AeA 7>_afB9<� CLG 1:G@9TOzCaGXwL94M@_ng|687>9<IuCNM@9<fB9�K:IDM@7z�8CaGbG@94MbMF_Ca;>;>=F_��l?BA<CNMF9�fBE&��V$K:G/kl�27>?Rc�7|?RG¢MF7>93ILCNMF9,fB9�K>IaM@751:GS9dO<~lEeM@7>9 � � ��\efY1>Ae? =@9dCaOQ_�1QMTg|+
@ ��� � #5%e�"�P@ 1b!¢�4# � A+%+-T% �
687>9e_L=@?BIa?BK:CDf�'+_LKLMF9|W CD=FfJ_�GS?BA 1:fBCDM@?B_aK - O=/¢7nCaO�C|K41>A5~n9T=b_D] G@7>_L=SM�c4_aAe?BK>ILG��27>?Rc�77:CLO&M@_5~n9�_Nwa9�=�c4_LAe9xMF_VIa9�M Cb=F9TCLGS_LK:CD~:fJ9�CaIa=F9�9�Ae9TKLM¢~�94Mm� 9�9TK�O>CNM�CVCDKnO�GS?BA 1:fBCDM@?B_aK]^_L=8M@7>?RG8M@9dGmMF~n9dCDA��

* 687>98_a=F?JIL?JK:CafLG@?JA�1>fRCNM@?B_aK&OQ?ROQK
	 M$c�_aKuMFCa?JK5CDKlEb~>=F_a·a9TKbi:~�9�=�G�g"6¶_3_Nwa9T=Fc�_aAe9$MF7>?BGCDKzCD;>;>=F_��Q?JA<CDM@9&AeCa;y_a]x~>=F_a·L9�KHi:~n9T=FGX7nCaGX~�9�9�K�Ia9TK>9�=�CNMF9TOyCDK:OyM@7:9eG@?BIaK:Caf=@9dGS;�_aK:G@9e_D]xM@7>9dGS9ei:~�9�=�GX7:CLGX~n9T9�KzGS9�MbM@_+�>g #>_L=bIa9TK>9�=�CNMF?JK>I{M@7:?BGXA<CD;¶k�M@7:9i:~n9T=FGx7:C�wL92~n9T9�K�fB?jMx]^=@_LAÄMF7>9,~nCac�·eCDK:Oe;>7:_DM@_LIa=�CD;>7:9TO5]^=@_LAÄMF7>9�]^=F_aKuMdg �xCac�7i:~n9T=FG2M@7:CDM�� CLG O:CD=F·�� CLG2c4_�1>KuM@9TO�CaG8~nCaO*g
* 687>9P_L=@?BIa?BK:CDf�G@?BA 1>fRCNMF?J_LK0OQ?BO>K
	 MXc4_LKLM�CD?BK0CDK+�,YbW�OQ?BIa?JM@?BÃTCDM@?B_aK�gJ#:_a=2MF7>?BG,M@7:9GS?BIaK:Caf*=@9dGS;�_aKnGS9X7:CLG8~n9T9�K+G@cTCDfB9TO|M@_eMF7>9Vc4_L=@=F9Tc4M =�CDK>IL93CaK:O{M@7>9TK�=@_�1>K:OQ9dO�MF_M@7>9bK>9dCD=F9TGSMJ$�1nCD=@M@9�=8_a]�C&;�WÄo^»<�,YbW¡c4_�1>KuMFG2CD=F9&��;�W8t/g
* 687>95_L=@?BIa?BK:CafhG@?JA�1>fBCDM@?B_aK�OQ?BO>K
	 Mbc4_LKuMFCD?BK0=�CDK:O>_aA K>_a?RG@9ag"#>_L=,MF7>?BG�MF7>9&G@?BIaK:CafOQ?BGSM@=F?B~�1QM@?B_aK+?BK0c49TfJfRG2]pCa=,C��8C�E<]^=@_LA�MF7>9V~�9TCDA��8CaG�C�wL9�=�CDIa9dO�CDKnO�M@7>9TK 1:GS9dOCaGbC�;>=F_a~:Ca~>?BfJ?JMmE0OQ?RGmMF=@?B~�1QMF?J_LKy]^_L=VC�]pCac4M@_a=X~�9�?BK>I0CaO:OQ9TOyM@_�9dCac�7�?JK:O>?Jwl?RO21:CDfc49�fBf g
* 687>9<_a=F?JIL?JKnCDf$GS?BA 1:fBCDM@?B_aK�� CLGXK>_DMVG61>~2)m9Tc4M@9dOHMF_�M@7>9�cTCDfB?J~:=FCDM@?B_aK�ge687>?RGXM@?BAe9?jM�7:CaO±MF_�1>KnOQ9�=FIa_zMF7>9�GFCDAe9HcTCDfB?J~:=FCDM@?B_aK²;>=F_lc�9TO21:=@9HCLG<MF7>9yOQ9�M@9dc/M@_L=yo�GS9T9GS9dc/M@?B_aKHW�g qat4g
* 687>9�K:9���O>CDMFCbIL?JwL9TG�CP�2?BO>9�= 9�K>9T=@ILE&OQ?RGSM@=F?J~�1>M@?B_aK<MF7:CDK<MF7>9XGS?BA 1>fRCNMF?J_LK�g�687>?BG?BGx;>=F_a~:Ca~>fJEeO21>9,M@_PM@7>9�AeCLG@G�fJ_uG@G�_D]*MF7>9,;>fRCNMF9TGTg$687>?BGx7:CLG¢K>_aMx~�9�9�K{c4_aAe;�9�KQ¦G@CDM@9TO�k¶~�1QMbMF7>9<c�CafJ?B~>=�CNM@?B_aKy7:CaGX~�9�9TKvCDfJM@9�=F9TOHM@_�MF=@9dCNMVO>CNM�C�CDK:O�GS?BA 1:fBCDM@?B_aKOQ?j¤ 9�=F9�KuMFfJELg
Z�&Xp=i�b,a9fgi�{`i\]=bcfgp�^`wLfqp*i8^`],fqi\bdsqa9fq^`od]�fg^`_�i�ocy�fqp*i8[ � �� &�p*i��4v*_�^esqi7acr=odv*f�_�i7acwgv=sqi\wkac]�i\h,i\],fimh,i7sl}����L]*w6� &Xp=i�sgi6acr*odv*fX^`]�fgi\bdsNa9fgi\wXfgp=i�t\v=sgsqi\],fXo6h,i\snfq^`_�i�fqo�_�i7acwqv=sgi8fgp=i�fgocfNac{�tNpeacsgbdi�t\od_�^`]=byYsgod_ fqp*i��=p=ocfgod_%v={ fg^`�={`^`i\s6� &2o�sqi\r=v=t\i�fgp=i ^`]
	=v=i\]=t\i�ocy2]=od^`wgi�fqp*^`w�^`]�fgi\bdsNa9fg^`od]�^`wnsgi7wlfqsg^`tmfqi\rJfqo�fqp=ifq^`_�i�^`]�fgi\sghdac{��8^ fgp�a%sqi\{`imhdac],f�wg^`bd]eac{z�



��� �;� ������� ��
J�J������� �L� A
@ ��� @Å1V�T-�F�!$13��-�#5%
[®Kr=@9dGS;�_aK:G@9&M@_+MF7>9|OQ?J¤ 9�=F9�KuM5G@7>_N�x9T=V~�9�7:C�wl?B_a=b_D]2_L=@?BIa?BK:CDf¢CaK:OzK>9T� O>94M@9dc/MF_a=bMF7>9_L=@?BIa?BK:Caf8cTCDfB?J~:=FCDM@?B_aKr;:=@_Qc49dO21>=F9 - O*/,7nCaOrM@_z~n9+CafjMF9�=F9TO*g±[}M�GmMF?JfBfJ1:G@9TG&_aK:fJEÂq�S39��9Twa9TKLM�G8CDK:O{_aK>fBE 1:G@9TGxM@7:939Twa9TKLM�G¢MF7:CNM27:C�wL9,MF7>9�?B=8A<CN�Q?JA�1>A�9�K:9�=FIaE<?BK{_LK>9�;nCD=@M@?Rc/¦
1:fBCa=3c�9�fBf¶MF_�cTCDfB?J~>=�CNMF9bM@7nCNMbc49�fBf k�~L1QM�MF7>95G@9�fB9Tc4M@?B_aKHc�1QMFGXCa=@9PO>?j¤ 9�=F9�KuMTg3[®KyCLO>OQ?JM@?B_aKG@_aAe9X_D]hM@7>9bwNCa=@?RCD~>fB9TG 7:C�wL9�~�9�9TK+c4_a=F=F9Tc/MF9TOe]^_L=8M@7>9VG@?BA 1>fRCNMF?J_LK|MF_&A<CDMFc�7{M@7>9bO>CDMFCog#"?JIng�W�gJ��t/g687:9Vc,1QM�G2CD=F9a�

* M@7:93_NwL9�=�CDfBf�G@?BÃ�9eop�J'H\{_a]¶9�K>9T=@ILE�OQ9�;�_LG@?JMFG8?BK|M�CDIaIL9�=/t�MF_&~�9X~n9�Mm�x9T9�K�qQ� q�AeACDKnOH�*V$AeA�g
* M@7:9�_NwL9�=�CDfBf>9�K>9T=@ILE�o�G71:A�_D]�9�K:9�=FIaEeOQ9�;�_LG@?jM�G�?BK�M�CDILIa9�=/t"MF_P~�9�~�94Mm� 9�9TK�»a»¢; WCDKnO�q A ;�W ogV$;�W�9U$;1:CDfhCD;>;>=F_��Q?JA<CDM@9�fBE��8S39��Xt/g
* M@7:92=FCDM@?B_�_a]nMF7>989�K>9T=@ILEV?JK5M@7:927>?JIL7>9TGSM$9�K>9T=@ILEVc49TfJfQMF_3M@7>929TK>9�=FIaEb?BK<s �3s3c49TfJfRGopc�9�KuM@9T=@9dO5Ca=@_�1>K:OVM@7>987>?BIa7>9dGmM$9TK>9�=FIaEVc�9�fBfRthMF_�~�92~n9�Mm�x9T9�Ke�>� qD�3CDK:O&�>� �0V:g�#>_L=M@7:9|GS?BA 1:fBCDM@?B_aKzM@7:?BGP7:CaGP~n9T9�K�GFc�CDfB9TOzOQ_N�2Kv~lEzC�]pCac4M@_a=P_D]��>� VLqa��CaK:O�M@7:9�KG@7>?j] MF9TO 1>;�~lE{�:� �;OD�bMF_<A<CNMFc�7{M@7:9VO>CNM�C>g
* M@7:9P9�K:9�=FIaE�OQ?j¤ 9�=F9�Knc49P~�94Mm� 9�9TKyq��Hq�CDK:O0s �+s|c49TfJfRG&opc49TKuM@9�=F9TO+Ca=@_�1>K:O�MF7>97>?BIa7>9dGmMX9�K:9�=FIaE+c49TfJf t2MF_{~�9&~n9�Mm�x9T9�Kr³b�¶;�W�CDK:Or�*O�; W�g�#:_a=�M@7>9eG@?JA�1>fBCDM@?B_aKM@7:?BGh7:CaGh~�9�9�K5G@cTCDfB9TO"1>;P~uEbC�]pCac/MF_a=h_D]��a�`Oaqu£ CDK:ObM@7>9TK5G@7>?j] MF9TO 1>;V~lEb�>�`O0O V¢;�WM@_eA<CNM�c�7�M@7>9VO>CDMFC:g
* M@7:909�K>9T=@ILEÂOQ?J¤ 9�=F9�K:c�90~n9�Mm�x9T9�K�CafJf,CaK:O�q �±qzc49�fBfRGHopc�9�KuM@9T=@9dO�CD=F_01>KnO�MF7>97>?BIa7>9dGmM59�K>9T=@ILEyc49TfJf t3MF_0~n9{~n9�Mm�x9T9�K�³,q�; WZCaK:O.V$;�W�g #>_L=VMF7>9|G@?JA�1>fBCDM@?B_aKM@7:?BGe7:CLG&~n9T9�K²G@cTCDfB9TO 1:;r~lErCH]pCac/MF_a=&_D]&�a� » A £0CDK:O�M@7>9TK±G@7>?J] M@9dOÂOQ_N�2KÂ~lE�>� A £ V$;�WÂMF_eAeCDMFc�7�M@7:9VO>CNM�C>g
* M@7:9�7>?BIa7>9dGmMxCa~:G@_afY1QM@9�wNCaf 1>9,_D]�c�7:CD=FIa92c�_afBfJ9dc/M@9dOe?JK�CbG@?BK>IafB9,c49TfJf�CNM�fB9TCLGmM GS9Twa9�Kc49TfJfRG&C�� C�EH]^=@_LA MF7>9�7>?JIL7>9TGSM59TK>9�=FIaEzc49TfJfxM@_y~n9�fB9TGFGVMF7:CDK O>�J�=Oaq�; W�o�c4_a=F=F94¦G@;n_LK:O>G M@_KV � A �,YbW�c�_01>KuM�GFt4g
687:9{c�CafJ?B~>=�CNMF?J_LKrGS;�9Tc4M@=91>A _D],Cyc49�fBf8?BGPM@7:9{9TK>9�=FIaEzGS;�9Tc4M@=91>A ?BKvM@7:CDMec�9�fBf�]^_L=MF7>9�9Twa9�KuM�GXM@7:CDMV7:C�wa9&MF7:CNM5c�9�fBf�CaGbM@7>9T?J=V7:?JIL7>9TGSMV9�K>9T=@ILEHc49TfJf g{6h_�M@7:9|c�CafJ?B~>=�CNM@?B_aKG@;�9Tc/MF=61:AZC�SXC 1nG@G@?BCaKb?BG¶i>M2ol#"?BI:gDW�g O��>W�g qat/g"687>9�=�CNMF?J_,_D]�Oa�$;�WÂo MF7>9 O>9TG@?J=F9TObG@?JILK:CDf tMF_,MF7>9xi>M"Ae9dCDKVwNCDfY1>9 ?BG¶MFCa·a9TKPCaG"CDKPCLO>OQ?JM@?B_aK:CafucTCDfB?J~:=FCDM@?B_aKb]pCLc/M@_L=�]^_L=¶MF7:CNM$c�7:CDK:K>9�f g

#:_a= M@7:9XG@?BA 1>fRCNMF?J_LK�M@7:?BG ?RGxA�1>fJM@?B;>fJ?B9TO{~lE�CDK�CaO>OQ?JM@?B_aKnCDf�]pCac4M@_a=8_a]��a�B�Ts A qD�3MF_eAeCa·a9
1:;{]^_L=�OQ?J¤�9T=@9TKLM,G@7>_N� 9�=8~�9�7:C�wl?B_a=dg6h_bA<CD·L9�1>;e]^_a=$MF7>9�K>_LKQ¦N1>K>?J]^_a=FA&?JM@?B9TG$]^=@_LAZM@7:9�~>=F_a·a9TKPin~n9T=FG¢M@7>9�Ae9dCDKe9�K>9T=@ILE?RG�OQ9�M@9T=@Ae?BK>9TO�CaG2C5] 1>Knc/M@?B_aK�_a]hMF7>9Vc4_L=@=F9Tc4M@9TO|=@9dc4_LK:GmMF=61nc/M@9dO�;�_LG@?jMF?J_LK ! ol#"?BI:g�W�g �Lt4g687:93=�CNMF?J_5_D]�MF7>9X~n9dCDA�9TK>9�=FIaE&M@_5M@7:?BG89TK>9�=FIaEe?RG�1nGS9dO|CaG8CPK>_aKQ¦N1>K>?J]^_a=FAe?jMmE�c�_a=F=@9dc/¦MF?J_LK�]pCac/MF_a=dg
@ �F� ��%��,! � �(Á|�21V%
6h_�MF9TGSMhMF7>9 =@9dGS_Lf 1QMF?J_LKVCDK:OVfJ?BK>9TCa=@?JMmE3_D]QM@7:9x9TK>9�=FIaE3=@9dc4_LK:GmMF=61nc/M@?B_aKXMF7>9 ~n9dCDA¹9�K>9T=@ILE7nCaG�~n9T9�KyCafjMF9�=F9TO�]^=F_aA �PM@_{��S39��Ä?BKr��S39�� GSM@9T;:GTg�#:_a=39TCac�7H9�K>9T=@ILE�C SXC 1:GFGS?RCDK�8CaG i:M2M@_eM@7:9b9�K>9T=@ILE�GS;�9Tc4M@=91>A CD] M@9�=�G@_aAe9bc,1>MFGVog#h?BI:g W�g £5CDKnO5#"?BI:g�W�g VLt4g
# �esgod_ ]=o7� od] ���8^`{`{kac{ �Xa\}*w�wq� i7ac~�ocyX�0odwg^ fq^`od] sqi\t\od]=wlfqsgv=tmfq^`od] ��p=i\] ��_�i7ac] fgp=i�t\odsqsgi\t\fgi\r�0odwg^ fq^`od]�sqi\t\od]=wgfgsqv*t\fg^`od];�



�=OD� ������	�������� ��� ����	 
J	 � ���\�X�H� �P�L������	�


#>_L=�OQ9�M@9T=@Ae?BK>?JK:I�M@7:9PfB?JK>9dCD=F?jMmE�C|GSM@=�CD?BIa7uM�fB?JK>95?BG�i>M,MF_�MF7>9PAe9TCLG71:=@9dO{Ae9dCDKHCLGC5] 1>K:c4M@?B_aK+_a]hMF7>9b~n9dCDA�9�K>9T=@ILEag¢687>9b=F9�fRCNMF?JwL93O>?j¤ 9�=F9�K:c�9b~n9�Mm�x9T9�K�M@7:9PO>CNM�C&;n_L?JKuMFGCaK:O�M@7:9Pi>MX?RG�MF7>95K:_aK>fB?JK:9TCD=F?JMmE{_a]$M@7>9eOQ94MF9Tc4M@_a=eol#"?BI:g¶W�g A CDKnO #"?JIng*W�gB�T�ut/g3[}MXcTCDK~�9,G@9�9�KeMF7:CNM�]^_a=xO:CNMFC3MF7>9,fB?BK>9TCa=@?JMmEP?RG�CDMxCe� $ZfJ9Twa9Tf:_Nwa9T=�M@7>9��27>_afB92=�CDK>IL9�CDK:O<CDMxC�:g O%$�fB9�wL9�flCD~�_Nwa9�s�S39T�Pg�#>_a=hM@7:9xG@?JA�1>fBCDM@?B_aKV?JM�?BG"c4_LA&;nCNM@?B~>fB9��2?JM@7VK:_,K>_LK>fJ?BK>9dCD=F?jMmELg
#>_L=�OQ9�M@9T=@Ae?BK>?JK:I�M@7:9V=@9dGS_Lf 1>M@?B_aK�M@7:9P=�CNM@?B_<_D]�i>MXGS?BIaA<CeMF_<i>M3A&9dCDK0�8CaG,c�CDfRc,1>¦fRCNMF9TO�CaG2C&] 1>K:c4M@?B_aK�_D]hM@7>9b~�9TCaA 9TK>9�=FIaELg�6h_&M@7>?RG8MF7>9X] 1>K:c4M@?B_aK�&� ª/© M�� Quom�T�:� q%$ ° � � 5ÂqQ� �%$ ° �Pt

�8CaGxi>M�MF_&M@7>9XMF9TGSM@~�9TCDA�O>CNM�CeCDK:O|M@7>9X] 1:K:c/MF?J_LK�&� � ¬%M�� QLoS��£Q�J� $ °�� �(5��a� £ $ ° �5t
�8CaGxi>M�MF_&M@7>9VG@?JA�1>fRCNM@9dO{O:CNMFC:g
@ � � ��-T%���Á|�21V%
6h_�MF9TGSM�MF7>95;�_LG@?JM@?B_aKH=F9Tc�_aK:GSM@=91:c4M@?B_aK0CDKnO+M@7:95;�_LG@?jMF?J_LKHOQ9T;n9TK:OQ9�Knc49e_D]$MF7>959TK>9�=FIaE=F9Tc�_aK:GSM@=91:c/MF?J_LK�M@7>=F9�9<inK>9|GFc�CDKnGV� 9�=F9�OQ_aK>9Lg #>_L=VM@7:?BGVi:K>9{GFc�CaKzM@7>9|wa94MF_+M@=F?BIaIa9T=�2?JM@7zMF7>9{s$AeA 7>_afB9��8CaG"1:G@9TOvCaK:O�Ae_Nwa9TO�7>_L=@?BÃ�_LKuMFCDfBfBE0_Nwa9T=bM@7>9{OQ94MF9Tc/MF_a=dg�687:9GFc�CaK:G�� 9�=F95OQ_LK>9P?BK0MF7>9&A&?RO>OQfB9ak�CDM,MF7>9�1:;>;n9T=bCDK:O�MF7>9&fJ_N� 9�=�9TOQIL9P_D]$MF7>9ec49�KuMF=FCaf=F_N��_D]$c49TfJfRGTg6h_yMF9TGSM<M@7>9 1>K:?j]^_L=@Ae?JMmE�_D]3M@7>9�9TK>9�=FIaEv=F9Tc�_aK:GSM@=91:c/MF?J_LK�MF7>9+Ae9TCDK±9�K:9�=FIaEv7:CLG~�9�9TK0c�CDfRc,1:fBCDM@9TO�CLG�C&] 1>K:c4M@?B_aK0_a]hMF7>9bM@=F?BIaIa9T=2;n_uGS?JM@?B_aK�og#"?JI�W�gB�Tsut/g 687>9PG@;n9dc/M@=91>A_a]2M@7>9dGS9{A&9dCDK�9TK>9�=FIa?B9TGPIa?Bwa9dGPC+IL_u_QOv9dGmMF?JA<CDM@9|_a]2M@7>9�Cac4M61:CafxK>_LKQ¦N1>K>?J]^_a=FA&?JMmE�_D]MF7>9POQ9�M@9Tc4M@_L=Pol#"?BI:g W�gB��»lt/g,Wx_aKnGS?ROQ9�=F?BK>I&M@7>9PG@?BÃ�9V_a]"MF7>9�1>Knc49�=@MFCa?JKuMF?J9dG2?JK�MF7>9VAe9TCaK9TK>9�=FIaELku_LK>9Vc�CaK�GFC�EeM@7nCNM2M@7:9bK>_aKQ¦N1>K>?J]^_a=FAe?jMF?J9dG2CD=F9X�2?jMF7>?JKz� $�g687>9+=F9Tc�_aK:GSM@=91:c/MF9TO��u¦};�_LG@?jMF?J_LKr�8CaG<OQ9�M@9�=FAe?JK:9TO±CaGeCy] 1>K:c/MF?J_LK²_D],MF7>9�M@=F?BIaIa9T=;�_LG@?jMF?J_LK�gx6h_eM@7:?BG�C<GSM@=�CD?BIa7uM�fB?JK:9b?BG8i:M�CDK:O{MF7>9PCD~nGS_Lf 1QMF9VOQ9�wl?RCNMF?J_LK{]^=F_aA M@7>9Xi:M,?BGOQ9�M@9T=@Ae?BK>9TO+og#h?BI:glW�gJ��q�M@_�#"?JInglW�gB��£at/g�687>?BG¢fJ9dCaO>G�MF_PCXK>_LK>fJ?BK>9dCD=F?jMmEV_a]nMF7>9�;�_LG@?jMF?J_LK=F9Tc�_aK:GSM@=91:c/MF?J_LK|_a]"fB9TGFG8M@7nCDK+�>�`O�AeA{g%#>=F_aA�MF7>9P�J'y\{CDM�_aK>9b;�_LG@?JM@?B_aK�_aK>9bIL94MFG2CaK9dGmMF?JA<CNMF9P_a]$M@7>9&;n_uGS?JM@?B_aKH=@9dGS_Lf 1QMF?J_LK0CNM�M@7:CDM�;�_LG@?jMF?J_LK�g3687:95G@;n9dc/M@=91>A _D]�CafJfhM@7:9TG@9=F9TG@_afY1QM@?B_aKnG&og#"?JIng"W�gJ�*VLt�Ia?Bwa9dG3M@7>9<_NwL9�=�CDfBfh=F9TG@_afY1QMF?J_LKy_a]3�L� �$AeA�g�687>9TG@9&M@9dGmM�GVCD=F9_LK>fJE<=F_01:Ia7�9dGmMF?JA<CNMF9TG _D]¶M@7>93;n9T=S]^_L=@A<CaK:c493_D]�MF7>93;n_uGS?JM@?B_aK{=@9dc4_aKnGmMF=61:c4M@?B_aK�klCaGxMF7>9�ECa=@9V?BK��L1:9�K:c�9TO+~lE�K>_aK:fJ?BK>9TCa=@?JM@?B9TG,_D]$MF7>95;�_LG@?JM@?B_aK0=F9Tc�_aK:GSM@=91:c/MF?J_LK�g,687>9&GS?BA 1:fBCDM@?B_aKEl?B9�fRO>G,CeA�1:c�7+~n9�MSMF9�=3;n_uGS?JM@?B_aK+=F9TG@_afY1QM@?B_aK�_a]$�:� �¢A&A �27>?Rc�7+?BG,K>_DM�1:K:OQ9�=�GSM@_l_QO 1>;MF_&K:_N�bg¢687>?BG2c�_01>fRO�c4_LA&93]^=F_aA�MF7>9bAe_a=F9bc4_afBfB?JA<CNMF9TO�GS7:_N�x9T=FG ?BK|MF7>9VGS?BA 1:fBCDM@?B_aK�g
@ � � � ������! C¶��A�)0-��JC
� M � � �3\eMF7>9�9TfJ9dc/MF=@_LK:G�� 9�=F9,OQ?Bwa9T=SMF9TO|_aKuM@_PM@7>9�MFCaIaIa9T=�~lE�CPO>?J;�_afB9�A<CaIaK>9�Mx�27>?Rc�7fB9TCLO>G¢MF_&C&OQ?B=@9dc/M2c4_L=@=F9�fRCNMF?J_LK<_D]¶9TK>9�=FIaELkuCaK>IafB9�CaK:O�;�_LG@?jMF?J_LK�g$6¶_eGSM61:OQEeMF7>?RGx9TK>9�=FIaEGFc�CaK:Ge?JK±MF7>90c49TKLMF9�=<_a]�MF7>90OQ94MF9Tc4M@_a=<7nC�wa9�~n9T9�K�OQ_LK>9�]^_a=�CDK:IafB9TG&]^=F_aA O���M@_.V��?BK � � GSM@9T;:G+opCDM ��� ��\��x9�7:C�wL9�M@7:9�CaK>IafB9TG&s��:£ � t/g�#:_a=e9TCLc�7�_D]�MF7>9�A¾M@7>9+GFCDAe99Tw�Caf 1nCNM@?B_aK+CLG8]^_a=2MF7>9V9TK>9�=FIaE|GFc�CaK�7:CaG2~�9�9TK0OQ_aK:9ag [}M�GS7:_N��G2C<OQ9�;�9�K:O>9�K:c�9V_D]�M@7:9IuCD?BK�ol#"?JIng*W�gB� A t�CaK:O�_D]$MF7>9P=F9TG@_afY1QM@?B_aK�og#"?JIng*W�g`OD�ut2_aK�MF7>9eCDK>ILfJ9Lk:~�1QMbCD=F9VK>_aM3CLGGSM@=F_aK>IeCaG ]^_L=8M@7>9b_L=@?BIa?BK:Caf O>94M@9dc/MF_a=�- O=/}g6h_XM@9TGSM¢?J]*C3fB9TCLO&G@7>?B9�fROQ?BK>Ib�x_�1>fRO5CD¤�9dc/M$M@7:92=@9dGS_Lf 1QMF?J_LK5_a]nMF7>92M�CDIaIL9�="M@7:=@9T92=61>KnGCDM qTS39�� 7:C�wa92~�9�9TK<MFCa·a9�K<CaK:O<C SXC 1nG@G@?BCaKe7:CaG�~n9T9�K<i>M�M@_V9dCac�7<9�K:9�=FIaE5G@;�9Tc/MF=61:A�kG@7>_N�2?BK>I5K:_�OQ?j¤ 9�=F9�KuM2?BK{MF7>9b�2?ROlM@7�g



��� �;� ��� � � ��
 � � � ��	��X� ��	�� � � 	���� �8
J	 � 	�� � � �=OQ�
@ ��� Á5A+¿À¿À1b! � # � �Â�JC¶��F���1V¿ � ��1"C�A�!$�,¿À�,%&��C
��] M@9T=P�8CNM@9T=VO>CDA<CaIa9&M@7>9��aA M�CDIaIL9�=X7:CLGb~n9T9�K�MFCa·a9TKzCa;:CD=@MTk�M@7>9<M91>K>IuGmMF9�Kz;>fRCNM@9dG7nC�wa9|~�9�9TKÂc�fJ9dCDK>9dO�CDK:OrC0K>9T��MFCaIaIa9T=P7:CLGP~�9�9TKr~�1:?JfJM 1nGS?BK>I0MF7>9�_afRO�;>fRCNMF9TG&CDK:OC+G@94MV_a]2K>9�� i:~�9�=�G�g|687:?BGXM�CDILIa9�=b7nCaGX~�9�9�K�cTCDfB?J~:=FCDM@9TO�CDKnOHMF9TGSM@9dOvCNMbM@7:9�Y�� \��MF9TGSM@~�9TCaA�gY�1>95M@_{~>=@_L·a9TK+i:~�9�=�G�MF7>95K:9��ZOQ9�M@9Tc4M@_L=3G@7>_N� 9TO+C{K>_aKQ¦N1>K>?J]^_a=FAe?jMmE{M@7nCNMbc4_01:fBO~�93=@9T;>=@_QO21nc49TO&~lE&M@7>93GS?BA 1:fBCDM@?B_aK�g��2] MF9�=8c4_a=F=F9Tc/MF?JK:IX]^_a=¢MF7>9TG@9�MF7>9�M�CDILIa9�=�7:CaG�~n9T9�KG@7>_N�2K{M@_<7:C�wL93CaK{9TK>9�=FIaE|=@9dGS_Lf 1QMF?J_LK|_a]

�&�,ª/©"M�� Qaom�d�>� q $ ° � � 5rq>� �2$ ° �Pt
CaK:O�CzK>_LKQ¦q1:K>?j]^_L=@Ae?JMmEr_a]&� $�g�687>?RG�?RG�c4_LA&;nCD=�CD~>fB9�M@_vMF7>90;�9�=@]^_a=FAeCaK:c49�_a]�MF7>9
'0_aKuM@9VW CD=FfJ_5CDK:O|_D]*M@7:93_LfBO|OQ94MF9Tc/MF_a=dg$687>9�K:9���OQ9�M@9Tc4M@_L=x7:CLG �2?BOQ9T= G@7>_N� 9�=�G$MF7:CDKMF7>9PG@?JA�1>fRCNM@?B_aK��27>?Rc�7�?BG�K>_DMJ1>KnOQ9�=�GmMF_l_lO�k>~�1QM,Ae?BIa7uM�~�9PO21>9XMF_�CeAeCDM@9T=@?RCDf*fB_LGFG2_D]MF7>9XM61:K>ILGSM@9TK{]^=F_aA�M@7>9Vc�fJ9dCDK>?BK>I:g687:9P;�_LG@?jMF?J_LKH=F9TG@_afY1QM@?B_aK+_a]¢M@7>9&OQ94MF9Tc4M@_a=3?RG�fB9TGFG,M@7:CaK��a� �$AeA CDK:O�MF7>9&K>_aK>fB?BKQ¦9dCD=F?jMmEP?BG�fB9TGFG"M@7:CaK&�:� O$A&A�g�687>9�GS?BA 1:fBCDM@?B_aK{o��>� �$AeA�t�1>K:OQ9T=@9dGmMF?JA<CNMF9TGhM@7:92;n_uGS?JM@?B_aK=F9TG@_afY1QMF?J_LK{~lE<]pCa=Tg687:9&OQ9T;n9TK:OQ9TK:c49&_D]¢MF7>9&ILCD?BKH_LK+M@7:9&CaK>IafB9{o�CDK:O0M@7>9T=@9T~uE�MF7>9&;n_uGS?JM@?B_aKnt,?RG�K:_DM] 1:fJfBE 1>K:OQ9T=FGSM@_l_QO*kLCLG$?JMx?RG¢OQ?J¤�9T=@9TKLM�]^=@_LAÄMF7>9�_a=F?BIa?BK:CDf>OQ9�M@9dc/M@_L=xCaK:O&M@7>9,=@9dCaG@_aK:G$Ca=@9K:_DM�·lK>_N�2K�g

#:_a=<c4=F_LGFGec�CafJ?B~>=�CNM@?B_aKÂCDK:O±CacTc49�;>MFCDKnc49{M@9TGSMFGe_a],MF7>9+_DMF7>9�=<�X1:A&?�c�_aAe;�_aK>9TKLM�GMF7>9TG@9H=F9TG@_afY1QMF?J_LK:G�G@7>_01>fRO�~�90Ia_l_QO²9�K:_01>IL7�k�CaG�M@7>9TE²Ca=@90GSM@?BfBf�~�94M@M@9�={M@7nCDK�MF7>9�?B=9TK>9�=FIaE²=F9TG@_afY1QM@?B_aKnGHom� Oa� $�CDK:OÄ� �$AeA<t4g�687>9HM�CDILIa9�=�c�CaK CDfRGS_Â~n9 1:G@9TO�M@_O>94M@9T=@Ae?BK>95M@7>9&·l?JK>9TA<CNM@?Rc�G�_D]¢;:7>_DMF_a;>=F_QO21:c/MF?J_LK+9�wL9�KuMFG3CNM37>?JIL7��Åk ~�1QM3M@7:9P94�>CLc/M=F9U$;1>?B=F9�Ae9�KuMFG8_a]¶MF7>9TG@9bAe9TCaG61>=F9�Ae9�KuM�G2CD=F9�K>_aM�·lK>_N�2K�g
@ ����� �`���|%�# 	��4�,)��5¿ ��%&��C �D#5!������ �Â�JC¶��F���1V¿
[,�x_�1>fBO0fJ?B·a95M@_|M@7:CaK>· �bCNM�CD=FÃ�ElK:C���?Rc�7>A<CDK>K0]^_a=3MFCa·u?BK>I{_Nwa9�=3CaG3c4_l_a=�OQ?BK:CNMF_a=2]^_L=MF7>9VMF?JAe9eCN] MF9�=,[8fB9TC�wL9 � � �3\�CDK:O�MF7>95�aA�MFCDILIa9T=�Ia=F_01>;�]^_L=,7>9TfJ;>?BK>I{A&95_01QM,]^=@_LAMF?JAe9|M@_�M@?BAe9|�27>9TKv[XK>9�9dOQ9TOvC�7:CaK:O*g�687:CDK:·lGVIa_l9TGVCafBG@_�M@_y��9�fBA 1>M �X=FC01:G@95]^_L==F9�;nCD?B=@?BK>IH_�1>=ewl?BOQ9T_�cTCDAe9�=�C0�27:9�K±?jM<~>=F_a·L9agr687>9�~>?BIaIL9TGSM5MF7:CDK>·QG&Ia_yM@_z��Ca?JK>9T=
��9�M@9T=�#>9TfJfB9�=dku\QCa~>?BK>9 ��9TO>CaAÅ�hCDAeAe9�=�G¢CDK:Oe�¶?BCaK>IV��?:]^_a=�G@?jM@M@?BK>IV?BK<�2?jMF7<Ae9,CNM$MF7>9MF9TGSM@~�9TCaA ]^_L=�A<CDKlE{G@7>?J] MFGTg2\Q;n9dc4?RCDf*MF7:CDK>·QG2IL_l9TG8MF_{\QCD~:?JK>9b�27:_ 	 G8]pCaGFc4?BK:CNMF?J_LK+CDK:O?BKuM@9T=@9dGmM�?BK�M@7>?RG8;>=F_ )m9Tc4M2=@9TA&?BK:OQ9dO�A&9b7:_N� A 1nc�7|] 1>K�MF7>9TG@9b;>=F_ )m9Tc4MFG2CLc/M61nCDfBfJE|Ca=@9Lg



�=O0O
������	���

�����
�������	


J	
�
���\�X�H

��P
�L��

��
��	�


3
RMS

0 1 2 3 4 5 6 7 8 9 10

n
o

rm
al

is
ed

 e
ve

n
ts

0

1000

2000

3000

4000

5000

5
RMS

0 1 2 3 4 5 6 7 8 9 10

n
o

rm
al

is
ed

 e
ve

n
ts

0

500

1000

1500

2000

2500

3000

3500

4000

all
RMS

0 5 10 15 20 25

n
o

rm
al

is
ed

 e
ve

n
ts

0

500

1000

1500

2000

2500

3000

1E
0 5 10 15 20 25 30 35 40 45 50

n
o

rm
al

is
ed

 e
ve

n
ts

0

500

1000

1500

2000

2500

3000

3500

4000

3E
25 30 35 40 45 50 55 60 65 70 75

n
o

rm
al

is
ed

 e
ve

n
ts

0

500

1000

1500

2000

2500

3000

5E
25 30 35 40 45 50 55 60 65 70 75

n
o

rm
al

is
ed

 e
ve

n
ts

0

500

1000

1500

2000

2500

3000

allE
25 30 35 40 45 50 55 60 65 70 75

n
o

rm
al

is
ed

 e
ve

n
ts

0

500

1000

1500

2000

2500

3
/E1E

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

n
o

rm
al

is
ed

 e
ve

n
ts

0

1000

2000

3000

4000

5000

5
/E

3
E

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

n
o

rm
al

is
ed

 e
ve

n
ts

0

1000

2000

3000

4000

5000

6000

all
/E

5
E

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

n
o

rm
al

is
ed

 e
ve

n
ts

0

1000

2000

3000

4000

5000

6000

7000

3-E5E
-25 -20 -15 -10 -5 0 5 10 15 20 25

n
o

rm
al

is
ed

 e
ve

n
ts

0

1000

2000

3000

4000

5000

6000

3-EallE
-25 -20 -15 -10 -5 0 5 10 15 20 25

n
o

rm
al

is
ed

 e
ve

n
ts

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5-EallE
-25 -20 -15 -10 -5 0 5 10 15 20 25

n
o

rm
al

is
ed

 e
ve

n
ts

0

1000

2000

3000

4000

5000

6000

7000

3,corE
2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5

n
o

rm
al

is
ed

 e
ve

n
ts

0

500

1000

1500

2000

2500

5,corE
2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5

n
o

rm
al

is
ed

 e
ve

n
ts

0

500

1000

1500

2000

2500

noise
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

n
o

rm
al

is
ed

 e
ve

n
ts

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

#"?BI01>=F9W�gJ�L�
�4=D(0V5�467e>R79460mB

EG4=5 
0KJ	. 
B�.3234=D`Q

23@=7lAmX�5�@=0VAm4=D
B'01.o>Ff

-/
@=0o@
J	@=B#

X3.3.�D
5�. H.�ATSJM01.3Q

014
<k
@=0o23J#

0KJ	.
>	4=B3AI0VAm4=D


Q=ACB'0V5'AmXGLM0VAm4=D

4YE�
0KJ	.�

�q
4=D�01.

�@=5'794
N HJUAm23J

J(@;B
@�
��@=0�AID=>RLM0�Q=ACB'0V5'AmXGLM0VAm4=DgPgf

]J	.
�q
4=D�01.

�@=5'7r4
J(@;B�X3.3.GDq

B�2�@679.3Q
014p
<
@60123Jq

0IJ(.�.�:;.�D(0
5�@601.

4+E�0KJ	.
Qg@601@!f

]J	./
:=.�5'0_Am23@=7*7lAID`.'B�AID`Q=Am23@=0o.

0KJ	.
2GLM0�X34=LMD`Qg@=5'Am.GB�f

��4=5�0IJ(.
.GD`.G5_S��

5�@60_Am4=B@6DRQp
Q6A�?.�5�.GD`23.'B0KJ	.�

�q
4=D�01.

�@=5'794n
:;@65'Am@gX�79.GB?J(@=:=.�X3.3.�D

B�2�@679.3Qp
@=D`Q/
B�JUAE30o.3Qk

0o4
<k
@=0o2�J

0IJ(.�Q!@=0o@gf



����
�4��

����
�"��

��8	
�
���	����

�%��
(
����	

��	��X�
��	���

�=ODs

0 5 10 15 20 25 30 35
0

20

40

60

80

100
50

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160

180

200

220

240 51

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140 52

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140 53

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140 54

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140 55

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160 56

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160

180

200

220

240 40

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350 41

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350

400 42

0 5 10 15 20 25 30
0

50

100

150

200

250
43

0 5 10 15 20 25 30
0

50

100

150

200

250

300 44

0 5 10 15 20 25 30
0

50

100

150

200

250
45

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350

400 46

0 5 10 15 20 25 30 35
0

50

100

150

200

250 30

0 5 10 15 20 25 30
0

100

200

300

400

500 31

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350 32

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350

400 33

0 5 10 15 20 25 30 35
0

50

100

150

200

250

300 34

0 5 10 15 20 25 30
0

50

100

150

200

250

300 35

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350

400 36

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140

160

180 20

0 5 10 15 20 25
0

50

100

150

200

250

300

350 21

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350 22

0 5 10 15 20 25 30
0

50

100

150

200

250

300 23

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350 24

0 5 10 15 20 25 30
0

50

100

150

200

250 25

0 5 10 15 20 25 30
0

50

100

150

200

250

300 26

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 10

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140

160

180

200 11

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160

180

200 12

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160 13

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160 14

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160 15

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140

160

180 16

#"?BI01>=F9&W�g`OQ�
�@67lAmXG5�@=0VAm4=Dj

>R7r4=0_B�4YE�0KJ	.�79._E30�B'AmQg.k
4YE�0IJ(./

Q!.G0o.32G0o4=5EG4=5/
Q!@=0o@gfhMJ	4 HD

ACB
0KJ	.
.GD`.G5VS�j

AID
0IJ(.p
23.GD�0_5�@=7O23.G7I7MEG4=5p

@67I78.G:=.GD�0mB/
0IJ(@=023.�D(0o.G5�AID

0IJ(@=023.�7I78@=D`Q
B3LM5':AI:=.

0KJ	./
2�LM0mB�f



�=ON»
������	���

�����
�������	


J	
�
���\�X�H

��P
�L��

��
��	�


0 5 10 15 20 25 30
0

20

40

60

80

100

120

140

160 57

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160 58

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140 59

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140 5a

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140

160 5b

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140

160 5c

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70

80

5d

0 5 10 15 20 25 30
0

50

100

150

200

250

300 47

0 5 10 15 20 25 30
0

50

100

150

200

250

300 48

0 5 10 15 20 25 30
0

50

100

150

200

250 49

0 5 10 15 20 25 30
0

50

100

150

200

250
4a

0 5 10 15 20 25 30
0

50

100

150

200

250

300 4b

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350 4c

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160

180

200 4d

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350 37

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350 38

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350 39

0 5 10 15 20 25 30
0

50

100

150

200

250

300 3a

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350

400

450 3b

0 5 10 15 20 25 30
0

50

100

150

200

250

300

350

400 3c

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140

160

180

200 3d

0 5 10 15 20 25 30
0

50

100

150

200

250

300 27

0 5 10 15 20 25 30
0

50

100

150

200

250

300 28

0 5 10 15 20 25 30
0

50

100

150

200

250 29

0 5 10 15 20 25 30
0

50

100

150

200

250 2a

0 5 10 15 20 25 30
0

50

100

150

200

250

300 2b

0 5 10 15 20 25 30
0

50

100

150

200

250

300 2c

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160 2d

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160

180 17

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160

180 18

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140 19

0 5 10 15 20 25 30
0

20

40

60

80

100

120 1a

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140

160

180 1b

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160 1c

0 5 10 15 20 25 30
0

5

10

15

20

25

30

35

40

45 1d

#"?BI01>=F9bW�gs>�a�B
�*S6LM5�.

�f���
X�LM085'ATS;JU08J(@=7E^4+E^Qg.�0o.�2�0o4=5�f



����
�4��

����
�"��

��8	
�
���	����

�%��
(
����	

��	��X�
��	���

�=Oaq

0 5 10 15 20 25 30
0

5

10

15

20

25

30

35

40 50

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70 51

0 5 10 15 20 25 30
0

10

20

30

40

50

60 52

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70

80 53

0 5 10 15 20 25 30 35
0

5

10

15

20

25

30

35

40 54

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70 55

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70

80 56

0 5 10 15 20 25 30 35
0

20

40

60

80

100 40

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140 41

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 42

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 43

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70

80

90 44

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140 45

0 5 10 15 20 25 30
0

20

40

60

80

100

120

140 46

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70 30

0 5 10 15 20 25 30 35
0

20

40

60

80

100 31

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70

80 32

0 5 10 15 20 25 30
0

20

40

60

80

100 33

0 5 10 15 20 25 30 35
0

20

40

60

80

100 34

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70

80

90 35

0 5 10 15 20 25 30
0

20

40

60

80

100

36

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70

80

90 20

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 21

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 22

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 23

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 24

0 5 10 15 20 25 30 35 40
0

20

40

60

80

100 25

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140 26

0 5 10 15 20 25 30
0

10

20

30

40

50 10

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70

80 11

0 5 10 15 20 25 30
0

10

20

30

40

50

60

12

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70

80 13

0 5 10 15 20 25 30 35
0

5

10

15

20

25

30

35

40 14

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70 15

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60 16

#"?BI01>=F9PW�g»n�aeB
��SgLM5�.

�f��
XGLM0REG4=5

�q
46D(0o.

�@=5'7r4gf



�=OD�
������	���

�����
�������	


J	
�
���\�X�H

��P
�L��

��
��	�


0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70 57

0 5 10 15 20 25 30
0

20

40

60

80

100 58

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70

80

90 59

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70 5a

0 5 10 15 20 25 30
0

10

20

30

40

50

60

5b

0 5 10 15 20 25 30
0

10

20

30

40

50

60 5c

0 5 10 15 20 25 30 35
0

2

4

6

8

10

12

14

16

18

20

22 5d

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 47

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 48

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 49

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 4a

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 4b

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70

80

90 4c

0 5 10 15 20 25 30 35 40
0

10

20

30

40

50

60 4d

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70

80

90 37

0 5 10 15 20 25 30
0

20

40

60

80

100 38

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70

80

90 39

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70

80 3a

0 5 10 15 20 25 30
0

20

40

60

80

100

3b

0 5 10 15 20 25 30
0

20

40

60

80

100

3c

0 5 10 15 20 25 30
0

10

20

30

40

50

60 3d

0 5 10 15 20 25 30
0

20

40

60

80

100

120 27

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120

140 28

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 29

0 5 10 15 20 25 30 35
0

20

40

60

80

100 2a

0 5 10 15 20 25 30 35
0

20

40

60

80

100 2b

0 5 10 15 20 25 30 35
0

20

40

60

80

100

120 2c

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60 2d

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70

80 17

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70 18

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70

80

19

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70

1a

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70

1b

0 5 10 15 20 25 30 35
0

10

20

30

40

50

1c

0 5 10 15 20 25 30 35
0

5

10

15

20

25

30

35

40 1d

#"?BI01>=F9bW�gqQ�a�B
�*S6LM5�.

�f �
X�LM085'ATS;JU08J(@=7E^4+E^Qg.�0o.�2�0o4=5�f



����
�4��

����
�"��

��8	
�
���	����

�%��
(
����	

��	��X�
��	���

�=OL£

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = -7.4

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = -6.6

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = -5.8

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = -5.1

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = -4.3

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = -3.5

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = -2.7

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = -1.9

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = -1.2

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = -0.4

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = 0.4

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = 1.2

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = 1.9

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = 2.7

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = 3.5

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = 4.3

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = 5.1

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = 5.8

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

uniformity for y = 6.6

-30 -20 -10 0 10 20 30
0

5

10

15

20

25

30

35

40

45

uniformity for y = 7.4

#"?BI01>=F9 W�g�>��d�4=D��oLMD�AEG4=5'</
AI0�*EG4=5�Qg@601@/

NYX�79@g2
�B�4=7lAmQX34�W.GB1Pe@=D`QB'AI<�LM79@60_Am46D�

NV5�.�Q�43>	.�D
2�AI5�2�79.GBVPgf^hMJ(4 HD

ACB�0IJ(./
<
.3@6Dq
5�.3234=D(B30V5'L(2�01.3Q

B'ATSgDR@67�AID+q
�0qq
23.�7I7B/

@;B�@eE3LMD`2G0VAm4=D
4YE

0KJ	.j
N15�.3234=D(B'0_5'L(2�01.3Q'P>(4;B'AI0VAm4=D

AID
�
@=DRQ

�gf
]J	.GBG./

:=@=7TL(.'B�J(@=:=.k
X3.�.�D

LUBG.3Qn
014j
234=5'5�.32�0

0KJ	.�B'ATS6D`@=7WEG4=5�D`4=D��oLMD�AEG4=5'</
AI0_Am.GB�f



�=O V ������	�������� ��� ����	 
J	 � ���\�X�H� �P�L������	�


measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

200

400

600

800

1000

1200

energy spectrum for 1.0 GeVenergy spectrum for 1.0 GeV

measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

200

400

600

800

1000

energy spectrum for 2.0 GeVenergy spectrum for 2.0 GeV

measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

200

400

600

800

1000

energy spectrum for 3.0 GeVenergy spectrum for 3.0 GeV

measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

100

200

300

400

500

600

700

800

900

energy spectrum for 4.0 GeVenergy spectrum for 4.0 GeV

measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

100

200

300

400

500

600

700

800

energy spectrum for 5.0 GeVenergy spectrum for 5.0 GeV

measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

100

200

300

400

500

600

700

energy spectrum for 6.0 GeVenergy spectrum for 6.0 GeV

#"?BI01>=F9&W�g £l� [ DR.�5_S��pBV>	.32�0_5'LM< 4+E^0KJ	.k.�:;.�D(0_B�LUB�.3Q?EG465�0KJ	.k.�DR.�5_S��kB�2�@6DkEG4=5^0KJ	.�B'A�
Q6A �?.G5�.GD�0�X3.3@=< .�DR.�5_SgAm.'B�f ��4=5/.�@!2�J X3.3@=< .�DR.�5_S �j@ 2�LM0i46D 0KJ	. 46:;.�5�@=7I7*B�J	4 H .G5^B'A�� .
@6DRQe0KJ	.,X3.3@=< .�DR.�5_S���J(@;B,X3.�.�Dp@�>!>R7lAm.3QgficGDk@!QgQ6AI0_Am46DnAI0 H @=B 5�.���LMAI5�.3Qe0IJ(@=0)0KJ	.8JMATS J(.'B'0
.�DR.�5_S��n2�.�7I7)ACB�@60879.3@;B'0�0 H 4 23.G7I7 B^@ H @ �?E35�46< 0IJ(.�X34=5�Qg.�5�f

measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

500

1000

1500

2000

2500

energy spectrum for 1.0 GeVenergy spectrum for 1.0 GeV

measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

200

400

600

800

1000

1200

1400

1600

1800

2000

energy spectrum for 2.0 GeVenergy spectrum for 2.0 GeV

measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

200

400

600

800

1000

1200

1400

1600

energy spectrum for 3.0 GeVenergy spectrum for 3.0 GeV

measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

200

400

600

800

1000

1200

1400

energy spectrum for 4.0 GeVenergy spectrum for 4.0 GeV

measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

200

400

600

800

1000

1200

1400

energy spectrum for 5.0 GeVenergy spectrum for 5.0 GeV

measured energy / GeV
0 1 2 3 4 5 6 7 8 9 10

ev
en

ts

0

200

400

600

800

1000

1200

energy spectrum for 6.0 GeVenergy spectrum for 6.0 GeV

#"?BI01>=F9PW�g V:�Oa�B���SgLM5�. � f �kXGLM0REG4=5 �q4=D�01. � @=5'794!f



��� � �4�������"� � � �8	 � ��� 	�� � � �%��
(����	 ��	��X� ��	�� � �=O A

beam energy / GeV
0 1 2 3 4 5 6

re
la

ti
ve

 d
ev

ia
ti

o
n

 / 
%

-1

-0.5

0

0.5

1

#"?BI01>=F9eW�g A ��-/.G: Am@=0VAm4=DpE35�46< 7lAIDR.3@65'AI0 ��EG4=5�0IJ(.k.GD`.G5_S��n5�.�2346D	B'0_5'L(2�0VAm4=D AID Q!@=0o@gf ] 4
0KJ	.�< .3@6D�B3ATSgDR@67F5�.GB_>(4=D(B�. 
 @=B�@�E3LMD`2G0VAm4=Dq4+E�X3.3@=< .GD`.G5VS ��
8@/B'0V5�@=ATS;JU0O7TAIDR. J(@;B�X3.�.�D
�80�@6DRQn0IJ(.�5�.�79@60_AI:=.�Q6A �?.�5�.GD`23.^ACB�B�J	4 H D�J(.G5�. f

beam energy / GeV
0 1 2 3 4 5 6

re
la

ti
ve

 d
ev

ia
ti

o
n

 / 
%

-0.2

-0.1

0

0.1

0.2

0.3

#"?BI01>=F9PW�gJ�d�>�8aeB ��SgLM5�. � f���X�LM0�EG4=5 � 46D(0o. � @65'794gf



�dsa� ������	�������� ��� ����	 
J	 � ���\�X�H� �P�L������	�


beam energy / GeV
0 1 2 3 4 5 6

 E
 / 

E
∆

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

#"?BI01>=F9�W�gB�a�a� ] J	. .�DR.�5_S �
5�.'B�4=7TLM0_Am46DRf �)5�4=< 0IJ(. �80mB 0o4
0KJ	. .GD`.G5_S�� BV>	.32�0_5�@
N �8ATS!f � f �YP 0KJ	. 5�@=0VAm4�4YE B'ATSg< @ 0o4 <k.�@6D%ACB�23@6792GLM7r@=0o.�Q@=D`Q B�J	4 H D @;B�@pE3LMDR2�0_Am46D
4+EeX3.3@=< .�DR.�5_S��gf ] 4/0IJMACBe@^B30o@=0VACB'0_Am23@67`@6DRQk@�DR46ACBG.e0o.�5'< No@!QgQ!.�Q/AID ��L(@gQ65�@=0VLM5�.YP/@=5�.
�801f

beam energy / GeV
0 1 2 3 4 5 6

 E
 / 

E
∆

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

#"?JI�1>=@9PW�gB�*O>�Oa�B �*S6LM5�. � f�� ��X�LM0�EG4=5 �q46D(0o. � @=5'7r4gf



��� � �4�������"� � � �8	 � ��� 	�� � � �%��
(����	 ��	��X� ��	�� � �ds>�

position/mm
-410 -400 -390 -380 -370 -360 -350 -340 -330

en
er

g
y/

G
eV

4.8

4.85

4.9

4.95

5

5.05

5.1

5.15

5.2

#"?BI01>=F9XW�gB�Ts:� ] J(.�.GD`.G5VS ��LMD(A EG4=5'</AI0 �iE35�4=< 0KJ	.�0KJU5�.3. �8DR. B�23@=D	B�f ] J	.�<k.3@=D�5�.3234=D��
B'0V5'L(2G0o.3Qp.�DR.�5_S �n@=B�@,E3LMD`2G0VAm4=D 4+E 0KJ	./X�.3@6< >(4;B'AI0VAm4=D ACBeB�J(4 H DRf

mean energy/GeV
4.8 4.85 4.9 4.95 5 5.05 5.1 5.15 5.2

n
u

m
b

er
 o

f 
ru

n
s

0

2

4

6

8

10

12

14

16

18

#"?BI01>=F95W�gB��»:� ] J	./.�DR.�5_S �nLMD(A EG4=5'</AI0 �,E35�4=< 0KJ	. 0KJU5�.�. �OD`.�B�23@=D(BGf ] J	.,>(4=AID�0mBOE35�46<
�*S6LM5�. � f�� � H .�5�. �87I79.3QkAID�014 @�JUACB'0o4�Sg5�@6< f



�ds�O ������	�������� ��� ����	 
J	 � ���\�X�H� �P�L������	�


position/mm
-410 -400 -390 -380 -370 -360 -350 -340 -330

re
c.

 p
o

si
ti

o
n

/m
m

-1.5

-1

-0.5

0

0.5

1

1.5

#"?BI01>=F9+W�gB�dq>� ] J(.qQg.�: Am@=0VAm4=D	B�E35�46< 7lAID`.3@=5'AI0 � EG465 0IJ(.�>(4;B'AI0_Am46D 5�.3234=D(B'0_5'L(2�0_Am46D AID
��E35�4=< 0KJ	. �ODR.pB�23@=D46:;.�5p0KJ	.n<�AmQ!QU79.�4YEk0KJ	.jQg.�0o.�2�0o4=5�f ] J	.n< .3@=D5�.3234=D	B'0V5'L(2G0o.3Q
>(4;B'AI0VAm4=D J	@=B X3.�.�D
Qg.�01.�5'<�AID`.3Q @=B @jE3LMDR2�0_Am46D 4+E 0KJ	. X3.3@=< >(4;B'AI0_Am46DRf ] 4 0KJUACB @
B'0V5�@=ATS;JU0�7lAIDR.�J	@=B�X3.�.�D �80�@=D`Qk0KJ	./@gXGB�4=7lLM0o. Q=A �?.�5�.�DR23.8E35�4=< 0IJ(@=0 �O0�@65�.�B+J(4 H D`f

position/mm
-410 -400 -390 -380 -370 -360 -350 -340 -330

re
c.

 p
o

si
ti

o
n

/m
m

-1.5

-1

-0.5

0

0.5

1

1.5

#"?BI01>=F9XW�gB�T�:� a�B ��SgLM5�. � f�� �pXGLM0�EG4=5�0IJ(. �OD`.eB�23@=Dq@=7r4=DWSp0IJ(.^.3Q�SW.�X3.�0 H .3.�D <�AmQ!QU79.
23.�7I7)5�4 H @6DRQn0IJ(.�5�4 H @gX346:;. f



��� � �4�������"� � � �8	 � ��� 	�� � � �%��
(����	 ��	��X� ��	�� � �dsas

position/mm
-410 -400 -390 -380 -370 -360 -350 -340 -330

re
c.

 p
o

si
ti

o
n

/m
m

-1.5

-1

-0.5

0

0.5

1

1.5

#"?BI01>=F9VW�gJ�N£l�OaeB �*S6LM5�. � f�� �nX�LM0(EG4=5�0KJ	. �8DR.eB�23@=Dq@6794=DUSk0KJ	.�.3Q S!.�X�.�0 H .�.�D </AmQgQU79.
23.�7I7�5�4 H @=D`Qk0KJ	.^5�4 H X3.�794 H f

position resolution/mm
0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

n
u

m
b

er
 o

f 
ru

n
s

0

5

10

15

20

25

30

#"?BI01>=F9{W�gB�UV>� ] J	. >(4;B'AI0_Am46D5�.'B�4=7TLM0_Am46D AID ��E35�4=< 0KJ	.n0IJM5�.3. �OD`. B�23@=D(BGf ��4=5n.3@g23J
X3.3@=< >	4=B'AI0_Am46D�0IJ(.^b���h4+E�0KJ	.k5�.32�46D	B'0V5'L(2G0o.3Q � �r>(4;B'AI0VAm4=D J(@;BpX�.3.�D 23@=792�LM79@=0o.3Q @=D`Q
ACB�0o@ �!.�D @;B^@n5�.'B�467lLM0_Am46DRf ] J	. Q=ACB'0V5'AmXGLM0VAm4=D 4YE�0KJ	.^5�.GBG467lLM0VAm4=D	B ACB�B�J	4 H DRf



�dsD» ������	�������� ��� ����	 
J	 � ���\�X�H� �P�L������	�


angle
1 2 3 4 5 6 7 8 9

g
ai

n
/n

o
m

. g
ai

n

0.95

0.96

0.97

0.98

0.99

1

1.01

1.02

1.03

1.04

1.05

#"?BI01>=F9,W�gJ� A � �,@6AID @=B @8E3LMD`2G0VAm4=D�4YE?0IJ(.?AID`2GAmQ!.GD�0O@=DWSg79. f ��4=5e.�@!2�Jj@6DWSg79.�@=D .GD`.G5_S��
B�23@=D ACB�Q!4=D`.�@6DRQk0KJ	.^7lAID`.�@65�0o.G5'< 4YE 0KJ	.^7lAIDR.3@65'AI0 � �808ACB�B�J	4 H D`f

angle
1 2 3 4 5 6 7 8 9

/E
 / 

%
st

at
 E∆

0.1

0.11

0.12

0.13

0.14

0.15

0.16

0.17

0.18

0.19

0.2

#"?BI01>=F9�W�g`OD�>� h�0o@=0VACB'0_Am23@=7 01.�5'< 4YE 0KJ	. 5�.GB�4=7lLM0VAm4=D
@;B @ E3LMDR2�0VAm4=D 4+E 0KJ	.qAIDR2�AmQg.�D(0
@6DWSg79. f ��4=5j.3@!2�J#@6DWSg79. @6D .GD`.G5_S�� BG23@6D ACB Qg46DR. @6DRQ 0KJ	.jB'0o@=0VACB30VAm23@=7i0o.G5'< 4+En0KJ	.
5�.GB�4=7lLM0VAm4=D �O0 ACBeB�J(4 H DRf



� � � �b����� ����� � �

-J�,/ ��� ��\�c4_afBfRCD~�gBk �Vg¢�,_afBA o^9TOnt/k�687>9'� � ��\�Y�94MF9Tc4M@_a=<\uM�CNM61nG&��9�;�_a=@M�ol1>K>;�1>~>¦fB?RGS7>9dO:t8C�wNCD?BfBCa~>fB93CDM������	��
���������������������������������	���! #"!�$�� �%�%�&$�! �"����� �%	%�&��'����()"
- O=/PUPg �X=61>AeK:CLc�· k�O>?J;>fB_aA<C,M@7>9dGS?RGTka6¶9dGmMF~n9dCDA �¢�l;�9�=F?BA&9TKuMFG�CDK:O�'+_aKuMF92W Ca=@fB_3\l?BA&¦

1:fBCDM@?B_aK�_D]"M@7>9 � � ��\��DA 6"CDILIa9T=TkQY �x\�� MF7>9TG@?BG2�:�4¦®�asLs
- se/P��g:��? k ��7�g YPg:M@7>9dGS?RG�?BK+;>=F9�;:Ca=FCDM@?B_aK�k>6h=@? )m94M�?JK0U,9�1QMF=FCaf"W�1>=F=@9TKLM,Y�9�9T;+[®K>9�fRCaGSM@?Rc\>c�CNM@M@9T=@?BK>IeCNM,� �x���
- » / &5gD�¶_a;�9�ÃLk �¢7¶g Y5gNM@7:9TG@?BGTk ��=@9dc4?RGS98Y,9�M@9T=@Ae?BK:CNMF?J_LK:G$_D]�M@7:9,\uM@=F_aK>IPWx_�1>;>fB?JK>IPWx_LKQ¦GSMFCaKuM2CDM�� ���,�Vk:Y �x\�� MF7>9TG@?RG���ON¦}�;OD�
- q=/PUPg:681>K>?BK>I:k � ��#�&3GTk � � �3\{K>_DMF9X�:�4¦��*O>�
- �e/PY5g Wx7:Ca;>?BK�k���7�g Y5g$MF7>9TG@?BGTk8� '+9TCLG71>=F9�Ae9TKLMe_D]XY,? )m94M �¢=F_lO�1:c/MF?J_LKr?BK²U,9�1QMF=FCafW�1:=@=F9�KuM Y�9�9T;|[®K>9TfBCLGmMF?BcX\QcTCNMSMF9�=F?JK:IP�2?JM@7'� � �3\<CNM2� �x���Vk ��'+[}¦}sL�N¦��*OD»:��»a¦ A<cakC�wNCa?JfRCD~>fB9XCNM����	�	��
*����+�(,�����,�-�������.�����	���0/�1$"������	�������$����2$%���3��'�#�-�43��
- £*/�S&g # g:�,Ca=SMFK>9�=dkQ��W 62��� �Ä¸ =@?B94inK>I:� �¢=F_aIL=FCaA�CDK:O '0CNMF7�k�� � ��\{K>_aM@9 A VD¦}�uq V
- Ve/ '�gLS39�fBfj¦m'0CDK:K�k �¢7lEQGTg>��94M@MTg#5 O>��»�om� A �D»lt

S&g � �x9T?JInknW ����U�¦NV:� A O � 62� »L�>�eom� A �a»ut
S&g � �x9T?JInknW ����U�¦NVa»:� A � 62� »L��O{om� A �a»ut

- A / '�g �X=�C�� c�Ã�El·,9�M"Caf�gBk �¢=F_QcDg�_a]QM@7>9 GmM91:OQEX]^_L="CaK�W@´P]pCac�?JfB?jMmE3]^_L= ��1>=@_L;n9LkNY�� \��b£ A ¦»;V5s A �<om� A £ A t
-J�T� /V�bg ��gk#>9�ElK>A<CaK�k%�¢7lEQG�g>��9�w g>��9�MSMTg)6�7��T»:��q�om� A � A t
-J�a��/�::g YPgn¸�)m_L=@·L9�K�k ��7uEQGTg>�29�w g98$: @ om� A � A t���qN»l£�Vg ��g�#>9TElK>A<CDK�k �¢7>_aM@_LK �,CLOQ=@_LK�[®KuM@9T=FCLc/M@?B_aKnG�k�� g �Pg�¸x9TKe)SCDAe?BK�kXU�9�� �¢_a=F·oS� A £ Oat
-J�*Oe/V�¢g²�<;_aK:Ku~:fBCLO*k ���2[m�,Y3U � wa9T=FG@?J_LK�»:k � �¢=F_aIL=FCaA ]^_a= \l?BA 1>fRCNMF?J_LK _D]�bW Y,¦SW CaGFc�CaO>9TG [®Ae;>fB9�Ae9�KuM@?BK>I M@7>9 Wx_LfJ_�1>= Y�?J;�_afB9 '0_lO>9�f k C�wNCD?BfBCa~>fB9 CNM

�����	��
�����������4�	�������*"����=�����>"	��?!1$�	+�@,?�+	��A����	+�@�?�+	��A$�B�C�$��1
-J�Ts / S&g [®K>Ia9TfJA<CDK¶k��Pg �xOQ?BK�k ::g ��CDM@7:G@A<CDK�k(� ����6�& �>g q � '+_LKuM@9W Ca=@fB_ S39�K>9T=FCDM@_L= ]^_L= Y�9�9�; [®K:9�fRCaGSM@?Rc \Qc�CDMSM@9T=@?BK>I C�wNCD?BfRCD~>fB9 CNM

�����	��
���������$D<�4�,��"-�'�����=�����������!�#��E�F��	"	�!���$%��	"����	�$%���GB��H<�JI)�'�,���43��
-J��»0/P\ g W CDMFCDK:?�k 'vg �Vg \l9�ElAe_01:=Tk � S39TK>9�=�CDf �,fJIL_a=F?jMF7>A ]^_L= W CDfJ¦c�1>fRCNM@?BK>I :L94M Wx=F_LGFG \l9dc/M@?B_aKnG ?BK U,��& �bW Y5k C�wNCD?BfBCa~>fB9 CNM

�����	��
���������	�������4@�"B�+�/-�C��&$���	����%�@��$��������(�%���@$������ ����!A�"	%<�K��� 3��
�dsLq



�dsa� �%� ���X��� ��
��������
-J�dqe/ ��gnU,CaIaELk��"g 6h=��_uc�G��CDKlEl?�kL' 1>fjMF?j¦Y)m94Mbc4=F_LGFG�G@9Tc4M@?B_aK:G�?JKyOQ9�9T;0?JK:9�fRCaGSM@?RcVG@cTCNM@M@9�=F?BK>ICNM2K>9��lMS¦ M@_D¦}fB9TCaO>?JK>Ie_L=FOQ9T=Tkl7>9T;Q¦};>7 � �:�T�a»Ls>��q
-J�T� /V\*g �¢?RGS9TK>7:CD=�OlMdk �¢7�g YPgDM@7>9dGS?RG�k�'+9TCLG71>=F9�Ae9TKLM$_a]:M@7:9,\uM@=F_aK>IVWx_01:;>fJ?BK>IPWx_aKnGmM�CDKuM
� o � t�]^=@_LA :L94M2��CDM@9TG ��GS?BK>I5M@7>9�� � :L94M2��fBIa_a=F?JM@7>A�CDM�� � ��\ klY �x\��¹M@7:9TG@?BG A VD¦�as�V

-J��£=/V\*gVW CDMFCaK>?e94MvCDf gJke��_LK>Ia?JM61:O>?JK:CafJfBE ?BKuwNCa=@?RCDKuM�� � c4fY1:GSM@9�=F?BK>I¡CafJIL_a=F?jMF7>A<G0]^_L=7:CLOQ=@_LKQ¦}7:CaOQ=F_aK{c4_afBfB?BG@?J_LK:GTk>UJ1:c�f�g ��7lElGTgBkl¸ »u�a�>�B�UVl£lk�� A A s
-J�UV /"# gl�,CafJÃT9�K|CaK:O��Vg Y5g4'HCD=@M@?BK�k ��1:CD=F·QG¢CDK:O|��9�;>M@_aKnG��$��K|[®KLMF=@_QO21nc/M@_L=@E�Wx_01:=FG@9?BK '0_lO>9�=FK �$Ca=SMF?Bc�fJ9 �¢7lEQGS?Rc�GTk�:L_a7>K ��?JfB9�E�� \l_LK:GTkQ[®K:cDg
-J� A /b�Vg ��g #>9TElK>A<CDK�k �¢7>_aM@_aK±�,CLOQ=@_LK�[®KuM@9T=FCLc/M@?B_aKnG�k � g �Vg¢¸ 9TKe)SCDAe?BK�kxU,9�� �¢_L=@·om� A £0Oat
�eg �Vgn\uMF=@9TK>I:k>6Xg # g%�zCDfRGS7�CDK:O ��g 'vg ��9T=@�8CaGTk �"g �¢7lEQGTg��W�O{om� A £ A t�Oasu£

- OD� /�S �x�,U�6Äo W �x��U ��_LK>I �y=F?jMF9�1>; � qa�>�Ts
	Q��;>;>fB?Rc�CNMF?J_LK�\Q_D] Mm�8CD=F9 S3=F_01>;¶kk&3c/MTg� A A »���O*g t
- OQ��/":ng%�T1:A&;:fJ?BK�94M,CDf gBk>c/M@9*$l�>k�:u� ����k>�;OD�l£l� �>�*O>k;Oa�a��O
- O0Oe/V\*g �bCaK:CDK:_Nw�k*687>9eK>_L?BG@9eGmM91:OQE+]^_L=�MF7>9�� A A q�O:CNMFC{?BKHMF7>9�� � �3\HcTCDfB_a=F?JAe94MF9�=dk

� � ��\{U�_DMF9 A £�¦}�:�UV\ g 'vg ��CaK>I:k>\uM91:OQE�_a]�W CDfB_a=F?BA&9�M@9T=xU�_L?BG@93?JK|M@7>9 	 A qVY3CNM�C>k � � �3\�U,_DM@9 A �D¦F�=OQ��Vg�\QC�wl?JK�k:\lM61:OQE{_D]�W CDfB_a=F?JAe9�M@9�=2U,_a?RGS9X?BK{MF7>9<� A A �&O>CNM�C>k � � ��\{U�_aM@9 A VD¦}�L�u£
'vg='0CD=@M@?BK>9TÃakLW CDfB_a=F?BA&9�M@9T=¶U�_L?BG@EPWx9�fBfl\uM91:OQEX]^_L=�� A A VD¦mOa�a�a� � � ��\bY3CNM�C>k�� � ��\U�_aM@9V�L�N¦®�>�T�

- ODs /b�Vg:\l?JK:·;1nG�k:6Xg:�$_LGFG�k>Y �x\�� A �N¦\OD�a»:klUJ1:c�f�g>[®KnGmMdgL'+94MF7�� 7 @ 8nk>sL�a��om� A A £at�Vg���_L;n9TÃ4¦®Y�1>=��CDK���?BCaK>?�k#�¢7�g Y5g>M@7:9TG@?BGTkk'+9dCaG61>=F9�Ae9�KuM2_D]�M@7:9 �¢=F_DMF_aK+\uM@=91:c/M91>=F9
#�1:K:c/MF?J_LK  �� � ?BK&�,?JIL7  "! Y�[S\ ��wa9�KuM�G ��GS?BK>I � � �3\VY3CNMFC:kaY �x\��²M@7:9TG@?BG��>��¦}�uqD�

- ON»0/b�P� Wx_afBf gJkLW�g��,OQfB_D¤e94M�CDf gJkN687>=F9�9�¦N:L94M �¢=F_lO�1:c/MF?J_LKb?JKPY�9�9T;Q¦}[®K>9�fRCaGSM@?Rcx\QcTCNM@M@9�=F?BK>ICNM��������Pk �¢7lEQG�g>�¶94M@MTg:¸2qQ��q|oqOD�L�>�dt,��£�¦mO A kn�a� � �>�


