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Θ
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l − EE ′ + pp′ · cos Θ) ≈ 4 EE ′ · sin2
Θ

2

º -�.�-V»

P · q lab
= M(E − E ′) := Mν
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x = − q2

2P · q
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=

Q2

2M · ν ; 0 ≤ x ≤ 1
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=
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LHC: Lar ge Hadron Collider
SPS: Super Proton Synchrotron
AD: Antiproton Decelerator
ISOLDE: Isotope Separator OnLine DEvice
PSB: Proton Synchrotron Booster
PS: Proton Synchrotron
LINAC: LINear ACcelerator
LEIR: Low Ener gy Ion Ring
CNGS: Cern Neutrinos to Gran Sasso
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pµ⊥ = |pµ|sinθ
º�aM.Y0)»

\]K/c�LVICK;9MZ ZM5=?
LVIBe��V5=9 G�DFE�¢�5=IBx;K;9;U!AC36_�x;K;<6?B5=?O5=IBLV36yMA]?C3YDFE Z;>@9;9³cd3;IhZ;3Y5nm[^@eV9;5=9 36_ 9�>@y eVIC?d^!i
?BAC5=_g5X369;5
LVIBe��V5
_�3YABAJ<65XIC5
j�eV<�>uIC36?C>uAJ3YeV9`v@eV9 �p�]e!Quo�� 0

Pµ = −0, 75± 0, 04
º(a/.�-V»

�������(' )*�����$"�,+���
�-.�0/"���1)2�����$"����34+./����

�]3Y5�� 5=IdAJ5X36<6KM9;L�Z;5X?¤G�AJIC>@E;<Y?�3Y?BA ?B5=9;U�IB5=DFE!A¤s=K;I4²�<6K;LVIB36DFE!AJKM9;L�L!>uK �@c �VIB_`3YLHK;9MZªvVeV9�5X369;5X_ ZM5=KMAdi
<63YDFE;5=9�G�ACIJ>@EM<6E:>@<Ye¶K;_�LV5=y 5=9�º�?B365XE;5P\]y;y .*a/.Ra!» .
qrK;I �k_�x;K;<Y?Cy 5=?dAJ36_�_¶K;9MLHZ;5XI45=3Y9;<�>@K/c�5=9;Z;5X9¡m[^@eV9;5=965nv@eVI4Z;5=_ ��ICIB5=36DFEM5=9¡Z;5=?42�>@IBLV5XAC?!5`Z;365X9!A



� � � � � ��� �G� �
��� ��� ������	�� 	 ��� � ��	 0)Q

0

1
0
0
0
0

2
0
0
0
0

3
0
0
0
0

4
0
0
0
0

5
0
0
0
0

6
0
0
0
0

7
0
0
0
0

8
0
0
0
0

h
8

E
n

tr
ie

s
3
8
3
9
7
2
9

M
e
a
n

8
4
.2

8

R
M

S
2
3
.8

6

U
n

d
e
rf

lo
w

0

O
v
e
rf

lo
w

0

F
I0

5
Y

1
_
_
_
c
h

_
lo

w
F

I0
5
Y

1
 c

h

0

2000

4000

6000

8000

10000

1
x10

h0
Entries 4066442

Mean 79.6

RMS 22.33

Underflow 0

Overflow 0

FI05Y1___ch_lowFI05X1 ch

\]yMy;36<YZ;K;9;L�aM.ba 0 � � ���	06�
-
����3�2*,�F���2� �/�	������.;,�����(�����.�!�#" � �=�2� �A�	�

-
�.��0���4� � �(��51�+*,�3�7�8�#�	�	*,��������� ����%���

-
� *>0*,�A5>*�' �#���=�3B7�%�1�����%���2��������0�����1�������3� � � - � H��7�8���10:; *,��� � ��� - � �6���:0�

-
�<� � �+� � � �

	 ���A"#� ��"#�
-
���3����� �I�!��0� � 	1�,�	� � � �����	� ���#"#� �����,"#������� � �����(�=�3���10 06�	��� ���� 0�����=�����%"?�#���3��� �%�F�6���

* H#��� H���=0#��� ������06�
-
����3�2*,�F���2��� �G�����+* "?���

- -
��� � "#��"#��� 06�2��� �,�+��51�(*,�A5����FE��2� ��� �6��� ���7���1��� H#���

0��� ������06�
-
����3�2*,�F���2��� �G���7�(* "?���

-$-
��� � �

Z;3Y5 7�5=>@_ni�m�eV_�5=9!AJKM_ni�G�AF>uAC36eV9 ºi74mwG;»�sXK;?J>u_`_�5=9w_�3YA¤s8¢�5X3�²*>@?C5XICE;e�Z;eV?BU@eVx 5=9wv@eVIhZ;5X_�2�>@I�i
LV58A$.*�]3Y5(7 mwG¡3Y?BA¤>@KM?¤v�365XI�j�<�>@?dAJ36U�?Bs=369!AC36<6<6>uAJe@ICE;e�Z;eV?BU@eVx 5=9�>uKMc�LV5=y;>@KMA �;v@eV9[Z;5=9;5X9|?B36DFE8@B5
s8¢�5X3
vVe@I K;9;Z�s8¢�5X3 9:>@DFE�Z;5X9 2�_�<65X9;U�_ª>@L@9;5XAC5=9'y 5X7:9MZ;5=9G�/_`31A�ZM5=9;5X9�>u9;E:>@9;ZªZ;5=IH7�>@E;9;U�I 3M_`_¶KM9;L
36_ m�>@LV9;58ACc�5=<YZªZ;5XI��k_�x;K;<Y? ZM5=I4m¡^VeV9;5X9�_`31A 5=369M5=I ,P5X9:>@K;3YLVU@5X3YA vVeV9ªD$>M./½��R  � 5=IB_`31ACAC5=<YA�¢�3YICZ .

� � r 41>IN36D:I87>@?L57N�57CW?`FVC � >@?BlICWF
2�_ qrK;L!>u9;L¶s=K¡>u<6<65X9`2�5=IB_`5X9�Z;5=?����dG�i®ST3YICU�K;9;LV?BW�K;5=IB?CDFE;9;31ACAC?¤sXK�5=IBE:>@<YAC5=9�º´v�LV< ./�P>@x;3YAC5=<}-/.R-V»��
?C3Y9;Z³y 5=3�z4{Pm|j \
G;G G�ACIJ>@E;<�K;9;Z�2�>@ICLV58A
x eV<�>@IB36?B365=IdA$. � eVIBLV5=?B5=E;5X9 3Y?BA
ZM365 � 5XIB¢�5=9;ZMK;9;L[sX¢�5=365XI
vV5XIC?BDFE;365XZ;5=9;5XI
²:5=?dAJU �@ICx 5=IBAJ>@ICL@5XAJ?2�}5X369;5X_ �]5=K/AJ5=IB36K;_tik2�>@IBLV5XA�>@K;?¤\]_�_�eV9;3�>uU

NH3

K;9MZw5=3Y9;5=_
j�ICe@ACeV9/i®2l>@IBLV5XA�>@KM?B9�3YACE;36KM_nik�]5=KMAC5=IB36Z

6LiD
.%²B3;I�Z:>@?lm[^Ve@9/i�j�ICe@LVIJ>@_�_N¢�K;IBZ;5�yM36?C<6>@9;L�9�K;IlZ;>@?

�]5XKMAJ5XIC36KM_ni®2l>@IBLV5XA�v@5=Id¢�5X9;Z;5XA=.V��?�36?dA�>@<6<Y5=ICZM369;L4LV5Xx;<�>u9�A��=cd3;I�2�IJ>@9;?dvV5XIC?C31Ak^!idm�5X?C?CKM9;LV5=9n>uK;DFE�Z:>u?
j�ICe@ACeV9/i®2l>@IBLV5XA�sXK�9�KMACs=5X9 .



-@½ � � � �1	���� � � � ��� �<� � � � � � � ��� ������� � ��� 	

�h>@?
z4{Om�j}\
GMG�ik2�>@ICL@5XA
y 5=?dAJ5=E!AO>@KM?]sX¢�5=3lsX^�<63Y9;Z;5=Idc �VIC_�36L@5=9[2l>@IBLV5XACs=5X<6<65X9G�/@B5X¢�5=36<Y?]_�3YA�5=3Y9;5=_
-¤>@Z;36KM?�vVe@9[0) �_`_ K;9;Zt5X369;5XI 9 �@9;LV5�vVeV9n�V½@½h_`_ º�?B365XE;5 \]yMy .!aM.po�»8.u�]3Y5�qr5=<Y<65=9�?C369MZ¶5=9!AJL@5=LV5X9/i
LV5X?C5XACsXA x eV<�>@IB36?B365=IdA �)K;_ ?CeVLM.!>@x;x:>uIJ>uAC3YvV5�\]?B^�_�_`58AJIB365=9n>uKMc�LVICKM9;ZtK;9!AJ5XIC?CDFEM365=ZM<636DFEM5=I�\]U�sX5=xMAJ>@9;s
K;9;Ztm|>uAJ5XIC36>@<6y 5=<Y5=LVK;9ML�y 5=3�Z;5=Il\]9:>@<Y?B^�?C5�s=Kt_�369;3Y_`3Y5=IB5=9 .=�h>@s=K¶¢�3YICZH36_ <6eV9MLV3YACK;Z;369;>@<65X9Om�e/ZMK;?
y 5=3�2�_�U@5XE;IPZ;5=IHj�e@<�>@IB36?J>%AJ36e@9w9:>@DFE @B5nD$>M.�>@DFE!A¶G�AJKM9;Z;5=9 Z;365t5X369;5`qr5X<6<65�x:>@IJ>u<6<65X<lsXK;I �k_`x;KM<6?di
IC3YDFE!AJK;9;L�Z;5X?]G�AJIJ>uE;<6?4K;9MZ�Z;3Y5P>@9;Z;5XIC5H>@9!AJ3Yx:>@IJ>u<6<65X<}Z;>@s=K[x}e@<�>@IB36?C3Y5=IdA$.

(~ 160 mrad)

(~ 70 mrad)

SMC
Acceptance

COMPASS
Acceptance

3

Target cells

1m

Solenoid (2.5 T)
Superconducting

Dilution refrigerator

He−Cryostat (T ~ 50 mK)
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P = tanh
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kBT
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µ
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kB
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²B3;I4ZM365Oj�eV<6>@IC3Y?J>uAC36eV9`¢�36ICZ¡Z:>u?��¤eV9;sX5=xMA�Z;5=I¤��^�9:>u_`3Y?CDFE;5X9w�
5=IB9;x}e@<�>@IB36?J>%AJ36e@9�º(�?5�j » � \]yMIF¦@� �
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PT ≈ 0, 5
5XICIB5=36DFE!A=.
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58�/x 5=IB36_�5=9!AJ5X?]GMmwzT_�3YA�5=3Y9;5=I4\�U�sX5=xMAJ>@9;sPvVeV9 ±70

_�IJ>@Z'v@5=Id¢�5X9;Z;5XA=.*\]y�-@½V½V��¢�3YICZ¡5=IB?BAC_ª>@<Y?
Z;5XIª9;5XK;5�z4{Pm|j}\hG;G�i�m|>@LV9;58A�_�3YA`5=369M5=_ �]¾r9�K;9;L@?B¢�369MU@5=<¤vVeV9 ±160
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PT ≈ 0, 5
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IdAJ?�i K;9;Z|qr5=3YACU@e�eVICZM369:>uAC5=9�sXK�y 5=?dAJ36_�_�5=9 .
&�� +�� "=°*�*��� �:��" "=©�	��}��	�(�	���������+�����¯��;"=���u� � � #!	�¯4	("��� �]365·²*>@?B5=IBE;e/ZMeV?CUueVx}5�Z;365X9;5=9 s=KMI
G/x;KMICIC5XU@eV9M?BAJIBK;U!AJ3YeV9�36_��
5=IB9�y}5XIC5=3YDFE�Z;5=I m[^Ve@9;5=9;?dAJIC>@E;<65X9 .:G�365�¢�5XICZ;5X9�369'�P>@xM3YAJ5X<*o¶y}5X?CDFE;IB365 i
y 5=9 .
� 	(�	�©�	���� �F� 	�° ��� "X�)����	�¬®����+��!�)��°r�$� ������� �]3Y5=?B5
�]5XAC5=U!AJe@IC5=9[y 5=?BAC5=E;5X9[>@K;? s8¢�5X3���y}5X9;5=9¡_�3YA @B5
sX¢�5=3�9�>@L@5=9 .M�]365OG�ACIC5X3Yc�5=9�ZM5=I���y}5X9;5=9¡?B369;Z¡Z:>@y 5=3}LV5=L@5=9;5X369:>@9MZ;5=I4K;_ QV½ ◦ v@5=ICZMIC5=E!A=.rG�365hy 5X7:9�iZ;5X9 ?C3YDFE�369 Z;5XIHK;9M_`31ACAJ5X<6y:>uIC5=9 2�_�LV5Xy;K;9;L[Z;5=?H2l>uICLV58AJ?=.��]3Y5ª�]58AJ5XU�ACeVIC5Xy}5X9;5=9·y 5=?dAJ5XE;5=9 >@KM?
5=9MLts=K;?C>@_`_�5=9M<6365XLV5=9MZ;5=9¡G�AJIC5X3Yc�5X9�_`31A

15 µm
\]yM?BAF>u9;Z�y}5X3 5=3Y9;5=I�7�IC5X3YAC5]vVeV9

50 µm
.M��9�AC?Cx;IB58i

DFE;5X9;Z ¢�3YICZ·5=3Y9;5�?C5XE;InLVKMAC5|{hIdAJ?J>uK�� �V?BK;9;L�?Ce)¢�365¡5X369;5[qr5X3YAF>uK�� �V?BK;9;LwvVe@9
σt ≈ 5

9;?n5XICs=3Y5=<1A
� S >@LV½M0 �(.
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cd3;<Y<YAJ5X9ª��5XAJ5XU!AJeVIB5=9�¢�5XICZ;5X9�Z;K;IBDFE�5=369�m�36U�ICe@LV3YABAJ5=I 3Y9ª5=3Y9;5=9'a�_`_ ZM36DFU@5X9¡��eV9!v@5=IC?B36eV9M?Cy 5=IC5X36DFE
K;9;Z[5=3Y9;5=9�½��10P_`_ Z;36DFUu5=9 � 5XIC?dA��@IBU�KM9;LV?Cy 5=IB5=3YDFE|K;9!AJ5XIBAC5=36<1AHº�?B365=EM5O\�y;y .*aM.b�!» .
��369�5=3Y9Mc�>@<Y<65=9MZ;5=?
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HV1 = 730V

HV2 = 400V
Mikrogitter

Anodenstreifen

e−
1 kV/cm

0.
1m

m
3m

m Konversionsbereich

Verstärkungsbereich

Driftelektrode

Ionisierendes  Teilchen

40 kV/cm

\�y;y;36<YZ;K;9;L�aM.b� 0 � �����
-
���356�%B7B � ���%����� � �2����*

-
�3">����� �,�+��51�(*,�A� �

Z:>@?�5=<Y5=U!AJIB36?CDFEM5
²:5=<6Z`LV5XACIC5X9;9!A ¢�5XICZ;5X9 .:�]3Y5h��<65XU!AJICe@9;5=9ª¢�5=IBZ;5=9¡Z:>uy}5X3}3Y9 -�36DFE!AJK;9ML¶\]9;e�Z;5�y}5 i
?CDFEM<65=KM9;36L@A��=¢�eVIJ>@K/cM3Y_ � 5XIC?BA.�@ICU�K;9MLV?Cy 5=IB5=36DFEH5=3Y9;5���<65XU�ACICeV9M5=9;<6>)¢�3Y9;5�LV5Xy;36<YZ;5XA ¢�3YICZG�8¢ >u?�?BDFE;<63Y5��ui
<63YDFE�>@KMc�Z;5X9¡\]9;e�Z;5=9M?BAJIB5=31c�5=9�s=K¡5X369;5X_ _�5=?B?Cy:>@IB5=9|G/36L@9:>@<*cd3;E;IBA=.;��?4?C3Y9;Z[{hIBAC?J>@K�� �V?CK;9MLV5=9¡y;3Y?
s=K

50 µm
_	�VL@<636DFE�b�
K;9:½/0)>��:�
K;9:½/0$yG� m|>@LV½!- �(.

� �h�N�J���!�)��°r�)�*���/��� ��365 � >@? � <65XDXACICeV9 � K;<1AJ36xM<6365XI º ,O� m�?J»¼?C369MZtZ;5=9ªm�36DXICeV_�5=LV>@?¼?C5XE;I��@E;9�i
<63YDFEG�;>u<6<65XICZ;3Y9;LV? y}587:9;Z;5X9�?B36DFE¡369�ZM365=?B5=9¡L!>@?BLV5Xcd3M<6<YAC5=9���5XAJ5XU!AJeVIB5=9|?dAF>uABA45=3Y9;5=_ m�36U�IBeVLV3YABAJ5XI�y;3Y?
s=K|Z;IC5X3�,P� m¡i�²:eV<Y365=9C�;sX¢�3Y?CDFE;5X9³Z;5=9;5X9w5=3Y9;5tG�x:>@9;9�K;9;L'>@9;LV5X<65=LuA�3Y?BA=.}��365H²*e@<6365X9�y 5=?dAJ5XE;5=9�>@KM?
�P>@xMACeV9¡K;9;Z[?C369MZ�_�3YA 9 ��DFE;5=IB9[v@5=IB?C5=EM5=9 .*ST365Py 5=3 Z;5X9³m�3YD=IBeV_`5XL!>@? 5XICIB5=36DFE!A�Z;365P��<Y5=U!AJIBeV9;5=9�i
<�>$¢�3Y9;5�ZM365]\�9;e�Z;5]K;9MZ'¢�36ICZªZ;eVIBA�369`5=369'>@K;?C<Y5=?By:>@IC5X?�G/3YLV9:>@<*K;_�LV5X¢�>@9;ZM5=<YA=.M��365
{hIdAJ?J>uK�� �V?BK;9;L
y 5XAJI&�@L@A

60 µm
�:ZM365Oqr5=31AF>@K � �V?CKM9;LnD$>M.�0� ¶9;? �bGM>@K:½/0/�*GM>@K;½!- �(.

� 	��/�+��%�;�}�)���%�*���*�)��	��}���:�°M�:�������u� �C�����n��"��� �]365]m[S�j z�?Oº � K;<1AJ3 � 36IC5 � ICeVx eVIdAJ36e@9:>@<
� E:>@_¶y 5=IB?F»�?B369;Z 5=y 5=9Mc�>u<6<6?�L!>@?CL@5Xcd3;<Y<YAJ5'�]5XAC5=U!AJeVIB5=9G� y 5=34Z;5X9;5=9 Z;3Y5[G/36LV9;>@<65'ZMK;ICDFE 9�>)¢�3Y9;5=9�i
y;3Y<6Z;K;9ML'5=IBs=5=KML@AP¢�5XICZ;5X9 .�q}¢�36?BDFE;5=9 sX¢�5=3 �P>uACE;e/ZM5=9;5Xy}5X9;5=9�y 5X7:9;ZM5=9 ?C36DFE�\�9;e/ZM5=9;Z;I&�@E!AJ5���>@9
Z;5X9;5=9wZM365H� <Y5=U!AJIBeV9;5X9;<�>$¢�369M5HsXKw5=3Y9;5=_g_�5=?B?Cy:>@IB5=9 G/3YLV9:>@< cd3ME;IBA=.}��?¤¢�36ICZ�5=3Y9;5¶{hIdAJ?J>uK�� �V?BK;9;L
vVe@9�58Ak¢ >

700 µm
5=IBIC5=3YDFE!A$.

���%	�¬ �$°M�:� � ���%��� 7�5=3lZ;5=9��]IB3Yc´ACUu>u_`_�5=IB9�¢�36IBZ³Z;365t{
IdAJ?BU@e�eVICZ;3Y9:>uAC5�Z;5X?
2�5X36<6DFEM5=9;?
5XIC_�3YACAC5=<1A �
369MZ;5=_ Z;3Y5'qr5X3YAOsX¢�3Y?CDFE;5X9 Z;5X_ ��K;ICDFE;LV>@9;LwZ;5X?�2�5=3Y<6DFE;5X9;?�K;9MZ�Z;5X_ \�KMc´AJIB5X¾}5=9·>u_ \]9;e�Z;5=9�i
Z;IC>@E!AHL@5=_�5=?C?B5=9 ¢�36ICZr.�7�5=3Y_ z4{Pm|j}\hG;G�ik�¼�/x 5=IB36_�5=9!A�L@36yMAP5X?HsXK;_ 5=3Y9;5=9 Z;IB5=3 ?CeVLM.CDdGM>@DX<�>$^/F®i
�]IB3Yc´AJU%>@_�_�5=IC9�º {hIBAC?J>@K�� �V?CK;9ML D=>M.

175 µm
»���s=K;_ >@9;Z;5XIC5=9«v�365XI�?CeVLM.�SToui� �i��]IB3Yc´ACUu>u_`_�5=IB9

º {hIdAJ?J>uK�� �V?BK;9;L�D$>M. -¶_�_'» .

�}�)�����t�J¨��:�������u��� �]365��]IC31c´AJI
�VE;ICDFEM5=9;U%>@_�_`5XIC9'º G�ACIJ>$¢ i��P>@_�_`5XIC9*»�E:>@y 5=9tZM365 LV<65X36DFE;5�²*KM9;UVi
AJ3YeV9;?d¢�5X36?C5¤¢�365¤Z;365]�]IC31c´AJU%>@_�_`5XIC9 .!G/365¤K;9!AJ5XIC?CDFEM365=ZM5=9¡?C3YDFEªvVeV9ªZ;365X?C5=9ªZ:>@Z;K;IBDFEG�MZ;>@?C? ?B36DFE`E;365XI
Z;3Y5h\]9;e�Z;5X9;Z;I.�uE�AC5
5=3Y9;s=5X<69'3Y9'L!>@?BLV5Xcd3;<Y<YAC5=9 - �VE;IB5=9¡>@K;?4L@IJ>@x;EM3YAJy 5=?BDFE;36DFE!AC5XAJ5XI��P>@xMAJe@9Mc�eV<63Y5�y}5 i
7:9;ZM5=9 . �]3Y5OG�AJIC>)¢�?�¢�5=36?B5=9|{hIBAJ?C>@K�� �@?CK;9;L@5=9�v@eV9[5=369M36LV5X9[E�K;9MZ;5=IdAhm[36U�ICeV_�5XAC5=IB9|>@K/c	� 7�^�D$½!- � .
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qrK;I(�kZ;5=9!AJ317:U%>uAJ3YeV9 Z;5XIt2�5X36<YDFE;5=9·K;9MZ·Z;5=IB5=9 ��9;5=IBLV365X_`5X?C?CKM9;Lw¢�5XICZ;5X9 ZM365ª3Y_ ²*e@<6LV5X9;Z;5=9�y}5 i
?CDFEMIC365Xy}5X9;5=9|�]5XAC5=U!AJe@IC5=9�5=3Y9;LV5=?B5XACsXA$.
% � ��&¡�J�¡�!�)��°r�$� � � 2�_ >@K;?hZM5=9�_`31A>:¤36<Yc�5HZ;5=IOG�x}5XU�ACICeV_�5XAC5=IB_ª>@L@9;5XAC5=9³y 5=?BAC36_�_�AJ5X9 �k_`xMK;<1i
?C5X9 Z;3Y5|m�>@?C?B5|Z;5XI`2�5=3Y<6DFE;5X9 K;9;Z ?CeV_�3YAnZM365¡2�5X36<YDFE;5=9:>uIBA�s=K 5=IC_�3YABAJ5X<69G�¼y 5=9 �@AJ3YL@A�_ª>@9 9;e�DFE
Z;3Y53,P5X?CDFE!¢�369;ZM36LVUu5=3YA=.:�]3Y5=?C5Hm�5X?C?BK;9;LªL@5=?CDFEM365=E!A�_`31A Z;5X_ - �dz : �Ci���5XAJ5XU!AJeVIX.*�]365X?C5=_ <6365XL@A4Z:>u?
j�IC3Y9;s=3Yxªs=KMLVICK;9MZ;5!�;Z;>@?C? 5X369'L@5=<�>uZ;5=9;5X? 2�5=36<YDFE;5=9C�/Z:>u? ?C3YDFE�_`31A�5X369;5XI�E �@E;5=IB5=9 ,P5X?CDFE!¢�369MZ;36LVUu5=31A
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AJ3Y5=IdA ��Z:>@?

Č
5=IC5X9;U@e)v!iW9�3YDFE�A��MZ:>u?�U@5XLV5=<1c �VIC_�36LO?B^�_�_`58AJIB36?CDFE`s=K;I�²l<6KMLVIC3YDFE�ACK;9;LH>@y;LV5X?BACIJ>@E;<1A�¢�3YICZ .

�]5XI`ST369MU@5=< ��K;9!AJ5XIªZ;5X_ Z;365�j�E;e@AJe@9;5=9 >@K;?CL@5=?J>u9;ZMAª¢�5=IBZ;5=9 º
Č
5=IB5=9;Uue�v!i ST369;Uu5=<´»=��y 5=IB5=DFE;9M5XA

?C3YDFE�sXK
θČ = cos−1

(

1

nβ

) º(a/.bo�»
�h>@y 5=3�3Y?BA�9�Z;5XIB7�IB5=DFE�K;9;L@?C369MZ;58�¶Z;5=?¼m�5=Z;3YK;_�?�º�E;365XI10

C4F10

_`31A�9 � 0/�b½V½M0� ua!» K;9;Z
β = v/c

ZM365
2�5=36<YDFE;5=9MLV5=?BDFE�¢�3Y9;Z;3YLVU@5X3YA
Z;31v�36Z;3Y5=IBA�Z;K;IBDFE�Z;3653� >@U�K;K;_�<636DFE!ACLV5=?BDFE�¢�3Y9;Z;3YLVU@5X3YA$.}�]5XIOG�AJIC>@E;<6KM9;LV?di

C 4F10

Gasradiator

geladenes Teilchen

Spiegel

Strahl

Cherenkov Licht

Photodetektoren

Strahlrohr

Seitenansicht

3.3 m

5.
3 

m

6.6 m

Strahl

Photon−
detectoren

Spiegel−
wand
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� 2�eVICQVQ���2�5=?C½!- �f� ¢�e|?B36DFE 5=369 �
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?CxMIC5=DFEM5=9;Z;5

Č
5XIC5X9;U@e)v!i®ST3Y9;U@5X<;K;9;Z¶?BeV_�3YA�Z;3Y5�2�5=3Y<6DFE;5X9;LV5=?BDFE!¢�369;Z;3YLVU@5X3YAl5=IC_�3YABAJ5X<YA�¢�5=ICZM5=9tU%>@9;9 .
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?B369;Z�GM>u_`x;<Y369;L%i��P>@<6e@IC36_�5XAC5=I >@KM?
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tmess
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Mean    22.54
RMS     348.9

−600 −400 −200 0 200 400 6000

500

1000

1500

2000

2500

3000

3500

prof_137
Entries  964313
Mean    22.54
RMS     348.9

Profile of PA01X1__
events

channels
Detector−

3QgDg��17#��(�*�+ �DNd� � ���.�_Q �!�T�)�S�k�?� Z\[[�{�f�cr!���?�o[D�xl!�9U�`��q���T�Q¡mSD�?� � �k� � ��
 �>b � � � 	 � d4���8�`�T�1� �T�
� �8� U [�� � �E���¢�T�D�T� Q �o^0�d��We�T�����T��1�]�B�k�?�¢�?�c¡mS��T� �¨£

39
63

4
39

63
5

39
63

6
39

63
8

39
63

9
39

64
2

39
64

3
39

64
5

39
64

7
39

64
8

39
65

0
39

65
1

39
65

2
39

65
3

39
65

4
39

65
5

39
65

7
39

65
8

39
65

9
39

66
1

39
66

2
39

66
3

39
66

6
39

66
7

39
66

9
39

67
0

39
67

1
39

67
3

39
67

4
39

67
5

39
67

7
39

67
9

39
68

0
39

68
1

39
68

3
39

71
2

39
71

4
39

71
5

39
71

6
39

71
8

39
71

9
39

72
1

39
72

2
39

72
8

39
72

9
39

73
1

39
73

2
39

73
3

39
73

5
39

73
6

39
74

0
39

74
1

39
74

4
39

74
5

39
74

7

−160

−140

−120

−100

−80

−60

−40

−20

0

20

Profile of PA01X1__ (mean)

Run−Number

mean of location
of events
in de−
tector−
chan.

3QgDg��17#��(�*�+ �DNd�0�0� �����%���T�sn �?��� ���T� 
 �m���b�T��U¨�����W�1�����?�;¡mS��T� � �~� � ��
 �;b ��� � 	 � d��1�&�t�¨�¥�iW���U¨�Xp
W_�_���_�k�?���D�%�D�?� � �_�����_Q;Q��?�)��£



� � ���c�	��
 ¡q� �S£�� � � � ��
���
 r �;��� 
���� ���b¡Y�L¡ � 
����c� r �.¡ � r ��
 �	p � � � r v � � u

39
63

5
39

63
6

39
63

8
39

63
9

39
64

2
39

64
3

39
64

5
39

64
7

39
64

8
39

65
0

39
65

1
39

65
2

39
65

3
39

65
4

39
65

5
39

65
7

39
65

8
39

65
9

39
66

1
39

66
2

39
66

3
39

66
6

39
66

7
39

66
9

39
67

0
39

67
1

39
67

3
39

67
4

39
67

5
39

67
7

39
67

9
39

68
0

39
68

1
39

68
3

39
71

2
39

71
4

39
71

5
39

71
6

39
71

8
39

71
9

39
72

1
39

72
2

39
72

8
39

72
9

39
73

1
39

73
2

39
73

3
39

73
5

39
73

6
39

74
0

39
74

1
39

74
4

39
74

5
39

74
7

260

280

300

320

340

Profile of PA01X1__ (RMS)

Run−Number

RMS of location
of events in
detector−
chan.

3QgDg��17#��(�*�+ �DN#� O{� r!���_���{�_�m�e� San/�T�VZ\[��8�D����T� 
 �m���b�T��U¨�����J�#�����T�W¡mS��T� � �~� � ��
 �;b ��� � 	 � d��#�
�t�����iW�� U¨�XW_�_���f���?�G�D�%�D�?� � �_�����_Q;Q��?�)��£

lc(D* Pcg�N698i H/©en � �L(65_71�#"¥© I4��"T��=�"�N H��#"%71�
*���N ')n��17#71' 98iq�%(D* �658+ �658+
·0¸ � � · �aO "%�T58*�'@u0���%'%�d"¥© � �)90g�N � �)90g�N � 3 � ���§�2O �a� =?>�$C�1')'%�1*D+
·0¸ � �{� � � "%�T58*�'@u0���%'%�d"¥© µ,9e9{� � �)90g�N � 3 � ���§�t=?>�58*�*���71'4� � �f¯ �0� �V$C�1')'%�1*D+
·0¸ � � � �0� "%�T58*�'@u0���%'%�d"¥© µ,9e9{� � �)90g�N

Hz5_g ��7171� �DN �e�N�-UO�~S U U�W p � �8�Xg8�_� 
 �T�_��� �¨�?�)�%��� � � �8�D��w � � � � � w�� � � �w�_� � w � � �awe£

3Q({ik+0�%(�*D�j$®58*D+0��7#*������4IQ�m"T��AS"%90�%'@"?58g��#71�d"?<_"J2J(��)����* �G"%���17d2����1')�§58(D=?>[58*�>658*D�j:�(�'%<_"T:�71�1=?>D���Q¤¥*e¯
ik90�)$®5_"%�190*D��*s³�g ���§���#�lJ��A_90*�')"%�%(�AS"%�190*�')')"T58g��17#�#"T<_"tLkik907#+0��*��D��'V±`58nD�#"T��7eM �s�#*�'%+0��'T58$v"®� ��lc(D*�'
����' �058>D�%��'tO �a�o� 58(D'%'%98�)"T�#���@"HLk'%�#��>���58(�=?> Hz5_g�N �DN ¸ MmN/IL58�)³�g����%>D�1*658(D'C+058g ��'Cik³D�C2;���d"T���)�[� �
lJ(�*�'c3Q(��!<8717#�1+0A_���d"T��*Gg����b���#*�:���71*���*]IQ�m"T��AB"%90�%��g ��*���*!h 2�58'L587#71���%���#*�+0'�*658=?>�90g���*]5_*�+0��ik³D>��)"%��*
±,�%�d"T���)�1��*�A8���#*���*]µ`�)(�*���ik³��J����*�34(�'%')=?>�71(�')'4�D�1��')���clJ(�*�'J�658�)')"T��717d"T�8N



�S£xwe£ � ¡ �@��� r 
�� � �t
������ r r 
��c� � � ��
���
 � �

,;!�� �h4�?F021>5 . +E:>?"./(�021>5/5 .�%D*>(�')(9.���.
IQ�#�§±c90*S"T�%987171�`�����LlJ��A_90*�')"%�%(�AS"%�190*�')')"T58g��17#�#"T<_"FL ��7#9{=?A=O_M�2J�#�%�]5_*�>658*��F�����4�1*�Hz58g!N �DNd�V5_(Dik+0�m¯
ik³�>��@"T��* �,gD'%���@u_58g�71��*]��(��)=?>�+0�mik³�>��)"�N�°z³D�LlJ(�*�'�h �1*�����*���*j'%�#=?>j���1���Lg�'%���)u_58g�7#��*j����(D"T7#�1=?>�u890*
����*���* 58*D�����)���wlJ(�*�'V(D*B"%���)'%=?>����1����*�hz2;���%�D��* ���1�&ª�90+0g�9{98AS¯¥- �1*S"T�%<8+0�C³�g ���%n��)³Di²"V(D*�� 58*�>65_*��
������µ,��'T5_$§"T�#*Dik90�%$&5_"%�190*Vg���(D�)"T���17d"OhS90g�D�1�EK)��2;���#71�1+8��*&lc(�*D'�:�(D��HE�T58*�'@u0���%'%�d"¥©S¯¥3Q*�587#©e'%�4u0���@2���*{¯
���m"c2;���)����*�A8o0*D*���*�N�¤¥$R°6907#+0��*D����*�2;���%�D��*�ik³D�c�D�1� �Lg�'%���)u_58g�7#��*����#*��1+0�L�����#'%n��#��71�,+8��:����1+8"�N

�����	��
��������������������� °z³��/���#�clc(�*D' ·0¸ � � �f¯ ·0¸ � � � �D���;�q���)�19e����r · �L2J(��%���cik��'@"T+0��')"T��717d"OhS�658')'
���#�[��58>�7c�����=Ien�(��%��*Yu090������$ Hq58�%+8��"�����(D"T7#�1=?>�u8���%�)�1*�+8���)"�1')"8L�')�1��>D�j3Qg�g�N �DN#� · Mmh/2W5_'G58(Di
°6��>�7#���,�#*s�D���t- g ��*�� Ie¤ � �8av�y�����FI{�17#�1:��#(�$w¯@U��#Ae�)90')"%�%���#ik��*D����"%��AS"T90�)��*]:�(��%³D=?Ae:�(Dik³�>��)��*^�#')"ON�IL5
���#��'%�¦IQ�m"T��AB"%90�%��*§*B(���+0���%�#*�+0�/lJ����(�*D�658*�:¦58(Di²2;���#'%��*�h�2J(��%����*v�D�1��')�¦lc(�*D'bik³D�����1� HE�T58*D')u0���%')�#"¥©S¯
3Q*�587#©e'%�t58(D'%+0��'%=?>�7#90'%')��*�N

3QgDg��17#��(�*�+ �DNd� · � � � g�� [��z���?� r_lz�8�m�T� � U¨�L���iQ 
 �_�)�{�¨�z�D�%�D�?� � �_�����_Q;Q��?�)�Hw�� ��� �mp w���� ���B£

�����	��
��������� ���"!�#$�	��%&� ¤¥*|�����&34*�:O58>D7������yn��)�1$&<8�%��* \/���)"%�1:���'yn��%9p- �%���#+0*��#'w�1')"wu890$ lJ(�*
·0¸ �0� ¸ 58({i ·8¸ � � � �1* �����w�q���%�#9{���Cr · �F���1* I{nD�%(�*�+j:�(^���)A8��*D*���*�h.2�58'y58g����v71�����1+07#�1=?>p58*^�����
3QAS"%�#ue�1���%(�*�+J����'��L*�7#�1*��¢¯�°z�#7#"%���%'�h¢�����bg����1$ -.u0��*S"%g�(��17#���1*D+_¯�� �%98:���')'b(�*�+0�����1+8*���"%��- �%���1+0*D�1'%')�/58(�'�¯
'%98�)"T�#���@"Oh07#�1��+_"�L�')�1��>���3Qg�g!N �DN#� � (D*��yHz58g!N �DN �aMmN034(Dik+0�%(D*��y���1��'%��� 34(��!<8717#�1+0A_���#"z���@ik9071+8".5871')9`A8���#*
3Q(D'%'%=?>D71(�')'4u098*FlJ(�*�'�ik³��J���#�,Hq�%58*�')u8���)'%�#"¥©S¯�3Q*6587d©e'%�8N



� � ���c�	��
 ¡q� �S£�� � � � ��
���
 r �;��� 
���� ���b¡Y�L¡ � 
����c� r �.¡ � r ��
 �	p � � � r v � � u

3QgDg��17#��(�*�+ �DN#� � � � � gO�o[������?��l �%� Q �_�¢�?� �!�?�O��� g¨�?�cl ��U�¡ �m�T�#�S�D�1�`�D�T�D�T� � �8�����_Q@QG�T�%� w�� ��� �tp
w��	� � �S£

lJ(�* P4g�N69_i H¦©en�� �L(65_71�#"¥© IQ��"%��=�"�N H��d"T71�
*D��N '%n��#717#' 98iq�%(�* �658+ ��58+
·8¸ � � � O �a� "T�%58*�')u8���)'%�#"¥© µ,9e9{� �`±
·8¸ � � � O �a� "T�%58*�')u8���)'%�#"¥© µ,9e9{� �`±
·8¸ � �S� O �a� "T�%58*�')u8���)'%�#"¥© µ,9e9{� �`±
·8¸ � � · O � "T�%58*�')u8���)'%�#"¥© µ,9e9{� �`±
·8¸ � ��O � "T�%58*�')u8���)'%�#"¥© � �)90g�N �/�)90g�N
·8¸ � �D� � · ����"%��=m"T90��¯�"T��')" ����� �����

·8¸ � � � � � � "T�%58*�')u8���)'%�#"¥© µ,9e9{� �`± °z�#7#"%��� �,P
·8¸ �S� ¸ � � � "T�%58*�')u8���)'%�#"¥© µ,9e9{� �`±
·8¸ �S� � � �_� "T�%58*�')u8���)'%�#"¥© µ,9e9{� �`±
·8¸ �S� � �0� � "T�%58*�')u8���)'%�#"¥© µ,9e9{� �`±
·8¸ �S� � �¨� � "T�%58*�')u8���)'%�#"¥© � �)90g�N �/�)90g�N
·8¸ �S�0� � "T�%58*�')u8���)'%�#"¥© � �)90g�N �`±
·8¸ �S� · O �a� "T�%58*�')u8���)'%�#"¥© µ,9e9{� �`±
·8¸ �S�aO � "T�%58*�')u8���)'%�#"¥© � �)90g�N �`±
·8¸ �S�{� O �a� "T�%58*�')u8���)'%�#"¥© µ,9e9{� �`±
·8¸ �S� � � � "T�%58*�')u8���)'%�#"¥© µ,9e9{� �/�)90g�N
Hq58g ��717#� �DN �{� �EU��~S�U U�W p � �8�Rg0�_� 
 �?�_��� �¨�T�%�%��� � � �_����w �	��� � p w��	� � �S£



�S£xwe£ � ¡ �@��� r 
�� � �t
������ r r 
��c� � � ��
���
 � ¸

�����D�����z3Q*D:O58>�7{�����q'%��Ae(D*��6<8�)��*w\/���@"T�1:���'.nD�%9,- �%���1+0*D�1'E'%�1*D�V:8N �QNf�1$ �����)���#=?>V(�$ ��"¥2�5L���1�;lc(D*�'
·0¸ O ��O§g��1' ·0¸0· � O§���1*��#+0��I{nD�%³�*�+8�t:�(�u0���):����1=?>�*���*JLk'%�1��>��,3QgDg�N �DNd�¨�aMmhe2�98g �����658'JlJ(�*{¯�ª�90+8g 9e90A
3Q({ik'%=?>�7#(�'%'c³�g����J���1�tµ,�%³D*����`+0�1g{"DL�Hq58g�N �DN��aM¢N6�������D��*�lc(�*D' ·8¸0· O �{h ·0¸0· O �y(D*�� ·8¸0· O ¸ +S5_g���'
� �%90gD71��$C�Lg������D���mI{=�� °z� ¯�- g ��*�� � �VhD2;��'%>�5871gG'%�#�`58(�')+0��')=?>�7190')'%��*�2J(��)����*!h�2�<8>��)��*���g����1$ lJ(�*
·0¸ O �S��2J�1�������w7#�����#+071�#=?> ����� �,*D71�1*D�m¯�°q�17#"%���t58AS"T�due�1���@"V2J(��)���G(�*��|����')>65871g ���1* I{n��)(�*�+[�1*^�D��*
rp���)"%��*Gu090*Flc(D* ·8¸ O � � 58(Di ·0¸ O �S�vu090�)>658*��D��*F�#')"�N
�����1$ lJ(�* ·0¸ O � ��2J(��)���¦�����qUF58+8*���"E2W<_>��%��*��§�����zIQ5_"T��*�*658>�$C� 2���+0��*§���1*D��'b¤¥*S"T���)719e=?A0¯�°6��>�7#���)'
58g�+8��'%=?>�587#"%��"Oh�2;��')>6587#g����#��')���clc(D*�*��#=?>S"cik³D�����1�,34*6587#©e')�`u8���@2���*�����"42����%����*]Af58*�*�N
°z³��y���#�Glc(D*�' ·8¸0·0· � (�*�� ·0¸0·0·8· 2J(D�%���Gik��'@"T+0��')"T��717d"Oh.�65_'%'C*658=?>x���1*���$ �q987 58�)�1'T5f"T�198*�')u8���%7#(�')"
���#� I{=?>S2;��717#��*[�����L>658���)90*��#'%=?>���*p±`587#90�%�#$&�m"T���45_*������)'L+0��'%��"%:�",2�58�%��*�h!2;��'@2���+0��*s'%�#�V��g���*Di�5_7171'
58(�')'%90�@"T�#���)"�2J(D�%����*�N

3QgDg��17#��(�*�+ �{N#�¨�e� � ��g��o[��b���?���¢�iW��8� � �_�m�T� �!�T�O� ��gf�T�ql!��Uv¡ �m�T�#�S�D�1�;�{�T�D�T� � �8�����_Q@Q��?�%� w � v �ovDp
w��_w_uovD£



� � ���c�	��
 ¡q� �S£�� � � � ��
���
 r �;��� 
���� ���b¡Y�L¡ � 
����c� r �.¡ � r ��
 �	p � � � r v � � u

lJ(�* Pcg�N698i H/©en � �,(�5871�d"¥© IQ��"%��=�"�N H��d"T71�
*���N ')n��17#71' 9_iz�)(�* ��58+ ��58+
·0¸0·8· � � ¸ "%�T58*D')u�N µ`9e9{� �`± *�9yg��O58$�h��#* K)��=m"T�198*�n��%90gD71��$�N��)(�*G')"T98n�n ����N
·0¸0·8· � O �a� "%�T58*D')u�N µ`9e9{� �`±
·0¸0·8· � � ��O "%�T58*D')u�N �/�)90g�N �`± �¥*�90�%$&587��4ZLKW587�"%>��%��'%>�907#��'27

n�=�=�9{��g�� � -/l4l��,l ¯�� �)(�*�'@"T90nDn ���
·0¸0·8·0· � � � "%�T58*D')u�N µ`9e9{� �`±
·0¸0·8· � � � "%�T58*D')u�N µ`9e9{� �`± "%>��%98")"T7#�L��*65_g ��71�Gik90��n =�=�90�)g��0�
·0¸0· O ¸ O � "%�T58*D')u�N �/�)90g�N �/�)90g�N ���%�%98�%'J90*�°z¤ � � �V�
·0¸0· O � � ¸ "%�T58*D')u�N �/�)90g�N �/�)90g�N °z¤ � � �w� · OV=?>�$&�#'%'%�#*�+
·0¸0· O � � � · "%�T58*D')u�N µ`9e9{� �/�)90g�N I{�1°z� � � · Ow=?>�58*�*���71'J$&�#'%')�1*�+

¯�� �%(D*�'@"T90nDn ���
·0¸ O � � � �%58*���98$y¯�"T�%�#+ �/�)90g�N ����� IL5f"?5w�%��=�90�)���1*�+D�����1'%58g�7#��� 7

ik�)90$ �a� � �0�"I�Us�v5_*��HIDUHOy$&58+0*D��"J9_�qh
"T58�%+0�m"J���1n�907#�L9_�qh�n 987 58�)�1:O5f"T�198*®7198')"

·0¸ O � � O � "%�T58*D')u�N �/�)90g�N �`± 587#7!$&58+0*��m"T'�9_������'@"T90n�n����!N
·0¸ O � � � �a� "%�T58*D')u�N µ`9e9{� �/�)90g�N �)�1=?>G���)�%90�)'07V���)�#i²"�"%�1$C�L'%n���=m"T�T5y�1*G'@"T�T5O2

n�7158*��DI{H � · \ ')"%�T58*�+8�
·0¸ O �S� � · � "%�T58*D')u�N µ`9e9{� �/�)90g�N z67d"T���J58=�"%�#u0� 7CU]U � · � "T�%�#n�n���� ���)��')��"07

-¦K�3Lª U�(��%nD>B©G���%�)90�%'
·0¸ O � � � �a� "%�T58*D')u�N µ`9e9{� �`± z67d"T���J58(D"T9f¯¥=O5_71�1gD�T5_"%�190* ��$&58�%A0¯�90*�7#©��
·0¸ O � · � �a� "%�T58*D')u�N µ`9e9{� �`± z67d"T���J58(D"T9f¯¥=O5_71�1gD�T5_"%�190* 7&U��1����7#�L98iq"T>��,�)(�*

g��O58$ �1*S"T��*�'%�d"¥©2�58'4�#*�=��)�O58')���
¯�� =?>658*D+0�`98iq"%�%�#+0+0�����T5_"%�

·0¸ O ��O � �a� "%�T58*D')u�N µ`9e9{� �/�)90g�N z67d"T���J58(D"T9f¯¥=O5_71�1gD�T5_"%�190* 7y���%�)90�%'J90*�-¦K � O8���
Hq58g���7#71� �DN��{� �EU��NS U U�W p � �8�Xg8�_� 
 �T�_�������?�)�%��� �H� �8���cw�� v �ov p w��_waw ��£



�S£xwe£ � ¡ �@��� r 
�� � �t
������ r r 
��c� � � ��
���
 �{�

�����	��
� ������� � ��% !"����� ¤¥* �����wµ,��'%58$§"T:�58>�7¦�����VK�71(�'@"T���§n��)9j- �%���#+0*��#'t"%�%��"%��* g����¦����*^lc(D*�'
·0¸ � � · h ·0¸ � � �C')9�2J�1�§�D��*jlJ(�*�' ·0¸ � � ��¯ ·0¸ � � � a4*��)��+0��71$&<8¬0�1+8A8���d"T��*�5_(DimL�')�1��>��§34g�g�N �DN#� ��MmN�IQ���
µ,�%(�*��G>��#���@ik³���71�#��+8"���58�%�#*�h��658')'�ik³������1�`lJ(�*�' ·0¸ � ��Ov¯ ·0¸ � � �VA8���#*��tIL5_"%��*������cIQ�)�#i²"TAf58$C$C���%*
��IWr � � �wu098�%>658*D����*s'%�#*���h!2;���#7/58*[���1��'%��*[A_���1*D�y\/���%')90�%+0(D*�+0'%')n658*�*B(�*D+JL ª�9�2�\/987#"?5_+0� Mc58*�7 5_+
L�')�1��>��WHq58g�N �{N���M¢NaIe90$&�d"qik��>�71��*§ik³��.�D�1�WlJ(�*�' ·0¸ � ��O�¯ ·0¸ � � �-K)�m2����17#'	O · I4��"T��AS"T90�)��g���*���*�h02���'%>65_71g
'%�#�,*��1=?>S"c:�(D�cHE�T5_*�')u8���%')�#"¥©S¯¥34*6587d©{')�vu8���)2;��*D����"42����%����*FA8o8*�*���*!N

3Qg�g��#71��(D*�+ �DN#� �D� ] �?�?� Q�� gO�o[��q���T� 	z���8�����?�l!�9U§¡/�¢�?�d�S���1�W�{�T�D�T� � �8�����_Q@QG�T�%�Hw�� �o�_w2p w�� � � v{£

3QgVlc(�* ·0¸ � � �J�#')"q���1��'%��'z� �%90g�7#��$ g���>�90g���*!h8587#71���%���#*�+0'��1'@"qik³D�zlJ(�* ·0¸ � � � �1$ I{=?>��#=?>S")¯�ª�90+8g�(�=?>
ik��'@"T+0��>6587d"T��*!h��658')'t�D�1�VHE�%���!���t�D���`IWr � �¨¯¥±t5_$&$C���)*j:�([*��1�����%�#+�'%�#*�� L�A_���1*D�C34*�:O5_>�7 58*�+8��+0�¢¯
g���*NM¢h{5_g ���¦�D�1��')��';� �%90g�7#��$´*�58=?>&���1*���$¶P4��(�')"T58�)";����'�K�3 HcKWZJ¯�3Q(�')71��'%��$C9e��(�71'/(�*D�®����$¶P4��(e¯
'%�m"T:���*Y�����>I{=?>S2���717#��*S2����)"%�jg ��>�90g���*�2;���%�D��*YA898*�*S"T�8NWIQ�1��:�(�+8��>�o0�)�1+0��* Ie"%�T58>�7#n��%9oz671�����1��'%���
lJ(�*�'`:����1+0��*sA_���#*��w+0�%o8¬0���)��*[3Q(��!<87#71�1+8A8���d"T��*]�1$ \/���)+071���1=?>[:�([����*���* 58*������%����h��658>D���,2J(��%�D��*
���#��'%�tlJ(�*�'Jg���>6587d"T��*�N



�aO ���c�	��
 ¡q� �S£�� � � � ��
���
 r �;��� 
���� ���b¡Y�L¡ � 
����c� r �.¡ � r ��
 �	p � � � r v � � u
lJ(�* Pcg�N�98i H/©en � �,(�5871�d"¥© IQ��"%��=m"ON H��d"T7#�
*���N ')n��17#71' 9_iz�)(�* ��58+ ��58+
·0¸ � � � O �a� "%�T58*D')u0���%')�#"¥© µ`9e9{� � �%90g�N
·0¸ � � · O �a� "%�T58*D')u0���%')�#"¥© µ`9e9{� �,±
·0¸ � �{� O �a� "%�T58*D')u0���%')�#"¥© µ`9e9{� �,±
·0¸ � � � O �a� "%�T58*D')u0���%')�#"¥© µ`9e9{� �,±
·0¸ � � ¸ O �a� "%�T58*D')u0���%')�#"¥© µ`9e9{� �,±
·0¸ � � � � "%�T58*D')u0���%')�#"¥© �/�)90g�N � �%90g�N
·0¸ � � � O �a� "%�T58*D')u0���%')�#"¥© µ`9e9{� �,±
·0¸ � � � �8�0� "%�T58*D')u0���%')�#"¥© �/�)90g�N � �%90g�N �)(�*G2J�#"T>D90(D"�r � �V�65_"T5
·0¸ � �S� � "%�T58*D')u0���%')�#"¥© �/�)90g�N � �%90g�N *D9®IL5f"?5Vik�%90$ r � �=L ª8\ 9_�M
·0¸ � � � · "%�T58*D')u0���%')�#"¥© �/�)90g�N � �%90g�N *D9®IL5f"?5Vik�%90$ r � �=L ª8\ 9_�M
·0¸ � � · O � "%�T58*D')u0���%')�#"¥© �/�)90g�N � �%90g�N *D9&�65f"?5Vik�%90$ r � �>L ª8\ 9_�M
·0¸ � ��O � � "%�T58*D')u0���%')�#"¥© �/�)90g�N � �%90g�N *D9&�65f"?5Vik�%90$ r � �>L ª8\ 9_�M

Hq58g ��717#� �DN��{� �EU��~S�U U�W p � �8�Rg0�_� 
 �?�_��� �¨�T�%�%��� � � �_����w � ����v_p w�� ����ue£

,;!��
K0 C

� 4�5 .�5
IQ�#�®2J�1=?>S"T�#+0')"%��*^HE��'@"T'wik³��V���#�>Ie"T58g��17#�#"T<_"t�����wIQ5_"T��*�n��%9e��(�AS"%�190* '%�#*��^���#�

K0
¯¥HE��'@"T'�N Z4�#���%g����

2J�1�)��58(�'�����*Gn��)9{��(D:��1���)"%��*�$&I�I{HE'W$&�d"��D��$«34*6587d©{')��n��)90+0�%58$&$ �/Z43cI{HX���1�,UF58'%')�,�����
K0

'
58(�'G����$

π+π−
¯@�!���)i�587#74�)��A898*�')"%�%(��#���)"�h����1�j')�1=?>M:�( K)�p� � � 58(�'�±`5890*D��*X$&�d"�AB(��%:���� L

K0
S

M
(�*��®7 58*�+8���¦ª���g���*�')�658(�����L

K0
L

M :�(�'%58$C$&��*�'%�m"T:���*�N{IL5§���#�c7158*�+07#��g��#+0��*C±`5890*D��*5_(Dik+0�%(D*���1>D�%���
$C�#"%"%71���%��*�ª���g���*�')�658(����Lu090*

τ = (5, 18± 0, 04) · 10−8
' { �/I,µ �o� | �#$Rr ��'%��*S"%71�1=?>D��*j*��#=?>B"L�1$

K��`UF� 3cI IB¯�I{n ��AS"T�%98$&�m"T���C:����)i�587#71��*�hq2;���)����*�*B(��y���#���!���@i�<8717#������yAB(��):�71��g��1+8��*|±`5890*���* $C�#"
���#*����c$C�#"%"%71���%��*�ª���g���*D'%�658(D���4u890*

τ = (0, 8953± 0, 0006) · 10−10
'2{ �/I,µ �o� | (�*S"T���)'%(�=?>S"�h!���#�

$C�#"�+0�)90¬0���Wr 58>D�%'%=?>D���1*D71�1=?>DA8���d"J�1*G:�2;���b+0��7 58�D��*��t� �190*D��*G:����)i�587#71��* { �/I,µ �_� | �
K0

S → π+ + π− (68, 95± 0, 14) %
L �{N#��M

IQ�#��'%�JA_o0*�*���*&u098*®����*®IQ�m"T��AB"%90�%��*$C�#" +0���%�#*�+0��$�a4*S"T���%+0�)(�*��&+0(D"/*658=?>D+0��2J�#��'%��*®2;���%�D��*�hS2�58'
g����6����$ ���1*D:��1+8��*y2����#"T���%��*®�%��71�mu85_*B"%��*®�!���@i�58717��#*&:m2�����*���(D"%�T587#�c�/�#90*���*&�65_+0��+0��*®*��#=?>S";�D���;°�5_717
�1'@"ON
����������*

K0
¯¥HE��'@"T'�2J(��%�D�v*B(�*�*658=?>�\/���)"%�1:���'�+0��'%(�=?>S"Oh����#�

• �#*y:m¯�lJ�1=?>S"%(�*�+,2����#"%���/587#'¦� � =�$�u890$¶U��d"%"T��71n�(D*�AS"/�����/��9�2J*�'@"T�%��58$w¯¥Hq58�%+0�m"T:���717#����*S"%ik���%*S"
')�1*���h

• A_���#*����1*�7158(Dik��*D����'�(�*D��:m2����E*�58=?>�+0�m2J�1��')��*��§58(�')7 58(Dik��*����`HE���17#=?>���*G>65_g ��* V 0
¯�\/���@"T�1:���'fMmN

IQ�#��'%��A8o8*�*���*�5871'y:�( ���#*���$
K0

+0��>�o8�%�1+[�#*B"%���)n��%�m"T�1���)"y2;���%�D��*�N;3Q(�'C����* g ���1����*�58(D'%7 5_(Dik��*{¯
����* I{n�(��)��* K)���D��'�'%9871=?>���*X-/�)���#+0*��1')'%��'®2J�1�)��(�*S"T���3Q*�*�58>�$C�]�����

π
¯@UF5_'%'%�F���1*D�F�1*Su_58�)� 58*S"T�

K0
¯@U�58'%')�Vg ���%��=?>�*���"L(�*��j$C�#"c����$ ª��#"%���T5f"T(��@2����)"Qu890*

497, 648± 0, 022
U���\h{ �/I,µ �_� | u0���@¯

+07#�1=?>���*�h{�#*�����$ ���#�LIQ� �!���%��*�:,���1��'%����r ���)"%�,58(Dik+0�m"T�%58+0��*�(D*���$&�d"����1*����Jµ`58(�¬8ik(�*DAB"%�190*®+0�)z�")"T�m"



�S£xue£
K0

p 
 ¡r 
 r � ·

      events

M(pi+pi−) − M(K0) / MeV

3QgDg��17#��(�*�+ �{N#� �e�
K0

p �]�_�%�¢�?� `��%£ � ��Z\[C�¢��Z\[�� � �#�O�E�S���¦�Q���b�T�m�T� g�g_n �#��Z\[ �T���D�?� �]�_�)�m�����T� � �VU¨� �T�
�8� �����fQ �������T�?�D�)�8��n �?�������?� �]�_�)�m�t���?�

K0
�_�D�D��� �T�f�D�?� �����YZ\[8U S��T�[�S���4¡ �m�T�#�S���#�XgO�o[���£

2J(��)���8N�- �1*������1'%nD�1��7!�65_ik³����#')"J�1*G34g�g�N �DNd� �V:�(�'%��>���*�N
°z³������1��IB"?58g��#71�d"?<_"¦�����JIL5_"T��*G'%�1*D�����1�,I4��� ���%��*�:,:�2J�#'%=?>���*��D��$RU��#"%"%��7d2����)"����#��')���cµ`58(�¬8ik(�*DAS¯
"T�#90*C(�*������$ ªb�d"T���T5_"%(��)2;���@"�L�$&58')';')>��#i²"iMmhB���1�QUF58')'%��*658(��6o8'%(�*�+=Lk$®5_'%'¦�%��')9071({"T�198*�he���%���#"T�c�����
\/���@"T���171(D*�+YM;(�*D�����#�,3Q*�:�58>�7b�����

K0
'cnD�%9Cn��%�#$®<8�)��$¶\/���@"T� �G58(�'%'%58+0��Ae�%<_i²"T�#+0�t�z58�%58$C��"T����N

\/90*s71�m"T:�"%���)���,2J(��%�D�&���#�w\/���)"%���#71(�*�+G³�g����`���#�Clc(�*D'tik³�� K)�C���#*��C�q���%�19e���y�1*[���1*pZ4�1'@"T90+8�T58$C$
58(Dik+8��"T�%58+0��*(�*��G��g���*{i�58717#';$C�#";���#*����Jµ`58(�¬_ik(�*�AS"T�#90*®+0��z�"%"%��"�N�IQ�#��K)��*D�1+0��*�lc(D*�'�h�g���� ����*D��*����#�
3Q*D:O58>�7q�����Q±`5890*���*]n��%9&n��%�#$®<_�%��$�\/���)"%� ��2����#"T���L587#' ·

σ
u090$ U��d"%"%��7#2;���@"L����',°z�d"T'c��*S"%ik���%*S"

71�#��+8"�Lk"¥©en��#'%=?>����;U��#")"T��7d2����)"O �a�_� � � h �a� � �c¯ � h �_� � ¸ M¢hf2J(��)����*C587#'z*��#=?>S" ik³��.���#�W3Q*65_7#©e'%�W+8�����#+0*��m"
58*�+8��'%��>���*!N�34g�g�N �DNd� �w:����1+8"c5_71'J�����1'%nD�1��7!���1��'%��*�HE��')"cik³������#�`�q���%�19e���,r · � N
IQ�#�,��g���*Di�587#71'Wg���'@"T�#$&$§"%�,UF5_'%'%��*658(���o0'%(�*D+®�����

K0
¯�lJ��A898*�')"%�%(�AS"T�#90*G���)+0�1gD"�ik³��J58717#�4ue�1�����q���%� ¯

9e����*s����' �058>��)��'FO �a�o� $C�#"Q"T�T5_*�')u8���%'%5871��$�Hz5_�%+0�m"T'%nD�1*s���1*D��*[$&�d" K)��2;���#71',=O5{N �FU���\ '@"?58g��#71��*
rp���)"2Lk'%�1��>��`3Qg�g!N �DN#� ¸ MmN



� � ���c�	��
 ¡q� �S£�� � � � ��
���
 r �;��� 
���� ���b¡Y�L¡ � 
����c� r �.¡ � r ��
 �	p � � � r v � � u

Number of K0
per prim. vert.

Runs

Number of K0

per prim. vert.

Run−Number

3QgDg��17#��(�*�+ �DNd� �D�
K0

p � �fW U¨�D�O� ���_W�� � U¨�JSD�?�z���T� � �?�)�VUe��� � waue£ � S��T��� � � gO�o[��z���T�
K0

�l!�9U�l �%� p
Q �_�m�fQ �!�T�O�¥���p�D�T�D�T�x�B��� � �_�����_Q;Q��?�)��£ �E�����T��� �!�T�O���T�1���8�D�p�D�?�

K0
p � � gO�o[���l!��U@l �%� Q �_�¢�iQ

�!�?�������j���?� � �?�%� U{�D� � w_ue£



�S£ �B£ ����� ¡ � ��
�� r 	 �Q¡ r 
��c� � � ��
���
 �0�

Run−Number

Mass
resolution /
Mev

3QgDg��17#��(�*�+ �DN#� ¸ �
K0

p � �iW U����O���O�_W�� � U¨�&SD�?�[���?� � �?�)�VUe��� � w_ue£ �F�_�%�¢�?���D���kj¨�O�_�D�R���?�
K0

p
� �iW U����O���O�_W�� � U¨�G�D�T�D�T�[�S��� � �8�����_Q@QG�T�%�����8�Q�B��� � �?�)�VUe��� � waue£

,;!f $ ()1,4�� %�./()5����>4 � .�%D*>(�')(9.���.
PQ5_=?>�����$´58717#�;ik³��.�D�1�WHE�T58*D')u0���%')�#"¥©S¯¥34*6587#©e')�cu8���%���1*Bg658�@"T��* I{=?>D*��#")"T�W��(D�%=?>�+0�mik³�>��@";(D*��y�����/IL5¨¯
"T��*�'T5f"T:5_(Di�'%��$&�#*��1*DAe7#(�'%�du0�y"T�#�)z6*���7 58'@"T�#'%=?>��&- �%���#+0*��#'%'%�C�����§3Q�@"

µµ′h+
(�*D�

µµ′h−
�%����(�:��#���@"

2;90�%����*��1'@"Oh.2J(��)���]5_71'C71��"%:�"%���yHq��')"®���1�G\/���@"T���#71(�*D+[u8���)'%=?>��#������*�����AB�1*D��$&5_"T�#'%=?>����C\¦58�)� 58gD71��*
L �;719e=?A � hS')�1��>D�cHq58g�N �{N#��Mz�#$´IL5f"T��*D'T58$Cn�71��(D*B"%���)'%(�=?>S"ON{IL58g�����2J(D�%���c���1��+8��'T5_$§"T�cIL5_"%��*�$C��*e¯
+0�c�1*�*D���%>�5871gy���#*����¦�E���%�#9{�D�4�#*&���1*��J3Q*D:O58>�7�g���*65_=?>eg�58�)"%���WlJ(�*�'�LsIe(�g�n����%�#9{�D��*NM (�*S"T���)"T���17d"/(�*��
K)��2;���#71'zik³D�.���#*��;\¦58�)� 58gD71����58'z\/���)>6<87d"T*��#'z�����z\/���@"T���#71(�*D+L�1*V���1*����qI{(�gDn ���%�19e���W:�(��z\/���)"T���17#(�*�+L�#*
�����,+0��'%58$§"T��*s�q���)�19e���wg����%��=?>�*��m"ONbIQ�#�w�1*j���#*[Z4�#')"T98+0�T58$C$ ���#*�+0��"%�T58+8��*���*[\/���%>6<_7#"T*D�1'%')�§2J(���¯
����*$&�d"¦���1*D����A_90*�'@"?58*S"T��*�°�(D*�AS"T�198*®+0��z�"%"%��"W(D*���58*�')=?>�71�#��¬0��*�����#�

χ2
¯�r 58>D�%'%=?>D���1*D71�1=?>DA8���d";ik³D�

���#��'%��*[°z�#"Qg ��')"%�1$C$§"ON�3Q7#',�����1'%nD�1��7Eik³��Q���1*���*j'%907#=?>���*[AB�1*D��$&5_"T�#'%=?>���*jHq��')"`�1'@"L���#��')���L�#*]3Qg�g!N
�DNPO � ik³�������*F�%��7 5_"%�#u8��*G- *����)+0�1��³�g����)"%�T58+

y
�1*G���#*����c�q���%�#9{���,��58�%+0��')"%��717d"ON

°z³��¦���#�4IQ5_"T��*�58(�' O �a�_� 2J(��)����*DK)�m2����17#'¦�D�1�458(Dik���#*658*��D���)ik9871+0��*�����*&�q���%�#9{����*®$C�#"/��*B"%+0��+8��*�+0�¢¯
'%�m"T:m"T���¦�E907 58�)�1'%5_"T�#90*�hf5871')9Qr ·0· 7 · � (�*��wr · � 7 · �Dhf:�(�'%58$&$C��*yg���"%�T58=?>S"T�m"Oh0(D$�:�(yA_90*S"T�%987171�#���)��*�h
90g]�D�1��')�Vg����E�����,�;���%��=?>�*B(�*�+G�����Q3Q'@©e$&$C��"%�%�1��*Fik³��4'%�1=?>F+0��*�98$&$C��*�A890$Cn65_"%�1g���7E'%�1*D� L�')�1��>D�
�����%��=?>D*e(D*�+�����c34')©e$C$&�m"T�%�#��*�h�±t5_n��#"%��7 �{N#��M¢N



� � ���c�	��
 ¡q� �S£�� � � � ��
���
 r �;��� 
���� ���b¡Y�L¡ � 
����c� r �.¡ � r ��
 �	p � � � r v � � u

y_bj

y_bj

entries

Ratio

3QgDg��17#��(�*�+ �DNPO � � �L�_�)�D�T�O�¥�?�1���L�1���v�B��� �!�T�O���T�1���8�D�^���?�y�¢�?�²�{� �����?�|¡ � �?�@�S��� � SD�?�O���?�f�0�
y
� SD�?��?� p

� �w�{�?�?� Q���� � �?�)�VUe���8b U SD�?� dV��Uon ����e�_�2QC���L�?�#� �?�FW U¨�������_���¥�?� �b�8� W�� � U¨�p�D�f`��%�¥�¨�¥� �!�?�R[��_�������1�
g_n �#��Z\[ �T�|���T� �!�?�O�¥�?�#���8�D� � U¨�

y
�1� ���T�w�T�%�����?� r!� S�l.�?�)�VUe���&�8� �s���T� �!�T�O�¥�?�1���8�D��� Q �D�?�T�oQ��¥�?�

�,�D�¥�?���T�oQFl!���@b��8�����?� d�� � � � w��%£
rX�1�`34g�g�N �DNxOe�v(�*D� �DNPOaOw:�(]��*B"%*���>D$&��*�h �#')"c�1$�IQ(��%=?>D'%=?>�*��d"%",�D���4�q���)�19e����*�r ·0· 7 · � ���#�

χ2
¯

r 58>��%')=?>����#*�71�#=?>�A8���#"Vik³D�y58717#�&\¦58�)� 58g�7#��*p$&�d"V3Q(D'%*658>D$&������'y3Q:��#$V(D"%>B2J�#*�A8��71'V�D��'y+0��'@"T�)��(D"%��*
U�©890*�'

Φµ′

LAB

����(D"T7#�1=?>�³�g�����O � �N �!(�����$�"T�%�m"T��*F$C�#"J���#��'%���434(�'%*�58>�$C�tik³��c���#*�:���71*��2I{(�gDn �¢¯
�%�#9{�D��*&58(�=?>A_���1*D�Q+0�)o0¬0���)��*34gS2����1=?>B(�*�+0��*u090$ IQ(D�%=?>�')=?>�*��#")"T'@2����)"458(Di�NeIQ�#��'�g����D��(D"%��"Ohe�658')'
���#�L\/���)"%���#71(�*�+8��*G������\¦58�)� 58gD71��*S2;���@"T�,g��#'45_(Diz�D�1��K)��*��1+8�Lu090*

Φµ′

LAB

ik³��J���#�,���1*D:���7#*���* I{(�gDn ���%�d¯
9e����*��1*�r ·0· 7 · � *��1=?>S"J2;���#"458(D'%���#*658*��D���J71�#��+0��*�h�'%98*������)*F�#*�*����)>6587#g�����'c���@2W58�@"T�m"T��*F�����)���#=?>�'
'%=?>S2�58*�A_��*�N/�����¦����"%�T58=?>S"T(D*�+]u090*pr ·0· (�*D�pr · � K)��2;���17#'v���1*�:���7#* (�*�� *��1=?>S"v�1* ±c90$Vg��#*65_"%�d¯
90* ���%+0��g ��* '%�#=?>^58(�=?>pik³��

Φµ′

LAB

$&�d"vIQ(��%=?>D'%=?>�*��d"%"%')2;���)"%��* u090* � O{hPO � � Lkr ·8· M`gD:�2`N · �Dh � ¸
�´:�(Dik�)�1������*�'@"T��7171��*����Qr 58>��)'%=?>����1*�7#�1=?>�A_���d"T')2;���@"T�"Lk3Qg�g!N �DNPO · M¢N{I4�1�QAB�#*���$&5_"T�#'%=?>��cIe"?5_g��17#�#"?<f"/�1')"
�658>D����ik³������#�`�q���)�19e����*Gr ·0· 7 · � 58(�'%�)���#=?>���*���+0��+0��g���*�N



�S£ �B£ ����� ¡ � ��
�� r 	 �Q¡ r 
��c� � � ��
���
 � �

3QgDg��17#��(�*�+ �DNPO{�0�
χ2
p ��o[D�%��Z\[��?�1�D�1�VZ\[�We�?�����T���D�?� �z����� ���8���B��� �!�T�X[��_��� ���#�%�¢�����?� �!�?�����T�1���_�D�D�?�����T�

�8�����T�%��� Z\[����?� We�#� �iQ®�D���1��Z\[��?� ���_�%� � S_�k�?� b � �VU Z\W u	� � ��l!���¥�?� �S£��9dV���?� � �?�%� U{�D�?��l��8�_�%� � waw�� wau �
�_�D�{�¨� �T�f�D�T�[�{�T�D�T�^�S���Fr!� S�l �T�%� U{���T��£��Q�k�§�_�D�D�%�D� SD�?���?� �� [��%�9Z\[ �?�#���1� Z\[ We�T�����T�p�����T�1���T� ���?� ���ip
n �?�1�#�#�D�T�G�V�8�9Z\[���Z\[��D���%�/�1� � waw�� wauy�{�_� � � � �o� �%£



� � ���c�	��
 ¡q� �S£�� � � � ��
���
 r �;��� 
���� ���b¡Y�L¡ � 
����c� r �.¡ � r ��
 �	p � � � r v � � u

3QgDg��17#��(�*�+ �DNPOaO{�
χ2
p �� [��%�9Z\[ �?�#���1� Z\[ We�T�����T� ���?� �z��� �,���8�§�B�k� �!�?�R[��_�������1�)�m�y���T� �!�T�O�¥�?�1���8�D�]���T�

� g�� Q��D� [Nn �1� WB�?�#�t���T�Q�D�?��� �¢�¨���¥�?� � � U¨���
Φµ′

LAB

� Q � �T�%� U{���T��l��0�f� � waw ��wau ���_�D�D��� �T�f�D�?���D�T�D�T�
�B�k�;r!� S�l.�?�)�VUe���?��£.�Q���®�f�D�D�T�{� SD�?� � �®�o[��)��Z\[ �T�1���#�VZ\[ WB�?���L�����T�1���,���?� �V�8�9Z\[���Z\[D�����)�`�#� � waw � w_u
�{�_� � � � �_� �)£

3QgDg��17#��(�*�+ �DNPO · �
χ2
p �� [��%�9Z\[ �?�#���1� Z\[ We�T�����T�G�D�?� �z����� ���8�W�B��� �!�T�X[��f��� �D�1�%�¢�J���?� �!�?�����T�1���_�D�D�?����T�

� g�� Q��D� [Nn �1� WB�?�#�G���T�&�D�T�O���m�¨�D���?� � � U¨�D�
Φµ′

LAB

�c�T�1� g¨�?�#�x���8��B�k� SD�?�k���?� � �?�)�VUe���?� � waw �8� �
� wau[�D�%�D�?� �S��� r!� S�l �T�%� U{���T�M�D�8� �D��� �T�f�D�?� � � � �_� �)£W�t�?���f�D�D�T�{� SD�?� � ���?���v�S� S{�y�B�k���V�8�9Z\[ p
��Z\[D�����)� ��nz�o[��)��Z\[ �T�1���#�VZ\[ WB�?���4�1� ���T� ���yn/�T�1�#�#�D�T� � �?�)�VUe���V�_��£��Q�k�?�m�T�v�9Uon ���C�B��� � S�n �?� Z\[��8�D� ���T�
χ2
p �®�o[��)��Z\[ �T�1���#�VZ\[ WB�?���¥�?���D�?�c�T�1� g¨�?�#� �?�=r!� S�l �T�%� U{���T��1�k�T���SD�?�!¡/�#� gf�T� SD�¨���?�YZ\[��%�_�D�®���T��S��T�����T�

� �T�%� U{���T����Q �T��nz�_�O�¥�¨���T� � �?�m�T�VZ\[�£



�S£ �B£ ����� ¡ � ��
�� r 	 �Q¡ r 
��c� � � ��
���
 � ¸

3QgDg��17#��(�*�+ �DNPO � �
χ2
p �� [��%�9Z\[ �?�#���1� Z\[ We�T�����T�G�D�?� �z����� ���8�W�B��� �!�T�X[��f��� �D�1�%�¢�J���?� �!�?�����T�1���_�D�D�?����T�

χ2
p ���?��� �&���T��l!�%��Q �f�m�?� �!�?������� � Q � �T�%� U{���T��l��0�f� � w���� w � �/�f�D�D�¨���?�f�{�?� �D�%�D�?�x�B�k�;r!� S)l �T�%� p

Ue���?��£6�4���Q�_�D�{�T�D��S��T� � �®�o[��)��Z\[ �T�1���#�VZ\[ WB�?���.�O���T�1���¦���?�F�V�8�9Z\[���Z\[��D���%�/�1� � w�� � w �§�{�_� � � � �o� �%£
°z³��t�658'v�q���%�#9{����*�n6505_�tr · � 7 · �G71�1��+0��*s��g���*{i�58717#'t$C�#"t���1*����v34(�'%*65_>�$&�_h�ik³��v�D��*^°z�d"t����'

χ2
¯

rp���)"%'Q����'Ln��)�1$&<8�%��*�\/���)"T� � h ���#�§I4(��%=?>�')=?>�*��d"%"T'@2����)"%�C�D���
χ2
¯�r 58>D�%'%=?>D���1*D71�1=?>DA8���d"T��*]587#71����\¦5f¯

�%�158g�7#��*G����({"T71�#=?>G³�g ��� O � � L�'%�#��>��t3QgDg�N �DNPO � (�*�� �{NxO0�_MmN6IQ�#�t58gS2����1=?>���*�����*]r 58>��)'%=?>����1*�7#�1=?>{¯
A8���#"%��* g����#$

χ2
¯�r ���)"§����'vn��%�#$®<8�)��*s\/���)"%� �s"T�%5_"T��* ��g���*{i�58717#'vg����#$��q���)�19e����*Dn65058�v�O8��78�O0K

�1$ �058>D��O �a� OC58(Di¦(�*��j'@"T��7171��*j58(Dik+8�%(�*��j�D���L�65_$®587#'4+8��$&58=?>S"T��*s- �)i�5_>��%(�*D+�A8���#*j���)*�')"%>65_i²"T��'
� �%90gD71��$ �658�D{ �z5 � � | N



� � ���c�	��
 ¡q� �S£�� � � � ��
���
 r �;��� 
���� ���b¡Y�L¡ � 
����c� r �.¡ � r ��
 �	p � � � r v � � u

3QgDg��17#��(�*�+ �DNPO0�{�
χ2
p ��o[D�%��Z\[��?�1�D�1�VZ\[�We�?�����T���D�?� �z����� ���8���B��� �!�T�X[��_��� ���#�%�¢�����?� �!�?�����T�1���_�D�D�?�����T�

�8�����T�%��� Z\[����?� We�#� �iQ®�D���1��Z\[��?� ���_�%� � S_�k�?� b � �VU Z\W u	� � ��l!���¥�?� �S£��9dV���?� � �?�%� U{�D�?��l��8�_�%� � w�� � w � �
�_�D�{�¨� �T�f�D�T�[�{�T�D�T�^�S���Fr!� S�l �T�%� U{���T��£��Q�k�§�_�D�D�%�D� SD�?���?� �� [��%�9Z\[ �?�#���1� Z\[ We�T�����T�p�����T�1���T� ���?� ���ip
n �?�1�#�#�D�T�G�V�8�9Z\[���Z\[��D���%�/�1� � waw�� wauy�{�_� � � � �o� �%£



�S£ �S£ 	 � ¡ � r � 	 � 
 � � � ] ¡/¡ � ] � ¡ 
 ¡ � � � r��Q¡ r � � � � ¡r v � �ou �D�

,;!1, � *84�+-5 ( ���".���� 1 .D4�4�( .F1,4�./4 � :>1=5 3,4�5�� % � +E4�5 ���	� �

¤¥*�')+0��'%58$§"C2J(��%����*Y58(Dik+8�%(�*�� ���1��'%���&HE��'@"T' �a� lJ(�*�'C��*S"T')n��%��=?>���*�� · � ¸ � Ien��17#71'y587#'C(D*�+0�����1+_¯
*��m"Qik³��c���1�tHE�T58*�'@u0���%'%�d"¥©S¯¥3Q*�587#©e'%�w���1*�+8��')"%(Di²"ON�Hq58g�N �DN ¸ +0�#gD"c���1*D� �4g����)'%�#=?>B"�N!�;��:�98+0��*j5_(Di ���#�
µ,��'T5_$§"T:�58>�7�u090* � ��OClJ(�*�' L���*B"%'%n��)��=?>���*�� � � O � �2I{n��#717#'iMmh6g����E����*���* O �a�_� $C�#"J"%�T58*�'@u0���%'T5_71��$
Hq58�%+0�m"T')n��1*G+0��$&��'%'%��*�2J(��)���8h62J(��)����*�'%90$C�#" � h � �«5_7171���WIL5f"T��*Gu0���)2;90�)ik��*�N
IQ�#�§HE��')"%',:�(��Qlc��A890*D')"T�)(�AS"T�#90*�'%'@"?58gD�171�d"?<_"4(�*��j:�(��

K0
¯¥lc��A890*D')"T�)(�AS"T�#90*Fik³��Q58717#�§�E���%�#9{�D��*]����'

�058>��)��' O �a�o� ')�1*��G�#*����1*���� �4g����)'%�1=?>S"4�1$ 3Q*�>65_*�+y�658�%+8��')"%��7#7#"ON
�_� r ·8·
�W58�G�)(�*�' PvN69_iz')n��17#71' lc��58'%98*�ik90���)��K)��=�"T�#*�+
· � ¸8¸0¸ � ¸ K��T58')>�����ik�%90$�U]U
·0¸ �o� � ¸ � µt-¦U�Zc\ 9_�]��(��%�#*�+CI�3 �
·0¸ � �S� � �a�

K0
�)��=�9

·0¸ � � � O �a� ZLK�3Qª *�98"Jn��)��')��*S"Q�#*�"T>��,"T�)�1+0+8��� 5
K0

�%��=�9
·0¸ � � ¸ ��O ZLK�3Qª *�98"Jn��)��')��*S"Q�#*�"T>��,"T�)�1+0+8��� 5

K0
�%��=�9

·0¸ � � � � �
K0

�)��=�9
·0¸ � �{� � �a�

K0
�)��=�9

·0¸ � � � ��O{�
K0

�)��=�9
587#7 �_� r ·8· � � ¸
�_� r · �
�W58�G�)(�*�' PvN69_iz')n��17#71' lc��58'%98*�ik90���)��K)��=�"T�#*�+
·0¸ O ��O � �a�

K0
�)��=�9

·0¸ O � � O � ���1n�907#�Q2���*S"Q9_� L�n�907�7198'%'iM��D(��%�#*�+w"T>��`�%(D*
·0¸0· O � � � · I{=��1°z��°z¤ � � �w�,$C�1'@2�90�)AB�1*�+�5

K0
�%��=�9

·0¸0· O � � ¸ I{=��1°z��°z¤ � � �w�,$C�1'@2�90�)AB�1*�+�5
K0

�%��=�9
·0¸0· O ¸ O � I{=��1°z��°z¤ � � �w�,$C�1'@2�90�)AB�1*�+
·0¸0·8· � � � ����� ���)��*S"cZLK�3Qª "T>��)��')>�9071�D�1*�+
·0¸0·8·0· � � � ����� ���)��*S"cZLK�3Qª "T>��)��')>�9071�D�1*�+
·0¸0·8· � � ��O ����� ���)��*S"cZLK�3Qª "T>��)��')>�9071�D�1*�+ 5

K0
�%��=�9

·0¸0· �{� � �
K0

�)��=�9
·0¸0· ��O �0�

K0
�)��=�9

·0¸0· � � � �
K0

�)��=�9
·0¸0· � � � ��� �W58��UF� � ���V�O(D=�5 g658��UF� � �)�V�O��=_�6$&�#'%')�1*�+wg��O58$�h�7158')"

'%�mu0���%587b'%n��#717#'���I�3 �4¯¥nD�%90g�7#��$
·0¸0· � · · �

K0
�)��=�9

·0¸0·8¸0¸ O �a�
K0

�)��=�9
·0¸ �a� · � O U��1')'%�#*�+yn658�)"J9_i.��3 �_� at�`�%�O5_�{¯¥90({"Oh�°z¤ � � �w�0�{'%��u8���)�§n��)90g�71��$&'
·0¸ �a� � � �

K0
�)��=�9

·0¸ � � � O � I{�17#�1=�90*n��)90g�71��$�5_i²"%��� ID�I�')"T98n



��O ���c�	��
 ¡q� �S£�� � � � ��
���
 r �;��� 
���� ���b¡Y�L¡ � 
����c� r �.¡ � r ��
 �	p � � � r v � � u

·0¸ � �0� � �a� Ie�171�#=�90*�nD�%90g�7#��$«5_i²"T���mID�IG'@"T90n 5
K0

�%��=�9
·0¸ � � � � �a� Ie�171�#=�90*�nD�%90g�7#��$«5_i²"T���mID�IG'@"T90n 5

K0
�%��=�9

·0¸ � � � � �a� Ie�171�#=�90*�nD�%90g�7#��$«5_i²"T���mID�IG'@"T90n 5
K0

�%��=�9
·0¸ � � ¸ �8� Ie�171�#=�90*�nD�%90g�7#��$«5_i²"T���mID�IG'@"T90n 5

K0
�%��=�9

·0¸ �aO_O � ·
K0

�%��=�9
58717 �_� r · � ��� � �
�_� r · �
�W58���%(�*D' PtN�98iq'%n��#717#' lJ�O5_'%90*Gik90���%� K)��=m"T�1*D+
·0¸ � � � � � �

K0
�%��=�9

·0¸ � �aO � �
K0

�%��=�9
·0¸ � � · O � ��58��r � �
·0¸ � � � �8�0� ��58��r � �
·0¸ � � � O ¸ ��58�HIe¤ � �8av�35

K0
�%��=�9�5 g65_�FUFU � · �V�

·0¸ � � ¸ O �a� ��58�HIe¤ � �8av�35 g�58��U]U � · �V�
·0¸ � � � O � ��58�HIe¤ � �8av�35 g�58��U]U � · �V�
58717 �_� r · � � · �
�_� r · �
�W58���%(�*D' PtN�98iq'%n��#717#' lJ�O5_'%90*Gik90���%� K)��=m"T�1*D+
·0¸ � � � �{� ��58�F°q¤ � � �w�
·0¸ � � ¸ � ¸

K0
�%��=�9

·0¸0¸0·8· ���
K0

�%��=�9
·0¸0¸0· � � �

K0
�%��=�9

·0¸0¸ � � � �
K0

�%��=�9
·0¸0¸ �_O � O U��1'%')�1*�+yn65_�)"c98iz� 3 �o� av�`�%��58�{¯�90(D"25

K0
�%��=�9

·0¸0¸ � � � �
K0

�%��=�9
58717 �_� r · � O �a�
"T98"T587!ik90�J5_717!2;����Ae' · � ¸ �

Hq58g ��717#� �DN ¸ � 	 S��T�%�)�VZ\[�� � SD�?�y�_�#���§���8�&�B�k� 
 �?�_��� �¨�T�%�%��� � p � �6�_� � �m��D�_�)�D�T��Z\[�� U¨�%�¢�?� �T� � �8���®���T�
�_�o[��¢�?� v � � ue£



� �������	��
 �

�  � ��� � ����� ��� �  ���

IQ���W���)')"T�`�;���#"%�T58+v���1��'%���W3Q�)g ���#"Wg���'@"?58*D���1*������\/���)g ��'%')���%(D*�+y�����J�!���#"%A_5_71�1gD�T5_"%�190*w������Z49e��9_¯
'%A_90n��§58(D'c'):��#*B"%�17#71�1���%��*�����*°�5_'%���)*�N
¤¥*�')g ��'%90*��D���%�Q:�(�$¶3Q(D'%+07#���1=?>Cu090*ªE5_(Dik:����#"T(D*B"%���)'%=?>��#������*������ I{�1+8*65871�Wu8���)'%=?>��#������*����J- �%���1+0*D�1'@¯
'%�C2����%����* '%90+�N

T0

¯�±`587#�1g��%5_"T�#90*���*j�D(��%=?>�+8��ik³�>��@"ONz°z³���K)������*^IQ��"%��AS"T98�%Af58*6587¦2J�1�)� >��#���%g����¦�����
U��d"%"T��7#2;���@".����'/�q�O5_Ae' �#$ �!���#"%'%n���AS"T�)(�$ ���1��'%��'.±t5_*65871'qg ��')"%�1$C$§"z(D*��w���1��'%�W')90+�N

T0

¯¥±490*�'@"?58*S"%�
u098*�����*�+8��$C��'%')��*���*[�!���d"T��*�')(�gD"%�T58>��#���@"ON
IQ�#�,°�58'%���%>�9e��90')A890n��`g ���bK��`UF� 3cI I®2����%����*F³�g�����I4�1'%AB�)�1$C�1*65_"%90�%��*$C�#"W:m2�����I{=?>S2���717#��*�58(�'�¯
+0��71��')��*�hE2W5_'V:�( :m2����J�!���d"T')�1+0*65_71��*!h����1*D��$������VZ4�1+8>{¯\I{=?>S2;��7#71�®(D*�� ���#*���$ �����Vª�9�2W¯\I{=?>S2;��717#�
��*S"%'%n��)��=?>���*�����*!h;ik³�>��@"ON/- �1*D��3Q(�')71��')���D���;I{�1+8*6587 5_$&n�7#�#"%(�����*p� �{�1'@"T�#���)"C5_(�'w"T��=?>D*��1')=?>���* (�*��
z6*65_*�:��#��717#��*]µ`�)³�*�����*s*D�1=?>S"ON!IL5���#*[�!(�'T5_$&$C��*�>�58*�+®:m2J�1')=?>���*s3Q$Cn�71�d"T(��D�v(�*D�j3Q*�'@"T�1��+0'%:����d"
���#*���'�I{�1+0*�5871'¦g ��')"%��>S"Oh��#')"�$&�d"%"T��71'�� 2����d¯�I{=?>S2���7171��*{¯¥34*6587d©{')�L���#*�� �cg ���)2�58=?>B(�*�+y������I{�1+0*�587 58$w¯
n�7#�#"T(D����*G$Co0+071�#=?>�N
IQ�#�§�!���#"%����� ���)��*�:���*Gg ���1����� I{=?>S2���7171��*�2;���#'%��* K)��2;���#71'�ik³��J���1�`±`58*�<871�,���1*����4I4��"T��AS"T90�)��g���*��v���d¯
*�� �¥$C9{��(D719_¯�u{�#���4��¯¥n����)�19e���1')=?>���IB"T�%(DAB"%(���58({i�N{°q³��WlJ(�*�';$&�d";+871���#=?>���* I{=?>S2���717#��*S2����)"%��*�h�ik³��¦���#�
�!���d"T��� �!���%��*�:���*C+871���#=?>CP4(�7#7����@2W58�@"T�m"¦2;���)����*!h{���%+0��g ��*&')�1=?>C�658g����63QgS2;���#=?>e(D*�+0��*®:�2J�1')=?>���*&=O5DN
¯?� � (�*�� 5V� � HJI,K¦¯�±`58*�<871��*s��*S"T'%nD�%��=?>D��*�� =�5DN ±0, 6

*D'�N�IQ��'%>65_71gj2J(��%�D�C�#$ lc58>�$C��*[���#��')���
3Q�)g ���#"z���1*D��2����#"%���%�W±t5_71�1gD�T5_"%�190*t��(��)=?>�+0��ik³D>��)"�NSIQ�1��'%�Wg���'@"T��>B" ik³D�.���#*���*wg���7#�1��gD�1+0��*VlJ(�*w�658�)�1*�h
u098$ �!���#"%'%n���AS"T�)(�$R���#*���'Q±t5_*65871'EK)�m2����171'c����*[U��#")"T��7#2;���)"4�����L�!���#"T�D��� ���%��*�:t���1��'%��'Q±`58*6587#'Jik³D�
���#*���*�lJ(�*G$&�d"�:�2;���b+07#���1=?>D��* I{=?>S2���717#��*S2����)"%��*j:�(�'%(DgD"T�%58>��1���%��*�N
U��d"L���#��'%���`±`5871�#g��T5_"%�190*�2J�#�%�j�658'Q+0��2J³�*D'%=?>S"T�&- �%+0��g�*��1'Q���%:��1��7#"ON I{9����)+0�1g{"L'%�#=?>]ik³��,lJ(�*�',$C�#"
+07#���1=?>D��*>I{=?>S2;��7#71��*S2;���@"T��*����#*��Q(�$ ����*�HJILK¦¯�rp���)"cPc(�717�71�#��+0��*����c\/���)"%���#71(�*�+DhB2;90g������D�1�,U��#")¯
"T��7#2;���@"T�C�����v�!���d"T��� �!���%��*�:���*p(�$ 71���D�1+07#�1=?>j=O5{N ±0, 5

HJI,K¦¯�±`58*6<_71�y��*S"T')n��%��=?>���*D�^=O5DN � h � · *�'
'%=?>S2�58*�A_��*�N
IQ�#�2IB"?58*���58�%�65_gB2;���#=?>B(�*�+0��*j�����4°z�#"%'J�����Q�!���d"T��� �!���%��*D:���*�71�#��+0��*�ik³��4�D�1��')�tlc(�*D'Qg�����=O5{NE�tg��#'
�0h �vHJI,K¦¯¥±t5_*6<871��*8Lk')©e$&$C��"%�%�#'%=?>��Q\/���)"%���17#(�*�+0��*�hB+0���)�1*�+8���%�cIe"T�)��(�(D*�+YM¦(D*���g ���!lJ(�*�';$&�d"/u0����¯
'%=?>D�1���D��*���* Ie=?>B2;��7#71��*B2;���@"T��*pg����E=O5DNq�0h �Cg��#' · HJI,K¦¯¥±`58*6<87#��* L�58')©e$C$&�m"T�%�#'%=?>��v\/���)"%���#71(�*�+8��*�h
')"T<8�%A_���)� Ie"%�%��(�(�*�+YM¢N
IQ�#�wa4*S"T���%')(�=?>B(�*�+0��* �����,A_5_71�1gD�%�1���)"%��*j�!���#"%����� ���)��*�:���*]ik³��L�D�1�yU���'%')n ���%�19e����*s�D��� �058>��)�"O �a� ·
(�*�� O �a�_� ���%+S5_g ��*V�1*�')+0��'%58$§"q���#*���+0({"T��IB"?58g��#71�d"?<_"b$C�#"EI{=?>S2�58*�AB(�*�+0��*Cik³D�z���#�����#*�:���71*���*w±`58*6<f¯
71�,(D$��1*G�����4lJ��+8��7 � hPOwg��1',�0h � HJI,K¦¯�±`58*�<871�_hD2W5_' � h � ��OVg��#' � h � � � *�'c��*S"T')n��%�#=?>S"ON

� ·



� � �����q��
 ¡q� ��£�� �Er � � �F¡ � � � r�r � � ]
- 'C"%�%�m"T��* 587#71���)���1*D+0'w58(�=?> 3QgS2;���1=?>B(�*D+0��*Y5_(DiQ2J�#��:_N �4N ���1* A_90*S"T�1*B(��#���)71�1=?>D��'y3Q*�'@"T���1+0��*x�����
�!���d"T��� �!���%��*�:���*�hD2�58'4���1*GAB71���1*���'J58g ���J$&��'%'%g�58�%��'434g�'%�#*�A8��*F�����mI{�1+0*�587 58$Cn�7#�#"T(D���4g����D��(D"%��"ON
IQ(��)=?>G���1�L34*6587d©{')�,�����;u090�)71�1��+0��*D����*�¤¥*Dik98�%$&5_"T�#90*®A_90*�*S"T��*�')90$&�d"����1*��#+0�Lac*��%��+0��7#$®<_¬0�1+0A_���d"T��*
58(Dik+8��'%nD³��)"J2;���%�D��*�h����#�,�658*�*��1*G�����J2;���d"T���%��*�3Q(D')2;���)"%(�*�+g����)³�=?AB'%�#=?>B"%�1+8"J2;���)����*�A890*�*S"%��*�N
IQ�#�W58(�'z����� ±`587#�1g��%5_"T�#90*`���)>6587#"%��*���*C�!���d"T��� �!���%��*D:���*v2J(��%����*y$&�d"z��*B"%'%n��)��=?>���*�����*IQ� �!���%��*D:���*!h
���#�L58(�';����*

T0

¯¥±490*�'@"?58*S"%��*u098*�±`5871�#g��T5_"%�190*D'%�%(D*�'/$&�d";+871���#=?>���*,I{=?>S2���7171��*����)�%��=?>D*���"�2J(��)����*!h
u0���%+07#�1=?>���*�NeIQ����a4*S"T���%')=?>��1���71�#��+8"/g����6rp���)"%��*&(�$ O`HJI,K¦¯¥±`58*6<87#�8hS2W5_' K)����9{=?>58*�+0��'%�1=?>S"%'������
µ,��*658(D�1+0A_���#"W���1��'%���c�����%��=?>�*B(�*�+0��*]�1$ ���)2�58�@"T��"%��*F�����)���1=?>�71�#��+8"�N
IQ���;:m2����#"T�4�����#"T�%58+`���1��'%���;34�%g����#"/7#�1��+8" �1*C�����
�cg ���%n��)³Dik(�*�+t�����;IL5_"%��* 0B(65_71�#"T<_" ik³��/���#�c34*6587d©B¯
'%�Q�����W"%�T58*�'@u0���%'T5_71��* �L(65_�%AB'%n��#*Su0���@"T���171(D*�+=L � �L(6587#�#"¥©&K�>���=?AB'��RM¢h�2W5_'�58(�=?>G�658�D(��%=?>�g���+0�)³�*����m"
�1'@"Oh���58'%'J���#�v- �)7 58*�+8���W34�%g����#"%'%+0�)(�n�n��`�1$��;���%���1=?>����1��'%���c34*6587d©{')�t58�%g����d"T��"�N
�����q�����,a4*S"%���%')(�=?>B(�*�+G�����LIQ�m"T��AS"%90�%'@"?58g��#71�d"?<_"J2J(��)����*j���#�wU��d"%"%��7#2;���@"T�v(�*�� Ie"T58*��65_�%�658gS2;��� ¯
=?>B(�*�+0��* �����]HE�%���!���%90�@"T� �#* ����* IQ��"%��AS"T90�)��g���*���* g���"%�T58=?>S"%��"[(�*�� g����t3Q( ��<87#71�#+0A8���#"T��* �65_'
Ie"%�T58>�7#n��%9oz67J�����&��*S"T')n��%��=?>���*��D��* I4��"T��AS"T90��¯�- g ��*��]³�g����)n��%³{i²"ONW�;���c+0�T5Oue�1���%��*D����*X� �%98g�71��$&��*
2J(��)����*����1�,:�(�+0��>Do0�%�#+0��*�lJ(�*�'�ik³��J���1�,HE�T5_*�')u8���%')�#"¥©S¯¥34*6587d©{')�§5_(�'%+0��'%=?>�7#90'%')��*�N
IQ�#�Jlc��A890*�'@"T�)(�AS"T�198*�'%'@"?58g��#71�d"?<_"q2J(��%���c58*D>658*��wu0���%')=?>��1������*������Lg�')���@u85_g�71���.2J�1������� 3Q*�:�58>�76�����
I{n�(D�%��*!h{������34*�:O58>D7 �����;\/���)"T�#:���'�(�*��®�����;3Q*�:�58>�7������WK�71(�'@"T���;A890*S"%�%907#71�1���)"�NS���������#*���$¶����(D"T7#�d¯
=?>���*ya4*S"T���%'%=?>D�1���w�D��'zrp���@"T��'z���1*D���"�Lg�')���@u85_g�71��*§u090*§����*���*y58*������%���.lJ(�*�'�hf2J(��%�D��58*�>65_*��V�����
¤¥*Dik90�)$®5f"T�198*���*j�#$�lJ(�*{¯�ª�90+8g 9e90A�g ��(��)"%���17d"Oh�98gs�D��� K)��2;���#71�1+8�wlc(D*p:�(��`Hq�%58*�')u8���)'%�#"¥©S¯�3Q*6587d©e'%�
u0���)2;��*��D��"Q2;���)����*�Af58*�*�N
IQ���V2J�1=?>S"T�#+0')"%�Hq��')"y�#')"V�D�1��±c90*S"T�%987171�C�����

K0

¯¥lc��A890*�'@"T�)(�AS"T�198*�hzg����;�����w���#��UF5_'%'%�G�����
K0

¯
HE���17#=?>���* 58(�'y����$

π+π−
¯@�!���@i�58717¦���)$&�d"%"%��7#"§2J�1�%�!N Z4�#���%g����W2J�#�%�^ik³��y���#�

K0

¯�- �)���1+8*��1')'%��(�*S"T���
3Q*D*658>�$C�®�����V� �198*���*�$&58')'%��K)�m2����17#'§���#*��C�1*Su_58�%�158*S"T�

K0

¯�UF58'%')����)�%��=?>�*���"y(D*�� ���#�®IQ� �!���%��*�:
:�(D$ ª��#"T���T5_"%(��)2;���@".u098*

497, 648
U���\M+0��g��17#����"�N8°q³�� ���1�����%>�587#"%��*��W\/���)"T���17#(�*�+,���#��'%���/- �%���#+0*��#'@¯

'%�c2����%����*�5871'¦�%��71��u_58*S"%�Q�q58�T58$C��"%���;�����;$®58')';')>��#i²"cL I4��� ���%��*�:`U��d"%"%��7#2;���@"��D���;\/���)"%���17#(�*�+t:�(�$
ª��#"%���T5f"T(��@2����)"9M¢h����1�y$&58'%',�)��')9071(D"%�190* L����%���#"T�y�����,\/���)"%���#71(�*�+�MQ'%9�2J�1�y���#�C34*�:O5_>�7/�����t±`5890*���*
n��)9CnD�%�1$&<8�)��$ \/���)"%� �G���%$C�#"%"%��7d"ON
PQ5_=?> 5_7171��* ik³��w���#�HE�T58*�'@u0���%'%�d"¥©S¯¥3Q*�587#©e'%�Gu0���%���1*Bg658�@"T��* I{=?>D*��#")"T��* i�58*�� 5_71'V7#��"T:m"T���wHq��')"y���#�
±498*B"%�%907#71�4�����WAB�#*���$&5_"T�#'%=?>���* Ie"?58gD�171�d"?<_";58*D>658*��������W\/���@"T���#71(�*D+§u0���%'%=?>D�1���D��*����4AB�1*D��$&5_"T�#'%=?>����
\¦58�)� 58g�7#����2J�#�`:8N �QN

xbjork, ybjork, Φµ′

LAB

9{�D���
EHCAL

1

�1$«IL5_"T��*�'T5_$&n�7#�`')"?5f"%"ON�Zc�1���):�(G2J(��%�D��*
���#�§IL5f"T��*F���1*D���4�q���)�19e���v2;���d"T���4�#*8I{(�gDn ���%�19e����*Fg���*658=?>Bg65_�)"T���,lJ(�*�'Q(D*B"%���@"T���#7#"4(�*��]�D�1�2Ie"?5f¯
g��#71�#"T<_"W�D����r ���)"%�t�D�1��')���JAB�1*���$®5f"T�1')=?>���*�\¦58�)� 58gD71��*�(D*B"%���)'%(�=?>S"ON
\/90*V�D��* � ��Oclc(D*�'�L���*S"T'%nD�%��=?>D��*�� � � O � ��I{n��#717#'iMmh��#*V����*���*@O �_�_� $C�#"E"T�%58*�')u8���)'T587#��$ Hz58�)+0��"%'%n��#*
+0��$&��'%'%��* 2J(��)���8hE2J(��%����*^��(��)=?> ���1��'%�&Hq��')"T' �a� lJ(�*�'v��*S"T')n��%��=?>���*D� · � ¸ � Ien��17#71't5871',ik³��t���#�
3Q*�587#©e'%�w*D�1=?>S",+0�����1+8*���",���1*�+8��')"%(Di²"ON!IQ���,34*S"T���#7z�����Qu0���)2;90�)ik��*���* I{n��#7171'cg���"T�%<8+8",��58$&�d" � h � �
587#71����Hq�%58*�')u8���)'%�#"¥©S¯�I{n��17#71'�����' �058>��%��'cO �a�_� N



� ����� ��� �

� ��� ��
��  ��� ��� �  � �$��� � ��
�������� ��� �
� ����������� �x�	����� �x�

�S�



�
�

���
��c� ]� £������ �b�

�� ]¡�
�
�� r
��c�� ���
��
 �L¡�

��¡��
 �� ���.¡� ¡� ��¡�

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.2

6.4

6.6

6.8

7

7.2

hml−calib_vs._runs FI05X1__ Channel 0hml−calib_vs._runs FI05X1__ Channel 0

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.2

6.4

6.6

6.8

7

7.2

7.4

7.6

7.8

8

8.2

hml−calib_vs._runs FI05X1__ Channel 1hml−calib_vs._runs FI05X1__ Channel 1

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.4

7.6

7.8

8

8.2

8.4

8.6

8.8

hml−calib_vs._runs FI05X1__ Channel 2hml−calib_vs._runs FI05X1__ Channel 2

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6

6.5

7

7.5

8

hml−calib_vs._runs FI05X1__ Channel 3hml−calib_vs._runs FI05X1__ Channel 3

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.2

6.4

6.6

6.8

7

7.2

7.4

7.6

7.8

hml−calib_vs._runs FI05X1__ Channel 4hml−calib_vs._runs FI05X1__ Channel 4

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.4

7.6

7.8

8

8.2

8.4

8.6

hml−calib_vs._runs FI05X1__ Channel 5hml−calib_vs._runs FI05X1__ Channel 5

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.2

7.4

7.6

7.8

8

8.2

hml−calib_vs._runs FI05X1__ Channel 6hml−calib_vs._runs FI05X1__ Channel 6

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.6

6.8

7

7.2

7.4

7.6

7.8

hml−calib_vs._runs FI05X1__ Channel 7hml−calib_vs._runs FI05X1__ Channel 7

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.6

6.8

7

7.2

7.4

7.6

hml−calib_vs._runs FI05X1__ Channel 8hml−calib_vs._runs FI05X1__ Channel 8

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.2

7.4

7.6

7.8

8

8.2

hml−calib_vs._runs FI05X1__ Channel 9hml−calib_vs._runs FI05X1__ Channel 9

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.4

6.6

6.8

7

7.2

hml−calib_vs._runs FI05X1__ Channel 10hml−calib_vs._runs FI05X1__ Channel 10

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.6

5.8

6

6.2

6.4

6.6

6.8

hml−calib_vs._runs FI05X1__ Channel 11hml−calib_vs._runs FI05X1__ Channel 11

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.9

7

7.1

7.2

7.3

7.4

7.5

7.6

7.7

hml−calib_vs._runs FI05X1__ Channel 12hml−calib_vs._runs FI05X1__ Channel 12

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8

8.2

8.4

8.6

8.8

9

9.2

hml−calib_vs._runs FI05X1__ Channel 13hml−calib_vs._runs FI05X1__ Channel 13

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.4

7.6

7.8

8

8.2

hml−calib_vs._runs FI05X1__ Channel 14hml−calib_vs._runs FI05X1__ Channel 14

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.6

5.8

6

6.2

6.4

6.6

6.8

hml−calib_vs._runs FI05X1__ Channel 15hml−calib_vs._runs FI05X1__ Channel 15

3QgDg��17#��(�*�+&3§Nd�0���E�T�����S����?�m�T�gf�T�
∆

t
ca

lib
=

T
h
ig

h −
T

lo
w ���T�� �_���_�k�

�p
�o�®���T�,¡mS��T� �3�� �_��


�D�%�D�?�� �8���J�D�_�Q���iQ
�_�o[���v�	�ow�QC����rNZ\[Nn.�_��W �_�D�D�?��

��U¨���#�F���?�� �T�{�?�����;S_�#�
�
 �


	-p� �f���_��£



��

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.5

8

8.5

9

9.5

10

10.5

11

hml−calib_vs._runs FI05X1__ Channel 64hml−calib_vs._runs FI05X1__ Channel 64

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.5

8

8.5

9

9.5

10

hml−calib_vs._runs FI05X1__ Channel 65hml−calib_vs._runs FI05X1__ Channel 65

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.5

8

8.5

9

9.5

hml−calib_vs._runs FI05X1__ Channel 66hml−calib_vs._runs FI05X1__ Channel 66

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.5

8

8.5

9

9.5

10

hml−calib_vs._runs FI05X1__ Channel 67hml−calib_vs._runs FI05X1__ Channel 67

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7

7.5

8

8.5

9

9.5

hml−calib_vs._runs FI05X1__ Channel 68hml−calib_vs._runs FI05X1__ Channel 68

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.5

9

9.5

10

10.5

11

hml−calib_vs._runs FI05X1__ Channel 69hml−calib_vs._runs FI05X1__ Channel 69

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.5

9

9.5

10

10.5

11

11.5

hml−calib_vs._runs FI05X1__ Channel 70hml−calib_vs._runs FI05X1__ Channel 70

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8

8.5

9

9.5

10

10.5

hml−calib_vs._runs FI05X1__ Channel 71hml−calib_vs._runs FI05X1__ Channel 71

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8

8.5

9

9.5

10

10.5

hml−calib_vs._runs FI05X1__ Channel 72hml−calib_vs._runs FI05X1__ Channel 72

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.5

8

8.5

9

9.5

10

10.5

11

11.5

hml−calib_vs._runs FI05X1__ Channel 73hml−calib_vs._runs FI05X1__ Channel 73

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8

8.5

9

9.5

10

10.5

11

hml−calib_vs._runs FI05X1__ Channel 74hml−calib_vs._runs FI05X1__ Channel 74

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.5

9

9.5

10

10.5

11

11.5

hml−calib_vs._runs FI05X1__ Channel 75hml−calib_vs._runs FI05X1__ Channel 75

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.5

8

8.5

9

9.5

10

10.5

11

hml−calib_vs._runs FI05X1__ Channel 76hml−calib_vs._runs FI05X1__ Channel 76

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.5

9

9.5

10

10.5

11

11.5

hml−calib_vs._runs FI05X1__ Channel 77hml−calib_vs._runs FI05X1__ Channel 77

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.5

9

9.5

10

10.5

11

11.5

hml−calib_vs._runs FI05X1__ Channel 78hml−calib_vs._runs FI05X1__ Channel 78

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.5

8

8.5

9

9.5

10

10.5

hml−calib_vs._runs FI05X1__ Channel 79hml−calib_vs._runs FI05X1__ Channel 79

3QgDg��17#��(�*�+w3vNxO{���E�T���¥�B����?�¢�?�g¨�?�
∆

t
ca

lib
=

T
h
ig

h −
T

lo
w �D�?�� �_���_�k�

�ou2p
�
�w���?�c¡mSD�?� �$�� �_��


�D�%�D�?�� �8���¦�D�8���D�iQ�
�_�[��qv��we£� �	���f�1���T� �`�#�O�E�{�f�����¨�����1�Z\[ �� San �?�Z\[ �?�G���?�

���?���������T�� �_���
v
�ou
���8� �Hv

�o�
�
�
�U¨����?���?�^���?�

�S_�%�d�D�?�j�9U_n �k�w���?�
�!�?�%�T�D�g

�U¨�w�ow��u&�D�8��w�ou
�a�8b� �?�¦�D�?�

���YZ\[D�sU¨�#�D�T� ���T�
��
�� �_���f���?�>g¨�?�#�6�.�%�VZ\[]�{�¨�D�T�D�T�[�T�1�

�!�?�)�?�D�Vg
�U¨�v

�a�a��`�{�8�w�	��v�e£d¨£



��
���

��c� ]� £������ �b�
�� ]¡�

�
�� r
��c�� ���
��
 �L¡�

��¡��
 �� ���.¡� ¡� ��¡�

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.6

7.8

8

8.2

8.4

8.6

8.8

9

9.2

hml−calib_vs._runs FI05X1__ Channel 80hml−calib_vs._runs FI05X1__ Channel 80

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.6

6.8

7

7.2

7.4

7.6

7.8

8

8.2

hml−calib_vs._runs FI05X1__ Channel 81hml−calib_vs._runs FI05X1__ Channel 81

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.6

7.8

8

8.2

8.4

8.6

8.8

9

hml−calib_vs._runs FI05X1__ Channel 82hml−calib_vs._runs FI05X1__ Channel 82

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.6

7.8

8

8.2

8.4

8.6

8.8

9

9.2

9.4

hml−calib_vs._runs FI05X1__ Channel 83hml−calib_vs._runs FI05X1__ Channel 83

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.2

7.4

7.6

7.8

8

8.2

8.4

8.6

hml−calib_vs._runs FI05X1__ Channel 84hml−calib_vs._runs FI05X1__ Channel 84

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.8

7

7.2

7.4

7.6

7.8

8

hml−calib_vs._runs FI05X1__ Channel 85hml−calib_vs._runs FI05X1__ Channel 85

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.2

7.4

7.6

7.8

8

8.2

8.4

8.6

8.8

hml−calib_vs._runs FI05X1__ Channel 86hml−calib_vs._runs FI05X1__ Channel 86

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.4

7.6

7.8

8

8.2

8.4

8.6

8.8

hml−calib_vs._runs FI05X1__ Channel 87hml−calib_vs._runs FI05X1__ Channel 87

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.2

7.4

7.6

7.8

8

8.2

8.4

8.6

8.8

hml−calib_vs._runs FI05X1__ Channel 88hml−calib_vs._runs FI05X1__ Channel 88

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.5

8

8.5

9

9.5

hml−calib_vs._runs FI05X1__ Channel 89hml−calib_vs._runs FI05X1__ Channel 89

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.2

7.4

7.6

7.8

8

8.2

8.4

8.6

8.8

hml−calib_vs._runs FI05X1__ Channel 90hml−calib_vs._runs FI05X1__ Channel 90

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.8

8

8.2

8.4

8.6

8.8

9

9.2

9.4

9.6

hml−calib_vs._runs FI05X1__ Channel 91hml−calib_vs._runs FI05X1__ Channel 91

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7

7.2

7.4

7.6

7.8

8

8.2

8.4

8.6

hml−calib_vs._runs FI05X1__ Channel 92hml−calib_vs._runs FI05X1__ Channel 92

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.4

8.6

8.8

9

9.2

9.4

9.6

9.8

hml−calib_vs._runs FI05X1__ Channel 93hml−calib_vs._runs FI05X1__ Channel 93

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.4

8.6

8.8

9

9.2

9.4

9.6

hml−calib_vs._runs FI05X1__ Channel 94hml−calib_vs._runs FI05X1__ Channel 94

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6

8

10

12

14

16

18

20

22

24

hml−calib_vs._runs FI05X1__ Channel 95hml−calib_vs._runs FI05X1__ Channel 95

3QgDg��17#��(�*�+w3vN· ���E�T���¥�B����?�¢�?�g¨�?�
∆

t
ca

lib
=

T
h
ig

h −
T

lo
w �D�?�� �_���_�k�

��Dp
�a�w���?�c¡mSD�?� �$�� �_��


�D�%�D�?�� �8���¦�D�8���D�iQ�
�_�[��qv��we£� �	���f�1���T� �`�#�O�E�{�f�����¨�����1�Z\[ �� San �?�Z\[ �?�G���?�

���?���������T�� �_���
v
�ou
���8� �Hv

�o�
�
�
�U¨����?���?�^���?�

�S_�%�d�D�?�j�9U_n �k�w���?�
�!�?�%�T�D�g

�U¨�v
�a�a��w�D�8��w��v�b� �?�¦�D�?�

��
�� �_���_�k�?�

��U��X[ �T�mg¨�?�d���.�%�Z\[[�{�¨�D�T�D�T�[�T�1�
�!�?�)�?�D�Vg

��U¨�8w�ow��uw�{�8�qw�ou�
�a�B£d¨£



�¸

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.2

7.4

7.6

7.8

8

8.2

8.4

8.6

8.8

9

hml−calib_vs._runs FI05Y1__ Channel 128hml−calib_vs._runs FI05Y1__ Channel 128

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.6

6.8

7

7.2

7.4

7.6

hml−calib_vs._runs FI05Y1__ Channel 129hml−calib_vs._runs FI05Y1__ Channel 129

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.8

6

6.2

6.4

6.6

6.8

7

7.2

7.4

7.6

7.8

hml−calib_vs._runs FI05Y1__ Channel 130hml−calib_vs._runs FI05Y1__ Channel 130

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.4

6.6

6.8

7

7.2

7.4

7.6

7.8

8

8.2

8.4

hml−calib_vs._runs FI05Y1__ Channel 131hml−calib_vs._runs FI05Y1__ Channel 131

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.5

7

7.5

8

8.5

hml−calib_vs._runs FI05Y1__ Channel 132hml−calib_vs._runs FI05Y1__ Channel 132

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.5

6.6

6.7

6.8

6.9

7

7.1

7.2

7.3

7.4

hml−calib_vs._runs FI05Y1__ Channel 133hml−calib_vs._runs FI05Y1__ Channel 133

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

3

3.5

4

4.5

5

5.5

6

6.5

hml−calib_vs._runs FI05Y1__ Channel 134hml−calib_vs._runs FI05Y1__ Channel 134

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7

7.5

8

8.5

9

9.5

hml−calib_vs._runs FI05Y1__ Channel 135hml−calib_vs._runs FI05Y1__ Channel 135

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4

4.5

5

5.5

6

6.5

7

hml−calib_vs._runs FI05Y1__ Channel 136hml−calib_vs._runs FI05Y1__ Channel 136

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7

7.5

8

8.5

9

9.5

10

hml−calib_vs._runs FI05Y1__ Channel 137hml−calib_vs._runs FI05Y1__ Channel 137

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.2

6.4

6.6

6.8

7

7.2

7.4

7.6

7.8

hml−calib_vs._runs FI05Y1__ Channel 138hml−calib_vs._runs FI05Y1__ Channel 138

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.6

5.8

6

6.2

6.4

6.6

6.8

7

7.2

7.4

hml−calib_vs._runs FI05Y1__ Channel 139hml−calib_vs._runs FI05Y1__ Channel 139

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.2

7.4

7.6

7.8

8

hml−calib_vs._runs FI05Y1__ Channel 140hml−calib_vs._runs FI05Y1__ Channel 140

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7

7.5

8

8.5

9

9.5

hml−calib_vs._runs FI05Y1__ Channel 141hml−calib_vs._runs FI05Y1__ Channel 141

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.5

6

6.5

7

7.5

8

hml−calib_vs._runs FI05Y1__ Channel 142hml−calib_vs._runs FI05Y1__ Channel 142

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8

8.5

9

9.5

10

10.5

11

11.5

12

hml−calib_vs._runs FI05Y1__ Channel 143hml−calib_vs._runs FI05Y1__ Channel 143

3QgDg��17#��(�*�+L3vN� �S�E�?�����B���b�T�m�T�gf�T�
∆

t
ca

lib
=

T
h
ig

h −
T

lo
w ���?�� �f���_����

�v�mp�uawL���T� ¡mS��T� ��� �_�
�

�D�%�D�?�� �8�D�V�D�_�w�D�iQ
�_�o[��Fv��wtQC����rZ\[~nz�_�W��8�{�D�?�^�#��B�k�?�¢�?�v¡SD�?���

�U¨��#����T�� �T�{�?��
����

S_�#�
�
 �


	-p� �_���_��£� �	�!�_�1�k�?� ��1�O���{�_�`���¨�����1�Z\[ �� S�n �?�Z\[ �?����T�
���?�O�¥�§���T�� �8����v

�u
��C�8� �

v
�_��
�
�
��U¨�[���?���?�j���?�

�S_�)�#�D�T��£



¸ �
���

��c� ]� £������ �b�
�� ]¡�

�
�� r
��c�� ���
��
 �L¡�

��¡��
 �� ���.¡� ¡� ��¡�

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−8

−6

−4

−2

0

2

4

hml−calib_vs._runs FI07X1__ Channel 32hml−calib_vs._runs FI07X1__ Channel 32

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−8

−7

−6

−5

−4

−3

−2

−1

hml−calib_vs._runs FI07X1__ Channel 33hml−calib_vs._runs FI07X1__ Channel 33

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−6

−4

−2

0

2

4

hml−calib_vs._runs FI07X1__ Channel 34hml−calib_vs._runs FI07X1__ Channel 34

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−6

−4

−2

0

2

hml−calib_vs._runs FI07X1__ Channel 35hml−calib_vs._runs FI07X1__ Channel 35

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−6

−4

−2

0

2

4

hml−calib_vs._runs FI07X1__ Channel 36hml−calib_vs._runs FI07X1__ Channel 36

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−6

−4

−2

0

2

4

6

8

10

12

hml−calib_vs._runs FI07X1__ Channel 37hml−calib_vs._runs FI07X1__ Channel 37

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−5

−4

−3

−2

−1

0

1

hml−calib_vs._runs FI07X1__ Channel 38hml−calib_vs._runs FI07X1__ Channel 38

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−6

−4

−2

0

2

hml−calib_vs._runs FI07X1__ Channel 39hml−calib_vs._runs FI07X1__ Channel 39

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6

8

10

12

14

16

18

20

hml−calib_vs._runs FI07X1__ Channel 40hml−calib_vs._runs FI07X1__ Channel 40

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−6

−4

−2

0

2

4

6

hml−calib_vs._runs FI07X1__ Channel 41hml−calib_vs._runs FI07X1__ Channel 41

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−10

−8

−6

−4

−2

0

2

4

6

8

hml−calib_vs._runs FI07X1__ Channel 42hml−calib_vs._runs FI07X1__ Channel 42

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−2

−1

0

1

2

3

4

5

6

7

hml−calib_vs._runs FI07X1__ Channel 43hml−calib_vs._runs FI07X1__ Channel 43

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−5

0

5

10

15

20

25

hml−calib_vs._runs FI07X1__ Channel 44hml−calib_vs._runs FI07X1__ Channel 44

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−2

0

2

4

6

8

10

12

hml−calib_vs._runs FI07X1__ Channel 45hml−calib_vs._runs FI07X1__ Channel 45

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−3

−2

−1

0

1

2

3

4

5

hml−calib_vs._runs FI07X1__ Channel 46hml−calib_vs._runs FI07X1__ Channel 46

run−number
26000 27000 28000 29000 30000 31000 32000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

−10

−5

0

5

10

15

hml−calib_vs._runs FI07X1__ Channel 47hml−calib_vs._runs FI07X1__ Channel 47

3QgDg��17#��(�*�+w3vN�{���E�T���¥�B����?�¢�?�g¨�?�
∆

t
ca

lib
=

T
h
ig

h −
T

lo
w �D�?�� �_���_�k�cwovpu

�L���?�c¡mSD�?� �$�� ��
�


�D�%�D�?�� �8�D�W�D�_�J���fQ
�_�o[��v��owQC���/rNZ\[Nnz�_�W��8�D�{�?���1���B�k�?�m�T��¡mSD�?� �

��U¨�&�1����T�� �T�D�T���v@S_�#�
Zm�{£�
 �

	-p� �_���_��£



¸ �

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5

5.2

5.4

5.6

5.8

6

hml−calib_vs._runs FI05X1__ Channel 0hml−calib_vs._runs FI05X1__ Channel 0

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6

6.5

7

7.5

8

hml−calib_vs._runs FI05X1__ Channel 1hml−calib_vs._runs FI05X1__ Channel 1

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

hml−calib_vs._runs FI05X1__ Channel 2hml−calib_vs._runs FI05X1__ Channel 2

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.4

5.6

5.8

6

6.2

6.4

6.6

6.8

7

hml−calib_vs._runs FI05X1__ Channel 3hml−calib_vs._runs FI05X1__ Channel 3

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4.6

4.8

5

5.2

5.4

5.6

5.8

6

6.2

6.4

6.6

6.8

hml−calib_vs._runs FI05X1__ Channel 4hml−calib_vs._runs FI05X1__ Channel 4

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6

6.2

6.4

6.6

6.8

7

hml−calib_vs._runs FI05X1__ Channel 5hml−calib_vs._runs FI05X1__ Channel 5

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.2

6.4

6.6

6.8

7

7.2

7.4

hml−calib_vs._runs FI05X1__ Channel 6hml−calib_vs._runs FI05X1__ Channel 6

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.4

6.6

6.8

7

7.2

7.4

7.6

hml−calib_vs._runs FI05X1__ Channel 7hml−calib_vs._runs FI05X1__ Channel 7

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.6

6.8

7

7.2

7.4

hml−calib_vs._runs FI05X1__ Channel 8hml−calib_vs._runs FI05X1__ Channel 8

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7

7.2

7.4

7.6

7.8

8

hml−calib_vs._runs FI05X1__ Channel 9hml−calib_vs._runs FI05X1__ Channel 9

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.4

6.6

6.8

7

7.2

7.4

hml−calib_vs._runs FI05X1__ Channel 10hml−calib_vs._runs FI05X1__ Channel 10

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6

6.2

6.4

6.6

6.8

hml−calib_vs._runs FI05X1__ Channel 11hml−calib_vs._runs FI05X1__ Channel 11

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.8

7

7.2

7.4

7.6

hml−calib_vs._runs FI05X1__ Channel 12hml−calib_vs._runs FI05X1__ Channel 12

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.2

8.4

8.6

8.8

9

hml−calib_vs._runs FI05X1__ Channel 13hml−calib_vs._runs FI05X1__ Channel 13

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7

7.2

7.4

7.6

7.8

8

8.2

hml−calib_vs._runs FI05X1__ Channel 14hml−calib_vs._runs FI05X1__ Channel 14

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4.7

4.8

4.9

5

5.1

5.2

5.3

5.4

5.5

5.6

hml−calib_vs._runs FI05X1__ Channel 15hml−calib_vs._runs FI05X1__ Channel 15

3QgDg��17#��(�*�+&3§N��D���E�T�����S����?�m�T�gf�T�
∆

t
ca

lib
=

T
h
ig

h −
T

lo
w ���T�� �_���_�k�

�p
�o�®���T�,¡mS��T� �3�� �_��


�D�%�D�?�� �_���4�D�8�L���iQ
�_�o[��v��ouDQC���-rNZ\[Nn.�_��W �_�D�D�?��oQ

����
 �
	-p� �_���_�k�¨£



¸ O
���

��c� ]� £������ �b�
�� ]¡�

�
�� r
��c�� ���
��
 �L¡�

��¡��
 �� ���.¡� ¡� ��¡�

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.5

6.6

6.7

6.8

6.9

7

7.1

7.2

7.3

hml−calib_vs._runs FI05X1__ Channel 64hml−calib_vs._runs FI05X1__ Channel 64

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.6

6.8

7

7.2

7.4

hml−calib_vs._runs FI05X1__ Channel 65hml−calib_vs._runs FI05X1__ Channel 65

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

9.1

9.2

9.3

9.4

9.5

9.6

9.7

hml−calib_vs._runs FI05X1__ Channel 66hml−calib_vs._runs FI05X1__ Channel 66

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.8

5.9

6

6.1

6.2

6.3

6.4

6.5

6.6

hml−calib_vs._runs FI05X1__ Channel 67hml−calib_vs._runs FI05X1__ Channel 67

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

10.9

11

11.1

11.2

11.3

11.4

11.5

11.6

11.7

11.8

hml−calib_vs._runs FI05X1__ Channel 68hml−calib_vs._runs FI05X1__ Channel 68

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.3

7.4

7.5

7.6

7.7

7.8

7.9

8

hml−calib_vs._runs FI05X1__ Channel 69hml−calib_vs._runs FI05X1__ Channel 69

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

10.4

10.5

10.6

10.7

10.8

10.9

11

11.1

11.2

hml−calib_vs._runs FI05X1__ Channel 70hml−calib_vs._runs FI05X1__ Channel 70

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.5

5.6

5.7

5.8

5.9

6

6.1

6.2

6.3

hml−calib_vs._runs FI05X1__ Channel 71hml−calib_vs._runs FI05X1__ Channel 71

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

13.4

13.5

13.6

13.7

13.8

13.9

14

14.1

14.2

hml−calib_vs._runs FI05X1__ Channel 72hml−calib_vs._runs FI05X1__ Channel 72

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

11.3

11.4

11.5

11.6

11.7

11.8

11.9

hml−calib_vs._runs FI05X1__ Channel 73hml−calib_vs._runs FI05X1__ Channel 73

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

10.8

11

11.2

11.4

11.6

11.8

hml−calib_vs._runs FI05X1__ Channel 74hml−calib_vs._runs FI05X1__ Channel 74

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

hml−calib_vs._runs FI05X1__ Channel 75hml−calib_vs._runs FI05X1__ Channel 75

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.4

5.6

5.8

6

6.2

6.4

hml−calib_vs._runs FI05X1__ Channel 76hml−calib_vs._runs FI05X1__ Channel 76

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

10.7

10.8

10.9

11

11.1

11.2

11.3

11.4

11.5

hml−calib_vs._runs FI05X1__ Channel 77hml−calib_vs._runs FI05X1__ Channel 77

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

11.4

11.5

11.6

11.7

11.8

11.9

12

12.1

12.2

hml−calib_vs._runs FI05X1__ Channel 78hml−calib_vs._runs FI05X1__ Channel 78

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

9.4

9.6

9.8

10

10.2

10.4

10.6

10.8

hml−calib_vs._runs FI05X1__ Channel 79hml−calib_vs._runs FI05X1__ Channel 79

3QgDg��17#��(�*�+w3vN��{���E�T���¥�B����?�¢�?�g¨�?�
∆

t
ca

lib
=

T
h
ig

h −
T

lo
w �D�?�� �_���_�k�

�ou2p
�
�w���?�c¡mSD�?� �$�� �_��


�D�%�D�?�� �_���4�D�8�L���iQ
�_�o[��v��ouDQC���-rNZ\[Nn.�_��W �_�D�D�?��oQ

����
 �
	-p� �_���_�k�¨£



¸0·

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

9.4

9.5

9.6

9.7

9.8

9.9

10

10.1

10.2

hml−calib_vs._runs FI05X1__ Channel 96hml−calib_vs._runs FI05X1__ Channel 96

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

9.6

9.8

10

10.2

10.4

10.6

hml−calib_vs._runs FI05X1__ Channel 97hml−calib_vs._runs FI05X1__ Channel 97

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.4

8.6

8.8

9

9.2

9.4

hml−calib_vs._runs FI05X1__ Channel 98hml−calib_vs._runs FI05X1__ Channel 98

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

9

9.2

9.4

9.6

9.8

10

hml−calib_vs._runs FI05X1__ Channel 99hml−calib_vs._runs FI05X1__ Channel 99

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.8

9

9.2

9.4

9.6

9.8

10

hml−calib_vs._runs FI05X1__ Channel 100hml−calib_vs._runs FI05X1__ Channel 100

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

9.8

10

10.2

10.4

10.6

10.8

hml−calib_vs._runs FI05X1__ Channel 101hml−calib_vs._runs FI05X1__ Channel 101

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

10.2

10.4

10.6

10.8

11

11.2

hml−calib_vs._runs FI05X1__ Channel 102hml−calib_vs._runs FI05X1__ Channel 102

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

10

10.2

10.4

10.6

10.8

hml−calib_vs._runs FI05X1__ Channel 103hml−calib_vs._runs FI05X1__ Channel 103

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.2

8.4

8.6

8.8

9

hml−calib_vs._runs FI05X1__ Channel 104hml−calib_vs._runs FI05X1__ Channel 104

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8

8.2

8.4

8.6

8.8

hml−calib_vs._runs FI05X1__ Channel 105hml−calib_vs._runs FI05X1__ Channel 105

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.6

8.8

9

9.2

9.4

9.6

hml−calib_vs._runs FI05X1__ Channel 106hml−calib_vs._runs FI05X1__ Channel 106

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.8

9

9.2

9.4

9.6

9.8

10

hml−calib_vs._runs FI05X1__ Channel 107hml−calib_vs._runs FI05X1__ Channel 107

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7.8

8

8.2

8.4

8.6

hml−calib_vs._runs FI05X1__ Channel 108hml−calib_vs._runs FI05X1__ Channel 108

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.2

8.4

8.6

8.8

9

hml−calib_vs._runs FI05X1__ Channel 109hml−calib_vs._runs FI05X1__ Channel 109

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.4

8.6

8.8

9

9.2

9.4

9.6

hml−calib_vs._runs FI05X1__ Channel 110hml−calib_vs._runs FI05X1__ Channel 110

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7

7.2

7.4

7.6

7.8

8

hml−calib_vs._runs FI05X1__ Channel 111hml−calib_vs._runs FI05X1__ Channel 111

3QgDg��17#��(�*�+t3§N��D�{�E�?�����B���b�T�m�?��gf�?�
∆

t
ca

lib
=

T
h
ig

h −
T

lo
w ���?�� �f���_���

�
�p

���`�D�?�;¡SD�?����� �_��

�D�%�D�?�� �8���`�{�8�t���fQ

�_�[���v�	�oue£�]�_�p�T�XWe�T�����Q�?�1���?�]�����¨���#�D�T�� �D�O��k�T�F�D�?�
���?�����`�#��� �?�R[��_�TS

�?�#� �?�� �_���f�1��n.�_�L�T�1� ��
�!�?�RQ&�#� ���T�O�8�D��D�?�r{�#�0���_�[~j�[ �FSD�������������%£



¸ �
���

��c� ]� £������ �b�
�� ]¡�

�
�� r
��c�� ���
��
 �L¡�

��¡��
 �� ���.¡� ¡� ��¡�

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

2

2.5

3

3.5

4

4.5

hml−calib_vs._runs FI05Y1__ Channel 0hml−calib_vs._runs FI05Y1__ Channel 0

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4

4.5

5

5.5

6

hml−calib_vs._runs FI05Y1__ Channel 1hml−calib_vs._runs FI05Y1__ Channel 1

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.4

5.6

5.8

6

6.2

6.4

hml−calib_vs._runs FI05Y1__ Channel 2hml−calib_vs._runs FI05Y1__ Channel 2

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6

6.5

7

7.5

8

8.5

hml−calib_vs._runs FI05Y1__ Channel 3hml−calib_vs._runs FI05Y1__ Channel 3

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

3.5

4

4.5

5

5.5

hml−calib_vs._runs FI05Y1__ Channel 4hml−calib_vs._runs FI05Y1__ Channel 4

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

3

3.5

4

4.5

5

5.5

6

6.5

hml−calib_vs._runs FI05Y1__ Channel 5hml−calib_vs._runs FI05Y1__ Channel 5

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4.2

4.4

4.6

4.8

5

5.2

5.4

5.6

5.8

6

hml−calib_vs._runs FI05Y1__ Channel 6hml−calib_vs._runs FI05Y1__ Channel 6

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4.8

5

5.2

5.4

5.6

5.8

6

hml−calib_vs._runs FI05Y1__ Channel 7hml−calib_vs._runs FI05Y1__ Channel 7

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

17.5

18

18.5

19

19.5

20

20.5

21

21.5

hml−calib_vs._runs FI05Y1__ Channel 8hml−calib_vs._runs FI05Y1__ Channel 8

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.5

7

7.5

8

8.5

9

9.5

hml−calib_vs._runs FI05Y1__ Channel 9hml−calib_vs._runs FI05Y1__ Channel 9

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

8.5

9

9.5

10

10.5

hml−calib_vs._runs FI05Y1__ Channel 10hml−calib_vs._runs FI05Y1__ Channel 10

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.5

7

7.5

8

8.5

hml−calib_vs._runs FI05Y1__ Channel 11hml−calib_vs._runs FI05Y1__ Channel 11

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.4

6.6

6.8

7

7.2

7.4

hml−calib_vs._runs FI05Y1__ Channel 12hml−calib_vs._runs FI05Y1__ Channel 12

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6.2

6.4

6.6

6.8

7

7.2

hml−calib_vs._runs FI05Y1__ Channel 13hml−calib_vs._runs FI05Y1__ Channel 13

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

6

6.2

6.4

6.6

6.8

7

7.2

7.4

hml−calib_vs._runs FI05Y1__ Channel 14hml−calib_vs._runs FI05Y1__ Channel 14

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7

7.5

8

8.5

9

9.5

10

hml−calib_vs._runs FI05Y1__ Channel 15hml−calib_vs._runs FI05Y1__ Channel 15

3QgDg��17#��(�*�+&3§N¸ ���E�T�����S����?�m�T�gf�T�
∆

t
ca

lib
=

T
h
ig

h −
T

lo
w ���T�� �_���_�k�

�p
�o�®���T�,¡mS��T� �3�� �_�

�

�D�%�D�?�� �8���W�D�8�J���iQ
�_�o[���v��ou�QC����rNZ\[Nn.�f�W��8�D�D�T���#���B�k�?�m�T��¡mSD�?� �`�_Q¶

�1���D�?�� �T�{�?�Zm�D£�����

 �


	-p� �f���_����£b�Q���� �8���u�	��v
�&�8� �u�w

�iv8n �?�#�m�T�Y���T�1�1�§�D�¨�����1�VZ\[x�8�����T�%��Z\[D�����S�1�VZ\[��
���?�����2g0�

���T�
�Sf�%�#�{�?�� �_���L�{�8��£



¸ �

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

3

3.5

4

4.5

5

5.5

6

hml−calib_vs._runs FI07X1__ Channel 96hml−calib_vs._runs FI07X1__ Channel 96

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5

5.2

5.4

5.6

5.8

6

hml−calib_vs._runs FI07X1__ Channel 97hml−calib_vs._runs FI07X1__ Channel 97

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4

4.2

4.4

4.6

4.8

5

5.2

5.4

5.6

5.8

hml−calib_vs._runs FI07X1__ Channel 98hml−calib_vs._runs FI07X1__ Channel 98

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4.4

4.6

4.8

5

5.2

5.4

5.6

5.8

6

6.2

hml−calib_vs._runs FI07X1__ Channel 99hml−calib_vs._runs FI07X1__ Channel 99

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4.2

4.4

4.6

4.8

5

hml−calib_vs._runs FI07X1__ Channel 100hml−calib_vs._runs FI07X1__ Channel 100

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4.6

4.8

5

5.2

5.4

5.6

5.8

hml−calib_vs._runs FI07X1__ Channel 101hml−calib_vs._runs FI07X1__ Channel 101

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4.4

4.6

4.8

5

5.2

5.4

5.6

5.8

hml−calib_vs._runs FI07X1__ Channel 102hml−calib_vs._runs FI07X1__ Channel 102

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5

5.5

6

6.5

7

7.5

8

hml−calib_vs._runs FI07X1__ Channel 103hml−calib_vs._runs FI07X1__ Channel 103

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4.6

4.8

5

5.2

5.4

5.6

5.8

hml−calib_vs._runs FI07X1__ Channel 104hml−calib_vs._runs FI07X1__ Channel 104

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

7

8

9

10

11

12

13

hml−calib_vs._runs FI07X1__ Channel 105hml−calib_vs._runs FI07X1__ Channel 105

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.6

5.8

6

6.2

6.4

6.6

6.8

7

7.2

hml−calib_vs._runs FI07X1__ Channel 106hml−calib_vs._runs FI07X1__ Channel 106

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5.2

5.4

5.6

5.8

6

6.2

6.4

6.6

6.8

hml−calib_vs._runs FI07X1__ Channel 107hml−calib_vs._runs FI07X1__ Channel 107

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

4.6

4.8

5

5.2

5.4

5.6

hml−calib_vs._runs FI07X1__ Channel 108hml−calib_vs._runs FI07X1__ Channel 108

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

2.5

3

3.5

4

4.5

5

5.5

hml−calib_vs._runs FI07X1__ Channel 109hml−calib_vs._runs FI07X1__ Channel 109

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5

5.2

5.4

5.6

5.8

hml−calib_vs._runs FI07X1__ Channel 110hml−calib_vs._runs FI07X1__ Channel 110

run−number
37000 38000 39000 40000 41000

(t
 h

ig
h

 −
 t

 lo
w

)c
al

ib
, m

ea
n

 in
 T

D
C

5

5.2

5.4

5.6

5.8

6

6.2

6.4

hml−calib_vs._runs FI07X1__ Channel 111hml−calib_vs._runs FI07X1__ Channel 111

3QgDg��17#��(�*�+L3vN#�� �S�E�T�����S����?�m�T�gf�T�
∆

t
ca

lib
=

T
h
ig

h −
T

lo
w ���T�� �_���_�k�

�
��p���c���T� ¡mS��T� ��� ��

�

�D�%�D�?�� �8���W�D�8�J���iQ

�_�o[���v��ou�QC����rNZ\[Nn.�f�W��8�D�D�T���#�G�B�k�?�¢�?�W¡mSD�?� �`�_Q¶
�1�����?�� �%�D�?���vtS_�#�

Zm�{£
�
 �

	-p� �_���_��£��Q�k�
���?�����y���T�� �_���_���w�B�k�?�¢�?�� [kUe��UQ��8�����xl!�#���T�%�Q�9Uon ���y�B���w�D�?�`�sU¨�#�{�?� ���T�

b��	�vp�
�v
�Rd�[6�S��T�����f�O� �Q@QG�T�c�T�1� �T�

�!�T�%�?�{�gv�S� �8�Hw��ou�e£



� ����� ��� �

% � � �´�������  �$��������� ����� � ��
����	�)�  ���

K0
#/% � �����������  �$�����´�

¸ �



¸�

E
n

tries 
 112

M
ean

  
  56.28

R
M

S
   

  32.39

38995

38996

38999

39000
39001

39003

39004

39005

39006

39007

39010

39011

39012

39013
39016

39017

39018

39019

39020

39021

39025

39026

39028
39029

39030

39032

39033

39034

39036

39037

39038

39039
39040

39041

39042

39043

39045

39046

39047

39051

39052

39062
39064

39065

39066

39069

39070

39071

39072

39073

39074
39075

39076

39077

39079

39080

39081

39082

39083

39084

39085
39086

39087

39090

39091

39092

39095

39096

39097

39098

39099

39105

39107

39109

39111

39114

39115

39116

39117

39120
39122

39123

39124

39125

39126

39127

39128

39129

39130
39131

39133

39134

39136

39137

39143

39144

39145

39146
39147

39149

39151

39155

39156

39158

39159

39161

39164

39165
39166

39167

39168

39168

0 1 2 3 4 5 6 7 8 9

E
n

tries 
 112

M
ean

  
  56.28

R
M

S
   

  32.39
N

. track p
er even

t
E

n
tries 

 112
M

ean
  

  56.29
R

M
S

   
  32.38

38995
38996

38999

39000

39001

39003

39004

39005

39006

39007
39010

39011

39012

39013

39016

39017

39018

39019

39020

39021
39025

39026

39028

39029

39030

39032

39033

39034

39036
39037

39038

39039

39040

39041

39042

39043

39045

39046

39047
39051

39052

39062

39064

39065

39066

39069

39070

39071
39072

39073

39074

39075

39076

39077

39079

39080

39081

39082
39083

39084

39085

39086

39087

39090

39091

39092

39095
39096

39097

39098

39099

39105

39107

39109

39111

39114

39115
39116

39117

39120

39122

39123

39124

39125

39126

39127
39128

39129

39130

39131

39133

39134

39136

39137

39143
39144

39145

39146

39147

39149

39151

39155

39156

39158

39159
39161

39164

39165

39166

39167

39168

39168

0

0.5 1

1.5 2

2.5 3

E
n

tries 
 112

M
ean

  
  56.29

R
M

S
   

  32.38
N

. track w
ith

 m
o

m
. p

er even
t

E
n

tries 
 112

M
ean

  
  55.84

R
M

S
   

  32.37

38995

38996

38999

39000

39001

39003

39004
39005

39006

39007

39010

39011

39012

39013

39016

39017

39018
39019

39020

39021

39025

39026

39028

39029

39030

39032

39033

39034

39036

39037

39038

39039

39040

39041

39042

39043
39045

39046

39047

39051

39052

39062

39064

39065

39066
39069

39070

39071

39072

39073

39074

39075

39076

39077
39079

39080

39081

39082

39083

39084

39085

39086

39087

39090
39091

39092

39095

39096

39097

39098

39099

39105

39107

39109
39111

39114

39115

39116

39117

39120

39122

39123

39124
39125

39126

39127

39128

39129

39130

39131

39133

39134
39136

39137

39143

39144

39145

39146

39147

39149

39151

39155
39156

39158

39159

39161

39164

39165

39166

39167

39168
39168

0 0.1

0.2

0.3

0.4

0.5

E
n

tries 
 112

M
ean

  
  55.84

R
M

S
   

  32.37
N

. p
rim

. vert. p
er even

t

E
n

tries 
 112

M
ean

  
  55.94

R
M

S
   

  32.31

38995

38996

38999

39000
39001

39003

39004

39005

39006

39007

39010

39011

39012

39013
39016

39017

39018

39019

39020

39021

39025

39026

39028
39029

39030

39032

39033

39034

39036

39037

39038

39039
39040

39041

39042

39043

39045

39046

39047

39051

39052

39062
39064

39065

39066

39069

39070

39071

39072

39073

39074
39075

39076

39077

39079

39080

39081

39082

39083

39084

39085
39086

39087

39090

39091

39092

39095

39096

39097

39098

39099

39105

39107

39109

39111

39114

39115

39116

39117

39120
39122

39123

39124

39125

39126

39127

39128

39129

39130
39131

39133

39134

39136

39137

39143

39144

39145

39146
39147

39149

39151

39155

39156

39158

39159

39161

39164

39165
39166

39167

39168

39168

0 0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

E
n

tries 
 112

M
ean

  
  55.94

R
M

S
   

  32.31
N

. seco
n

. vert. p
er even

t
E

n
tries 

 112
M

ean
  

  56.35
R

M
S

   
  32.36

38995
38996

38999

39000

39001

39003

39004

39005

39006

39007
39010

39011

39012

39013

39016

39017

39018

39019

39020

39021
39025

39026

39028

39029

39030

39032

39033

39034

39036
39037

39038

39039

39040

39041

39042

39043

39045

39046

39047
39051

39052

39062

39064

39065

39066

39069

39070

39071
39072

39073

39074

39075

39076

39077

39079

39080

39081

39082
39083

39084

39085

39086

39087

39090

39091

39092

39095
39096

39097

39098

39099

39105

39107

39109

39111

39114

39115
39116

39117

39120

39122

39123

39124

39125

39126

39127
39128

39129

39130

39131

39133

39134

39136

39137

39143
39144

39145

39146

39147

39149

39151

39155

39156

39158

39159
39161

39164

39165

39166

39167

39168

39168

0 1 2 3 4 5 6 7 8 9

E
n

tries 
 112

M
ean

  
  56.35

R
M

S
   

  32.36
N

. o
f track 

E
n

tries 
 112

M
ean

  
  56.66

R
M

S
   

  32.52

38995

38996

38999

39000

39001

39003

39004
39005

39006

39007

39010

39011

39012

39013

39016

39017

39018
39019

39020

39021

39025

39026

39028

39029

39030

39032

39033

39034

39036

39037

39038

39039

39040

39041

39042

39043
39045

39046

39047

39051

39052

39062

39064

39065

39066
39069

39070

39071

39072

39073

39074

39075

39076

39077
39079

39080

39081

39082

39083

39084

39085

39086

39087

39090
39091

39092

39095

39096

39097

39098

39099

39105

39107

39109
39111

39114

39115

39116

39117

39120

39122

39123

39124
39125

39126

39127

39128

39129

39130

39131

39133

39134
39136

39137

39143

39144

39145

39146

39147

39149

39151

39155
39156

39158

39159

39161

39164

39165

39166

39167

39168
39168

0

0.2

0.4

0.6

0.8 1

E
n

tries 
 112

M
ean

  
  56.66

R
M

S
   

  32.52
N

. o
f track b

efo
re targ

et

E
n

tries 
 112

M
ean

  
  56.42

R
M

S
   

  32.32

38995

38996

38999

39000
39001

39003

39004

39005

39006

39007

39010

39011

39012

39013
39016

39017

39018

39019

39020

39021

39025

39026

39028
39029

39030

39032

39033

39034

39036

39037

39038

39039
39040

39041

39042

39043

39045

39046

39047

39051

39052

39062
39064

39065

39066

39069

39070

39071

39072

39073

39074
39075

39076

39077

39079

39080

39081

39082

39083

39084

39085
39086

39087

39090

39091

39092

39095

39096

39097

39098

39099

39105

39107

39109

39111

39114

39115

39116

39117

39120
39122

39123

39124

39125

39126

39127

39128

39129

39130
39131

39133

39134

39136

39137

39143

39144

39145

39146
39147

39149

39151

39155

39156

39158

39159

39161

39164

39165
39166

39167

39168

39168

0

0.2

0.4

0.6

0.8 1

1.2

1.4

1.6

1.8 2

2.2

E
n

tries 
 112

M
ean

  
  56.42

R
M

S
   

  32.32
N

. o
f track b

efo
re S

M
1

E
n

tries 
 112

M
ean

  
  56.34

R
M

S
   

  32.34

38995
38996

38999

39000

39001

39003

39004

39005

39006

39007
39010

39011

39012

39013

39016

39017

39018

39019

39020

39021
39025

39026

39028

39029

39030

39032

39033

39034

39036
39037

39038

39039

39040

39041

39042

39043

39045

39046

39047
39051

39052

39062

39064

39065

39066

39069

39070

39071
39072

39073

39074

39075

39076

39077

39079

39080

39081

39082
39083

39084

39085

39086

39087

39090

39091

39092

39095
39096

39097

39098

39099

39105

39107

39109

39111

39114

39115
39116

39117

39120

39122

39123

39124

39125

39126

39127
39128

39129

39130

39131

39133

39134

39136

39137

39143
39144

39145

39146

39147

39149

39151

39155

39156

39158

39159
39161

39164

39165

39166

39167

39168

39168

0 1 2 3 4 5

E
n

tries 
 112

M
ean

  
  56.34

R
M

S
   

  32.34
N

. o
f track b

etw
een

 S
M

1 an
d

 S
M

2
E

n
tries 

 112
M

ean
  

  56.56
R

M
S

   
  32.41

38995

38996

38999

39000

39001

39003

39004
39005

39006

39007

39010

39011

39012

39013

39016

39017

39018
39019

39020

39021

39025

39026

39028

39029

39030

39032

39033

39034

39036

39037

39038

39039

39040

39041

39042

39043
39045

39046

39047

39051

39052

39062

39064

39065

39066
39069

39070

39071

39072

39073

39074

39075

39076

39077
39079

39080

39081

39082

39083

39084

39085

39086

39087

39090
39091

39092

39095

39096

39097

39098

39099

39105

39107

39109
39111

39114

39115

39116

39117

39120

39122

39123

39124
39125

39126

39127

39128

39129

39130

39131

39133

39134
39136

39137

39143

39144

39145

39146

39147

39149

39151

39155
39156

39158

39159

39161

39164

39165

39166

39167

39168
39168

0

0.5 1

1.5 2

2.5

E
n

tries 
 112

M
ean

  
  56.56

R
M

S
   

  32.41
N

. o
f track b

etw
een

 S
M

2 an
d

 M
W

2

E
n

tries 
 112

M
ean

  
  56.33

R
M

S
   

  32.35

38995

38996

38999

39000
39001

39003

39004

39005

39006

39007

39010

39011

39012

39013
39016

39017

39018

39019

39020

39021

39025

39026

39028
39029

39030

39032

39033

39034

39036

39037

39038

39039
39040

39041

39042

39043

39045

39046

39047

39051

39052

39062
39064

39065

39066

39069

39070

39071

39072

39073

39074
39075

39076

39077

39079

39080

39081

39082

39083

39084

39085
39086

39087

39090

39091

39092

39095

39096

39097

39098

39099

39105

39107

39109

39111

39114

39115

39116

39117

39120
39122

39123

39124

39125

39126

39127

39128

39129

39130
39131

39133

39134

39136

39137

39143

39144

39145

39146
39147

39149

39151

39155

39156

39158

39159

39161

39164

39165
39166

39167

39168

39168

0

0.2

0.4

0.6

0.8 1

1.2

1.4

E
n

tries 
 112

M
ean

  
  56.33

R
M

S
   

  32.35
N

. o
f track after M

W
2

E
n

tries 
 112

M
ean

  
  56.97

R
M

S
   

   32.3

38995
38996

38999

39000

39001

39003

39004

39005

39006

39007
39010

39011

39012

39013

39016

39017

39018

39019

39020

39021
39025

39026

39028

39029

39030

39032

39033

39034

39036
39037

39038

39039

39040

39041

39042

39043

39045

39046

39047
39051

39052

39062

39064

39065

39066

39069

39070

39071
39072

39073

39074

39075

39076

39077

39079

39080

39081

39082
39083

39084

39085

39086

39087

39090

39091

39092

39095
39096

39097

39098

39099

39105

39107

39109

39111

39114

39115
39116

39117

39120

39122

39123

39124

39125

39126

39127
39128

39129

39130

39131

39133

39134

39136

39137

39143
39144

39145

39146

39147

39149

39151

39155

39156

39158

39159
39161

39164

39165

39166

39167

39168

39168

0

200

400

600

800

1000

1200

1400

1600

E
n

tries 
 112

M
ean

  
  56.97

R
M

S
   

   32.3
T

o
tal n

. o
f clu

ster p
er even

t
E

n
tries 

 112
M

ean
  

  57.09
R

M
S

   
  32.29

38995

38996

38999

39000

39001

39003

39004
39005

39006

39007

39010

39011

39012

39013

39016

39017

39018
39019

39020

39021

39025

39026

39028

39029

39030

39032

39033

39034

39036

39037

39038

39039

39040

39041

39042

39043
39045

39046

39047

39051

39052

39062

39064

39065

39066
39069

39070

39071

39072

39073

39074

39075

39076

39077
39079

39080

39081

39082

39083

39084

39085

39086

39087

39090
39091

39092

39095

39096

39097

39098

39099

39105

39107

39109
39111

39114

39115

39116

39117

39120

39122

39123

39124
39125

39126

39127

39128

39129

39130

39131

39133

39134
39136

39137

39143

39144

39145

39146

39147

39149

39151

39155
39156

39158

39159

39161

39164

39165

39166

39167

39168
39168

0

0.5 1

1.5 2

2.5 3

3.5 4

4.5

E
n

tries 
 112

M
ean

  
  57.09

R
M

S
   

  32.29
T

o
tal n

. o
f clu

ster p
er p

lan
e

E
n

tries 
 114

M
ean

  
  56.89

R
M

S
   

  32.92

38995

38996

38999

39000
39001

39003

39004

39005

39006

39007

39010

39011

39012

39013
39016

39017

39018

39019

39020

39021

39025

39026

39028
39029

39030

39032

39033

39034

39036

39037

39038

39039
39040

39041

39042

39043

39045

39046

39047

39051

39052

39062
39064

39065

39066

39069

39070

39071

39072

39073

39074
39075

39076

39077

39079

39080

39081

39082

39083

39084

39085
39086

39087

39090

39091

39092

39095

39096

39097

39098

39099

39105

39107

39109

39111

39114

39115

39116

39117

39120
39122

39123

39124

39125

39126

39127

39128

39129

39130
39131

39133

39134

39136

39137

39143

39144

39145

39146
39147

39149

39151

39155

39156

39158

39159

39161

39164

39165
39166

39167

39168

39168

−1.2 −1

−0.8

−0.6

−0.4

−0.2

−0

0.2

E
n

tries 
 114

M
ean

  
  56.89

R
M

S
   

  32.92
M

ass sh
ift vs. R

u
n

 N
u

m
b

er
E

n
tries 

 114
M

ean
  

     57
R

M
S

   
  32.93

38995
38996

38999

39000

39001

39003

39004

39005

39006

39007
39010

39011

39012

39013

39016

39017

39018

39019

39020

39021
39025

39026

39028

39029

39030

39032

39033

39034

39036
39037

39038

39039

39040

39041

39042

39043

39045

39046

39047
39051

39052

39062

39064

39065

39066

39069

39070

39071
39072

39073

39074

39075

39076

39077

39079

39080

39081

39082
39083

39084

39085

39086

39087

39090

39091

39092

39095
39096

39097

39098

39099

39105

39107

39109

39111

39114

39115
39116

39117

39120

39122

39123

39124

39125

39126

39127
39128

39129

39130

39131

39133

39134

39136

39137

39143
39144

39145

39146

39147

39149

39151

39155

39156

39158

39159
39161

39164

39165

39166

39167

39168

39168

0 1 2 3 4 5 6

E
n

tries 
 114

M
ean

  
     57

R
M

S
   

  32.93
M

ass R
eso

lu
tio

n
 vs. R

u
n

 N
u

m
b

er
E

n
tries 

 114
M

ean
  

  56.97
R

M
S

   
  32.89

38995

38996

38999

39000

39001

39003

39004
39005

39006

39007

39010

39011

39012

39013

39016

39017

39018
39019

39020

39021

39025

39026

39028

39029

39030

39032

39033

39034

39036

39037

39038

39039

39040

39041

39042

39043
39045

39046

39047

39051

39052

39062

39064

39065

39066
39069

39070

39071

39072

39073

39074

39075

39076

39077
39079

39080

39081

39082

39083

39084

39085

39086

39087

39090
39091

39092

39095

39096

39097

39098

39099

39105

39107

39109
39111

39114

39115

39116

39117

39120

39122

39123

39124
39125

39126

39127

39128

39129

39130

39131

39133

39134
39136

39137

39143

39144

39145

39146

39147

39149

39151

39155
39156

39158

39159

39161

39164

39165

39166

39167

39168
39168

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

E
n

tries 
 114

M
ean

  
  56.97

R
M

S
   

  32.89
N

u
m

b
er o

f K
0 p

er p
rim

ary vertex vs. R
u

n
 N

u
m

b
er

3QgDg��17#��(�*�+�QN#�8�	SD�?�)�%�Z\[ ��S��T�~�B�k�
�?�O���g0�_���fWU¨�D�O����_W���U¨���%�����Sf�1�1�����D��8� �K
0p

��iWU����O���O�_W���U¨����_�j�S�����T�%�U{�����wawB£��YZ\[}US��T��)�1� ����n �?�#�1�]�B�k�p�8�����?�)�O�Z\[��¥�?�]��j�^{�T�
�8� �®���YZ\[��m�)Z\[���t�S�����8�����_Q@QG�T�%���D�8��D����T�f�D�?��£



¸��������]�£�¡�@���r
����t
������rr
�������
���
���K
0p�¡�@���r
����t
������

E
n

tries 
 111

M
ean

  
  57.98

R
M

S
   

  30.94

39282

39283

39284

39285
39286

39287

39327

39328

39329

39330

39333

39335

39336
39337

39338

39340

39342

39343

39344

39347

39348

39349
39350

39351

39356

39357

39358

39360

39362

39363

39368
39369

39370

39374

39376

39377

39383

39385

39386

39388

39389

39390

39392

39394

39395

39396

39397

39398

39399

39400
39403

39404

39405

39406

39408

39409

39410

39411

39413
39418

39419

39421

39422

39423

39424

39425

39484

39485
39486

39487

39489

39490

39491

39493

39495

39497

39498

39500
39501

39502

39503

39504

39506

39507

39508

39509

39510
39511

39512

39513

39514

39515

39517

39519

39520

39521
39522

39523

39525

39526

39527

39529

39530

39531

39534
39536

39537

39539

39543

39545

39545

0 1 2 3 4 5 6 7 8 9

E
n

tries 
 111

M
ean

  
  57.98

R
M

S
   

  30.94
N

. track p
er even

t
E

n
tries 

 111
M

ean
  

  57.93
R

M
S

   
  30.95

39282
39283

39284

39285

39286

39287

39327

39328

39329

39330
39333

39335

39336

39337

39338

39340

39342

39343

39344
39347

39348

39349

39350

39351

39356

39357

39358

39360
39362

39363

39368

39369

39370

39374

39376

39377

39383

39385
39386

39388

39389

39390

39392

39394

39395

39396

39397
39398

39399

39400

39403

39404

39405

39406

39408

39409
39410

39411

39413

39418

39419

39421

39422

39423

39424
39425

39484

39485

39486

39487

39489

39490

39491

39493

39495
39497

39498

39500

39501

39502

39503

39504

39506

39507
39508

39509

39510

39511

39512

39513

39514

39515

39517
39519

39520

39521

39522

39523

39525

39526

39527

39529
39530

39531

39534

39536

39537

39539

39543

39545

39545

0

0.5 1

1.5 2

2.5 3

3.5

E
n

tries 
 111

M
ean

  
  57.93

R
M

S
   

  30.95
N

. track w
ith

 m
o

m
. p

er even
t

E
n

tries 
 111

M
ean

  
  58.28

R
M

S
   

  30.77

39282

39283

39284

39285

39286

39287

39327
39328

39329

39330

39333

39335

39336

39337

39338

39340
39342

39343

39344

39347

39348

39349

39350

39351

39356

39357
39358

39360

39362

39363

39368

39369

39370

39374

39376
39377

39383

39385

39386

39388

39389

39390

39392

39394
39395

39396

39397

39398

39399

39400

39403

39404

39405
39406

39408

39409

39410

39411

39413

39418

39419

39421

39422
39423

39424

39425

39484

39485

39486

39487

39489

39490
39491

39493

39495

39497

39498

39500

39501

39502

39503
39504

39506

39507

39508

39509

39510

39511

39512

39513

39514

39515

39517

39519

39520

39521

39522

39523

39525

39526
39527

39529

39530

39531

39534

39536

39537

39539

39543
39545

39545

0

0.05 0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

E
n

tries 
 111

M
ean

  
  58.28

R
M

S
   

  30.77
N

. p
rim

. vert. p
er even

t

E
n

tries 
 111

M
ean

  
  58.21

R
M

S
   

  30.82

39282

39283

39284

39285
39286

39287

39327

39328

39329

39330

39333

39335

39336
39337

39338

39340

39342

39343

39344

39347

39348

39349
39350

39351

39356

39357

39358

39360

39362

39363

39368
39369

39370

39374

39376

39377

39383

39385

39386

39388

39389

39390

39392

39394

39395

39396

39397

39398

39399

39400
39403

39404

39405

39406

39408

39409

39410

39411

39413
39418

39419

39421

39422

39423

39424

39425

39484

39485
39486

39487

39489

39490

39491

39493

39495

39497

39498

39500
39501

39502

39503

39504

39506

39507

39508

39509

39510
39511

39512

39513

39514

39515

39517

39519

39520

39521
39522

39523

39525

39526

39527

39529

39530

39531

39534
39536

39537

39539

39543

39545

39545

0 0.1

0.2

0.3

0.4

0.5

0.6

0.7

E
n

tries 
 111

M
ean

  
  58.21

R
M

S
   

  30.82
N

. seco
n

. vert. p
er even

t
E

n
tries 

 111
M

ean
  

  56.14
R

M
S

   
  31.89

39282
39283

39284

39285

39286

39287

39327

39328

39329

39330
39333

39335

39336

39337

39338

39340

39342

39343

39344
39347

39348

39349

39350

39351

39356

39357

39358

39360
39362

39363

39368

39369

39370

39374

39376

39377

39383

39385
39386

39388

39389

39390

39392

39394

39395

39396

39397
39398

39399

39400

39403

39404

39405

39406

39408

39409
39410

39411

39413

39418

39419

39421

39422

39423

39424
39425

39484

39485

39486

39487

39489

39490

39491

39493

39495
39497

39498

39500

39501

39502

39503

39504

39506

39507
39508

39509

39510

39511

39512

39513

39514

39515

39517
39519

39520

39521

39522

39523

39525

39526

39527

39529
39530

39531

39534

39536

39537

39539

39543

39545

39545

0 1 2 3 4 5 6 7 8 9

E
n

tries 
 111

M
ean

  
  56.14

R
M

S
   

  31.89
N

. o
f track 

E
n

tries 
 111

M
ean

  
  57.45

R
M

S
   

  31.54

39282

39283

39284

39285

39286

39287

39327
39328

39329

39330

39333

39335

39336

39337

39338

39340
39342

39343

39344

39347

39348

39349

39350

39351

39356

39357
39358

39360

39362

39363

39368

39369

39370

39374

39376
39377

39383

39385

39386

39388

39389

39390

39392

39394
39395

39396

39397

39398

39399

39400

39403

39404

39405
39406

39408

39409

39410

39411

39413

39418

39419

39421

39422
39423

39424

39425

39484

39485

39486

39487

39489

39490
39491

39493

39495

39497

39498

39500

39501

39502

39503
39504

39506

39507

39508

39509

39510

39511

39512

39513

39514

39515

39517

39519

39520

39521

39522

39523

39525

39526
39527

39529

39530

39531

39534

39536

39537

39539

39543
39545

39545

0

0.2

0.4

0.6

0.8 1

E
n

tries 
 111

M
ean

  
  57.45

R
M

S
   

  31.54
N

. o
f track b

efo
re targ

et

E
n

tries 
 111

M
ean

  
  56.34

R
M

S
   

  31.83

39282

39283

39284

39285
39286

39287

39327

39328

39329

39330

39333

39335

39336
39337

39338

39340

39342

39343

39344

39347

39348

39349
39350

39351

39356

39357

39358

39360

39362

39363

39368
39369

39370

39374

39376

39377

39383

39385

39386

39388

39389

39390

39392

39394

39395

39396

39397

39398

39399

39400
39403

39404

39405

39406

39408

39409

39410

39411

39413
39418

39419

39421

39422

39423

39424

39425

39484

39485
39486

39487

39489

39490

39491

39493

39495

39497

39498

39500
39501

39502

39503

39504

39506

39507

39508

39509

39510
39511

39512

39513

39514

39515

39517

39519

39520

39521
39522

39523

39525

39526

39527

39529

39530

39531

39534
39536

39537

39539

39543

39545

39545
0

0.2

0.4

0.6

0.8 1

1.2

1.4

1.6

1.8 2

2.2

2.4

E
n

tries 
 111

M
ean

  
  56.34

R
M

S
   

  31.83
N

. o
f track b

efo
re S

M
1

E
n

tries 
 111

M
ean

  
  56.12

R
M

S
   

  31.88

39282
39283

39284

39285

39286

39287

39327

39328

39329

39330
39333

39335

39336

39337

39338

39340

39342

39343

39344
39347

39348

39349

39350

39351

39356

39357

39358

39360
39362

39363

39368

39369

39370

39374

39376

39377

39383

39385
39386

39388

39389

39390

39392

39394

39395

39396

39397
39398

39399

39400

39403

39404

39405

39406

39408

39409
39410

39411

39413

39418

39419

39421

39422

39423

39424
39425

39484

39485

39486

39487

39489

39490

39491

39493

39495
39497

39498

39500

39501

39502

39503

39504

39506

39507
39508

39509

39510

39511

39512

39513

39514

39515

39517
39519

39520

39521

39522

39523

39525

39526

39527

39529
39530

39531

39534

39536

39537

39539

39543

39545

39545

0 1 2 3 4 5

E
n

tries 
 111

M
ean

  
  56.12

R
M

S
   

  31.88
N

. o
f track b

etw
een

 S
M

1 an
d

 S
M

2
E

n
tries 

 111
M

ean
  

   55.8
R

M
S

   
  32.01

39282

39283

39284

39285

39286

39287

39327
39328

39329

39330

39333

39335

39336

39337

39338

39340
39342

39343

39344

39347

39348

39349

39350

39351

39356

39357
39358

39360

39362

39363

39368

39369

39370

39374

39376
39377

39383

39385

39386

39388

39389

39390

39392

39394
39395

39396

39397

39398

39399

39400

39403

39404

39405
39406

39408

39409

39410

39411

39413

39418

39419

39421

39422
39423

39424

39425

39484

39485

39486

39487

39489

39490
39491

39493

39495

39497

39498

39500

39501

39502

39503
39504

39506

39507

39508

39509

39510

39511

39512

39513

39514

39515

39517

39519

39520

39521

39522

39523

39525

39526
39527

39529

39530

39531

39534

39536

39537

39539

39543
39545

39545

0

0.5 1

1.5 2

2.5

E
n

tries 
 111

M
ean

  
   55.8

R
M

S
   

  32.01
N

. o
f track b

etw
een

 S
M

2 an
d

 M
W

2

E
n

tries 
 111

M
ean

  
  55.74

R
M

S
   

     32

39282

39283

39284

39285
39286

39287

39327

39328

39329

39330

39333

39335

39336
39337

39338

39340

39342

39343

39344

39347

39348

39349
39350

39351

39356

39357

39358

39360

39362

39363

39368
39369

39370

39374

39376

39377

39383

39385

39386

39388

39389

39390

39392

39394

39395

39396

39397

39398

39399

39400
39403

39404

39405

39406

39408

39409

39410

39411

39413
39418

39419

39421

39422

39423

39424

39425

39484

39485
39486

39487

39489

39490

39491

39493

39495

39497

39498

39500
39501

39502

39503

39504

39506

39507

39508

39509

39510
39511

39512

39513

39514

39515

39517

39519

39520

39521
39522

39523

39525

39526

39527

39529

39530

39531

39534
39536

39537

39539

39543

39545

39545

0

0.2

0.4

0.6

0.8 1

1.2

1.4

E
n

tries 
 111

M
ean

  
  55.74

R
M

S
   

     32
N

. o
f track after M

W
2

E
n

tries 
 111

M
ean

  
  55.92

R
M

S
   

  32.06

39282
39283

39284

39285

39286

39287

39327

39328

39329

39330
39333

39335

39336

39337

39338

39340

39342

39343

39344
39347

39348

39349

39350

39351

39356

39357

39358

39360
39362

39363

39368

39369

39370

39374

39376

39377

39383

39385
39386

39388

39389

39390

39392

39394

39395

39396

39397
39398

39399

39400

39403

39404

39405

39406

39408

39409
39410

39411

39413

39418

39419

39421

39422

39423

39424
39425

39484

39485

39486

39487

39489

39490

39491

39493

39495
39497

39498

39500

39501

39502

39503

39504

39506

39507
39508

39509

39510

39511

39512

39513

39514

39515

39517
39519

39520

39521

39522

39523

39525

39526

39527

39529
39530

39531

39534

39536

39537

39539

39543

39545

39545

0

200

400

600

800

1000

1200

1400

1600

E
n

tries 
 111

M
ean

  
  55.92

R
M

S
   

  32.06
T

o
tal n

. o
f clu

ster p
er even

t
E

n
tries 

 111
M

ean
  

  55.98
R

M
S

   
  32.06

39282

39283

39284

39285

39286

39287

39327
39328

39329

39330

39333

39335

39336

39337

39338

39340
39342

39343

39344

39347

39348

39349

39350

39351

39356

39357
39358

39360

39362

39363

39368

39369

39370

39374

39376
39377

39383

39385

39386

39388

39389

39390

39392

39394
39395

39396

39397

39398

39399

39400

39403

39404

39405
39406

39408

39409

39410

39411

39413

39418

39419

39421

39422
39423

39424

39425

39484

39485

39486

39487

39489

39490
39491

39493

39495

39497

39498

39500

39501

39502

39503
39504

39506

39507

39508

39509

39510

39511

39512

39513

39514

39515

39517

39519

39520

39521

39522

39523

39525

39526
39527

39529

39530

39531

39534

39536

39537

39539

39543
39545

39545

0

0.5 1

1.5 2

2.5 3

3.5 4

4.5

E
n

tries 
 111

M
ean

  
  55.98

R
M

S
   

  32.06
T

o
tal n

. o
f clu

ster p
er p

lan
e

E
n

tries 
 111

M
ean

  
  51.02

R
M

S
   

  28.19

39282

39283

39284

39285
39286

39287

39327

39328

39329

39330

39333

39335

39336
39337

39338

39340

39342

39343

39344

39347

39348

39349
39350

39351

39356

39357

39358

39360

39362

39363

39368
39369

39370

39374

39376

39377

39383

39385

39386

39388

39389

39390

39392

39394

39395

39396

39397

39398

39399

39400
39403

39404

39405

39406

39408

39409

39410

39411

39413
39418

39419

39421

39422

39423

39424

39425

39484

39485
39486

39487

39489

39490

39491

39493

39495

39497

39498

39500
39501

39502

39503

39504

39506

39507

39508

39509

39510
39511

39512

39513

39514

39515

39517

39519

39520

39521
39522

39523

39525

39526

39527

39529

39530

39531

39534
39536

39537

39539

39543

39545

39545

−25

−20

−15

−10 −5 0

E
n

tries 
 111

M
ean

  
  51.02

R
M

S
   

  28.19
M

ass sh
ift vs. R

u
n

 N
u

m
b

er
E

n
tries 

 111
M

ean
  

  54.05
R

M
S

   
  29.88

39282
39283

39284

39285

39286

39287

39327

39328

39329

39330
39333

39335

39336

39337

39338

39340

39342

39343

39344
39347

39348

39349

39350

39351

39356

39357

39358

39360
39362

39363

39368

39369

39370

39374

39376

39377

39383

39385
39386

39388

39389

39390

39392

39394

39395

39396

39397
39398

39399

39400

39403

39404

39405

39406

39408

39409
39410

39411

39413

39418

39419

39421

39422

39423

39424
39425

39484

39485

39486

39487

39489

39490

39491

39493

39495
39497

39498

39500

39501

39502

39503

39504

39506

39507
39508

39509

39510

39511

39512

39513

39514

39515

39517
39519

39520

39521

39522

39523

39525

39526

39527

39529
39530

39531

39534

39536

39537

39539

39543

39545

39545

0 20 40 60 80

100

E
n

tries 
 111

M
ean

  
  54.05

R
M

S
   

  29.88
M

ass R
eso

lu
tio

n
 vs. R

u
n

 N
u

m
b

er
E

n
tries 

 111
M

ean
  

  54.59
R

M
S

   
  31.17

39282

39283

39284

39285

39286

39287

39327
39328

39329

39330

39333

39335

39336

39337

39338

39340
39342

39343

39344

39347

39348

39349

39350

39351

39356

39357
39358

39360

39362

39363

39368

39369

39370

39374

39376
39377

39383

39385

39386

39388

39389

39390

39392

39394
39395

39396

39397

39398

39399

39400

39403

39404

39405
39406

39408

39409

39410

39411

39413

39418

39419

39421

39422
39423

39424

39425

39484

39485

39486

39487

39489

39490
39491

39493

39495

39497

39498

39500

39501

39502

39503
39504

39506

39507

39508

39509

39510

39511

39512

39513

39514

39515

39517

39519

39520

39521

39522

39523

39525

39526
39527

39529

39530

39531

39534

39536

39537

39539

39543
39545

39545

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

E
n

tries 
 111

M
ean

  
  54.59

R
M

S
   

  31.17
N

u
m

b
er o

f K
0 p

er p
rim

ary vertex vs. R
u

n
 N

u
m

b
er

3QgDg��17#��(�*�+�QNxOe�	SD�?�)�%�Z\[ ��S��T�~�B�k�
�?�O���g0�_���fWU¨�D�O����_W���U¨���%�����Sf�1�1�����D��8� �K
0p

��iWU����O���O�_W���U¨����_�j�S�����T�%�U{�����wauB£��YZ\[}US��T��)�1� ����n �?�#�1�]�B�k�p�8�����?�)�O�Z\[��¥�?�]��j�^{�T�
�8� �®���YZ\[��m�)Z\[���t�S�����8�����_Q@QG�T�%���D�8��D����T�f�D�?��£



¸0¸

E
n

tries 
 145

M
ean

  
  72.91

R
M

S
   

  41.56

39547
39548

39549

39550
39551
39553
39554

39555

39556
39557

39559

39560
39561

39562
39563

39564

3956639567

39568

39569
39571

39573
39574

39575

39576
39578

39581

39583
39584
39585
39586

39587

39588
39590

39592

39594
39597

39598

39599
39600
39602
39604

39605

39606
39607

39608

39609
39610

39614
39615

39616

39617
39618
39619

39620
39621

39622
39624

39626

39628
39629

39630

39631
39632
39634
39635

39636

39638
39639

39642

39643
39645

39647
39648

39650

39651
39652

39653

39654
39655

39657
39658

39659

39661
39662

39663

39666
39667
39669

39670
39671

39673
39674

39675

39677
39679

39680

39681
39683

39712
39714

39715

39716
39718

39719

39721
39722

39728
39729

39731

39732
39733
39735

39736
39740

39741
39744

39745

39747
39748

39749

39751
39753
39756
39757

39759

39760
39762

39764

39765
39766

39767

39768
39769

39770
39771

39772

39773
39774

39775

39776
39777

39779
39780

39780

0 1 2 3 4 5 6 7 8 9

E
n

tries 
 145

M
ean

  
  72.91

R
M

S
   

  41.56
N

. track p
er even

t
E

n
tries 

 145
M

ean
  

  73.07
R

M
S

   
  41.47

39547
39548
39549

39550
39551

39553

39554
39555

39556

39557
39559

39560

3956139562

39563
39564

39566

39567
39568

39569

39571
39573

39574
39575

39576
39578
39581

39583

39584
39585

39586
39587

39588

39590
39592

39594
39597
39598

39599
39600

39602

39604
39605

39606

39607
39608

39609
39610

39614
39615
39616

39617

39618
39619

39620

39621
39622

39624
39626

39628
39629
39630

39631

39632
39634

39635
39636

39638

39639
39642

39643

3964539647

39648
39650

39651

39652
39653

39654

39655
39657

39658
39659

39661
39662
39663

39666

39667
39669

39670
39671

39673

39674
39675

39677

3967939680

39681
39683

39712

39714
39715

39716

39718
39719

39721

39722
39728
39729
39731

39732

39733
39735

39736

39740
39741

39744
39745

39747
39748
39749

39751

39753
39756

39757
39759

39760

39762
39764

39765

3976639767

39768
39769

39770

39771
39772

39773

39774
39775

39776
39777

39779
39780
39780

0

0.5 1

1.5 2

2.5 3

3.5

E
n

tries 
 145

M
ean

  
  73.07

R
M

S
   

  41.47
N

. track w
ith

 m
o

m
. p

er even
t

E
n

tries 
 145

M
ean

  
  72.64

R
M

S
   

  41.56

39547

39548

39549
39550

39551
39553

39554

39555
39556
39557

39559
39560

39561
39562

39563

39564
39566

39567

39568
39569

3957139573

39574

39575
39576

39578

39581
39583

39584

39585
39586

39587
39588
39590

39592
39594

39597

39598
39599

39600
39602

39604

39605
39606

39607
39608
39609

39610
39614

39615

39616
39617

39618

39619
39620

39621
39622
39624

39626
39628

39629

39630
39631

39632
39634

39635

39636
39638
39639

39642
39643

39645

39647
39648

39650
39651

39652

39653
39654

39655
39657
39658

39659
39661

39662

39663
39666

39667

39669
39670

39671
39673
39674

39675
39677

39679

39680
39681

39683
39712

39714

39715
39716

39718
39719
39721

39722
39728

39729

39731
39732

39733

39735
39736

39740
39741
39744

39745
39747

39748

39749
39751

39753

39756
39757

39759
39760

39762
39764
39765

39766

39767
39768

39769
39770

39771

39772
39773

39774
39775
39776

39777
39779

39780

39780

0

0.05 0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

E
n

tries 
 145

M
ean

  
  72.64

R
M

S
   

  41.56
N

. p
rim

. vert. p
er even

t

E
n

tries 
 145

M
ean

  
  72.72

R
M

S
   

  41.59

39547
39548

39549

39550
39551
39553
39554

39555

39556
39557

39559

39560
39561

39562
39563

39564

3956639567

39568

39569
39571

39573
39574

39575

39576
39578

39581

39583
39584
39585
39586

39587

39588
39590

39592

39594
39597

39598

39599
39600
39602
39604

39605

39606
39607

39608

39609
39610

39614
39615

39616

39617
39618
39619

39620
39621

39622
39624

39626

39628
39629

39630

39631
39632
39634
39635

39636

39638
39639

39642

39643
39645

39647
39648

39650

39651
39652

39653

39654
39655

39657
39658

39659

39661
39662

39663

39666
39667
39669

39670
39671

39673
39674

39675

39677
39679

39680

39681
39683

39712
39714

39715

39716
39718

39719

39721
39722

39728
39729

39731

39732
39733
39735

39736
39740

39741
39744

39745

39747
39748

39749

39751
39753
39756
39757

39759

39760
39762

39764

39765
39766

39767

39768
39769

39770
39771

39772

39773
39774

39775

39776
39777

39779
39780

39780

0 0.1

0.2

0.3

0.4

0.5

0.6

0.7

E
n

tries 
 145

M
ean

  
  72.72

R
M

S
   

  41.59
N

. seco
n

. vert. p
er even

t
E

n
tries 

 145
M

ean
  

  72.93
R

M
S

   
  41.58

39547
39548
39549

39550
39551

39553

39554
39555

39556

39557
39559

39560

3956139562

39563
39564

39566

39567
39568

39569

39571
39573

39574
39575

39576
39578
39581

39583

39584
39585

39586
39587

39588

39590
39592

39594
39597
39598

39599
39600

39602

39604
39605

39606

39607
39608

39609
39610

39614
39615
39616

39617

39618
39619

39620

39621
39622

39624
39626

39628
39629
39630

39631

39632
39634

39635
39636

39638

39639
39642

39643

3964539647

39648
39650

39651

39652
39653

39654

39655
39657

39658
39659

39661
39662
39663

39666

39667
39669

39670
39671

39673

39674
39675

39677

3967939680

39681
39683

39712

39714
39715

39716

39718
39719

39721

39722
39728
39729
39731

39732

39733
39735

39736

39740
39741

39744
39745

39747
39748
39749

39751

39753
39756

39757
39759

39760

39762
39764

39765

3976639767

39768
39769

39770

39771
39772

39773

39774
39775

39776
39777

39779
39780
39780

0 1 2 3 4 5 6 7 8 9

E
n

tries 
 145

M
ean

  
  72.93

R
M

S
   

  41.58
N

. o
f track 

E
n

tries 
 145

M
ean

  
   73.3

R
M

S
   

  41.15

39547

39548

39549
39550

39551
39553

39554

39555
39556
39557

39559
39560

39561
39562

39563

39564
39566

39567

39568
39569

3957139573

39574

39575
39576

39578

39581
39583

39584

39585
39586

39587
39588
39590

39592
39594

39597

39598
39599

39600
39602

39604

39605
39606

39607
39608
39609

39610
39614

39615

39616
39617

39618

39619
39620

39621
39622
39624

39626
39628

39629

39630
39631

39632
39634

39635

39636
39638
39639

39642
39643

39645

39647
39648

39650
39651

39652

39653
39654

39655
39657
39658

39659
39661

39662

39663
39666

39667

39669
39670

39671
39673
39674

39675
39677

39679

39680
39681

39683
39712

39714

39715
39716

39718
39719
39721

39722
39728

39729

39731
39732

39733

39735
39736

39740
39741
39744

39745
39747

39748

39749
39751

39753

39756
39757

39759
39760

39762
39764
39765

39766

39767
39768

39769
39770

39771

39772
39773

39774
39775
39776

39777
39779

39780

39780

0

0.2

0.4

0.6

0.8 1

E
n

tries 
 145

M
ean

  
   73.3

R
M

S
   

  41.15
N

. o
f track b

efo
re targ

et

E
n

tries 
 145

M
ean

  
  72.93

R
M

S
   

  41.56

39547
39548

39549

39550
39551
39553
39554

39555

39556
39557

39559

39560
39561

39562
39563

39564

3956639567

39568

39569
39571

39573
39574

39575

39576
39578

39581

39583
39584
39585
39586

39587

39588
39590

39592

39594
39597

39598

39599
39600
39602
39604

39605

39606
39607

39608

39609
39610

39614
39615

39616

39617
39618
39619

39620
39621

39622
39624

39626

39628
39629

39630

39631
39632
39634
39635

39636

39638
39639

39642

39643
39645

39647
39648

39650

39651
39652

39653

39654
39655

39657
39658

39659

39661
39662

39663

39666
39667
39669

39670
39671

39673
39674

39675

39677
39679

39680

39681
39683

39712
39714

39715

39716
39718

39719

39721
39722

39728
39729

39731

39732
39733
39735

39736
39740

39741
39744

39745

39747
39748

39749

39751
39753
39756
39757

39759

39760
39762

39764

39765
39766

39767

39768
39769

39770
39771

39772

39773
39774

39775

39776
39777

39779
39780

39780

0

0.2

0.4

0.6

0.8 1

1.2

1.4

1.6

1.8 2

2.2

2.4

E
n

tries 
 145

M
ean

  
  72.93

R
M

S
   

  41.56
N

. o
f track b

efo
re S

M
1

E
n

tries 
 145

M
ean

  
  72.93

R
M

S
   

  41.61

39547
39548
39549

39550
39551

39553

39554
39555

39556

39557
39559

39560

3956139562

39563
39564

39566

39567
39568

39569

39571
39573

39574
39575

39576
39578
39581

39583

39584
39585

39586
39587

39588

39590
39592

39594
39597
39598

39599
39600

39602

39604
39605

39606

39607
39608

39609
39610

39614
39615
39616

39617

39618
39619

39620

39621
39622

39624
39626

39628
39629
39630

39631

39632
39634

39635
39636

39638

39639
39642

39643

3964539647

39648
39650

39651

39652
39653

39654

39655
39657

39658
39659

39661
39662
39663

39666

39667
39669

39670
39671

39673

39674
39675

39677

3967939680

39681
39683

39712

39714
39715

39716

39718
39719

39721

39722
39728
39729
39731

39732

39733
39735

39736

39740
39741

39744
39745

39747
39748
39749

39751

39753
39756

39757
39759

39760

39762
39764

39765

3976639767

39768
39769

39770

39771
39772

39773

39774
39775

39776
39777

39779
39780
39780

0 1 2 3 4 5

E
n

tries 
 145

M
ean

  
  72.93

R
M

S
   

  41.61
N

. o
f track b

etw
een

 S
M

1 an
d

 S
M

2
E

n
tries 

 145
M

ean
  

  72.93
R

M
S

   
  41.61

39547

39548

39549
39550

39551
39553

39554

39555
39556
39557

39559
39560

39561
39562

39563

39564
39566

39567

39568
39569

3957139573

39574

39575
39576

39578

39581
39583

39584

39585
39586

39587
39588
39590

39592
39594

39597

39598
39599

39600
39602

39604

39605
39606

39607
39608
39609

39610
39614

39615

39616
39617

39618

39619
39620

39621
39622
39624

39626
39628

39629

39630
39631

39632
39634

39635

39636
39638
39639

39642
39643

39645

39647
39648

39650
39651

39652

39653
39654

39655
39657
39658

39659
39661

39662

39663
39666

39667

39669
39670

39671
39673
39674

39675
39677

39679

39680
39681

39683
39712

39714

39715
39716

39718
39719
39721

39722
39728

39729

39731
39732

39733

39735
39736

39740
39741
39744

39745
39747

39748

39749
39751

39753

39756
39757

39759
39760

39762
39764
39765

39766

39767
39768

39769
39770

39771

39772
39773

39774
39775
39776

39777
39779

39780

39780

0

0.5 1

1.5 2

2.5

E
n

tries 
 145

M
ean

  
  72.93

R
M

S
   

  41.61
N

. o
f track b

etw
een

 S
M

2 an
d

 M
W

2

E
n

tries 
 145

M
ean

  
  72.92

R
M

S
   

  41.65

39547
39548

39549

39550
39551
39553
39554

39555

39556
39557

39559

39560
39561

39562
39563

39564

3956639567

39568

39569
39571

39573
39574

39575

39576
39578

39581

39583
39584
39585
39586

39587

39588
39590

39592

39594
39597

39598

39599
39600
39602
39604

39605

39606
39607

39608

39609
39610

39614
39615

39616

39617
39618
39619

39620
39621

39622
39624

39626

39628
39629

39630

39631
39632
39634
39635

39636

39638
39639

39642

39643
39645

39647
39648

39650

39651
39652

39653

39654
39655

39657
39658

39659

39661
39662

39663

39666
39667
39669

39670
39671

39673
39674

39675

39677
39679

39680

39681
39683

39712
39714

39715

39716
39718

39719

39721
39722

39728
39729

39731

39732
39733
39735

39736
39740

39741
39744

39745

39747
39748

39749

39751
39753
39756
39757

39759

39760
39762

39764

39765
39766

39767

39768
39769

39770
39771

39772

39773
39774

39775

39776
39777

39779
39780

39780

0

0.2

0.4

0.6

0.8 1

1.2

1.4

E
n

tries 
 145

M
ean

  
  72.92

R
M

S
   

  41.65
N

. o
f track after M

W
2

E
n

tries 
 145

M
ean

  
  72.84

R
M

S
   

  41.91

39547
39548
39549

39550
39551

39553

39554
39555

39556

39557
39559

39560

3956139562

39563
39564

39566

39567
39568

39569

39571
39573

39574
39575

39576
39578
39581

39583

39584
39585

39586
39587

39588

39590
39592

39594
39597
39598

39599
39600

39602

39604
39605

39606

39607
39608

39609
39610

39614
39615
39616

39617

39618
39619

39620

39621
39622

39624
39626

39628
39629
39630

39631

39632
39634

39635
39636

39638

39639
39642

39643

3964539647

39648
39650

39651

39652
39653

39654

39655
39657

39658
39659

39661
39662
39663

39666

39667
39669

39670
39671

39673

39674
39675

39677

3967939680

39681
39683

39712

39714
39715

39716

39718
39719

39721

39722
39728
39729
39731

39732

39733
39735

39736

39740
39741

39744
39745

39747
39748
39749

39751

39753
39756

39757
39759

39760

39762
39764

39765

3976639767

39768
39769

39770

39771
39772

39773

39774
39775

39776
39777

39779
39780
39780

0

200

400

600

800

1000

1200

1400

1600

1800

E
n

tries 
 145

M
ean

  
  72.84

R
M

S
   

  41.91
T

o
tal n

. o
f clu

ster p
er even

t
E

n
tries 

 145
M

ean
  

  72.89
R

M
S

   
  41.92

39547

39548

39549
39550

39551
39553

39554

39555
39556
39557

39559
39560

39561
39562

39563

39564
39566

39567

39568
39569

3957139573

39574

39575
39576

39578

39581
39583

39584

39585
39586

39587
39588
39590

39592
39594

39597

39598
39599

39600
39602

39604

39605
39606

39607
39608
39609

39610
39614

39615

39616
39617

39618

39619
39620

39621
39622
39624

39626
39628

39629

39630
39631

39632
39634

39635

39636
39638
39639

39642
39643

39645

39647
39648

39650
39651

39652

39653
39654

39655
39657
39658

39659
39661

39662

39663
39666

39667

39669
39670

39671
39673
39674

39675
39677

39679

39680
39681

39683
39712

39714

39715
39716

39718
39719
39721

39722
39728

39729

39731
39732

39733

39735
39736

39740
39741
39744

39745
39747

39748

39749
39751

39753

39756
39757

39759
39760

39762
39764
39765

39766

39767
39768

39769
39770

39771

39772
39773

39774
39775
39776

39777
39779

39780

39780

0

0.5 1

1.5 2

2.5 3

3.5 4

4.5

E
n

tries 
 145

M
ean

  
  72.89

R
M

S
   

  41.92
T

o
tal n

. o
f clu

ster p
er p

lan
e

E
n

tries 
 145

M
ean

  
  70.68

R
M

S
   

  41.58

39547
39548

39549

39550
39551
39553
39554

39555

39556
39557

39559

39560
39561

39562
39563

39564

3956639567

39568

39569
39571

39573
39574

39575

39576
39578

39581

39583
39584
39585
39586

39587

39588
39590

39592

39594
39597

39598

39599
39600
39602
39604

39605

39606
39607

39608

39609
39610

39614
39615

39616

39617
39618
39619

39620
39621

39622
39624

39626

39628
39629

39630

39631
39632
39634
39635

39636

39638
39639

39642

39643
39645

39647
39648

39650

39651
39652

39653

39654
39655

39657
39658

39659

39661
39662

39663

39666
39667
39669

39670
39671

39673
39674

39675

39677
39679

39680

39681
39683

39712
39714

39715

39716
39718

39719

39721
39722

39728
39729

39731

39732
39733
39735

39736
39740

39741
39744

39745

39747
39748

39749

39751
39753
39756
39757

39759

39760
39762

39764

39765
39766

39767

39768
39769

39770
39771

39772

39773
39774

39775

39776
39777

39779
39780

39780

−1.4

−1.2 −1

−0.8

−0.6

−0.4

−0.2

−0

E
n

tries 
 145

M
ean

  
  70.68

R
M

S
   

  41.58
M

ass sh
ift vs. R

u
n

 N
u

m
b

er
E

n
tries 

 145
M

ean
  

  72.52
R

M
S

   
  41.83

39547
39548
39549

39550
39551

39553

39554
39555

39556

39557
39559

39560

3956139562

39563
39564

39566

39567
39568

39569

39571
39573

39574
39575

39576
39578
39581

39583

39584
39585

39586
39587

39588

39590
39592

39594
39597
39598

39599
39600

39602

39604
39605

39606

39607
39608

39609
39610

39614
39615
39616

39617

39618
39619

39620

39621
39622

39624
39626

39628
39629
39630

39631

39632
39634

39635
39636

39638

39639
39642

39643

3964539647

39648
39650

39651

39652
39653

39654

39655
39657

39658
39659

39661
39662
39663

39666

39667
39669

39670
39671

39673

39674
39675

39677

3967939680

39681
39683

39712

39714
39715

39716

39718
39719

39721

39722
39728
39729
39731

39732

39733
39735

39736

39740
39741

39744
39745

39747
39748
39749

39751

39753
39756

39757
39759

39760

39762
39764

39765

3976639767

39768
39769

39770

39771
39772

39773

39774
39775

39776
39777

39779
39780
39780

0 1 2 3 4 5 6

E
n

tries 
 145

M
ean

  
  72.52

R
M

S
   

  41.83
M

ass R
eso

lu
tio

n
 vs. R

u
n

 N
u

m
b

er
E

n
tries 

 145
M

ean
  

  72.45
R

M
S

   
   41.9

39547

39548

39549
39550

39551
39553

39554

39555
39556
39557

39559
39560

39561
39562

39563

39564
39566

39567

39568
39569

3957139573

39574

39575
39576

39578

39581
39583

39584

39585
39586

39587
39588
39590

39592
39594

39597

39598
39599

39600
39602

39604

39605
39606

39607
39608
39609

39610
39614

39615

39616
39617

39618

39619
39620

39621
39622
39624

39626
39628

39629

39630
39631

39632
39634

39635

39636
39638
39639

39642
39643

39645

39647
39648

39650
39651

39652

39653
39654

39655
39657
39658

39659
39661

39662

39663
39666

39667

39669
39670

39671
39673
39674

39675
39677

39679

39680
39681

39683
39712

39714

39715
39716

39718
39719
39721

39722
39728

39729

39731
39732

39733

39735
39736

39740
39741
39744

39745
39747

39748

39749
39751

39753

39756
39757

39759
39760

39762
39764
39765

39766

39767
39768

39769
39770

39771

39772
39773

39774
39775
39776

39777
39779

39780

39780

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

E
n

tries 
 145

M
ean

  
  72.45

R
M

S
   

   41.9
N

u
m

b
er o

f K
0 p

er p
rim

ary vertex vs. R
u

n
 N

u
m

b
er

3QgDg��17#��(�*�+�QN·�	SD�?�)�%�Z\[ ��S��T�~�B�k�
�?�O���g0�_���fWU¨�D�O����_W���U¨���%�����Sf�1�1�����D��8� �K
0p

��iWU����O���O�_W���U¨����_�j�S�����T�%�U{�����w��S£��YZ\[}US��T��)�1� ����n �?�#�1�]�B�k�p�8�����?�)�O�Z\[��¥�?�]��j�^{�T�
�8� �®���YZ\[��m�)Z\[���t�S�����8�����_Q@QG�T�%���D�8��D����T�f�D�?��£



��a��������]�£�¡�@���r
����t
������rr
�������
���
���K
0p�¡�@���r
����t
������

E
n

tries 
 96

M
ean

  
  48.42

R
M

S
   

  27.31

39849

39850

39851

39853

39856

39857

39858

39859

39860

39863

39865

39868

39870

39872

39874

39877

39878

39879

39880

39882

39883

39884

39886

39888

39889

39892

39894

39895

39896

39897

39898

39899

39900

39903

39904

39905
39907

39909

39910

39911

39912

39914

39915

39916
39918

39919

39921

39922

39924

39925

39926

39927
39928

39929

39933

39935

39936

39939

39941

39942
39944

39945

39947

39949

39950

39951

39952

39954
39955

39956

39957

39958

39959

39960

39961

39962
39963

39964

39965

39966

39968

39969

39970

39971

39972

39974

39975

39976

39980

39981

39983

39984

39985

39986

39987

39987

0 1 2 3 4 5 6 7 8 9

E
n

tries 
 96

M
ean

  
  48.42

R
M

S
   

  27.31
N

. track p
er even

t
E

n
tries 

 96
M

ean
  

   48.4
R

M
S

   
  27.31

39849

39850

39851

39853

39856

39857

39858

39859

39860

39863

39865

39868

39870

39872

39874

39877

39878
39879

39880

39882

39883

39884

39886

39888

39889
39892

39894

39895

39896

39897

39898

39899

39900
39903

39904

39905

39907

39909

39910

39911

39912
39914

39915

39916

39918

39919

39921

39922

39924
39925

39926

39927

39928

39929

39933

39935

39936
39939

39941

39942

39944

39945

39947

39949

39950

39951

39952

39954

39955

39956

39957

39958

39959

39960

39961

39962

39963

39964

39965

39966

39968

39969

39970

39971

39972

39974

39975

39976

39980

39981

39983

39984

39985

39986

39987

39987

0

0.5 1

1.5 2

2.5 3

3.5

E
n

tries 
 96

M
ean

  
   48.4

R
M

S
   

  27.31
N

. track w
ith

 m
o

m
. p

er even
t

E
n

tries 
 96

M
ean

  
  48.64

R
M

S
   

  27.36

39849

39850

39851

39853

39856

39857
39858

39859

39860

39863

39865

39868

39870

39872
39874

39877

39878

39879

39880

39882

39883

39884

39886

39888

39889

39892

39894

39895

39896

39897

39898

39899

39900

39903

39904

39905

39907

39909

39910

39911

39912

39914

39915

39916

39918

39919

39921

39922

39924

39925

39926

39927

39928

39929

39933
39935

39936

39939

39941

39942

39944

39945

39947
39949

39950

39951

39952

39954

39955

39956

39957
39958

39959

39960

39961

39962

39963

39964

39965
39966

39968

39969

39970

39971

39972

39974

39975
39976

39980

39981

39983

39984

39985

39986

39987
39987

0

0.05 0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

E
n

tries 
 96

M
ean

  
  48.64

R
M

S
   

  27.36
N

. p
rim

. vert. p
er even

t

E
n

tries 
 96

M
ean

  
  48.52

R
M

S
   

  27.35

39849

39850

39851

39853

39856

39857

39858

39859

39860

39863

39865

39868

39870

39872

39874

39877

39878

39879

39880

39882

39883

39884

39886

39888

39889

39892

39894

39895

39896

39897

39898

39899

39900

39903

39904

39905
39907

39909

39910

39911

39912

39914

39915

39916
39918

39919

39921

39922

39924

39925

39926

39927
39928

39929

39933

39935

39936

39939

39941

39942
39944

39945

39947

39949

39950

39951

39952

39954
39955

39956

39957

39958

39959

39960

39961

39962
39963

39964

39965

39966

39968

39969

39970

39971

39972

39974

39975

39976

39980

39981

39983

39984

39985

39986

39987

39987

0 0.1

0.2

0.3

0.4

0.5

0.6

0.7

E
n

tries 
 96

M
ean

  
  48.52

R
M

S
   

  27.35
N

. seco
n

. vert. p
er even

t
E

n
tries 

 96
M

ean
  

  48.53
R

M
S

   
  27.33

39849

39850

39851

39853

39856

39857

39858

39859

39860

39863

39865

39868

39870

39872

39874

39877

39878
39879

39880

39882

39883

39884

39886

39888

39889
39892

39894

39895

39896

39897

39898

39899

39900
39903

39904

39905

39907

39909

39910

39911

39912
39914

39915

39916

39918

39919

39921

39922

39924
39925

39926

39927

39928

39929

39933

39935

39936
39939

39941

39942

39944

39945

39947

39949

39950

39951

39952

39954

39955

39956

39957

39958

39959

39960

39961

39962

39963

39964

39965

39966

39968

39969

39970

39971

39972

39974

39975

39976

39980

39981

39983

39984

39985

39986

39987

39987

0 1 2 3 4 5 6 7 8 9

E
n

tries 
 96

M
ean

  
  48.53

R
M

S
   

  27.33
N

. o
f track 

E
n

tries 
 96

M
ean

  
  49.55

R
M

S
   

  26.72

39849

39850

39851

39853

39856

39857
39858

39859

39860

39863

39865

39868

39870

39872
39874

39877

39878

39879

39880

39882

39883

39884

39886

39888

39889

39892

39894

39895

39896

39897

39898

39899

39900

39903

39904

39905

39907

39909

39910

39911

39912

39914

39915

39916

39918

39919

39921

39922

39924

39925

39926

39927

39928

39929

39933
39935

39936

39939

39941

39942

39944

39945

39947
39949

39950

39951

39952

39954

39955

39956

39957
39958

39959

39960

39961

39962

39963

39964

39965
39966

39968

39969

39970

39971

39972

39974

39975
39976

39980

39981

39983

39984

39985

39986

39987
39987

0

0.2

0.4

0.6

0.8 1

E
n

tries 
 96

M
ean

  
  49.55

R
M

S
   

  26.72
N

. o
f track b

efo
re targ

et

E
n

tries 
 96

M
ean

  
  48.61

R
M

S
   

  27.24

39849

39850

39851

39853

39856

39857

39858

39859

39860

39863

39865

39868

39870

39872

39874

39877

39878

39879

39880

39882

39883

39884

39886

39888

39889

39892

39894

39895

39896

39897

39898

39899

39900

39903

39904

39905
39907

39909

39910

39911

39912

39914

39915

39916
39918

39919

39921

39922

39924

39925

39926

39927
39928

39929

39933

39935

39936

39939

39941

39942
39944

39945

39947

39949

39950

39951

39952

39954
39955

39956

39957

39958

39959

39960

39961

39962
39963

39964

39965

39966

39968

39969

39970

39971

39972

39974

39975

39976

39980

39981

39983

39984

39985

39986

39987

39987

0

0.2

0.4

0.6

0.8 1

1.2

1.4

1.6

1.8 2

2.2

2.4

E
n

tries 
 96

M
ean

  
  48.61

R
M

S
   

  27.24
N

. o
f track b

efo
re S

M
1

E
n

tries 
 96

M
ean

  
  48.54

R
M

S
   

  27.33

39849

39850

39851

39853

39856

39857

39858

39859

39860

39863

39865

39868

39870

39872

39874

39877

39878
39879

39880

39882

39883

39884

39886

39888

39889
39892

39894

39895

39896

39897

39898

39899

39900
39903

39904

39905

39907

39909

39910

39911

39912
39914

39915

39916

39918

39919

39921

39922

39924
39925

39926

39927

39928

39929

39933

39935

39936
39939

39941

39942

39944

39945

39947

39949

39950

39951

39952

39954

39955

39956

39957

39958

39959

39960

39961

39962

39963

39964

39965

39966

39968

39969

39970

39971

39972

39974

39975

39976

39980

39981

39983

39984

39985

39986

39987

39987

0 1 2 3 4 5

E
n

tries 
 96

M
ean

  
  48.54

R
M

S
   

  27.33
N

. o
f track b

etw
een

 S
M

1 an
d

 S
M

2
E

n
tries 

 96
M

ean
  

  48.33
R

M
S

   
  27.33

39849

39850

39851

39853

39856

39857
39858

39859

39860

39863

39865

39868

39870

39872
39874

39877

39878

39879

39880

39882

39883

39884

39886

39888

39889

39892

39894

39895

39896

39897

39898

39899

39900

39903

39904

39905

39907

39909

39910

39911

39912

39914

39915

39916

39918

39919

39921

39922

39924

39925

39926

39927

39928

39929

39933
39935

39936

39939

39941

39942

39944

39945

39947
39949

39950

39951

39952

39954

39955

39956

39957
39958

39959

39960

39961

39962

39963

39964

39965
39966

39968

39969

39970

39971

39972

39974

39975
39976

39980

39981

39983

39984

39985

39986

39987
39987

0

0.5 1

1.5 2

2.5 3

E
n

tries 
 96

M
ean

  
  48.33

R
M

S
   

  27.33
N

. o
f track b

etw
een

 S
M

2 an
d

 M
W

2

E
n

tries 
 96

M
ean

  
  48.17

R
M

S
   

  27.53

39849

39850

39851

39853

39856

39857

39858

39859

39860

39863

39865

39868

39870

39872

39874

39877

39878

39879

39880

39882

39883

39884

39886

39888

39889

39892

39894

39895

39896

39897

39898

39899

39900

39903

39904

39905
39907

39909

39910

39911

39912

39914

39915

39916
39918

39919

39921

39922

39924

39925

39926

39927
39928

39929

39933

39935

39936

39939

39941

39942
39944

39945

39947

39949

39950

39951

39952

39954
39955

39956

39957

39958

39959

39960

39961

39962
39963

39964

39965

39966

39968

39969

39970

39971

39972

39974

39975

39976

39980

39981

39983

39984

39985

39986

39987

39987

0

0.2

0.4

0.6

0.8 1

1.2

1.4

E
n

tries 
 96

M
ean

  
  48.17

R
M

S
   

  27.53
N

. o
f track after M

W
2

E
n

tries 
 96

M
ean

  
   48.2

R
M

S
   

  27.45

39849

39850

39851

39853

39856

39857

39858

39859

39860

39863

39865

39868

39870

39872

39874

39877

39878
39879

39880

39882

39883

39884

39886

39888

39889
39892

39894

39895

39896

39897

39898

39899

39900
39903

39904

39905

39907

39909

39910

39911

39912
39914

39915

39916

39918

39919

39921

39922

39924
39925

39926

39927

39928

39929

39933

39935

39936
39939

39941

39942

39944

39945

39947

39949

39950

39951

39952

39954

39955

39956

39957

39958

39959

39960

39961

39962

39963

39964

39965

39966

39968

39969

39970

39971

39972

39974

39975

39976

39980

39981

39983

39984

39985

39986

39987

39987

0

200

400

600

800

1000

1200

1400

1600

1800

E
n

tries 
 96

M
ean

  
   48.2

R
M

S
   

  27.45
T

o
tal n

. o
f clu

ster p
er even

t
E

n
tries 

 96
M

ean
  

  48.23
R

M
S

   
  27.42

39849

39850

39851

39853

39856

39857
39858

39859

39860

39863

39865

39868

39870

39872
39874

39877

39878

39879

39880

39882

39883

39884

39886

39888

39889

39892

39894

39895

39896

39897

39898

39899

39900

39903

39904

39905

39907

39909

39910

39911

39912

39914

39915

39916

39918

39919

39921

39922

39924

39925

39926

39927

39928

39929

39933
39935

39936

39939

39941

39942

39944

39945

39947
39949

39950

39951

39952

39954

39955

39956

39957
39958

39959

39960

39961

39962

39963

39964

39965
39966

39968

39969

39970

39971

39972

39974

39975
39976

39980

39981

39983

39984

39985

39986

39987
39987

0 1 2 3 4 5

E
n

tries 
 96

M
ean

  
  48.23

R
M

S
   

  27.42
T

o
tal n

. o
f clu

ster p
er p

lan
e

E
n

tries 
 96

M
ean

  
  42.87

R
M

S
   

  31.49

39849

39850

39851

39853

39856

39857

39858

39859

39860

39863

39865

39868

39870

39872

39874

39877

39878

39879

39880

39882

39883

39884

39886

39888

39889

39892

39894

39895

39896

39897

39898

39899

39900

39903

39904

39905
39907

39909

39910

39911

39912

39914

39915

39916
39918

39919

39921

39922

39924

39925

39926

39927
39928

39929

39933

39935

39936

39939

39941

39942
39944

39945

39947

39949

39950

39951

39952

39954
39955

39956

39957

39958

39959

39960

39961

39962
39963

39964

39965

39966

39968

39969

39970

39971

39972

39974

39975

39976

39980

39981

39983

39984

39985

39986

39987

39987

−30

−25

−20

−15

−10 −5 0

E
n

tries 
 96

M
ean

  
  42.87

R
M

S
   

  31.49
M

ass sh
ift vs. R

u
n

 N
u

m
b

er
E

n
tries 

 96
M

ean
  

  46.17
R

M
S

   
  29.78

39849

39850

39851

39853

39856

39857

39858

39859

39860

39863

39865

39868

39870

39872

39874

39877

39878
39879

39880

39882

39883

39884

39886

39888

39889
39892

39894

39895

39896

39897

39898

39899

39900
39903

39904

39905

39907

39909

39910

39911

39912
39914

39915

39916

39918

39919

39921

39922

39924
39925

39926

39927

39928

39929

39933

39935

39936
39939

39941

39942

39944

39945

39947

39949

39950

39951

39952

39954

39955

39956

39957

39958

39959

39960

39961

39962

39963

39964

39965

39966

39968

39969

39970

39971

39972

39974

39975

39976

39980

39981

39983

39984

39985

39986

39987

39987

0 20 40 60 80

100

E
n

tries 
 96

M
ean

  
  46.17

R
M

S
   

  29.78
M

ass R
eso

lu
tio

n
 vs. R

u
n

 N
u

m
b

er
E

n
tries 

 96
M

ean
  

  46.91
R

M
S

   
   28.8

39849

39850

39851

39853

39856

39857
39858

39859

39860

39863

39865

39868

39870

39872
39874

39877

39878

39879

39880

39882

39883

39884

39886

39888

39889

39892

39894

39895

39896

39897

39898

39899

39900

39903

39904

39905

39907

39909

39910

39911

39912

39914

39915

39916

39918

39919

39921

39922

39924

39925

39926

39927

39928

39929

39933
39935

39936

39939

39941

39942

39944

39945

39947
39949

39950

39951

39952

39954

39955

39956

39957
39958

39959

39960

39961

39962

39963

39964

39965
39966

39968

39969

39970

39971

39972

39974

39975
39976

39980

39981

39983

39984

39985

39986

39987
39987

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

E
n

tries 
 96

M
ean

  
  46.91

R
M

S
   

   28.8
N

u
m

b
er o

f K
0 p

er p
rim

ary vertex vs. R
u

n
 N

u
m

b
er

3QgDg��17#��(�*�+�QN��	SD�?�)�%�Z\[ ��S��T�~�B�k�
�?�O���g0�_���fWU¨�D�O����_W���U¨���%�����Sf�1�1�����D��8� �K
0p

��iWU����O���O�_W���U¨����_�j�S�����T�%�U{�����w�0£��YZ\[}US��T��)�1� ����n �?�#�1�]�B�k�p�8�����?�)�O�Z\[��¥�?�]��j�^{�T�
�8� �®���YZ\[��m�)Z\[���t�S�����8�����_Q@QG�T�%���D�8��D����T�f�D�?��£



� ���	�������  � � ��� � ����� �������

{ 3Qg�� � � | µyNe3QgD�T58+S5_$ 5_*��GUpN�µ`907#��$&58*�h��	��
����
���������������� ��!�"#
$�%�'&(�����)!��*�'�+�,!���
��-!�./
$�+��01hkL lJ��n�N
� �)90+�N6� >S©e'�Ndh-L � ��Mm� ·0¸ �eh!� ¸ � ��MmN

{ 3�� ¸0¸o| I§N03���58$&'z��"¦587 N#h2143'�5�'�+�,!��6
��7�)�8�9�+&;:-���%�������.$!��=<9��.5���>.?3'�A@�BDCE01hNL�P4(�=�71��58�.¤¥*�'@"T�%(D$&��*B"%'
5_*��]U���"T>D9{��'�h63 L � · �aM¢�xO · h�� ¸0¸0¸ MmN

{ 3Q*S" ¸ � | �VN UsNE34*S"T�1n�9�uj��"v587 N#hGF���
 �6.H./&�:����H�I�+�J.3'�J@LKMBON�@�"#&'�+�P�Q�'����./���+"R��S%.����T���J.3'�#FVU
�9��.Q����.Q�+�8!�.XW5Y>KMZ501h�L�P4(�=�71�O5_��¤¥*�')"%�%(�$C��*S"T'458*���U��m"T>�9e��'�h�3 LsO ¸ �aMm�d��O{�0h � ¸0¸ � MmN

{ 3W" � � | ZtN r Nq3W"T>����)"T98*^��"y587 N#hX�	�[����
��7�T"R�)!+��&9�[��"R���'.?�\�����;!���./
$�����]�����-��&'��./
$�+�O:-�_^�U`UPab��c)d��
���[�+.Q�+�;�V�+�e:����6� ��f
&9"g.$!��=<9��.?�-01h�L KW-¦lcPvh �¦��717#9¨2 �%��n 98�)"Oh � � h � �� ¸ � � MmN

{ �W58= �{� | µyNE�W58=?A_��*�'@"T90')'�hih]���f
$��
.=�e���
µ−

"R���7�+�;�j�6�[�+"
π
SQ"R���7�+���9���)!��k01h L��/>S©e'�N.lc�mu Nzª���"%"�N#h

L ��Mm� � �¨�eh�� ¸ �D� MmN
{ ���19 � ¸o| �DN I§N¨���198�%A8��*�Ndh+l������,!+��./
$�A��������.=�[�+�'S����[�+.Q�+�J!����><`!�"#"m!�S����[�+.��+�n�7�)!�./.Q����
�9<�!����j.?3'�E��./��&'��S

./&9���#����.3'�]�'&'�������+��01h L � >S©e'%�#=O587ElJ��ue�1�m2`h�� �S� L �aMmh�� ¸ � ¸ M¢N
{ ���%( � � | ltN6�;�%(�*�Ndh�o]p�p81DSXK%�P��:=qI����.��)��S)�+�6
$���'.Q�)�#Fn!�.$!VK%��!��f�7��
��MW4�r!�"R��si�+�[t�01h L KW-/l4Pth · N#��=
�����#"%�190*!h I{��nD"T��$Vg ��� O �a� ��M¢N

{ �;©e= � O | \§N PtN`�;©e=?>�A89�u�huC	�+�;��./�6&(��./
$�+�v!����w"m!��'&��x!9��./&9�������P�,!��=<9�y��
,z+�P��./�)!�sXS)��3;!�"m:����[�{���
.3'�|C>p	B|�}KM@'@(S$�Q�'����.=�[�+"R��.Q���8./�)!9��t+
�9<T���~��.Q��"m01h	L��z58�@"T�#=�71��',58*��sPc(�=�7#��� ª���")"T���%'�h O L@�0�8��Mm��� � h
O �a� OaM¢N

{ KWZQª ¸ � | �DNCK�907#71�1*D'�h"I NyZc��n�n���7#$®5_*�*«5_*���µwNyªb58���#*�'%AS©0NdhTBy�)!+��&9�6
�9<�./�r!��;��c�������
./���9���;��
S
./
$���R
�{��
�9<������'�+�,!��6
,z+�)��3;!`�����+�'S$3;!`���[�+��!��������Q��.��+�'S$3;!`���[�+�����+��f
���
$�+�;�-01h L Pc(�=�7#�O58�§� >B©e')�1=�'�h
�cL � O � Mm� � �S�{h � ¸0¸ � M¢N

{ K�907 ¸0· | �DNcK�90717#�1*�'�N#hHW4�r!7<�"R���'.$!�.=
$�+������./�r!��;��c������7���f���'�+�,!��6
,z+�)���-&;!��[t7�R���[��:��)��
��.=�r!��;��c����[�7�
"R�+"R���'./&9"���
���.=�6
/:-&9.=
$�+��01h L P4(D=�71��58�J� >S©{')�1=�'�h ��L ·0¸ ��Mm�d� �D�0h � ¸0¸0· MmN

{ K�907 ¸ � | H�>��GK�90$Cn658')'yK�90717158g�90�T5_"%�190*!h>C>p	B���K�@'@�SV!R���[���'�7�-!��'�I�+�_!{C	�+"#"R�+�DB
µ
�+��!����

�	�[�+.Q�+�eKA�`�;!��r!�./&��j�I�+�#@(.=�6&'��.=&9�[�T!����|@k�'����.=�[�7�7��������01hL�KW-/lcPvhb'%n�')= 7_n O ¸ �������d"T�#90*�hbUF5_�%=?>
� ¸0¸ ��M¢N

� � �



� � O � ��
 ¡ ����
 � � �.¡ � ��¡ � 	 � � � r
{ IQ9 ¸ � | PtN�IQ90g�7#�V��"t5_7�Ndhb143'�#&7��<��r!`�9�)�|"#&'�+�D:��)!�" !�.j.3'�#@��*@}01h	L�P4(�=�71��58�,¤¥*�')"%�%(�$C��*S"%'v5_*��
U���"T>D9{��'�h63 L · O ��M¢� · �e�0h�� ¸0¸ � MmN

{ µt58�T� � | l`N ª Neµ`58�)2J�#*�h2pH:��7���6c+!�.=
$�+�;�����j.3'� �x!�
�f&L�[�]�������+�;�7���6c+!�./
$�+�u���X�;!���
./�#!���� ��3;!��=<9�����+�'S
q6&�<`!�./
$�+��
�D"R���7�+���9���)!��7� � .?3'� "m!7<�����./
$�m"R�+"R���'.����J.3'�j�6�[���R"#&'�+��01h L � >S©e'�N.lJ��u�Nqª���"%"�N#h
L�� � �aM¢�#� � �¨�{h � ¸ � �aM¢N

{ µt5_" | ªb589 µt5f"T�1+8*�90*�h N��7��� <�&L
/�9� �I�+� .?3'� "�� :��)!�"m01h
Lk>S"%"Tn!� 7 7f+S5_"T�#+0*�90*!N >�98$&�_N =����%*!N =?> 7f+S5_"T�#+0*�90* 70UHO_$&58*B(6587 N >S"T$C7eM¢N

{ µvU � � | UpNQµ`��717d¯�UF58*�*!N#hjK �7��3'��"m!�.=
$��"R�-�9���8���y:�!����`�+�;�y!�����"R���7�+�;�-01hDL��/>S©e'%�#=�'jª��m"%"T���%'�h
L ��Mm�PO{� � h�� ¸ � � MmN

{ µ`90� �a� | I N!µ,90�%�#*�N#h4�H�)!+t+S$�7���;��
�9<\��
��7���6
"#
��!�.��+�E�I�+�8"#&9�f.=
$��3;!��'����� �9��.Q����.��+�[�VsX
.?3e���[�7����SQ. !���t�01h
L�P4(�=�71��58��¤¥*�')"%�%(�$C��*S"%'Q58*D�]U��m"T>�9e��'�h63 L � �aOaMm�PO � � h O �a�_� MmN

{ µFI�� ¸o| -�N�µ`5_"%"%�b58*���\VNkIeu0��7#"%9�N#h>143'���+�6�|���]./
"R�n�����7�+�f&9./
$�+��
���7��
�'./
��,!�./
�9<|���+&L�'.Q��� ����� �'��S�6
"R���'.$!��4�[����&L�f.�-01h�L Pc(�=�7#�O58��¤¥*D')"T�)(�$C��*S"T'458*���U��m"T>�9e��'�h�3 L � M¢�#� � ¸ h�� ¸ � ¸ N
{ ZQ58$ ¸ � | Z458$®5_$®5_"%'%(�Ndh��E3'�+.Q�+"#&L�f./
����f
$���T1�&;:����-01h/L��/�)9{�D(�AS"TAf5_"?5_7190+�h � ¸0¸ �_MmN
{ ZLU � � | °;N¨ZQ587#:���*§58*��v3§N I§N_UF58�)"%�1*�Ndh	�A&�!��[t7�A!����M���Q��.��+�;� � !��m
�'.=�[�-��&'��.=
$�+�T���+&9�[�7�A
�J"R�-�9���6�

�;!��6./
$�����A�'39�7��
$���-01h/L �890>D*�rX�#71��©�
 I{98*�'�h�� ¸ � � MmN
{ Z4��� � � | °�N ZvNbZc���#*�'%�#(�'�Ndh l�"%������"R���'.$!�.=
$�+�{���J.?3'�R�9�)!`��SQ./
"R�>�6�[���#W��14FJC�
�D.?3'��C>p	B|�}KM@'@

�9��.Q����.Q�+�]�[�)!`�9�+&9. 01h L P4(D=�71��58��¤¥*�'@"T�%(D$&��*B"%'Q5_*��]U���"T>D9{��'�h63 L � �D��M¢� � � �{hNO �a� ��MmN
{ ¤�58� � · | -JN!¤�58�%9e=�=��z��",587�Ndh4�i�,!+��./
$�8��./�[�)!�"R���8./&�:����J!����|.3'��
�J!��`���f
$�)!�./
$�+�;�8
��39
,<+3P�������=<��n�'39�+S

��
$���-01h L P4(D=�71��58��¤¥*�'@"T�%(D$&��*B"%'Q5_*��]U���"T>D9{��'�h�LsO{� �aMm� · � h � ¸ � · M¢N
{ ±490g � �85 | I N�±c90g�7#�#"T:_N#h>Y]��sG�y�+���b!`�P@k��
����-01h�L�KW-/lcPvhJK��`UF��3�I I�34*6587#©e')�1'GU�����"%�1*�+�h �058*
O �¨¯\O �f"T>=O �a� �aMmN

{ ±490g � �_g | I N{±490g�7#�#"%:8Ndh��;U`U�^u�`!�.$!m�-&�!��f
./�R��3'����t7��� ���+�9<�
.=&;��
��!�� ��01hkL�KW-/l4Pth�K��`UF��3�I I®34*6587d©B¯
')�1'cU�����"%�1*�+�h��8(D7#©>O �f¯\O ¸ "T> O �a� �_MmN

{ ±490� �a� | �DN�±c90�#ue(�*D�1��$C�b��"t587 N#h�F�
�f&9.=
$�+�y�[�?�6��
,<9���r!�.Q�+�	�I�+�_C>p	B|�}KM@'@��'�+�,!��6
��7�)�_. !��=<9��.$01h	L � >S©S¯
')�1=�5Dh6��L O � � ¯�O � ��M¢�xO � ��O{h�O �a�a� M¢N

{ ±`(D* � ��5 | °;N;±,(�*D*����m"5_7�Ndh	B�
$���[�+"R�$<`!+���n!P"#
$���[�7��./�6
�� �9��.�����.Q�+���I�+�eC>p	B��}KM@'@}01h�L�P4(�=�71�O5_�
¤¥*D')"T�)(�$C��*S"T'458*���U��m"T>�9e��'�h�3 L � �D� Mm�PO ¸ h O �a� ��M¢N

{ ±`(D* � �Og | °�Nb±,(�*D*��y��"§587�Ndh Bu
$�����+"R�$<`!+�m!+�R!��,!��=<9�m"#
$�����7��./�6
����9��.Q����.��+�>�I�+�J.?3'��C>p	B|�}KM@'@
� � �'���6
"R���'.$01h L�P4(�=�71�O5_�c¤¥*D')"T�)(�$C��*S"T'c58*��FU��m"T>�9e��'�h�3 L � � ¸ Mm�d� ·0· h O �a� ��M¢N

{ ±`(D� ¸ � | ±,(��%58�T5O©8N#h4@4��
�'./
��,!�.=
�9<#B !�.Q���6
/!����-01h/L � �%9e��(�AS"%A_5f"?587#90+�h!� ¸0¸ ��M¢N



� ��
 ¡ �m��
 � � �z¡ � ��¡ � 	 � �m� r � � ·
{ ±`(D� � � | KQNB±,(��)�1+�Ndh9F]!�. !]��.$!`:-
�f
.=����./&���
$���-01hNL KW-/l4PthBK��`UF� 3cI IC34*6587#©e')�1'¦U�����"T�#*�+�h034(�+ · �O'@"
O �a� �aM¢N

{ ±,©B© ¸ � | �DN ±L©e©e*6<_�T58�#*���*�hj143'�]@�BDC �'�+�,!��6
��7�)�_.$!��=<9��. 01h-L Pc(�=�7#�O58�c¤¥*�')"%�%(�$C��*S"%'`58*��[U��m"T>�9e��'�h
3 L · � ��Mm� � �{h � ¸0¸ �aM¢N

{ ªb��g � O | UpNWªb��g ���%�#+�hjFn!+�PC>p	B|�}KM@'@(SI1��6
,<7<9���[���~��.Q��" z-&L��Be������&9�9<��9��� aA�f&(�+��:���
./�r!7<+�
∆
a

z-&9" �	�[�+.��+�;�Q��
��01h L IQ�#'%'%���)"T5_"T�#90*�h �890>�58*�*���'@¯@µ,(D"%��*Bg ���%+_¯¥a4*��du0���%'%�d"?<_"QUF5_�1*�:_hNO �a� O_MmN
{ ªb��9 ¸ � | r N ltN!ª���9�h%1�����39�'
/�-&(���	�I�+�8Y%&(�����)!��J!����_�>!��6./
$�����8�E39�7��
$��� ��� �'���6
"R���'.?�-01h-LsI{n��)�1*�+8���@¯
\/���%7158+�h!� ¸0¸ � M¢N

{ ªb�m© | l`N ª���©0h B�!�� ��� C � oHY !9�����������r!�.��+�[�-01h Lk>B")"Tn�� 7 7_nD'@¯¥�D�#u�N 2;��g!N =����%*!N =?> 7fn�'@¯
�D�#u,78�I�K�90$Cn�71� � 7858=�=���7#���T5f"T90�)'�N n �DifMmN

{ UF58+ � O | 3§N�UF5_+0*�90*G��"c5_7�Ndh	1��r!9��t+
�9<#sX
.?3
40x40cm2

B_l C o]p	B � aEK�@ �9��.�����.Q�+�[��
��.3'�M39
,<+3
�������=<�� �839
,<+3O�f&L"#
���7��
./�wC>p	B���K�@'@�� � �'����
"R���'.$01h�L�P4(�=�71��58�G¤¥*�')"%�%(�$C��*S"T'�58*D� U��m"T>�9e��'�h
3 L � � ��Mm�PO{� � h O �a� O_MmN

{ UF587 ¸ � | µyN ±wNWU�58717#98"ONdh#143'��@k��
�w@(./��&'��./&L�[�P����.3'��Y%&(�������+� �6�[�+" .?3'��@�BDC ��� �'���6
"R���'.?�-01h
L�ZQ58gD�171�d"?5_"%�190*D'%'%=?>D�%�#i²"�h��890>658*�*D��'@¯�µ`({"T��*Bg����)+_¯�ac*��#u8���%')�#"T<_"4UF58�#*�:8h�� ¸8¸ ��MmN

{ UF587 �o� | µyN ±wN�UF587#7198"�hi143'� C>p	B���K�@'@ @k�'����./���+"R��.Q���n!�.MC � oHY�01h�L�P4(�=�71�O5_�4¤¥*�'@"T�)(�$&��*S"T'L5_*��
U���"T>D9{��'�h63 L � �D��M¢�#��Oe�0hNO �a�o� MmN

{ U�H ¸ � | �qN �DNBU�(D71�����%'/58*��yl`N I§N8Hq58*�+0���%$&58*�Ndh 143'�b���+"%������.��A.?39�[����SQ����c������[����&9�f. &7�\.Q�V�+�r�9���
1/q�I�+�A�'�+�,!��6
,z+�)�R�9���Q��SQ
�����,!+��./
$�����Q��.Q�����[�-��&(��./
$�+��01h/L�P4(�=�71�O5_�J�/>S©e'%�#=�'�h �cL � �D� Mm�d� ¸ �{h�� ¸0¸ ��M¢N

{ PQ<8> � O | �wNJP4<8>�7#�8h%W�!+�7����3'�-�9�7��t`���'��
" C>p	B|�}KM@'@ ��� �'���6
"R���'.8z-&9" Y�!9��39si��
���c��+� 1���
�fS
��3'���;�Q��&9�[���y
�'�����[3;!��,:m�9���8�	�6
" � �[��.=�r!+39���-01h	L�IQ�1')'%���)"?5f"T�198*�h�°6�%�#�����)�1=?>{¯�rX�17#>���7#$&'�¯�a4*D�#u0���%')�#"?<f"
�;90*�*�h~O �_� OaMmN

{ �z5 � · | �EN.�q58+S58*�9F��"y587 N#h �A&;!��f
.=�P��3'����t7�j�I�+� �;U`U �e./�r!��;��c����[��
.=� �`!�.$!`01h L�KW-/l4Pth/K��`UF� 3cI I
34*6587d©{')�1'cU�����"%�1*�+�h �L=m" · � "T> O �a� · MmN

{ �z5 � � | �ENS�z5_+S58*�9`��"¦5_7�NdhL@(.$!�.=&`�����>.=�r!��;��c����[��
./�V!���!��f�7��
�� � �-&;!��f
.=�#��3'����t7���4��
�9<����A3;!`���[�+�\!+���+"#S
"R��./�6
$���-01h/L�KW-/lcPvh�K��`UF��3�I IG3Q*6587d©e'%�1'cU�����"%�1*�+Dh63Q(�+ · �O'@"�O �a� �aM¢N

{ �¦ILµ �_� | I�N{- �#����7#$®58*D*C�m"W5_7�Ndh;�>!��6./
$�����H�*39�7��
$��� �M�7�7t+����.$01h~L �z5_�)"T�#=�7#�JIL5_"?5§µ`�)90(�n�h �8(D7#©;O �a�o� MmN
{ �q9SlJ� �_� | �q9�ue>�h�lJ�#"T>!h Ie=?>�9071:_h��!�m"T'%=?>D�8h%1���
����3'���e&9��� �#�������8S � 
��� � 
�I����39�6&9�9<\
�P��
$�b�'39�+S

��
�t�!��f
��7��3'��� �#�+�9z+�Q��.��-01N LsI{n��)�1*�+8���W\/���)7 58+Dh O �a�o� MmN
{ ID58( � � | °;NEI{58(�71� �m"w587 N#hG�H����I�+�6"m!������_����a � B �9��.�����.Q�+�[� 
�D39
,<+3e
�'.Q���;��
./�m�;!��6.=
$�����T:��)!�"8�-01h
L�P4(�=�71��58��¤¥*�')"%�%(�$C��*S"%'Q58*D�]U��m"T>�9e��'�h63 L � � � Mm� � � �{h O �a� ��MmN

{ ID58( � O | °;N ID58(D71�.�m"t587�NdhAC	�+�;��./�6&(��./
�9< �>.Q����.M!��������+"#"#
�����
$�+�'
�9<����8.?3'�#.=�6
�������S6a � B ./�r!9��t+
�9<
�9��.Q����.Q�+�E�I�+�JC>p	B|�}KM@'@}01h/L Pc(�=�7#�O58��¤¥*D')"T�)(�$C��*S"T'458*��FU���"%>�9e��'�h63 L � ¸ � Mm�d� � �{hNO �a� OaM¢N



� �_� � ��
 ¡ ����
 � � �.¡ � ��¡ � 	 � � � r
{ I{=?> ¸0¸o| ª N I{=?>�$C�1�{"���"~587 N#h�@(. !�./&��-:����6
$��39. z-&L" Fn!�.Q���'��!+39"R�����7��.���" �9��� C>p	B|�}KM@'@(S
��� �'���6
"R���'.�n!�" C � oHY�01h�L�� ¸0¸0¸ M¢N

{ Ie"T� � O | °�NoIe"%�1*�:��1*�+J��".587�Ndh+K �7��
�'./
��,!�.=
�9<��	:-�[�E3'�-�9�7�7�����'�}�I�+�E39
,<+3n�)!�.Q�j!��`���f
$�)!�./
$�+�;�-01hYL�P4(�=�71�O5_�
¤¥*D')"T�)(�$C��*S"T'458*���U��m"T>�9e��'�h�3 L � ¸ � Mm�d� � �0h O �a� OaM¢N

{ Hq��' � O | °�N�HE��')'T58�)98"%"%9�h C>p	B��}KM@'@(S$oAl C h%S �`01h L Pc(�=�7#�O58� ¤¥*�'@"T�)(�$&��*S"T' 5_*�� U��m"T>�9e��'�h
3 L � � ��Mm� · ��� h O �a� O_MmN

{ Hq��( � ·o| 3§NbHE��(Dik��7�h � �'./sX
$��t+�f&L�9<u&9��� �b!�& c��+�Phn�-�9�7��t`���'���D!�&��#�)z-
�'./
��f
$���[�����9���eW�!+�7����� ���L�
�`!+�DC>p	B���K�@'@(S ��� �'���6
"R���'. 01hcL IQ�#'%')���)"T5_"T�#90*�h�°6�)�1���D�%�1=?>e¯¥3Q7#� �D58*��D���@¯¥a4*��du0���%'%�d"?<_"�-/�)7 58*D+0��*{¯
Pc³��%*Bg����)+�h~O �a� · MmN

{ Hq90� ¸0¸o| I N_IL587#7 5JHq98�%�%�_h 143'�MC>p	B|�}K�@'@JoAl C h ���[��qI����.$01h L P4(D=�71��58�E¤¥*�')"%�%(�$C��*S"T'.58*��yU��m"T>�9e��'�h
3 L � ·8· Mm�PO � �{h � ¸0¸0¸ MmN

{ uDZc9 � O | UpN8°6�%>���Nfu�N0Zc9{�D��*Bg ���%+�Ndh`K��E�[��.2�[�����+�;��.=�6&'��.=
$�+�\����C>p	B|�}K�@'@_�`!�. !`01h�L I4�1n�7#90$®5_�%g����#"�h
3471g����@")¯�ª�(��{2J�1+0'�¯�a4*D�#u0���%')�#"?<f"�°6�%���1g�(��)+�hNO �_� OaMmN

{ r 58+ ¸ � | UpN r 58+8*�����N#h � �'.=sX
$��t+�f&9�9< &9��� �j!�& ��
����� 
�'.Q����"R�)��
 � �[��� @Lz-
�'./
��,!�.��+��x!+�7���6S
h]�-�9�7��t`���'�>���9�\C>pi@�� SI1*p	W*01hqL IQ�#n�7198$®58�)g ���#"�h °6�)�1���D�%�1=?>e¯¥3Q7#� �D58*��D���@¯¥a4*��du0���%'%�d"?<_",-/�)7 58*D+0��*{¯
Pc³��%*Bg����)+�h�� ¸0¸ �_MmN

{ r 58+ � � | l`N UpN�r 58+0*D����hEC	�+"#"#
�����
$�+�'
�9<R���M��
�f
$���+� �9��.Q����.��+�[�X�I�+��.3'� C>p	B���K�@'@P� � �'���6
"R���'.
!�.bC � oHY�01h�L�IQ�1n�7#90$&58�%g����d"OhBHq��=?>�*��#'%=?>��§a4*��du0���)'%�d"?<_"4U�³D*�=?>���*!h O �_� ��MmN

{ rX>�� � � | H,N �VN_rX>D�#"T�_N#h9@4��
�'.=
��,!�./
�9<��	:-�[���-01h�L Pc(�=�7#�O58�.¤¥*D')"T�)(�$C��*S"T'/58*D�CU���"%>�9{�D'�h03 LsO · �_Mm����O � h
� ¸ � �DN

{ r ��g �_� | l`Ntrp��g�g!h � �[��.��{Be������&L�9<9���v./�r!��;��c������-!������ @k��
��!+���+"#"R��./��
$���v��&L�[��3 � 
�9z+��� ��
$�+�'S���[�-��&`t+.=
$�+�O!�" C>p	B|�}KM@'@(S � � �'���6
"R���'.$01h�L�IQ�1')'%���)"?5f"T�198*�h.°6�%�#�����)�1=?>{¯�3Q7#� �D58*������@¯¥a4*��du0���)'%�d"?<_"
- �)7 58*�+8��*{¯¥P4³��)*eg����)+�hNO �_�_� MmN

{ � 2�� � � | KQNV� 2;���#+�Ndh8K%��@*N�� "R�-�9���i�I�+�P��./�[�+�9<�
�'.����r!9��./
$�+�����+"#"R��.=�6��!���� 
.?��:-�[�)!+t+
�9<`01h
L KW-/l4P lJ��n�90�)"�h�HJZ L ��� �0h � ��OaM¢h�� ¸ � � MmN



� ����� � � �  ���

�����.587#71��*!h6���1�v:�(�$ µ`��71�#*�+0��*����1��'%���L3Q�)g ���#"4g ���1+0�m"T�T5_+0��*]>�58g ��*�h�$&oe=?>S"T�V�#=?>]$&�#=?>Fg����65_*�A8��*�N
����'%90*��D���%'c���@2W<_>�*S"Q')���1��*F5_*����#��')���mIe"%��717#�8�
• � �)98i�NEIQ��Nbr 987#ik+S58*D+�-.©e�%�#=?>�hbik³��v�D�1� �4g����%7158'%')(�*�+]�D�1��')��'v�1*S"T���%��')'T58*S"%��*^H�>���$®58'�hq')���#*��ac*B"%���)')"T³{"T:�(D*�+®(�*D��')���1*G¤¥*S"T���%��'%'%�§58$�°690�@"T+S5_*�+w������34�%g����d"J(�*������1�Qu890*��1>�$ +0��n��%<8+8"%�
58*D+0��*���>�$C�t3W"%$&98'%n�>6<_�%�`�1*������J3Q�%g����d"T')+0�%(�nDn �_N

• 34*����6HE��(Dik��7�hSlJ�1=?>�58�%�wrp��g�gC(�*��&�q�m"T��� I{=?>�o8*�$&���1����h8ik³�� �D�1�J���m"T�%��(�(�*�+t'%9�2J�#�c�#>��%��'@"T�m"T�Zc�17#ik')g ���%���#"T')=?>65_i²"¦(�*��°��%58+0��*eg��O5_*B"¥2;90�@"T(�*�+DND3Q*D��� (D*����q�m"T���W*65_"%³��%7#�1=?>&58(�=?>g���')90*������%'
ik³��)'c±490�)�%��AS"%(��%7#��'%��*�(D*���\/���%g���')'%���)(�*�+0'@u090�)'%=?>�71<8+0�_N

• rp907 z8I{=?>D�%9e������� L�+058*�:`2J�1=?>S"T�#+���$&�d"J9{� � ¯�MLNxM¢h �����4�D�1�vªb3J¯ �cg�(�*�+&:�(��c3W"T90$Cn�>S©e'%�#A�$C�#"$C�1�¦g �m"T�)��(D"J>65f"�(�*��G�1*®�����J- *���nD>658'%�`$C���#*�����IQ�1n�7#90$&58�%g����d";$C�1�¦'%��>�����*S"%+0��+0��*�+0��A890$w¯
$C��*G�1'@"ON

• 3471g����@"cªb��>�$&58*�*G��g���*Di�5_7171'Wik³D�J±490�)�%��AS"%(��%7#��'%��*�(D*���\/���%g���'%')���)(�*�+0'@u090�)'%=?>�71<8+0�8N

• U����1*D��$ r 90>D*�>658(�'�¯b(�*��y�;³��%90A_90717#��+0��*yUF58�@"T�#*w±,�T58n�nvik³��z')9,$®58*D=?>���*Cµ,��i�587#71��*,L �-��5_*{¯
:���*Gu0���)'%90�)+0��*!h �;�%�1�mikAf58')"%��*�71�����%��*�h�2���*�*F�#=?>G*��1=?>S"c�65V2W5_��h�NdN#NPMmN

• K���=��#71� 5j� �#:�:�987198")"T9j��ª�(��1+0�W�/�#*�*65[n ���y7 5jn 98'%'%�#g��17#�#"������Jn658�)7 58�)��58*�=�90�T5 0B(6587#=?>���u8907#"T57�� �d"?587#� 58*�9t*���717�� ( �C=��#9�N6K�98'�� *�90*G���#$&��*B"%�1=�9V"T(D")"T9�N

• �8��*�',µ,��98�%+0��ik³��c���#�vn�9071�d"T�#'%=?>���*FIQ�#'%AB(�')'%�198*���*]')9�2J�1�t�658'Lª��du0�m¯�U��#"%���)71��g���*�����'Q¤¥*�*���*�71�¢¯g���*�'J���1*����cA_90*�AB(��)�%�1���%��*�����*�n 9871�#"%�1')=?>���*G�q58�)"%����N � ¯�M
• 5_7171��*GU��d"T+07#�1���D���%*®�����4µ,�%(�n�n��`-.©e�%�1=?> LPK)��"T:��1+0�,(D*��G��>���$®587#�1+0�_h{�D�1�,�1=?>����%7#��gD"J>65_g �yM;ik³���65_'45_*�+0��*D��>�$C�ta4$yik��71�!N

• �D��*&U��#"%+071�#�������%*v�����¦K��`UF��3�I IB¯¥±4907#7 58g�90�%5_"T�#90*tik³D� ���1�W�!(�'T58$C$C��*658�)g ���#"�h_�#*�'%g���')90*������%�lc58�1*D��� �89e90')"%��*�(�*����z5898719C�z58+058*�9�N

• K�>D�%�1'@"T�158*\/90+0��7�ik³���'%���1*��tZ4�#7#ik')g ���%���d"T')=?>65_i²"ON

• µ,���)>658�)���E907#"�ik³D�c�D��*�'%=?>S2������1')=?>���*[±`5o� ���_N � ¯�M
• $C���#*���*�- 7#"%���)*�h����#�,$&�#�W$&���1* Ie"%(����1(D$«���)$&o8+071�#=?>B"W>658g���*�N

• �D��� Ie"T�di²"T(�*�+`���1*����¦+8�%90¬0��*&�D��$C90AB�T5_"%�1'%=?>D��*&�z58�@"T���6ik³��/�#������7171��(D*��®$&5_"T���%�#��717#�Wac*B"%���)')"T³{")¯:�(�*�+C$&���1*���'mIe"T(��D�1(�$C'�N



• 5_7171��*$C���1*D��*G°6�%��(�*����#*�*���*G(�*D��°6�)��(�*��D��*�h�g���')90*������%'458(�=?>G����*�34*�+0��>�o0�%�#+0��*����1*�����n 9f¯7#�#"T�#'%=?>���* �8(�+0��*���90�)+S58*��#'T5_"%�190*�h¦ik³��G�658'�ª���g���*M*���g���*M������ac*���N�3Q(Di§���1*D�j3Q(Dik:�<8>�71(D*�+
u8���%:��1=?>S"T�t�1=?>�587#71���)���1*D+0'�7#�1��g�����hD')90*�')"cu0���%+0��'%')�§�1=?>G')�1=?>����-K)��$®5_*���N

• $C���#*����t°6�%��(�*����#* �������	! ! ��� ��� ���� ��# � ik³��t�1>��,\/���)')"T<8*���*��#'v(D*�� �1>D�%�Ca4*S"T���%'@"T³D"%:�(�*�+(�*D��ik³�����58'c±490�)�%��AS"%(��%7#��'%��*�N

P4�#=?>S"4g�����58*�A8��*FAf58*�*��1=?>G$C�1=?>G71���1�����Wg������

• $C���#*����J- ')n��%��'%'%9f¯@UF58')=?>��1*D�v2;��+0��*��#>��%��'4±,(��):�')=?>�71(�')'%��'�N � ¯�M
• �D��$R±`5o� ���`�1$ 3Q(Dik��*S"T>6587d"T'%58$«ik³���')���1*D��*Fµ`��'%=?>�$&58=?A L °�5w'%=?>D�#ik9YM¢N � ¯�M



� ��� 
����  ���

Z4�#���)$&�d"J���%AB71<8�%�`�1=?>!h���58'%'4�1=?>F�D�1�,u090�)71�#��+0��*����t3Q�%g����d"c'%��7#g�')"%')"T<8*����#+®(�*��F58(�')'%=?>�7#�1��¬871�1=?>�(�*S"T���
\/���@2���*���(�*D+®�����45_*�+0��+8��g���*���*]Z4�#7#ik')$&�d"%"T��7 (D*�� �L(���717#��*u0���)i�58')')"4>658g��8N

-/�)7 58*D+0��*�hD�1$�°6��g��%(65_�mO �a� �

3Q*����)�O58'4lJ�1=?>S"T���


