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statPePg = -0.793 +/- (0.035)
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UV lucite
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ΒΧ−600
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UV lucite
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UV curable
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DiscriminatorSplitter
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Side view

Al honeycomb panels
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CL_TG_dp {abs(CL_TG_dp+0.025)<0.02} htemp
Nent = 96333  
Mean  = -0.02409
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CL_TG_th:CL_TG_ph {abs(CL_TG_th+0.01)<0.08&&abs(CL_TG_ph)<0.05&&abs(CL_TG_y)<0.01}
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Calorimeter angle : 35
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Scintillator array

Electromagnetic Calorimeter

High Resolution Spectrometer

New scattering chamber
with 15cm LH2 target
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Calorimeter in running
            position

Calorimeter in monitoring
               position

Cable tray

Proton Array

      Black box
(walls not shown)

     Signal patch panel for
proton array and calorimeter

�:kR�W<KS3?U7oLc�©7%�@ @ l � �*j¤��'~�*)+�E�qg����f"��D� ���U�
)+�!C�%��D�&�����L����"$���;��'q�
)+�U1��
�\� Y ���
)$��jZ��� Y �*)+�E��K�+��� ��"��D�&"
A�_�
)+�[C#"�@ ���(���!�*�B���F"7�+1?�
)+�?M�@ "+C�WUM��#5H��K�����#C*�\��� Y �
)+�[C#"�@ ���9�:�;�6�B��� '��K� ���*)+��@ � Y )��Lz9�*)+�Zjb"�@ @ ��"��&���$�+�b�
)$��j!��|
<

{7q



B �9�C� ��� MJ�H�9D�(�� ��* �  . B �  	 D ;:4EDC(  �C. D2���
��;�C7KLf�3NK�FGC�f<3NFG3�_pF¥FS\<3zKL3�_pC�:1J�D�KSC7FGC�;�X��w43t5AKS3 _pC�;�XGFGK W�_pFS:1;<R 5�0N�7� 3�Jk3�6E3�;(F�D�J157XGFS:1_
XS_N:1;(FS:1J1JM5AFGC7Kg5AKLKL5�^7/]QZ\�:1Xa5AKSKL5�^ :1Xg6d5AFS_ \<3�f FGCsFS\<3¥C�W<F��¢C7|)�¢D�J157;<3E57_N_p3ND�FS57;�_p3dKS3�/,W�:kKS3�f
FGCz6E3�57XLW<KS3>FS\<38��3�576 \�3�J1:1_N:kF¡^57XG^�6d6E3NFGKS^s:1;sf�3N3ND�Jk^z��:kKSFSW�57J�¦,:1;�3�6d5AFS:1_NXN/�QZ\�3>5AKSKL5�^
XSW	��FG3�;�f�X�D�C�J15AK457;<R�Jk3�Xa0�q>FGCEU7q�f<3NR7KS3N3�X4:1;"H��73aKL:1;�R�X�5AKSC�W�;�fzFS\<3g_p3�;�FGKL57J��� f�:1KS3�_pFS:kC�;�/
��57_ \dKL:M;<R>:1X�f�:1�,:1f�3�f]:M;�FGC?.A�?3�Jk3�6E3�;(FSX�FS\�5AF�FGC7R73NFS\�3NK4XSW ��FG3�;�fE5Aj�:16]W<FS\�57J�57;�R�Jk3�X�|�KSC�6
h�oFGCIU�0�of�3NR7KS3N3�X���FS\<3¥R�5AD�:MXrKS3�/,W�:kKL3�fI|�C7KaFS\�3���3�576 57;�f XS_N5AFGFG3NKS3�f�3�Jk3�_pFGKSC�;�� /g��C7K
3�57_L\0% �z_pC�:1;�_N:Mf<3�;�_p3��7w434_N57;¥D�KL3�f�:1_pF�FS\�34f�:1KS3�_pFS:kC�;�C7|�FS\<34C�W<FGR7C�:1;<RgD�KLC7FGC�;I�7W�;�f<3NK�FS\<3
57XSXSW�6ED�FS:kC�;EC7|�5,%�* � %�* � 3N�73�;�FN/�yZ�eBZV¥3N�73�;(FSX4wr:1J1J ��3ZXG3ND�5AKL5AFG3�f|�KSC�6 ��57_L¦(R7KSC�W�;�f
57_N_pC7KLf�:M;<R�FGC�FS\<3 XG3ND�5AKL5AFS:kC�; ��3NF¡w�3N3�; FS\<3!D�KS3�f�:1_pFG3�f f�:kKS3�_pFS:kC�; C7|=FS\�3ID�KSC7FGC�; 57;�f
FS\<3¥f�:kKS3�_pFS:1C�;!C7|�FS\�3]_pC�:1;�_N:1f<3�;(FrD�5AKSFS:M_NJk3��#:k|�57;(^ �r:M;IFS\<3]D�KSC7FGC�;�5AKSKL5�^7/=QZ\<3�57;�R�W�J15AK
KS3�XGC�JMW<FS:kC�; C7|�FS\<3=D�KSC7FGC�;s5AKSK 5�^s:1X%_pC�;�XS:1XSFG3�;�FZwe:kFS\tFS\<3>_pC�;��7C�JMW<FG3�fIKS3�XSC�J1W<FS:kC�;�X4C7|�FS\<3
3�Jk3�_pFGKSC�; XGD�3�_pFGKSC�6E3NFG3NKa57;�fsD�\<C7FGC�;!_N57JkC7KL:16E3NFG3NK�/

�:kR�W<KS3]U7{Lc>��}h�§1P�	"
jZ��� Y ��'b�+XI��@ ���!����� �9����jb���
	H'��K� � ��K����� �E"��D�	"
A#< �V�;���
���B�
1�"H��K�+�����DA���U����jb���R���
^�"��	C+)-��x�x�� <

QZ\�3 D�KLC7FGC�; 5AKLKL5�^ :MXt_pC�;�XGFGKLW�_pFG3�f C7|?� �A�¡.A�7� XS_N:1;(FS:1J1JM5AFGC7K_pC�W<D�J13�f FGC H�\�C7FGC�;�:1X
YgH�.7@� A. 0 0��Aq���H4~!QZX�/ ��57_ \ H�~ Q wr:MJ1J ��3zKS3�57f�C�W<F��(^ C�;�3tbaYaV�_L\�57;�;<3�J / ~!3p�
_L\�57;�:1_N57J1Jk^��,FS\<3g5AKSKL5�^:1X�_pC�;�XGFGKLW�_pFG3�f C7|�.A��:1f�3�;�FS:1_N57J�FGC�w43NKLX\�#�:kR</<U7{'� �<3�57_L\sXGD�57;�;�:1;<R
0�U,/Po � f�3NR7KS3N3�Xr:1;s5Aj�:M6�W<FS\!57;�f FS\<3>D�C�J15AKZ57;<R�J13�X>0�q��,U7q � /

� 3ZFG3�XSFG3�fz5gD�KSC7FGC7F¡^(D�3[FGC�w�3NK4f�W<KL:1;�Ra5=f<3�f�:1_N5AFG3�fEy[�eBZV]FG3�XSF�KLW�;¥:1;d~ 5AKL_L\.A�7��.,/
�:kR</,U� ?f�:1XSD�J15�^�X3�J157XGFS:M_r_N57J1:S��KL5AFS:kC�; ��D�3�5A¦(�}\<3�:kR�\(F �£XGD�3�_pFGKL5?|)C7K�C�;<3rC7|�FS\<3 ��JkC�_S¦�XN/�� 3
KS3�_pC7KLf�3�f�FS\�3�D�KSC7FGC�;¥5AKSK 5�^>w%5��73N|�C7KL6dX:1;�FS\<3�baYaV?:1;�_pC�:1;�_N:1f<3�;�_p3�wr:kFS\�FS\<3
	�rFGK :kR7R73NK
:1;¥FS\<3r3�Jk3�_pFGKSC�;z5AK 6���:1;¥3�J157XSFS:1_[% *¦,:1;�3�6d5AFS:1_NXN/QZ\<3Z6d5i�<:16]W�6 XS:1R�;�57J�w�3r3p�,D�3�_pF�|�KSC�6
y[�eBZVsD�KSC7FGC�;�Xr:1Xr.A�7�z~!3N�£3N3Z� ~!3N�c3�Jk3�_pFGKSC�;!3�/(W�:1�i57Jk3�;(F � /
ygW<KL:M;<RsFS\<3~ 5AKL_L\�FG3�XGF>K W�;I��w43z57J1XSC!6E3�57XSW<KL3�f FS\<3zy>B _NW�KSKS3�;(F���57;�f���C7K?H�~ Q

R�57:1;t:1;dFS\�3rD�KSC7FGC�;t5AKSKL5�^EFGC�w43NK[3�Jk3�6E3�;(FSX�57X45�|�W�;�_pFS:kC�;EC7|�J1W�6d:1;<C�XS:1F}^�57;�fXS_N5AFGFG3NK :1;<R
57;<R�Jk3C7|[FS\<3zD�KSC7FGC�; 3�Jk3�6d3�;�FN/�� 3 \�5��73 5!f�3�XS:kR�;�_pK :kFG3NKL:kC�; FGC�6d57:1;(FS57:1; FS\�357;<C�f<3
y>B _NW<KSKL3�;�F���3�JkC�w UA��`�b FGC=R�W�5AK 57;�FG3N3a57_N_p3ND�FS5���Jk3ZH4~!Q JM:k|)3NFS:M6E37/���;¥C7KLf<3NK£FGC?XL5AFS:1XG|�^

{7@



0 200 400 600 800 1000
0

50

100

150

200

250

�:kR�W<KS34U�  c�c�@ "$���6� CL��&�+�����;��#"7WZ)+��� Y )��`�
��#C*�*�&"�_��&�#C
���&1��#1?�:�d���+�h��&�+�����Z"��D�&"
AL�BC$�:���6��@ @ "$���7�����dC
�7�:�+C$� 1����+C#�jZ� �
)>�*)+��R®0��@ �#C*�
�K���>�
�(� Y�Y ���J<>GZ)+�E�Djm� Y �K� %�$�?��'��
)��&�#�3��#"�W#�;C
���J�&�
�*����+1�����uqg � ����"3"��+1 ������"�g
� �V"yrq)$����� ��� �>g[�ZN�x�v�M+"$�B��"��+1 �[r���v�w���rR^�G[_d��� Y �*�
)+���[jZ� �
)V"��T�65$�B���D�+"�@?����"����@ � � ���J< � �V�#"+C�)
Y �K��%����'~�*)��	�
��_��
)+�U��@ "+���\� C?��K����� �H�&�#C
����@P�[� �!������"E"��&�U����x3zBM�@ %+��|
_7��x�x3zB�&�#17|
_�"7�+1>�+e8x0^��*gd��C-zBM�@ "�C�W�|
<
}R'	������"�C#C*� %����6�:� Y '(���R�
)+��x < ��	3}Z@�"�M$�����JM����b"��+1]�*)+��Qq���DW
�!'(���D��%�@ "HOP%+���+C�)��:� Y ���E�*)+����C$�����6�:@ @ "������J_ �
)+�*�B�
C
���D�&�
�
�� �+1H���>1��+����6� �B�
1H��@ �#C*�*�K� �E�#OP%�� l "�@ ���������+��� Y � �
�Z��'ZN�N���_�N�i�� _P"7�+1fN#��x�^��*g[_��&�
�
��#C*�\� l ��@ A#<

FS\�:1X[JM:16d:kF���w43>wr:1J1J�57f�SW�XGF[FS\<3�J1:kR�\(F%_pC�JMJk3�_pFS:kC�;I��H4~!Q R�57:1;I��57;�fs3p��FG3NKL;�57J�R�57:1;�/
�aXS:1;<R�5 KS3N|�3NKS3�;�_p3IH�~ Q _N57J1:S��K 5AFG3�f 5AFE8�H4B ��B%J13NKL6EC�;(F��}�<3NKSKL57;�fK��w�3s_N57J1:F��KL5AFG3�f

FS\<3dR�57:M; C7|�FS\�3zH�~ Q :1; �:kR</�U�  FGC���3zo7o
�
0N�7ld57;�f .A�

�
0N�7ld5AF¥ A{7.I57;�f�q7{7.s�£C�JkF��

KS3�XGD�3�_pFS:k�73�J1^7/ �<KLC�6�_pC�XS6d:1_ K 5�^ XGFSW�f�:k3�X]C7|eFS\<3sD�KSC7FGC7F¡^(D�3sFGC�w43NKzw43I6E3�57XSW�KS3�f FS\<3
/,W�57;�FSW�6�^�:k3�J1f!C7|�FS\<3¥XS_N:1;(FS:1J1J15AFGC7KaH�~ Qc_pC�6,��:M;�5AFS:kC�; FGC���3t0�ozD�\<C7FGCA�¢3�Jk3�_pFGKSC�;�XaD�3NK
~!3N�£3N37/ Q�C J1:16d:1FdFS\<3�y=B957;<C�f<3�_NW<KSKS3�;(F��Zw43 wr:MJ1J[KS3�f�W�_p3!FS\<3 ^,:13�J1f FGC o�D�\<C7FGCA�
3�Jk3�_pFGKSC�;�X �A~I3N�£3N3��,^ D�JM57_N:1;<R 57; :kKL:1XCSW�XGF=:1;�|�KSC�;(F=C7|�FS\<3dH4~!Q>/�ugW<K>f<3�XS:1R�;�R7C�57J�:1X
FGC f�:1XL_pKL:16d:1;�5AFG3zC�; .A� ~!3N�£3N3!XS:kR�;�57JMX��£C7KI0N�7��D�\<C7FGCA�¢3�Jk3�_pFGKLC�;�XN/U� :kFS\ FS\�:1X]D�\<C7FGCA�
3�Jk3�_pFGKSC�; ^�:k3�J1fI��FS\<3¥XS:1;<R�Jk3�Xe6E3�57XSW<KL3�6E3�;�FSXa:1;�~!5AK _L\ .A�7��.D�W<Fe5tH�~ Q�R�57:1;�J1:16d:kF[C7|
U

�
0N� �¥|�C7K=FS\<3ED�KSC7FGC�;�3�J13�6E3�;�FSX>|�5AKSFS\�3�XGFg|)KSC�6 FS\�3���3�576���5AF=FS\<3Ef<3�XS:kR�; J1W�6d:1;<C�XS:1F}^

C7|�0N� l � �i_N6 7 �iXN/�2%57XG3�f C�; FS\<3a3�J157XGFS:1_g_N57J1:F��KL5AFS:kC�;tf�5AFS5]C7|��:kR</�U� 
��:1;C7KLf<3NK%FGC¥¦73N3ND!5
.A�7�s~I3N�£3N3¥D�3�5A¦!576ED�J1:kFSW�f<3>:M;!_L\�57;�;<3�J40N�7�7�C7|£FS\�3]baYaVW�#f<^�;�576d:1_=K 57;<R73]�i�L0�@A�7�<� �
w43=KS3�/(W�:kKS3=57; 3p�,FG3NK ;�57J�576ED�JM:SH�3NK4R�57:1;sC7|�U� (/4�<C7KZFS\<3>f�3NFG3�_pFGC7KLXr_NJkC�XS3�XGF[FGCdFS\<38��3�576
J1:1;�3���w�3 6�W�XSFEKS3�f�W�_p3sFS\<3IH4~!Q R�57:1; FGC�U

�
0N� l ��FS\<3!f�:kR�:kFS:kjN3�f 576ED�JM:kFSW�f<3�X]wr:1JMJ ��3

57_N_pC7KLf�:M;<R�Jk^tKS3�f�W�_p3�f�/
� 3 \�5��73 D�W<KL_ \�57XG3�fT57J1JgXS_N:1;(FS:1J1JM5AFGC7K0��J1C,_L¦,X 57;�f D�\<C7FGCA�}6]W�JkFS:1D�J1:k3NKFSW	��3�XN/ QZ\<3

6E3�_ \�57;�:1_N57J457XSXG3�6���Jk^ |�C7K�FS\�3t.A� FGC�w43NKLX¥:1X?W�;�f<3NK�_pC�;�XGFGKLW�_pFS:kC�;�/�� 3t5AKL3tf<3�XL:kR�;�:1;<R
5 _NW�XGFGC�6 H�~ Q ��57XG3zFGC�D�KLC���:1f<357; :1;(FG3NR7KL5AFG3�f 576ED�JM:SH�3NK>wr:1FS\�XSW �_N:k3�;�F�R�57:1; 57;�f
��57;�f�wr:1f<FS\]C7D�3NKL5AFS:1;<R�:1;¥FS\<3r`e��KL57;<R73e{A�7� �,qA�7�]�]/�QZ\<3[��57XG3Zwr:MJ1J�57J1XGC>D�KLC���:1f<3Z5>JkC�w

 i�



��57;�f�wr:1f<FS\ y>B C�W<FGD�W�F[FGCz6EC�;�:kFGC7KrFS\<3?y>BT57;<C�f<3>_NW<KSKL3�;�FN/

. $QD % � 4 !
�����<%2$Y��D�4 �����6F>$)��$)� � �_!3� �L$"�HS� � ./D2���. B �  	 D ;:4ED�( �
QZ\<3_N57JkC7KL:16E3NFG3NK?|)C7K�FS\<3zy[�eBZV 3p��D�3NK :16E3�;(F=wr:1J1J_pC�;�XS:MXGF>C7|=0�U7.���J1C,_L¦,X=C7|[Jk3�57f a�W��
C7KL:1f�3��[3�57_L\Twr:kFS\ f�:16d3�;�XS:kC�; UA�z6d6 � UA�d6z6 � 0�qihz6d6I/�8�3�57f a�W�C7KL:1f<3!:MXz�73NKS^
f<3�;�XS3 ����9  (/P{7{dR(�i_N6dl5� �¥wr:kFS\c5�XS\<C7KSF�KL57f�:15AFS:kC�;cJk3�;<R7FS\ ��� � 9c��/P@7oz_N60� 57;�f 5
XS6d57JMJ�~!C�J1:k3NKS3]KL57f�:MW�X���� E 9 .,/P.7.d_N60� ��wr\�:M_L\ 57J1JkC�weXa:1FeFGCZ��3,��W�:1JkFr:1;(FGC 5t_pC�6dD�57_pF
_N57JkC7KL:M6E3NFG3NK�/£��57_ \M��JkC�_S¦?we:1J1J'��3%��:k3Nw�3�f��,^�5=X /,W�5AKL:MXS\,H�;<3p�}6E3�XS\¥`a576d576d5AFSXSWEYg Aq� 7 
H�~ QZXa_pC�;�;<3�_pFG3�f�FGC 57;�57_pFS:k�73���57XG3���D�KSC���:1f�:M;<REFS\<3]KS3�/(W�:kKS3�fIR�57:M; 57;�f 5ty=B´57;<C�f<3
_NW<KSKL3�;�Fr6dC�;�:kFGC7KL:1;�R¥XL:16d:1J15AK Jk^EFGCzFS\<3?D�KSC7FGC�;I5AKSK 5�^7/%��:M;�57J1Jk^��<3�57_ \ H4~!Q�we:1J1J���3=KS3�57f
C�W<FG�(^sC�;�3]baYaV!_L\�57;�;<3�J /eb ;�:1;<3p�}_p3�J1J�D�KSC7FGC7F}^,D�3]_N57J1C7KL:16E3NFG3NKaw457Xg_pC�;�XSFGKLW�_pFG3�f�57;�f
FG3�XGFG3�f :1;s`e57JMJ�b�f�W<KL:1;<R¥FS\<3?~ 5AKL_ \ .A�7��.EFG3�XSFrKLW�;�/
QZ\�34_N57JkC7K :16E3NFG3NK���JkC�_S¦�X�|�C7K�FS\<3%FG3�XGF�_N57J1C7KL:16E3NFG3NKw43NKS3%3�57_L\¥��:k3Nw�3�f��,^?5rKLC�W�;�fI�7.7q

6d6�f�:1576E3NFG3NKaH�\<C7FGC�;�:MX-YgH�.7@� A.H�~ Q=/�QZ\<3?|�W�JMJ�y[�eBZV!_N57JkC7KL:16d3NFG3NKrwr:1JMJ+��3?�,:k3Nw43�f
�,^?`e576z576d5AFSXSWEYa 7 i�7� � H4~!QaV���we\�:1_L\]\�5��734FS\�34XSW�D�3NK :kC7K�FS:16d3�KS3�XGC�JMW<FS:kC�;];<3�_p3�XSXS5AKS^
FGC>_pC7D�3[wr:kFS\]FS\<3Z\�:1R�\�K 5AFG3�X£C7|�FS\<3ZyZ�eBZV]3p��D�3NK :16E3�;(FN/�b XGFSW�f<^>C7|�FS\<3[wZK 5AD�D�:1;<Ra57;�f
_pC�W<D�JM:1;<R[C7|�FS\<3�H4~!QrX�FGCrFS\�3 ��JkC�_S¦�X�w%57X�D�3NKS|�C7KL6E3�f?:1;=FS\<3�����8D�KL:kC7K�FGCe_pC�;�XGFGK W�_pFS:kC�;
C7|[FS\<3dFG3�XSF�_N57JkC7KL:M6E3NFG3NK�/ QZ\<3zXGFSW�f<^ |�C�W�;�f FS\�5AF?FS\<3J1:kR�\(F?_pC�J1Jk3�_pFS:kC�;�3��z_N:k3�;�_p^�w%57X
6d5i�<:16d:kjN3�f��,^?wZKL5AD�D�:1;<RZFS\�3 ��J1C,_L¦,X:1;]Q�^,�73�_%D�5AD�3NK��757X_pC�6ED�5AKS3�f¥FGCgwZK 5AD�D�:1;<RrFS\<3�6
:1; 57J1W�6d:M;�:kjN3�f 6�^,JM5AK]57;�fW��J157_L¦ D�5AD�3NK�/�QZ\<3tH�~ QZX?|�C7K¥FS\<3tFG3�XGFE_N57JkC7KL:16E3NFG3NK¥w43NKS3
5AFGFS57_L\�3�f�FGC!FS\<3"��JkC�_S¦�X>W�XL:1;<RI5 �e�¨_NW<KL5���Jk3ER�JMW<3��O��W�F8��3�_N57W�XG3EC7|%FS\<3zf�: �_NW�JkF}^ :1;
_L\�57;<R�:1;<R C�W<F]5 ;<C�;��¢w4C7KS¦�:1;<RIR�J1W�3�f�H�~ Q8��:kF?w%57X�f�3�_N:1f<3�f FS\�5AF�FS\<3tH�~ QZX�|)C7K]FS\<3
|#W�J1J�yZ�eBZV�5AKSKL5�^ XS\<C�W�JMfQ��35AFGFS57_ \<3�f :1; XGC�6E3t3�57XS:1Jk^(�¢KS3�6EC��i5���J13w%5�^7/ QZ\�:MX?Jk3�f�FGC
FS\<3>f<3N�73�J1C7D�6E3�;(F[C7|�5E6E3�_ \�57;�:1_N57J�_pC�W�D�J1:1;<R¥XS_ \<3�6E3���XS:M6d:1J1:15AK�FGCEFS\�5AFZW�XG3�fs:M;t`a57J1J�2
|�C7KEFS\<3sH�YZ�G~ � Y93p��D�3NKL:16E3�;(FN/ ��;�FS\�:1X¥XS_L\<3�6d3���3�57_L\ Jk3�57f a�W<C7KL:1f�3���JkC�_S¦�:1X�H�FGFG3�f
wr:kFS\ 5XS3NFeC7| a�57;<R73�XrC�; FS\<3�|)KLC�;�Fg57;�f KS3�5AK���\<3�J1fIFS:1R�\�Fg5AKSC�W�;�f!FS\<3���JkC�_S¦swr:kFS\!F}w4C
��KL57XLX=XGFGKL:kD�XgK W�;�;�:1;�RzFS\<3dJk3�;�R7FS\�C7|�FS\<3���JkC�_S¦�/]QZ\�3dH�~ Q H�FSX=XS;,W<R�Jk^ :1;�FGCsFS\�3EKS3�5AK
a�57;<R73]57;�fI:1XrXS_pKS3Nw43�f!:1;(FGCdD�J157_p37/%QZ\<3�YrW<FGR73NKLX �e;�:k�73NKLXS:kF¡^tXL\<C7D!:1X[D�KSC,f�W�_N:1;<RE57J1J�C7|
FS\<3da�57;�R73�X=;<3N3�f<3�f |�C7K=FS\<3¥|�W�J1Jy[�eBZV�_N57JkC7K :16E3NFG3NK�/¥QZ\<3E;�:1;�3]_p3�J1J_N57JkC7K :16E3NFG3NK>w%57X
R�57:1;�6d5AFS_ \<3�f wr:kFS\ 5���J1W<3]Jk3�fR��3N|�C7KS3���3�:1;<R:M;�XGFS57J1Jk3�f :1; FS\<3¥`e57J1J¢/gQr\�:1Xa6E3NFS\<C�f C7|
R�57:1;�6d5AFS_L\�:M;<Rsw�C7KL¦73�f�w43�J1J��K��W<F=w457X?�73NKS^�FS:16E3z_pC�;�XSW�6d:1;�R	��XGCI|�C7K>FS\<3d|#W�J1Jy[�eBrV
_N57JkC7KL:M6E3NFG3NKz5AKSKL5�^��457; 57W<FGC�6d5AFG3�f _N57J1:F��KL5AFS:kC�; XS_ \<3�6E3I:1XM��3�:1;�R f<3N�73�J1C7D�3�f�/���; FS\<3
57W<FGC�6d5AFG3�f�_N57J1:S��K 5AFS:kC�;I��57; 5AKSKL5�^ C7|%8���ygX=wr:1J1J���3EXGFG3ND�D�3�f 5AKSC�W�;�f FS\<3E|#57_p3dC7|4FS\<3
_N57JkC7KL:M6E3NFG3NK�wr:kFS\E57;"Yr��� XS_N57;�;�3NK���D�KSC�f�W�_p3�f¥57;�fEf�3N�73�JkC7D�3�fd:1;E_pC,C7D�3NK 5AFS:kC�;���3NF}w43N3�;
V�57_NJ15�^s57;�fsFS\<3>��4V<Qeuc_pC7KSD�C7KL5AFS:kC�;�/
ygW<KL:M;<R=FS\<3ry[�eBrV¥FG3�XGF�KLW�;I�7FS\<3e;�:1;<3p�}_p3�J1J�D�KSC7FGC7F}^,D�3r_N57JkC7KL:16d3NFG3NK�w%57X�:1;�XSFS57J1Jk3�f¥:1;

FS\<3a|)C�_N57J�D�J157;<3eC7|�FS\<3gJk3N|�F�`aYaV���:1;dFS\�3aW�XLW�57J�D�C�XS:1FS:kC�;dC7|�FS\�3eR�57X��B43NKS3�;�¦7C��f�3NFG3�_pFGC7K
�#: /x37/=��3NF}w43N3�; V�0s57;�f V<.'� / QZ\<3I8�`aYaV 57;�R�Jk3I57;�f 6EC�6E3�;(FSW�6 w%57XdXG3NFEFGC�f<3NFG3�_pF
3�J157XGFS:M_N57J1Jk^ XS_N5AFGFG3NKS3�f 3�Jk3�_pFGKSC�;�Xe5AFr3�:kR�\(Frf�: ��3NKS3�;(F[¦,:M;<3�6d5AFS:1_N57J�XS3NFGFS:1;<R�XZK 57;<R�:1;<RE|�KSC�6
��/P@� 7  �g3N� FGC U,/P@7qA� �a3N�]/�Q�C 6d5A¦73!XSW<KL3tFS\�5AFdFS\<3s3�J157XGFS:M_N57J1Jk^�XL_N5AFGFG3NKS3�f 3�Jk3�_pFGKLC�;�X
_pC��73NKL3�f FS\�3?_N57JkC7KL:16d3NFG3NKeW�;�:1|)C7KL6zJk^����>UEw%57Xrf<3N|�C,_NW�XG3�f��,^ 5AD�D�KSC��<:16d5AFG3�J1^ oA�<�t/%243p�
|�C7KS3>3p��FGKL57_pFS:1;<RdFS\�3=3�;<3NKSR7^ KS3�XGC�J1W�FS:kC�; C7|�FS\�3>FG3�XGFr_N57JkC7K :16E3NFG3NK���FS\�38��JkC�_S¦�X[w�3NKL3>R�57:1;

 ,0



6d5AFS_ \<3�f 5AR�57:1;�:1;�XGC7|�F}w%5AKS3����(^ 6d5AFS_ \�:1;<R FS\<3d3�f<R73�X]C7|%FS\<3tbey>B XGD�3�_pFGKL5I|�C7K?3�57_ \
��JkC�_S¦�/sQZ\<3dXSW�6 C7|%FS\<3bay>B%X>|�C7K]FS\<3z;�:1;�3���JkC�_S¦�X>w%57X?FS\<3�;�_NW<F>C�;�3N�73�;�FSX�wr\�:M_L\
XGFGKLW�_S¦ FS\<3 _p3�;(FG3NK"��JkC�_S¦V�3��J1C,_L¦�o'�?C7|ZFS\<3 5AKSKL5�^�57;�f f<3ND�C�XS:kFG3�f 6EC7KS3tFS\�57;  Ao'�²C7|
FS\<3�:kK%3�;<3NKLR7^:1;tFS\<3���JkC�_S¦�/£QZ\<3gKS3�XSW�JkFS:1;<R]f�:1XGFGKL:F��W<FS:kC�;Ew%57X%FS\<3�;ZH�F4wr:kFS\ 5 �g57W�XLXS:157;
f�:1XSFGKL:S��W<FS:1C�;EFGC�3p��FGKL57_pFZ:kFSX46E3�57; 57;�f XS:kR�6z5�/Qr\<3eKL3�XSW�JkFS:1;�R>KS3�XGC�J1W�FS:kC�;57X%5�|�W�;�_pFS:kC�;
C7|�3�;<3NKSR7^¥:1X£XG3N3�;d:1;E�:kR</�U7q,/�Qr\<3[_NW<KS�73ZXS\<C�wr;d:1;]FS\<3DH�R�W<KS3Z:1XFS\<3[KL3�XSW�JkF�C7|�5\H�Fwr:kFS\
FS\<3>|#W�;�_pFS:1C�;��OB���9�� ����B�� �/�QZ\<38H�F[^�:k3�J1f�X[5EKS3�XGC�J1W�FS:kC�; C7|40A/P{'��� U,/P{'�d��� �d/

Energy (GeV)
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

/E
 (

%
)

σ

2

2.5

3

3.5

4

4.5
Chi2 / ndf = 3.749 / 3

Prob  = 0.2899

 0.08841 ±p0       = 1.631 

 0.08547 ±p1       = 3.627 

±

 0.08547 ±

�:kR�W<KS3?U7qLcEGZ)+�-�&�
����@ %��6� ���?��'R�*)+�E�����+�*XIC#�+@ @�rqM7© 4 �B�*���ZC#"�@ ���(���!�*�B�+�q"$�h"?'�%��+C*�\� � �?�+'m���+��� Y A�<bGh)+�?1�"��B")+"$�UM8�#�+�����djh� �*)U�
)+�;'I%��+C*�6� � ��� �	&-����� � � ! &]<

*-DC� DGM�;	�)!3�6SH�������C� 	 ( S"��$"F �5. B � �
�a;�J1:k¦73gFS\<3=f<3�f�:M_N5AFG3�fIy[�eBZV f�3NFG3�_pFGC7KLX���FS\<3>XSD�3�_pFGKLC�6E3NFG3NK � XZ57_�/,W�:1XS:1FS:kC�; XG^,XSFG3�6 _pC�;��
XS:1XSFeC7|4_pC�;��73�;(FS:kC�;�57J£bay>B%X=57;�f�QZy>B%XN/=�§FSXaD�KL:16d5AKL^sKSC�Jk3¥:1XaFGCtD�KSC���:1f<3¥W�Xawr:kFS\ FS\<3
H�KLXSF?Jk3N�73�J�FGKL:kR7R73NK¥Q>0dwr\�3�;�5IR7C,C�f�3�Jk3�_pFGKLC�; _N57;�f�:1f�5AFG3z:MX?f<3NFG3�_pFG3�f�/ `rC�w�3N�73NK5��FS\<3
_N57JkC7KL:M6E3NFG3NKZ57;�ftD�KSC7FGC�;s5AKSK 5�^:M;<|)C7K 6d5AFS:kC�; 5AKS3gKS3�_pC7KLf<3�f W�XL:1;<R¥5];�C��73�J�XG^,FG3�6Yc�ba;�5i�
JkC7R Yr:1;�R V�576ED�Jk3NKLX��#baYaVP� /�QZ\�3�XG3�;<3Nw f<3N��:1_p3�X ��57XG3�f C�;�5XS:MJ1:1_pC�;!_ \�:kD f<3N�73�JkC7D�D�3�f
�,^ B%��bg�7V<57_NJ15�^��Z\�5��73���3N3�; XGFSW�f�:k3�fI��f<3�XL:kR�;<3�fI�457;�f D�KSC�f�W�_p3�f 5AFzFS\<3!8�H%Ba/���57_ \
_L\�57;�;<3�J�C7|�FS\<3¥f<3NFG3�_pFGC7KLX=5AKS3¥_pC�;(FS:1;(W�C�W�XSJk^IXS576dD�Jk3�f!57;�f XSFGC7KS3�f C�; 5�0�.7q��}_N5AD�57_N:kFGC7K
KL:1;�R�5AF[5]|)KS3�/,W<3�;�_p^zC7|�0 �g`rj7/�Qr\<3eFGK :kR7R73NK[XS:kR�;�57J�Q>0gXGFGC7D�X4FS\�:1X�D�KSC�_p3�XSX%57;�f|)KL3N3NjN3�X
FS\<3?:M;<|)C7K 6d5AFS:kC�;s:1; FS\<3�_N5AD�57_N:kFGC7KLXN/�b�XS3�_pC�;�f!Jk3N�73�J�FGKL:kR7R73NKrQr.dXGFS5AKSFSXZFS\�3=3p�,FGKL57_pFS:1C�;
��0¥~!`ej2� /r��57_ \ C7|£FS\<30�.7q_N5AD�57_N:kFGC7KLXaC7|£FS\<3�KL:1;<R:1Xrf�:1R�:kFS:kjN3�fIW�XL:1;<Rd5 0�.��1��:kFebay>BG�
^�:k3�J1f�:1;�R¥5 0�.7qz;�XZJkC�;<Rdw%5��73N|�C7KL6 KS3ND�KL3�XG3�;�FS:M;<RdFS\<3]XS:kR�;�57J�f�W<KL:1;<RE5zD�KS3�f<3�H�;�3�f FS:16E3
wr:1;�f<C�w>/>u �z:M;<3���FS\�3�XG3E:1;<|�C7KL6d5AFS:kC�; 5AKS3¥D�KSC�_p3�XSXG3�f�57;�f W�XG3�f FGC 3p�,FGK 57_pF=FS\<3E576ED�J1: �
FSW�f<3�Xg57;�f FS:16E3�XaC7|�XL:kR�;�57J1XeJ1:k¦73¥_pC�;��73�;(FS:kC�;�57Jbay=B[Xa57;�f Qry=B[XN/aQr\�:1Xr:MXr3p��FGKS3�6E3�Jk^

 A.



D�C�w43NKS|#W�J4FGC KL3�XGC�Jk�73 D�:1Jk3p�}W�D�3N�73�;(FSXEC�; wr\�:1_ \ 5 _N5AKL3N|�W�J4w%5��73N|�C7KL6�57;�57J1^,XS:MX]_N57; ��3
D�3NKS|�C7KL6E3�f FGCzf�:MXG3�;�FS57;�R�Jk3=FS\<3>XS:kR�;�57J1X[5AKSKL:k��:1;<RE_NJkC�XS3>:1;sFS:16E3���57XrXS\<C�we;sC�;!�:kR</�U7@,/

0 20 40 60 80 100 120

-300

-250

-200

-150

-100

-50

0

Pulse 2

Pulse 1

Data Signal

t (ns)

�:kR�W<KS3ZU7@Lc?GFA��� C#"�@#jb" l �*'(���D� �&�#C
���&1��#1>M
A!"��h}hn`�>C�)+"����+��@:_$A�� ��@ 1���� Y �Djm�-�%�@ �B�*�#<q}¥jb" l �6'(���D�¢"7�+"�@ A$�6� �
� �U�����'(���D�!�#1>��� Y �*�L�
)+�?����'(���D�!"$�\� � ��"�M�� %��d�*)+�;�Djm�>�B��+"��&"��B�E�%�@ ���
�#<

�aXS:1;<RZbaYaV=Jk3�57f�X�FGCr57;?:1;�_pKS3�57XG3£C7|�FS\<3�f�5AFS5[KL5AFG3�KSC�W�R�\�Jk^G�(^g5[|#57_pFGC7K�{ihr_pC�6ED�5AKS3�f
FGC _pC�;(�73�;�FS:kC�;�57J[3�Jk3�_pFGKSC�;�:M_NXN/��§Fd:1X]FS\<3NKS3N|�C7KS3I;<3�_p3�XSXL5AKS^�FGC \�5��73!5�XG3�Jk3�_pFS:k�73IXS3�_pC�;�f
Jk3N�73�J4FGKL:kR7R73NK5�£wr\�:1_ \�:1X]57_L\�:k3N�73�f �(^�W�XS:1;<R FS\<3 :1;<|�C7KL6d5AFS:kC�;�C7|ZFS\<3 3�Jk3�_pFGKSC�6d5AR�;�3NFS:1_
_N57JkC7KL:M6E3NFG3NK:c�FS\�3a0�U7.a_L\�57;�;<3�J1X�5AKS3[XG3�;(F�FGC=5eD�\<C7FGC�;�FGKL:kR7R73NK£6EC�f�W�Jk37/��¡|�Q>04:1X�D�KS3�XG3�;(F��
57J1Je0�U7.I_L\�57;�;<3�J1X�5AKS3�H�K XGF?:1;(FG3NR7KL5AFG3�fI�FS\<3�;�f�:kR�:kFS:kjN3�f�:1; D�5AKL57JMJk3�Jwr:kFS\  ��1��:kF?bay>B%XN/
�<C7K�57J1J�_pC�6���:1;�5AFS:1C�;�X�C7|�. ��. ��JkC�_S¦�X�C�;�FS\�3%_N57J1C7KL:16E3NFG3NK��AFS\<3 �GXSW�6¥�¢C7|M�¢h �=:MX�_N57J1_NW�J15AFG3�f
57;�f¥_pC�6ED�5AKL3�f�FGCgXGC�6E3%D�KL3�f<3�H�;<3�f?3�;<3NKSR7^>FS\<KL3�XS\<C�J1fZ��wr\�:1_ \�_N57;���3�K 5AFS\<3NK£\�:kR�\]XS:1;�_p3
y[�eBZV D�\<C7FGC�;�X[5AKS3gF¡^(D�:M_N57J1Jk^dC��73NK?0A/Po��a3N��|)C7K[57J1J�¦�:1;<3�6d5AFS:M_NX � /£�¡|�5AFZJk3�57XGF%C�;<3=XSW�_ \
_pC�6���:1;�5AFS:kC�;ID�57XSXG3�X%FS\<3?FG3�XGF���FS\<3>XG3�_pC�;�fIJk3N�73�J�FGKL:1R7R73NKrQr.¥:1X%R73�;<3NK 5AFG3�f�/�`eC�w43N�73NK���:1|
;<C¥\�:kR�\z3�;<3NKSR7^_NJMW�XGFG3NKLX45AKS3a|)C�W�;�fI��FS\<3gXG^�XGFG3�6 :1X4_NJk3�5AKS3�f�/�baJ1J�FS\�:1X�D�KSC,_p3�XLX�we:1J1J<C�;�J1^
FS5A¦73]U7oA�;�X��<¦73N3ND�:M;<REFS\<3?f<3�57fIFS:16E3=FGCz5EKL3�57XGC�;�5���Jk3>J13N�73�J�:k|�Q?0>:1X[_NJk3�57;s3�;�C�W<R�\�/
Q�CIFS\�:1X?f�5AFG3��U7{A� beYgV�_L\�57;�;<3�J1X>5AKL3z5��A57:1J15���J13d57;�f KS3�57f<^�FGC���3dXS\�:kD�D�3�f�/EQZ\<3

baYaV f<3�_pC�f�:1;�R¥XSC7|)F¡w45AKS3�:1X[KS3�57f<^t|�C7K[FS\<3?6EC�XGF[D�5AKSFZ57;�fI\�57X[XLW�_N_p3�XSXG|#W�J1Jk^0��3N3�;sW�XG3�f
|�C7KaFS\�3¥57;�57Jk^,XL:1XrC7|�FS\<3¥FG3�XGFgKLW�;�/gQZ\<3]D�\<C7FGC�; FGKL:kR7R73NK=6EC�f�W�J13�\�57XG��3N3�; FG3�XGFG3�f 57;�f
wr:1JMJ+��3=|#W�J1J1^z3�/,W�:kD�D�3�ftwr:kFS\I:M;�FG3NR7KL5AFS:M;<R(�if�:kR�:kFS:1j�:1;<RE6EC�f�W�Jk3�X.��3N|�C7KS3>FS\<3>3�;�fsC7|�.A�7��.
57;�fswe:1J1J���3aKL3�57f<^ |)C7Kr5d|�W�JMJ �1��JkC�wr;zFG3�XSFr5AF �73���3NKLXGC�;!8�5�� :M;s�<3���KLW�5AKL^ .A�7��U,/

���M���k� �>�i*(�����i�<����	���+dª¡	��t�!��"#"%$ �e���A�)� � ���I��	�"��<�i�)	�� «a¬���*,�A����*�����+
����������� �"!#��$&%'�)( �+,E* , B D S";)0 �C$

 AU



B �C4ED������ $&% 	 ��!3� ;�$K*+$ � $)4E��R F>$"���
QZ\<3d`a57J1J£b D�5AKL:kF¡^!D�KLC7R7KL576 W�XG3�X>D�5AKL:kF¡^��¢��:kC�J15AFS:1;�R �#H��8�aD�KSC,_p3�XLXG3�X>57X>5 D�KLC���3E:1;(FGC
FS\<3 XGFGK W�_pFSW<KS3 C7|¥;(W�_NJk3NC�;�XI57;�f�;,W�_NJk3�:¢/ Qr\<3�3p�,D�3NKL:16d3�;�FSXI:M; FS\�:1X D�KSC7R7KL576 D�J157_p3
�73NKS^ XGFGK :1;<R73�;(F?f<3�6d57;�f�X=C�; FS\<3zD�C�JM5AKL:kjN3�f 3�Jk3�_pFGKLC�;�XGC�W<K _p3:1; C7K f<3NK>FGC 57_ \�:k3N�73tFS\<3
;<3�_p3�XSXL5AKS^�XGFS5AFS:1XGFS:1_N57J>D�KS3�_N:1XS:1C�;�57;�f�XG^�XGFG3�6d5AFS:1_ 57_N_NW�KL57_p^7/ Qr\<3 6EC7KS3�f<3�6z57;�f�:1;<R
C7|£FS\<3]_NW<KSKS3�;(FSJk^(�}XS_L\<3�f�W�Jk3�f 3p��D�3NK :16E3�;(FSX�����@7@��L070�o �#`abeH�H��CYr�¢�S� � ��we:1J1J�6E3�57XSW�KS3?H��
XS_N5AFGFG3NKL:M;<Rg|)KSC�6c`e^,f�KSC7R73�;¥5AF 6 7 9T���10 �a3N� 7 B ; 7 �7wr:kFS\]5[H�;�57J(XGFS5AFS:MXGFS:1_N57J,D�KS3�_N:1XL:kC�;?C7|
{A�aD�5AKSFSX�D�3NK���:1J1J1:kC�;0��D�D ��� /�be;<C7FS\�3NKH�� 3p��D�3NK :16E3�;(F�wr:kFS\]_pC�;�f�:1FS:kC�;�57J,5AD�D�KSC��i57J��7H�Y[�
@7@��}�<0�.��#8�3�57f���:1X46EC7KS3gf<3�6d57;�f�:1;<R=^73NF��<wr:1FS\z5�R7C�57J�C7|�6d3�57XSW<KL:1;�R>FS\<3gH��´XS_N5AFGFG3NK :1;<R
57XG^�6d6E3NFGKS^=|�KSC�6�8�3�57f];(W�_NJ13�:7wr:kFS\>5rD�KS3�_N:1XL:kC�;=C7|�0�o[D�D �?:1;?C7KLf<3NK�FGCaf�:kKS3�_pFSJ1^a6E3�57XLW<KS3
FS\<3>3p��FG3�;(FrC7|�FS\<3?;<3�W<FGKLC�;sXG¦,:M; wr\�:1_ \s:1X[3p��D�3�_pFG3�fIFGCz3p�<:1XGFZ:1;s\<3�5��,:13NKr;(W�_NJk3�: /
QZ\�3�XG3?;<3Nw�`e57J1J�bcH�� 3p��D�3NK :16E3�;(FSX[KS3�/,W�:kKS3>\�:1R�\I_NW<KSKS3�;(F��	� 0N�7��`�b��Zwr:kFS\ \�:kR�\

D�C�J15AKL:kj�5AFS:1C�;�/�Qr\<3[D�KS3�XG3�;(FSJk^¥5��A57:1J15���J13Zf�:kC�f<3[J157XG3NKLX�5AKL3r;<C7F�5���J13[FGC?D�KSC��,:Mf<3ZXSW �z_N:13�;�F
D�C�w43NKE5AF¥5 w%5��73�Jk3�;�R7FS\ XSW�:kFS5���J13z|�C7K¥\�:kR�\�3�J13�_pFGKSC�; D�C�J15AKL:kj�5AFS:kC�;�|)KLC�6²FS\�3tXGFGK 57:1;<3�f
�g57baX�� qih��t;�60� ��we\�:1Jk3=FS\<3]D�KS3�XS3�;�FSJk^s5��i57:1JM5���Jk3�Qr: �§V�5AD�D�\�:kKS3=J157XG3NK��N��W�:1J1FD�(^IFS\�3�H�CA�
J15AKL:1jN3�f�V,C�W�KL_p3 �aKLC�W<D 5AF �73���3NKLXGC�; 8�5��O��\�57f 3p�<\�:S��:kFG3�f!3p��_p3�XLXS:k�73¥:1;�FG3�;�XS:kF}^�S:kFGFG3NKg:1;
D�KS3N��:kC�W�X¥W�XL5AR737/ b _pC�6d6E3NKL_N:M57J[QZ: �§V�5AD�D�\�:kKS3zJM57XG3NKd\�57XM��3N3�; D�W<KL_ \�57XG3�f |�C7K��g��FGC
6E3N3NFEXS:16z:1J15AK?KL3�/(W�:1KS3�6E3�;(FSXZ�#\�:kR�\�D�C�w�3NKE5AFdqih�� ;�6'wr:kFS\ JkC�w UA��`ej :M;�FG3�;�XL:kF}^ZS:kF��
FG3NKL� /��¡FZ\�57X-��3N3�;!XS\<C�we;s:1; KS3�_p3�;(FrFG3�XGFSXrFGCdD�KSC�f�W�_p3gFS\<3>KL3�/(W�:1KS3�ftD�C�w�3NKe57;�fs3p�<_p3N3�f
:kFSXa:1;(FG3�;�XS:kF¡^�G:kFGFG3NKgXGD�3�_N:SH�_N5AFS:1C�;�XN/Zb XG3�_pC�;�f J157XS3NKa\�57X ��3N3�;!C7K f<3NKS3�fI|�KSC�6�FS\<3¥XS576E3
�73�;�f<C7K?|)C7K>FS\�3z`e57JMJ£b D�5AKL:kF}^ 3p��D�3NK :16E3�;(FSX���57;�f FS\<3XGC�W<KL_p3ER7KSC�W�D 3p�,D�3�_pFSX?FGCIFS5A¦73
f<3�J1:1�73NKS^:1; 3�5AK Jk^ .A�7��U,/
��;tC7KLf<3NK[FGCEJ1:16d:1F�XG^�XGFG3�6d5AFS:1_a3NKSKLC7KLX4FGCd;<3NR�J1:kR�:S��Jk3rJk3N�73�J1X%|�C7K%FS\<3�XG3>6E3�57XLW<KS3�6E3�;(FSX��

:kF[:1X%;<3�_p3�XSXL5AKS^zFGCd_pC7KSKL3�_pF[|)C7KZXG^�XGFG3�6d5AFS:M_=\<3�J1:1_N:kF¡^��}_pC7KLKS3�J15AFG3�f��#`gB[�4f�: ��3NKS3�;�_p3�X%:1;tFS\<3
��3�576s/�Qr\<3]JM5AKSR73�XGF>_pC7KSKS3�_pFS:1C�;�X=5AKS3E|�C7K=FS\<3E_L\�5AKSR73d57XS^,6d6d3NFGKS^���wr\�:M_L\�:1Xg5s`gB�f�:1|M�
|�3NKS3�;�_p3?:1;s:M;�FG3NR7KL5AFG3�f _NW<KSKS3�;(FD��3NF}w43N3�;IF¡w�Cz\�3�J1:1_N:kF¡^zwr:1;�f<C�wrX%C7|5ED�57:1K��<57;�fsFS\<3>`=B
D�C�XS:kFS:kC�; f�: ��3NKS3�;�_p3�XN/ � :kFS\ FS\<3I\�:kR�\�J1^��}J1:M;<3�5AK���3�576 _NW<KLKS3�;�Fd6dC�;�:kFGC7KLXE57;�f D�\<C7FGCA�
FSW	��3�X�C7|�FS\<3a:M;�FG3NR7KL5AFS:M;<R�f<3NFG3�_pFGC7K X��<C�;<3a3p�,D�3�_pFSX�FGC���3r5���Jk3rFGCE_pC7KSKS3�_pF4|�C7K�FS\<3g_L\�5AKSR73
57XG^�6d6E3NFGKS^ 5AF>FS\�3dJk3N�73�J£C7|[5AD�D�KSC���:M6d5AFG3�Jk^ 05�t/zQZ\,W�Xg|�C7K?`ebaH�H�� Ye�¢�S�L��FS\<3z_L\�5AKSR73
57XG^�6d6E3NFGKS^ 5��73NK 5AR73�f!C��73NKrFS\<3=3�;(FS:kKS3>f�5AFS5zXG3NFZ6�W�XGFZ5AD�D�KSC�57_ \!.,/ �ED�5AKLFSX[D�3NK%6z:1J1J1:kC�;
��D�D�6�� ��wr\�:1J134|�C7K�8�3�57fI��FS\�3[KS3�/(W�:kKS3�6E3�;(F�:1X���/Po>D�D�6s/�QZ\<3r_pC7KSKL3�_pFS:kC�;zf�W�3[FGC>D�C�XS:kFS:kC�;
f�: ��3NKS3�;�_p3�X¥:1X]Jk3�XSX]D�KL3�_N:1XG3f�W<3FGC W�;�_p3NKSFS57:1;(F}^�:1;�FS\<3s_pC,3��z_N:k3�;(FSX¥KS3�J15AFS:1;<R D�C�XS:kFS:kC�;
f�: ��3NKS3�;�_p3�X�FGC�6E3�57XLW<KS3�fz57XS^,6d6d3NFGKS^7/£�§f�3�57J1Jk^���C�;�3Zw�C�W�J1fd¦73N3NDtFS\<3rXS:1jN3rC7|�FS\<3e_pC7KLKS3�_m�
FS:kC�;�Xg5AFgC7K���3�JkC�w�FS\<3EXS:kjN3]C7|�FS\<3EXGFS5AFS:1XSFS:1_N57JW�;�_p3NKSFS57:1;(F}^7/=QZ\�3�3p��D�3�_pFG3�f XG3�;�XS:kFS:1�,:kF¡^
FGC?D�C�XS:1FS:kC�;¥C�;zFS5AKLR73NF�:1X�5AD�D�KSC���:16z5AFG3�Jk^�h��?D�D�6�i6z:1_pKSC�;I��J13�57f�:1;<R=FGC�FS\<3ZKS3�/,W�:kKS3�6d3�;�F
FS\�5AFe|)C7Kg`ebaH�H�� Ye�¢�S�L��FS\<3�`=BTD�C�XS:1FS:kC�;If�: ��3NKS3�;�_p3=C�; FS5AKSR73NFgXS\<C�W�JMfs5��73NKL5AR73EFGCtJk3�XSX
FS\�57; 0A/Poz;�6s/
QZ\�3�3���C7KSF�FGCg_pC�;(FGKSC�J�`=B XG^�XGFG3�6d5AFS:M_NX�5AFFS\�:MX�Jk3N�73�J,|�C,_NW�XS3�X�C�;���C7FS\�f�3�XS:kR�;�:1;�Rr57;�f

FSW�;�:M;<RsFS\<3dD�C�J15AKL:1jN3�f XGC�W<KL_p3zFGC 6d:1;�:16d:kjN3E`=Bc3���3�_pFSX��£57;�f :16ED�Jk3�6E3�;(FS:1;<R |)3N3�f ��57_S¦
JkC,C7D�X�C�;tFS\<3aXGC�W<KL_p3ewr\�:1_ \z_N57;���3rW�XG3�fFGC¥6d:1;�:16z:kjN3[KS3�57J �¢FS:16d3r6E3�57XSW<KL3�6E3�;�FSX4C7|�`=B
XG^�XGFG3�6d5AFS:1_NX�/�B4C�J1JM5���C7K 5AFS:kC�;�6E3�6���3NKLX?\�5��73Z��3N3�;�w4C7KS¦�:1;<R!_NJkC�XS3�Jk^ wr:kFS\�FS\<3tXSC�W<KL_p3
R7KSC�W<D C�; FS\<3�XG3t3���C7KLFSXN/ 2�3�576'FG3�XGFSXE\�5��73Z��3N3�;�D�3NKS|�C7KL6E3�f�wr:kFS\�6d3�57XSW<KS3�6E3�;(FSX¥:1;

 �h



��C7FS\�`a57J1J�b 57;�f�FS\<3:1;��3�_pFGC7K>FGC _L\�5AK 57_pFG3NKL:kjN3tD�3NKL|)C7KL6z57;�_p3dC7|%FS\<3XSC�W<KL_p3z57;�f�FS\<3
|�3N3�f	��57_S¦�6E3�_ \�57;�:1XS6zXN/�� 3d\�5��73d57J1XSC,GC�:1;<3�f FS\<3¥3���C7KSFgC�;�FS\<3¥�§;�G3�_pFGC7K>Q�3�XGF?V,FS57;�f
����QeV �48�57XS3NKrFS5���Jk3=FGCXGFSW�f<^tD�C�XSXS:S��J13e:16ED�KSC��73�6E3�;(FSXr:M; FS\<3?XGC�W<K _p3=C7D�FS:1_NXN/
b _pC7KSKS3�_pFGC7K]6E3�_L\�57;�:1XS6¤|�C7K?_ \�5AKSR73z57XG^�6d6E3NFGKL^���FS\<3E��;(FG3�;�XS:kF¡^ b%FGFG3�;,W�5AFGC7K����§b8�

XG^�XGFG3�6���\�57X���3N3�;�f�3N�73�JkC7D�3�f�/��§F�_pC�;�XS:1XGFSX�C7|�F}w4C=57J1:kR�;<3�f�J1:1;<3�5AK�D�C�J15AKL:kjN3NKLX�wr:kFS\�5 ��B,0N�
D�J15AFG3[57;�fEH�C�_S¦73�J1X�_p3�J1J ��3NF}w43N3�;EFS\<3�6s/£YZ3�JM5AFS:k�73�Jk^�XL6d57J1J,�7C�JkFS5AR73r_ \�57;<R73�X[� �=oA�g�£C�J1FSX �
C�; FS\<3�H�C�_S¦73�JMXs_p3�J1Je:M;�_pKS3�57XG3 C7Ktf�3�_pKS3�57XG3�FS\<3�:1;�FG3�;�XS:kF}^ 5AFGFG3�;,W�5AFS:kC�;TFS\�KSC�W<R�\ FS\�:1X
XG^�XGFG3�6 5AFgFS\<3�|�3NwcD�3NKL_p3�;�FgJk3N�73�J /=QZ\�3?KS3�57J �¢FS:M6E3]\�3�J1:1_N:kF¡^IXS:kR�;�57J�:1XeW�XG3�f FGCtXGwe:kFS_L\�5
D�C�w43NK�XSW<D�D�Jk^?XGC=FS\�5AF�57;d57f�SW�XGFS5���J134�7C�J1FS5AR73e:1X£5AD�D�J1:k3�f¥f�W<KL:M;<ReC�;�3Z\<3�J1:1_N:kF¡^�XGFS5AFG3a57;�f
FS\<3?H�C�_S¦73�J1Xg_p3�J1J�:1XZ\<3�J1f!5AFrjN3NKSCd�7C�J1FS5AR73�|�C7KrFS\<3�_pC�6ED�Jk3�6E3�;(FS5AKS^IXGFS5AFG37/[QZ\�:1X[XG^�XGFG3�6
:1X?D�J157_p3�f W<D�XGFGKS3�576 C7|Z6dC�XGF?C7FS\<3NK�C7D�FS:1_NX��:1;�_NJMW�f�:1;<RtFS\<3sB%:kKL_NW�JM5AK>H�C�JM5AKL:kj�:1;<R �¢B[H �
H�C,_L¦73�J1Xa_p3�J1J /£QZ\<3=KS3�JM5AFS:k�73�Jk^ JkC�w´5AD�D�J1:k3�ft�7C�JkFS5AR73�KS3�f�W�_p3�X[XGFG3N3NK :1;<REC7KrK :1;<R�:1;<R]3���3�_pFSX
|�KSC�6 FS\<3Z��b _p3�J1J���XGC?FS\�:1X£XG^�XGFG3�6 D�KSC���:1f<3�X£5>_NJ13�57;z6E3NFS\<C�fE|�C7K�KS3�f�W�_N:1;<RgC7K�:1;�_pKS3�57XS:1;<R
FS\<3?:M;<D�W<F%:1;(FG3�;�XS:kF¡^|�C7KZC�;<3?\�3�J1:1_N:kF¡^XGFS5AFG3�KS3�J15AFS:k�73=FGCdFS\�3>C7FS\<3NK�/
QZ\�3 �§b XG^�XGFG3�6 \�57X ��3N3�;�XSW�_N_p3�XSXG|#W�J1J1^ W�XG3�f´:1;�57; 57W<FGC�6d5AFG3�f�|�3N3�f	��57_S¦�JkC,C7D

FGCI_pC�;(FGKSC�J£_L\�5AKLR73d57XG^,6z6E3NFGKS^ XS^,XGFG3�6z5AFS:1_NXN/�ba; 3p��576dD�Jk3¥C7|�FS\<3E_ \�5AKSR73d57XG^�6d6E3NFGKS^
f�W<K :1;<Rr5aKLW�;?FS5A¦73�;d:1; ��W�;�3��7.A�7��.g57;�f?FS\<3%KLW�;�;�:1;<RZ5��73NKL5AR73ZC7|�FS\�3%_ \�5AKSR73[57XG^�6d6E3NFGKS^
C��73NK%FS\�5AF4KLW�;z:1X�XS\�C�wr;:1;z�:kR�W<KL3Zh���/�QZ\<3�XG3e3�5AKLJk^¥FG3�XGFSX%:1;�f�:1_N5AFG3ZFS\�5AF�FS\<3r��b�XG^�XGFG3�6
:1XZXLW�:kFS5���Jk3g|�C7K-H�;<3=_pC�;(FGKSC�J�C7|FS\<3>_ \�5AKSR73]57XG^,6z6E3NFGKS^7/

Event Number
0 2000 4000 6000 8000 10000 12000 14000

C
h

ar
g

e 
A

sy
m

m
et

ry
 (

p
p

m
)

-150

-100

-50

0

50

Event Number
0 2000 4000 6000 8000 10000 12000

A
ve

ra
g

e 
C

h
ar

g
e 

A
sy

m
m

et
ry

 (
p

p
m

)

-140

-120

-100

-80

-60

-40

-20

0

�:kR�W<KS3�h��3c¶Gh)+�TC
� ���*�K� @b��'��
)+�¥C�)+"�� Y �T"$��A����;�6�
��Ap"��+1p�*)+�TC*� � l ��� Y �+�+C#�V�+'E�*)+�T" l ���&" Y ��C+)+"�� Y �"$��A����;�6�
��A�1P%��(��� Y ">�J%��!'��K� �����
�����h������%��+��_7��x�x��-1����[���$���
�&"��B�Z�
)+�[�*o��#C*�\� l ���+�
������'�'9�#�#1PM+"+C�W�%$�6��� Y �*)+�
� }kC#�+@ @:<

 Ao



ug;�3zf<KL5�w-��57_S¦�C7|%FS\<3d��b _p3�J1J�XG^�XGFG3�6²:1XgFS\�5AF?FS\�3z57f�SW�XGFS6E3�;(F>f<C,3�X?;<C7F?_pC7KLKS3�_pF
FS\<3�|�W�;�f�576E3�;(FS57J�_N57W�XG3�C7|�FS\�3?_L\�5AKLR73]57XG^�6d6E3NFGKL^���wr\�:M_L\I:1XZD�KS3�f<C�6d:M;�57;�FSJ1^t5EKL3�XSW�JkF
C7|%KS3�XS:1f�W�57J£J1:1;<3�5AK=D�C�J15AK :kj�5AFS:kC�; :1;�FS\<3J157XG3NK�:M;�_N:1f<3�;(FgC�; FS\<3zXSFGKL57:1;<3�f �g57baX�D�\<C7FGCA�
_N5AFS\<C�f<37/IQZ\<3�7C�JkFS5AR73 5AD�D�J1:k3�f FGC!FS\<3sB%H�H�C�_S¦73�J1X¥_p3�J1J�_N57; ��3z57f�GW�XSFG3�f FGC!KL3�f�W�_p3
FS\<3>|�KL57_pFS:kC�;IC7|�J1:M;<3�5AKLJk^(�¢D�C�J15AKL:kjN3�ftJ1:kR�\(F���57;�fsFS\,W�XZ_pC�;(FGKSC�J�FS\�3>_L\�5AKSR73]57XG^�6d6E3NFGKS^ 5AF
FS\<3>KLC(C7FeC7|�FS\�3>D�KSC���J13�6s/%V�W�_L\I5_pC7KSKS3�_pFS:kC�; XS\<C�W�J1fs57JMXGCz\<3�JkD!D�KS3N�73�;(FrW�;�6E3�57XLW<KS3�fI�
\�:kR�\�3NKG�¢C7KLf<3NK%3���3�_pFSXrXSW�_ \I57XZXGD�C7F[XS:kjN3gC7KrXL\�5AD�3g57XS^,6d6d3NFGKL:k3�X%|�KSC�6 ��3�_pC�6d:1;<REXS:kR�;�:k|M�
:1_N57;(FN/?�<C7K=FS\<3EXS5A¦73¥C7|�FGKL57f�:kFS:kC�;K��|�3N3�f	��57_L¦ W�XS:M;<RzFS\<3zB%H�H�C�_S¦73�J1X?_p3�J1J�\�:kR�\!�7C�J1FS5AR73
:1XtW�XSW�57JMJk^ _N57J1Jk3�f �GH���Q�b � |)3N3�f	��57_S¦��e57X :kFtw457XtFS\<3 |)3N3�f ��57_S¦ XG^,XSFG3�6±W�XG3�f f�W<KL:1;<R
FS\<3>C7K :kR�:1;�57J�`abeH�H��CY�FGC_pC�;�FGKSC�J�FS\<3?H�C�J15AKL:1j�5AFS:kC�;I��;�f�W�_p3�fsQ�KL57;�XSD�C7KLF%baXG^�6d6E3NFGKS^
�#5 _N57W�XS3sC7|g_ \�5AKSR73!57XS^,6d6d3NFGKS^	� / ya3N�73�JkC7D�6E3�;�F:1XE_pC�;�FS:M;(W�:M;<R�C�; 5 XG^�XGFG3�6 wr\�:M_L\
W�XG3�XeFS\<3��§b _p3�JMJ�C�; 5zFS:16d3�XS_N57Jk3�C7|�5z|�3Nwc6d:1;,W<FG3�XZFGC 6d:1;�:M6d:kjN3>_L\�5AKSR73]57XS^,6d6d3NFGKS^��
57;�f W�XG3�XgFS\<3dH���Q�b |�3N3�f	��57_L¦ C�;�5 FS:16E3dXS_N57Jk3zC7|%q \<C�W�KLXgFGC!6d:1;�:16d:kjN3�FS\<3z5��73NK 5AR73
��b�_p3�JMJ�XG3NFGFS:1;�R	��FS\(W�XZ¦73N3ND�:1;�Rz57J1J�XGC�W�KL_p3?XG^�XGFG3�6d5AFS:1_NXaXS6d57JMJ�wr\�:1J13g_pC�;(FGKSC�J1JM:1;<Rd_L\�5AKSR73
57XG^�6d6E3NFGKS^7/
ya3N�73�JkC7D�6d3�;�Fg:1XZ57J1XSCz_pC�;�FS:M;(W�:M;<Rd|�C7KrFS\<3?_pC�;(FGKSC�J�C7|FS\<3?`=BTD�C�XS:kFS:kC�;!f�: ��3NKS3�;�_p3�XN/

V,FSW�f�:k3�X>:1; FS\�3z��QeV�J157XG3NK�KSC,C�6�wr:MJ1J���3zf<C�;<3dFGC :1;(�73�XGFS:kR�5AFG3t�i5AKL:1C�W�X>5AD�D�KLC�57_L\<3�X�FGC
6d:1;�:16d:kj�:1;�RsFS\<3D�C�XS:1FS:kC�;�f�: ��3NKS3�;�_p3�X,��3N|�C7KS3|�3N3�f	��57_L¦�/ QZ\�3tW�XS3zC7|r5 D�:k3NjNCA�¢3�J13�_pFGKL:1_
57_pFSW�5AFG3�f 6d:kKSKSC7K\�#H � Q ��57X[5E_pC7KSKS3�_pFGC7Ka6E3�_L\�57;�:1XS6¨:1X%57J1XGCM��3�:1;<R¥XGFSW�f�:k3�f�/�§;sXS3N�73NKL57J
��3�576¤FG3�XGFSX?C��73NK]FS\<3ED�57XGF=^73�5AK���FS\<3dXGFS5���:1J1:kF¡^!C7|%FS\<3d_N57J1:S��KL5AFS:kC�; _pC�;�XGFS57;(FSX?57;�f FS\<3
f<^�;�576d:1_gK 57;<R73>C7|FS\<3�H � Q XG^�XGFG3�6�\�5��73���3N3�;!XS\<C�we;sFGC���3?XSW�:kFS5���Jk37/�`eC�w43N�73NK���FS\<3
XG^�XGFG3�6c\�57X�57J1XGCeXL\<C�wr;]XGC�6E34W�;�f<3�XL:kKL5���Jk3�_ \�5AKL57_pFG3NKL:MXGFS:1_NX��76EC�XGF;<C7FS5���J1^>5r_pC7KSKS3�JM5AFS:kC�;
��3NF}w43N3�;ID�C�XS:kFS:1C�;s57;�fs_L\�5AKLR73�XG^�XGFG3�6d5AFS:1_NXrC7|�5AD�D�KSC��<:16d5AFG3�J1^t���P.7oiD�D�6�i;�6s/
��; 57f�f�:kFS:kC�;�FGC _pC�;(FGKSC�J1J1:1;�R FS\<3s_ \�5AKSR73I57XG^�6d6E3NFGKS^ 57;�f D�C�XS:kFS:kC�; f�: ��3NKS3�;�_p3 5��(�

3NKL5AR73�X��g:kFt:1X ;<3�_p3�XSXS5AKS^ FGC _pC�;(FGKSC�JaC7FS\<3NKIXG^�XGFG3�6d5AFS:M_NXFS\�5AF 6z5�^ :M;�_pKS3�57XG3�;<C�:1XG3 C7K
C7FS\<3NKSwe:1XG3�_pC�6dD�J1:1_N5AFG3¥57;�57Jk^�XS:1XN/gug;<3�XLW�_L\ 3���3�_pFg:MXeXG3N3�; :1; �:kR�W<KS3�h�0���we\�:1_L\ XS\<C�wrX
FS\<3I_ \�5AKSR73I57XG^�6d6E3NFGKS^ 57Xd5 |#W�;�_pFS:kC�; C7|aFS:16E3s:1; FS\<3I\<3�J1:M_N:kF}^ we:1;�f<C�w ��KSC7¦73�; C�W<F
�,^ FS\<3¥FS:16d3p�¢C7KLf<3NKL:1;�RtC7|�FS\<3d\<3�J1:M_N:kF}^!XSFS5AFG3�X?57;�f�FS\<3d\�3�J1:1_N:kF¡^IC7|�FS\�3Ewr:1;�f<C�w���3N|�C7KS3
FS\<3D�57:kK�/tQZ\<3z57XG^�6d6E3NFGK :1_ED�57:kK X"��|)C7K]3p��576dD�Jk3���Y�|�C�J1JkC�w�3�f��,^ FS\<3dD�57:kK?Yr8��gXS\<C�w
5!XSFGKSC�;<R!FS:M6E3zf<3ND�3�;�f<3�;�_p37/QZ\�:MX>:1X>_pC�;�XL:1XGFG3�;(F?wr:kFS\�5!XSJkC�w XG3NFGFSJ13zFS:16E3:1; FS\<3sB%H
H�C,_L¦73�J1X[_p3�J1J��7C�JkFS5AR737/�yg:kKS3�_pF%6E3�57XSW�KS3�6E3�;(F4:1;�f�:1_N5AFG3�X�FS\�5AF�FS\�3eH�C,_L¦73�J1X[_p3�J1J��7C�JkFS5AR73=:1X
5AD�D�KLC��<:16d5AFG3�Jk^�.A� �£C�JkFSX=f�: ��3NKS3�;(Fg5AF=FS\�3���3NR�:1;�;�:1;<RC7|�FS\<3E:1;(FG3NR7KL5AFS:kC�; D�3NKL:1C,f!FS\�57;
5AF�FS\<3r3�;�f��	�T���P{'� �i5AKL:M5AFS:kC�;¥|)KLC�6 FS\<3Z;<C�6d:M;�57J,�7C�JkFS5AR732� ��wr\�:1_ \¥w�C�W�JMf¥|�W�JMJk^>3p��D�J157:1;
FS\<3���3�\�5���:kC7KrC7|�FS\�3�Y��#Ye8 �Z57;�f!8 �#8�YG�Z_NW<KS�73�Xg5AFr3�5AK Jk^sFS:16E3�XN/Zb ;�3Nw�\�:kR�\<�¢�7C�JkFS5AR73
XGwr:1FS_L\EFS\�5AF4XS\<C�W�JMf�KL3�f�W�_p3ZFS\<3�XS3Z3���3�_pFSX4:1X£_NW<KLKS3�;�FSJ1^���3�:1;<RgFG3�XGFG3�f�/�`rC�w�3N�73NK���FS\<3NKL3r:1X
57;¥57f�f�:kFS:1C�;�57J�W�;�3p�,D�JM57:1;<3�f=3���3�_pF�:1;>FS\�34XS:1R�;�:SH�_N57;(F�f�: ��3NKS3�;�_p3 ��3NF}w43N3�;]FS\<3 �GXG^,6z6E3NF��
KL:1_ �D�57:kK XeY��#8�YG�r57;�f 8 �#Ye8 � /��§; FS\<3�XG3]D�57:kK X���3�57_ \ \<3�J1:1_N:1F}^swr:1;�f<C�wc:1XeD�KS3�_p3�f<3�fR�(^
:kFSXZ_pC�6dD�Jk3�6E3�;(F���XGCz57;(^ 3���3�_pFeC7|£5dXSJkC�w´\�:kR�\��¢�7C�J1FS5AR73>FGKL57;�XS:1FS:kC�;sXS\<C�W�JMf 3���3�_pFeFS\<3�XG3
6E3�57XSW�KS3�6E3�;(FSXa:M;ID�KS3�_N:MXG3�Jk^ FS\<3¥XS576E3?w%5�^7/=QZ\�3�_N57W�XG3]C7|£FS\<3]C���XG3NKS�73�f f�: ��3NKS3�;�_p3]:1X
;<C7FZD�KS3�XG3�;(FSJk^W�;�f<3NKLXGFGC,C,f�/
ygW<KL:M;<R?KS3�_p3�;(F �g�]FG3�XGFSX��<5�XL:kR�;�:SH�_N57;(F �	�´UA�7�?D�D�60�£_ \�5AKSR73=57XG^�6d6E3NFGKS^z\�57XC��3N3�;

C���XG3NKL�73�fswr\<3�;tFS\<3�B%H H�C�_S¦73�JMXZ_p3�J1J��<57;�fs57J1J�`=B |�3N3�f	��57_S¦ f<3N��:1_p3�X���w43NKS3=FSW<KL;<3�ftC �/
�T:kFS\<C�W<FFS\<3eB%H H�C�_S¦73�J1X�_p3�J1J��7FS\<3NKS3ZXL\<C�W�J1f]\�5��73D��3N3�;E;<C=\<3�JM:1_N:kF}^�:1;<|�C7KL6d5AFS:kC�;]:1;]FS\<3

 A{



��3�576��<XGCEFS\�:1X4KS3�XLW�JkF4w457X[_pC�;�XL:1f<3NKS3�ft�73NKS^ XSW<KSD�KL:1XS:1;�R</��§F4w%57X%KS3�_p3�;(FSJk^ f�:1XS_pC��73NKS3�fZ�(^
FS\<3 �g�z_pC�J1JM5���C7K 5AFS:kC�;IFS\�5AFe3�J1:16d:M;�5AFS:1;<RE:1;��¢FS:M6E3>\<3�J1:1_N:1F}^sXS:kR�;�57JMXZXG3�;(FrC��73NKg3�Jk3�_pFGKLC�;�:1_
_N5���Jk3�XeFGCt�i5AKL:1C�W�XryZb �=Xa:M;IFS\<3]:1;�G3�_pFGC7KM��FS\<3 �g�t57;�f!`a57J1J�b D�5AKL:kF¡^s:1;�G3�_pFGC7KayZb �=X
57;�ftFS\<3=~IC7FGFZyrb �\��3�J1:16d:1;�5AFG3�fdFS\�:1X%_ \�5AKSR73=57XG^�6d6E3NFGKS^7/�QZ\�3a6E3�_ \�57;�:1XL6 �,^dwr\�:M_L\
FS\<3 _L\�5AKLR73t57XG^�6d6E3NFGKL^ w457X¥:1;�f�W�_p3�f \�57X];<C7F���3N3�; 3p��D�J157:1;<3�f�/IbeX¥5IKL3�XSW�JkF�C7|[FS\�:1X
f�:1XL_pC��73NKS^���FS\<3NKS3?:MXr5EKS3�;�3Nw�3�f _pC�6d6d:kFS6d3�;�FZFGCtJ1:16d:1F4FS\�3?KS3�57J �¢FS:M6E3?\<3�J1:M_N:kF}^ :1;<|�C7KL6d5i�
FS:kC�;�FGCsC�;�J1^IFS\<3E|�3N3�f	��57_S¦�XG^�XGFG3�6dX=57;�f�FS\�3dB[H H�C,_L¦73�J1X>_p3�J1J£5AF=FS\<3EXGC�W�KL_p3Ewr\�:1J13�5
D�5AKL:1F}^t3p�,D�3NKL:16d3�;�FZ:1X%K W�;�;�:1;�R</

*-DC� DGM�;	�)!3�6SH�������C�AD��N%GM � D�47( SH�6S
`abeH�H�� Y¨57;(FS:1_N:kD�5AFG3�X�5sD�W�JMXG3¥D�57:kK=wr:1f�FS\�C7|[oA�7�!D�D�6���57;�f w43dwr:1XS\�FGC \�5��73;<C�;��
XGFS5AFS:1XSFS:1_N57J[XGC�W<KL_p3�X]C7|a;<C�:1XG3���3t5�;<3NR�J1:1R�:S��Jk3z_pC�;(FGKL:S��W<FS:kC�;�/ baXSXSW�6d:M;<R 5 KS3�57XGC�;�5���Jk3
f<^�;�576d:1_tKL57;�R73IC7|a5AD�D�KSC��<:16d5AFG3�J1^ UA��� �7�7� bey>B _ \�57;�;<3�JMX���C�;�3sw�C�W�JMf J1:k¦73sFGC�\�5��73
D�3�f<3�XGFS57J%;<C�:1XS3t5AFEC7K���3�JkC�w¨o _ \�57;�;<3�J1X�/ QZ\�:1X]:1X¥_pC�6ED�5AKL5���Jk3we:kFS\ FS\<3sJk3�57XGF��};<C�:1XS^
D�3�f<3�XGFS57J1XzXG3N3�; f�W�KL:1;<R�FS\<3IC7K :kR�:1;�57J[`abeH�H��CY���XSC�D�3�f<3�XGFS57JZ;�C�:1XG3sw%57Xz5 D�C7FG3�;(FS:157J
D�KSC���Jk3�6�|�C7Kd`abeH�H�� Ye�¢�S�m/�Qr\�:1X];<C�:1XG3s:1X]f<C�6d:1;�5AFG3�fW�,^�D�:1_S¦(�}W<D :1; FS\<3sJkC�;<R�_N5���Jk3
KLW�;�XC��3NF}w43N3�; FS\<3=XGD�3�_pFGKSC�6E3NFG3NKZ\,W<FSX%57;�ftFS\<3=_pC�W�;(FS:1;<R¥\<C�W�XG3=yZb �¥/�Q�CE5��7C�:Mf FS\<3�XG3
JkC�;<R _N5���Jk3dKLW�;�X���57;�:16ED�KLC��73�f�yrb � :1X,��3�:1;<Rsf<3N�73�JkC7D�3�fI��wr\�:1_ \ W<FS:1JM:kjN3�X=5!_pKL5AFG3t:1;
3�57_L\ XGD�3�_pFGKSC�6E3NFG3NK]3�Jk3�_pFGKSC�;�:1_NX?\,W<F>FGCIKL3�57f<C�W<F?FS\�3zf<3NFG3�_pFGC7K]D�\<C7FGC7FSW	��3�X?57X?w�3�JMJ�57X
FS\<3>_pKL5AFG3>:M; FS\<3=_pC�W�;�FS:M;<Rd\<C�W�XG3g|�C7K[KS3�57f<C�W<F%C7|�FS\<38��3�576¨6EC�;�:kFGC7K XN/£Q�3�XGFS:M;<REC�; FS\<3
;<3Nw´yrb � 3�Jk3�6d3�;�FSXZ:MXZ;<3�5AKLJk^t_pC�6ED�Jk3NFG37/
.�~ `rjs�£C�JkFS5AR73p�¢FGCA�}��KS3�/(W�3�;�_p^ ���g.A� �¥_pC�;(�73NKSFG3NKLXz\�5��73Z��3N3�; 57f�f<3�f FGC FS\<3tD�5AKG�

:kF¡^ yZb �9FGC 57J1J1C�w 57f�f�:kFS:kC�;�57J�_L\�57;�;�3�J1X>|�C7K]XL:kR�;�57J1X=FS\�5AF]f<C ;<C7F?KL3�/(W�:1KS3EFS\<3\�:kR�\<3NK
KS3�XGC�JMW<FS:kC�; D�KSC��,:Mf<3�fZ�(^tFS\<3?`abaH�H��CY�:M;�FG3NR7KL5AFS:M;<Rzbay=B[XN/
ve3NwT�73NKLXS:kC�;�X�C7|�FS\<3eC�J1f`abaH�H��CY bey>B FS:16d:M;<R\��C�5AKLfz\�5��73���3N3�;z_pKS3�5AFG3�f�/�QZ\�:1X

time (ms)
0 5 10 15 20 25 30

A
q

 (
p

p
m

)

-5500

-5000

-4500

-4000

-3500

-3000

-2500

-2000

-1500 R(RL)
L(LR)
L(RL)
R(LR)

�:kR�W<KS3gh�0�cEGL���!�?1�������+1����+C
�!��'R�*)+�UC�)+"�� Y �?"$��A����!�*�
��A-"�C+�&�����Z�
)+�Ui�i3�[�U)+��@ � C�� �DA�XJ�F�����:� Y jh���+18��j!<

 7 



��C�5AKLf :1X¥W�XG3�f FGC R�5AFG3sFS\�3I`ebaH�H�� Y�:M;�FG3NR7KL5AFS:M;<R bey>B%XE57;�f D�KSC���:1f<3tC7FS\<3NKzyrb �
_pC�;(FGKSC�J�XS:1R�;�57J1X�� ��57XG3�fsC�;!57;I:1;(FG3NKL;�57J�_NJkC�_S¦Z��W<F%FGKL:kR7R73NKL3�fs3p�,FG3NK ;�57J1Jk^t5AF[FS\<3?XGFS5AKSF[C7|
3�57_L\ \<3�JM:1_N:kF}^�wr:M;�f<C�w?/IQZ\<3z;<3Nw��73NKLXS:1C�;�X?5AKS3 J15AKSR73�J1^ |#W�;�_pFS:1C�;�57J�_pC7D�:13�X>C7|ZFS\<3C�J1f
�73NKLXS:1C�;�X��<wr:kFS\s5d|)3Nw´57f�f�:kFS:kC�; XS:kR�;�57J�C�W<FGD�W<FSXZW�XG3N|�W�J�|�C7KZR�5AFS:1;�Rz57;�fIJ15AFS_ \�:1;<REXS_N57J13NKLX
|�C7K�FS\<3�g.A�´KS3�57f<C�W<FN/ QZ\<3;�3Nw ��C�5AKLf�X?KS3ND�J157_p3FS\<3zC�J1f�wr:kKS3p�¢wrKL5AD ��C�5AKLf�X���wr\�:M_L\
w43NKS3\��3�_pC�6d:1;<RdW�;<KS3�J1:15���Jk37/
bT;<3Nw D�5AK :kF}^¥57;�57Jk^�XS:1XD�57_L¦i5AR73M�#H�bev8�\�57X ��3N3�;df�3N�73�JkC7D�3�fI�7D�KL:16z5AKL:1Jk^=wZK :kFGFG3�;E:1;

B � � 57;�f¥6d5A¦�:1;<Rg3p��FG3�;�XS:k�73[W�XS34C7|�FS\<3[YZu>ugQ J1:S��K 5AKL:k3�XN/�H�bav w%57X£f<3�XS:1R�;<3�f]FGCgXS3NKS�73
57X8��C7FS\ 5 KS3�57Jk�¢FS:16E3¥C�;��}J1:1;�3¥57;�57Jk^,XL:1XaFGC(C�J���_N5AD�5���Jk3EC7|4D�KSC��,:Mf�:1;<RC�;�J1:1;<3E6EC�;�:kFGC7KL:1;<R
57;�f _pC�;(FGKSC�J1JM:1;<R�|)3N3�f ��57_S¦ XG^�XGFG3�6dX��457;�f 57; C ���}J1:1;�3 57;�57Jk^,XL:1X]D�57_S¦A5AR737/ QZ\�3sC�;�J1:1;<3
H�bev |�W�;�_pFS:kC�;�57J1:kF¡^t:MXr;<3�5AKL:M;<Rz_pC�6ED�J13NFS:kC�;I��we\�:1Jk3=FS\<3]C ���}J1:1;<3?57;�57Jk^,XL:1X[|#W�;�_pFS:kC�;�Xe5AKS3
XGFS:1JMJ�W�;�f<3NK[f<3N�73�JkC7D�6E3�;(FN/�H�bev�:1;�_pC7KLD�C7K 5AFG3�X45d~!^�V �g8 f�5AFS5���57XS3=C7|�:1;<|�C7KL6d5AFS:1C�;z|�C7K
3�57_L\ KLW�; FGCzFGKL57_S¦s_pC�;	H�R�W�KL5AFS:kC�;I_ \�57;<R73�Xr57;�fI_N57J1:S��K 5AFS:kC�; D�5AKL576E3NFG3NK XN/

*+$)��$Q;:� ��� DC� % � $&D�F �]���
��� ���HS

�:kR�W<KL3=h�.Lc�GZ)+�;�Djm��XJ�B� Y �;�+���?u~}hr~r~c4��1��6�B�#C*�����I<

QZ\�3I:1;�FG3NR7K 5AFS:1;<R 3�Jk3�_pFGKSC�; _N57JkC7KL:16E3NFG3NK Xd\�5��73 ��3N3�; ��W�:1JkF]|)C7KzFS\<3IW<D�_pC�6d:1;<R�H��
3p��D�3NK :16E3�;(FSXN/ QZ\<3�XG3 f<3NFG3�_pFGC7KLXs_pC�J1Jk3�_pF��B43NKS3�;<¦7C�� J1:kR�\(Fd|�KSC�6³FS\<3!3�J157XSFS:1_!XS_N5AFGFG3NKL3�f
3�Jk3�_pFGKSC�;�X��[57;�f FS\<3!5���XG3�;�_p3IC7|=XS_N:1;(FS:1J1JM5AFS:kC�; 6d5A¦73�XdFS\�3�6°:1;�XS3�;�XS:kFS:k�73 FGC�XSC7|)FD�:kC�;�X
57;�f D�\<C7FGC�;�XN/aQr\<3N^I5AKS3¥_pC�6ED�C�XG3�f C7|�57JkFG3NKL;�5AFS:M;<RtJM5�^73NKLXaC7|�|#W�XG3�f:/(W�5AKSFGjE57;�f ��KL57XSX
XGCdFS\�3N^ 5AKL3?XSW�:kFS5���Jk^dKL57f�:M5AFS:kC�;��}\�5AKLfK��57;�fsFS\<3N^s5AKS3?XGD�3�_N:SH�3�fFGCt6E3�57XSW<KL3=FS\<3>3�;<3NKSR7^
C7|g:1;�_N:1f<3�;(F]3�Jk3�_pFGKSC�;�X¥wr:1FS\ 5 KL3�XGC�J1W<FS:kC�;U��3�JkC�w9.A�<�t/ b�D�C�XSXS:S��Jk3z|#57J1XG3s57XG^�6d6E3NFGKS^
XG^�XGFG3�6d5AFS:1_ f�W<3 FGC FGKL57_p3�|)3NKSKLC�6d5AR�;<3NFS:1_ _pC�6ED�C�;<3�;(FSXzC7|>FS\�3R��K 57XSX57JMJkC�^ \�57X���3N3�;

 Aq



_N57J1_NW�JM5AFG3�f�FGCR��3t;<3NR�J1:kR�:F��Jk37/Qr\<3f<3NFG3�_pFGC7K X]5AKL3_pC�6ED�C�XG3�f�C7|%F}w4C�XS3NR�6E3�;�FSX�wr\�:M_L\
wr:1JMJ
��3r57JM:kR�;<3�fE:1;EFS\�3rXGD�3�_pFGKSC�6E3NFG3NK�|)C�_N57J�D�JM57;<3[FGC?f�:k��:1f<3%FS\<3�687[f�:1XSFGKL:S��W<FS:1C�;�/���57_ \
XG3NR�6E3�;(F :1Xd:1;�XSFGKLW�6E3�;(FG3�f wr:kFS\ 5�XS:1;�R�Jk3sD�\<C7FGC7FSW	��37/TQZ\<3!_pC�6���:1;�3�f f<3NFG3�_pFGC7K wr:1J1J
_pC�;(FS57:1;zFS\�3rf�:1XGFGK :S��W<FS:kC�;]C7|�3�J157XGFS:M_N57J1Jk^(�}XS_N5AFGFG3NKS3�fd3�J13�_pFGKSC�;�X�wr\�:1Jk3%KS3�6z57:1;�:1;<R=XG3ND�5AKL5AFG3
|�KSC�6 FS\<3�:M;<3�J157XGFS:1_�f�:MXGFGKL:S��W�FS:kC�; :M;TFS\<3 |�C,_N57J=D�J157;<37/9QZ\�3 F}w4C XG3NR�6E3�;(FSX!_pC�;�;<3�_pF
FGC�|)C7K 6'57; �G8 � XS\�5AD�3��£C7K :k3�;�FG3�f XGC FS\�5AF¥FS\<3 XG3NR�6E3�;(FSXE57J1:kR�;�wr:kFS\ 57; 3�f<R73 C7|ZFS\<3
�B43NKS3�;�¦7C��!_pC�;<3�|)C7Kg6d5i�<:16d57J�JM:kR�\�Fe_pC�J1Jk3�_pFS:kC�;I��57XeXL\<C�wr; :1;!�:kR�W�KS3>h�.,/aug;�3?XG3NR�6E3�;(F
w%57X>:1;�XGFS57JMJk3�f�:1; FS\<3z~��7JMJk3NK=D�C�J15AKL:16E3NFG3NK>:M; `a57J1J£b |)C7K�:1;��1��3�576 FG3�XGFSXN/dQZ\<3�XS3]FG3�XSFSX
�73NKL:SH�3�f FS\�5AFtFS\<3 3�;<3NKSR7^ KL3�XGC�J1W<FS:kC�; w%57X0��3�JkC�w .A�<�Z�e57;�f FS\�5AFt3�f<R73�3���3�_pFSX w43NKS3
XSW�:1FS5���Jk^W�;�f<3NKLXGFGC,C�f�/
��; C7KLf<3NK%FGCED�KSC��,:Mf<3 ��C7FS\ \�:kR�\�3NK4KL3�XGC�J1W<FS:kC�;t57;�fs\�:1R�\<3NK�KL3�f�W�;�f�57;�_p^d:1;tFS\<3=6E3�5i�

XSW<KL3�6E3�;�F?C7|Z_L\�5AKSR73t57;�f D�C�XS:1FS:kC�;I��_N5��,:kF¡^���3�576�6EC�;�:1FGC7KLX?XS:M6d:1J15AKgFGC!FS\�C�XG3W�XS3�f :1;
`a57J1J2´\�5��73���3N3�; f<3N�73�JkC7D�3�f |�C7KG��C7FS\ �g� 57;�f FS\<3¥`e57J1J�b H�� 3p��D�3NK :16E3�;(FSXN/ab XG3NF
C7|£FS\<3 �g�z6EC�;�:kFGC7KLXZw%57Xa:1;�XGFS57J1J13�f C�;!FS\<3�`e57J1J�b���3�5769J1:1;�3=|)C7Ka5dFG3�XGFgf�W<KL:M;<RzV�W�6¥�
6E3NK���.A�7��.,/ QZ\<3FG3�XGFEf<3�6EC�;�XSFGKL5AFG3�f�FS\�5AF�FS\<3 6EC�;�:1FGC7KLX?w4C7KS¦73�f 57X]3p�,D�3�_pFG3�f�/�QZ\<3
:1;�XSFGKLW�6E3�;(FS5AFS:kC�;IC7|�FS\<3]6dC�;�:kFGC7KLX��N��57XG3�f C�; FS\�5AFaW�XG3�f �,^I`a57J1J�2G��D�KSC��,:1f�3�f!5tJkC7R�5i�
KL:kFS\�6d:1_]576ED�J1:SH�_N5AFS:kC�; |)C7K>FS\�3ED�C�XL:kFS:kC�;�57;�f _L\�5AKSR73dKS3�57f<C�W�FN/¥Qr\�:1Xg\�57X8��3N3�; XS\<C�wr;
FGC���3eW�;�XSW�:1FS5���Jk3%|)C7K4FS\<3eD�5AKL:kF¡^]3p��D�3NKL:16E3�;(FSX��,57X�FS\<3aJkC7R�5AKL:kFS\�6d:1_%KS3�57f<C�W�F�:1;(FGKSC�f�W�_p3�X
XS:kR�;�:SH�_N57;(FZXG^,XSFG3�6d5AFS:1_>3NKLKSC7Ke:1;IFS\<3?5��73NK 5AR�:1;<RzC��73NK>UA�z`ej?wr:1;�f<C�wrX[57Xrw�3�JMJ�57Xe5zXS:kRA�
;�:SH�_N57;�F�f<3NR7K 57f�5AFS:kC�;d:1;dFS\<3[KS3�XGC�J1W�FS:kC�;¥C7|�FS\<3r6EC�;�:1FGC7KLXN/vr3Nw KL3�57f<C�W<F�3�Jk3�_pFGKLC�;�:1_NX£|�C7K
FS\<3�XG3[_N5��,:kFS:13�X�5AKL34_NW<KLKS3�;�FSJ1^8��3�:M;<Rrf<3N�73�JkC7D�3�f���57XG3�f�C�;¥57;]�G��� 6d: ��3NK��Awr\�:1_ \>C��,�,:M5AFG3�X
FS\<3t;<3N3�f�|�C7K�57;�C ��XG3NF]:M; FS\<3D�C�XL:kFS:kC�; 6E3�57XLW<KS3�6E3�;(FSXN/IQ[w4C XG3NFSX�C7|Z_N5���:kFS:k3�X���3�57_ \
KS3�57f�:M;<R>C�W<F4_L\�5AKSR73=57;�f �s57;�f � D�C�XS:kFS:1C�;�X ��wr:1JMJ���3e:1;�XGFS57J1J13�f���3NF}w43N3�;FS\�3e`a�Ah�b 57;�f
`a�Ah�2 XGFGKL:kD�J1:1;<3a24H4~!X���57;�fI5EFS\�:kKLf XG3NFZwr:MJ1J���3>:M;�XGFS57J1Jk3�f :1; FS\�3>2[V �cKL3NR�:kC�;�/

 A@



����� ����� ���^	�� � �U� � � � ��� � ��� � 	
���1�/�#� ��	�ª¢� �¥����* ª}	��� ��	 � �>	�")��� 	�* ��	�������	�"
����������� �"!#��$&%'�)( � , � 0 !#%2D ��� �

b ;�3Nw XGC7|�F}w%5AKS3gD�57_S¦A5AR73g|)C7K4`r��_pC�;�FGKSC�J�\�57X ��3N3�;dwZKL:1FGFG3�;I�(W�XL:1;<R ��5��A5?D�KLC7R7KL576¥�
6d:1;�RzJ157;<R�W�5AR737/eQZ\�:1X[D�57_S¦A5AR73�w%57XgW�XG3�f!:M;s3p�,D�3NKL:M6E3�;�Fe��@7@��L070phQ�#YZBZV �r:1;sC7KLf<3NKeFGC
_pC�;(FGKSC�JZ5���C�W<FI0N�7�7� `e� _ \�57;�;<3�JMX¥C7|eFS\<3I_N57J1C7KL:16E3NFG3NKd57;�f FS\�3s�73NFGC�_pC�W�;(FG3NK�/ QZ\<3
D�57_L¦i5AR73d:1;�_NJ1W�f<3�f 5zR7KL5AD�\�:1_N57J�W�XG3NK=:1;(FG3NKS|�57_p3���5 6d5AD�D�:1;<Rd|�C7KgFS\<3]f�3NFG3�_pFGC7K?_L\�57;�;<3�J1X
FGC>FS\<3ZXS3NF£C7|�`e� _pK 5AFG3�X�57;�fE6EC�f�W�Jk3�X���5=;<3NF}w4C7KS¦¥_pC�6d6�W�;�:1_N5AFS:kC�;¥D�57_L¦i5AR73���D�KLC7R7KL576dX
FGC¥:1XSXSW<3rD�5AKSFS:1_NW�JM5AK�_pC�6d6d57;�f�X�FGC¥`e�´_pKL5AFG3�X%57;�ft57;57J15AK 6 XG^�XGFG3�6s/�ve3NF}w4C7KS¦�:1;<R¥_N57;
��3]f�C�;<3]W�XS:1;<RF}w4CI:1;�FG3NKL|�57_p3�XaC7|�8�3�B4KSC�^�0ph�o7q 6d57:1;<|�KL576E3�X:cZFS\<3¥��FS\<3NKL;�3NFg:M;�FG3NKS|#57_p3
57;�f FS\<3!XG3NKL:M57JZ:1;(FG3NKS|�57_p37/TQZ\<3I��FS\<3NKL;<3NF:1;�FG3NKL|�57_p3 w457XW�XG3�f |�C7KYZBZV 3p�,D�3NKL:16d3�;�F
��3�_N57W�XG3sC7|g:kFSXE\�:kR�\�3NKdXGD�3N3�f�/ baJ1J[_ \�57;<R73�XdC7|aFS\<3s�7C�JkFS5AR73 XG3NFGFS:1;<R�XEw43NKS3IXGFGC7KL3�f :1;
5 f�5AFS5���57XG37/ QZ\<3 � �e�E57J1JkC�w�3�f FGC�XG3N3sFS\<3!XGFS5AFSW�XEC7|=57J1J%FS\<3I`e� _ \�57;�;<3�J1XdC�; FS\<3
_pC�6ED�W�FG3NKrXS_pKS3N3�;I57;�fI_L\<3�_L¦ C7Kr_L\�57;�R73>FS\<3�6��<wr\�:1Jk3g:kF[w457Xr57J1XGCED�C�XSXS:S��Jk3eFGCdJ1C�57fsFS\<3
XG3NFGFS:1;�R�Xe|�KSC�6�3p�,FG3NK ;�57JOH�Jk3�XZC7Kg|�KSC�69FS\�3�f�5AFS5���57XS37/aba; 57JM5AKL69w%57Xg:1XSXSW�3�fIwr\<3�;!FS\<3
�7C�JkFS5AR73gC7K[_NW<KSKS3�;(F��A57J1W<3�X ��3�_N576E3gf�: ��3NKS3�;�F�|)KSC�6 FS\<3gXG3NF4C�;<3�XN/�QZ\<3a`r� 6z57:1;<|�KL576E3�X
w43NKS3]J1C,_N5AFG3�f�_NJkC�XG3]FGC FS\<3¥_N57JkC7KL:16E3NFG3NK5��:1; 5zKL3�J15AFS:k�73�Jk^!\�:kR�\IKL57f�:15AFS:kC�;I3�;(��:kKSC�;�6E3�;(F��
wr\�:M_L\ _N57W�XG3�f FS\<3�6 FGC�FGKL:kD C7|�FG3�; �>5AF¥J13�57XGF¥C�;�_p3I5�f�5�^�C�; 5��73NKL5AR73��%FS\<3NKS3N|�C7KS3s57;
57W<FGC�6d5AFG3�f 57J15AK 6�XG^�XGFG3�6'57;�f�5 _pC�;�XGFS57;(F]_pC�;(FGKSC�J�C7|4FS\�3z�A57J1W<3�X>w43NKS33�XSXG3�;(FS:157J�|�C7K
FS\<3>3p��D�3NKL:16E3�;(FN/
��Jk3�6E3�;(FSX�C7|�FS\�:1X�XG^�XGFG3�6�w43NKS3a57JMXGC�W�XS3�fzFGC]D�3NKS|)C7K 6 XSJkC�w _pC�;(FGKSC�J�C7|�C7FS\<3NK43�/,W�:kD<�

6E3�;(Fa5AFgYZBZV�/N� C7KS¦!:1Xe:1;ID�KLC7R7KS3�XSXa57:16d:1;<RzFGCt57f�5AD�FeFS\<3�D�57_S¦A5AR73¥FGCtW�XG3�baYZB%ve��Q
��57;<C7FS\�3NKr;<3NF}w4C7KS¦sD�KLC7FGC,_pC�J���_pC�6z6EC�;�Jk^ W�XG3�fswe:kFS\s8�3�B4KLC�^�0ph�o7q,/

qA�



�����  � ����� � � ����� ��� � �
���k© �#� ��*(
�#��� $t����*,����������*��s*(������*
����������� �"!#��$&%'�)(�#,��#,�. $�� � S)$

� $"��$"�9D�41;)0LD��9D ;:��$)�H�6S����<;"S

B43�;�FGK 57J�~IC�6d3�;�FSW�6 {��a3N�=�i_

B4C�; H�R�W<KL5AFS:kC�; U7o � .A��� 0�. �
\
	GB�	 � � 0�o'�

� � � � {E_N6
��� � 0�@7qd6EK 57f � 0�U7qd6EK 57f � {7qE6EKL57f
� � � U7od6EKL57f � U7.d6EKL57f � .7UE6EKL57f
\� � .7qd6dXGK � 0�qd6dXGK � {E6zXGK

� � � .,/P{d6d6 U,/P{d6d6 h</P{d6d6
� � � 0A/P@E6EKL57f 0A/PUE6EKL57f ��/P{E6dKL57f
� � � ��/PoE6EKL57f ��/PoE6EKL57f ��/PoE6dKL57f
��� 0A/PUA�£�¡U 0A/ �7�£�¡U ��/µ i���¡U

Q�5���Jk3d{Lc�GZ)+����"7M�@ ���*)$�$j��;�*)+�E�
�I�6���!"��B�#1¥8����'	�7�D�!"��+C#�3+"��&"7�!�*�����K�EM+"$�B�#1�� �]G~�&"7�$�*������UC
"7@ C+%�@ "$�\� � �$�
��'��
)+��� ��\� C#"�@���&��8�+�K�\� �
�#<H©+���m¡ � _�"$�E��%+C�)H"$� ����xfC+�¨�;"�W*�
��� �[�*)��K� % Y )E�
)+���
8�
C*�
�K� �!�*�����J_bM�%��h�*)+�� �?C#�����*�&��� 1>�
)�� '&���#<bGZ)+�?���D�K�7�q�
���\���!"$���
�h"$���
%��!�?"-x�< �����&"+1]"7� Y @ �U1��*�����D�?�:�+"$�\� � ��"��+13N#x�x 
m� ����\� �6� ���
1��*�����D�?�:�+"$�\� � �7<

QZ\�3eD�W�KSD�C�XG3ZC7|�FS\<3=~!3�f�:1W�6�be_N_p3ND�FS57;�_p3=ye3N��:1_p3��<¦�;<C�we;57X[~ bey��<:1X�FGC	��576EC�;<R
C7FS\<3NK=FS\�:M;<R�X���D�KSC��,:1f�3]5 FGC,C�J|)C7K=\�:1R�\�� � XGFSW�f�:k3�XaC7|�FS\<3¥D�KSC7D�3NKSFS:13�XrC7|4;(W�_NJ13NC�;�Xawr:kFS\
070 �g3N�=��3�576I/�8�5AKSR73�57_N_p3ND�FS57;�_p3[:1;\��C7FS\?XGC�J1:1f>57;�R�Jk3�57;�f�6EC�6E3�;(FSW�6 wr:1FS\>6EC�f<3NKL5AFG3
6EC�6E3�;(FSW�6¨KL3�XGC�J1W<FS:kC�;s5AKL3?;<3N3�f<3�fs|�C7KZFS\<3?D�J157;�;<3�ft3p��D�3NKL:16E3�;(FSXN/
QZ\�3�f<3N��:1_p3�:1X!5 6d5AR�;<3NFS:M_�XGD�3�_pFGKSC�6E3NFG3NK:��W�:MJkF |)KSC�6nF}w4C _pC�6���:1;�3�f�|�W�;�_pFS:kC�;I�

/,W�57f<KLW<D�C�Jk357;�f�f�:kD�C�Jk3���XLW<D�3NKL_pC�;�f�W�_pFS:M;<R!6d5AR�;<3NFSX�/ QZ\<30/,W�57f<K W<D�C�Jk3z_pC�6ED�C�;<3�;(FSX
D�KSC��,:Mf<3eFS\�3e|�C,_NW�XSXS:1;<R];<3�_p3�XSXS5AKL^zFGCE57_L\�:13N�73=FS\<3af�3�XS:kKS3�ftXGC�J1:1ft57;<R�Jk3awr\�:MJk3rFS\<3gf�:kD�C�Jk3
_pC�6ED�C�;<3�;(FSXaD�KSC���:1f<3]FS\<3¥f�:1XGD�3NKLXL:kC�;I;<3N3�f<3�f |�C7Kg6dC�6E3�;�FSW�6�KL3�XGC�J1W<FS:kC�;�/aQZ\�3�6d5i�<: �
6]W�6 _p3�;(FGKL57J�6EC�6d3�;�FSW�6 :1X�{ �g3N�=�i_A/�QZ\�3ZFGC7FS57J ��3�;�fE57;<R�J13r:1X�U7o �%wr:1FS\I0N��� ��3�;�fE:1;
FS\<3�H�KLXSF%6z5AR�;<3NFZ57;�fs.7o � ��3�;�f:M;FS\�3gXS3�_pC�;�f�/�QZ\<3=J15AKLR73NKD��3�;�f:1;tFS\<3=XG3�_pC�;�fs6d5ARA�
;<3NF�w457X4_L\<C�XS3�;dFGC]D�KS3N�73�;(F�f�:kKL3�_pF�J1:1;<3[C7|�XS:1R�\�F ��3NF¡w�3N3�;FS\<3rFS5AKLR73NF457;�fdFS\<3ef<3NFG3�_pFGC7K X
wr\�:MJk3¥¦73N3ND�:1;<RsFS\<3f�:1XGD�3NKLXS:1C�;!KS3�57XSC�;�5���Jk^�XS6d57J1JFS\�3NKS3��(^�KS3�f�W�_N:1;<R FS\<3zXL:kjN3EKS3�/,W�:kKS3p�
6E3�;(FSXaC�; FS\�3]f<3NFG3�_pFGC7K=D�57_S¦A5AR737/?�£��FGKL5�73NKLXS5AFS:1J1:1F}^I_N57;:��3]57_ \�:k3N�73�f:�(^!�i5AKS^�:1;<RFS\<3
f<KL:1|)F=f�:1XSFS57;�_p3EFGCIFS\<3"H�KLXGF>6d5AR�;<3NF)c]J15AKSR73NK?f�KL:k|�Fgf�:1XGFS57;�_p3�X>57JMJkC�w XL6d57J1Jk3NK>XS_N5AFGFG3NK :1;<R
57;<R�Jk3�X�5AF�FS\<3a_pC�XGF�C7|�KS3�f�W�_p3�fz57_N_p3ND�FS57;�_p37/�ya3ND�3�;�f�:1;<R=C�;zFS\<3ef<3NFS57:MJ1X£C7|�FS\<3ef�3NFG3�_pFGC7K

q�0



D�57_L¦i5AR73���XS_N5AFGFG3NKL:1;�Rz57;<R�Jk3�XZ57XeXS6d57J1J�57X?0�. �=5AKS3>D�C�XSXS:F��Jk37/
QZ\�36d57:1;�;<3Nw�f�3N�73�JkC7D�6E3�;(F�:1;�.A�7��. :MX>FS\<3t:1;�_pKS3�57XG3:1; FS\<30��3�;�f 57;<R�Jk3C7|[FS\<3

XG3�_pC�;�fz6d5AR�;<3NF�57;�f¥FS\�3ZXSW	��XG3�/,W<3�;(F£:1;�_pKS3�57XG3Z:M;�FS\�3[C��73NKL57J1J ��3�;�f]57;�R�Jk37/£QZ\�:1X_L\�57;<R73
w%57Xr;<3�_p3�XSXL:kFS5AFG3�f��,^FS\�3>C���XG3NKS�A5AFS:kC�;I:M; �g��baveQ´XS:16]W�J15AFS:kC�;�X T h�{ V�FS\�5AF-��57_L¦(R7KSC�W�;�f
KL5AFG3�X�:M;�FS\�3%f�3NFG3�_pFGC7K�KS3�XSW�JkFS:1;<Re|)KSC�6 f�:kKS3�_pF£J1:1;<3�C7|�XL:kR�\�FFGC=FS\<3%FS5AKSR73NF�w�3NKS3[W�;�57_N_p3ND�F��
5���Jk37/�Yr3�6EC���:1;<R]FS\<3=f�:kKL3�_pF4J1:M;<3rC7|�XL:kR�\�F4KS3�f�W�_p3�fFS\�:1X�K 5AFG3G�,^5]|#57_pFGC7K[C7|�5���C�W<F.H��737/
QZ\<3¥:16ED�57_pFaC�; 6z5AR�;<3NF=f<3�XS:kR�;�57;�f C7D�FS:1_N57J�D�KLC7D�3NKLFS:k3�Xg:1Xe6z:1;�:16d57J¢/aQZ\�3NKS3E\�57Xg57J1XGC
��3N3�; XGC�6E3=D�KSC7R7KL3�XSX%6d57f<3gC�;sf<3�H�;�:M;<R?FS\<3gw%5�^t3N�73�;�FSXr_N57;Z��3g:1;(FG3NKSD�KS3NFG3�f C7D�FS:1_N57J1Jk^7/

Transverse envelope

Dispersive envelope

1st
magnet

2nd
magnet

1 m

0.6 m

�:kR�W<KS3=h�ULc�GR�&"��$� l ���K�B��"7�+1-1�� �
����K�6� l �?��� l ��@ � ��
�#<

� � D��
S R3���"� S"��!#%C�<$"S
QZ\<3D��3�576c3�;(�73�JkC7D�3���FGKL57;�XG�73NKLXG3Z57;�fEf�:1XGD�3NKLXS:k�73��7_N57J1_NW�J15AFG3�fEwr:kFS\d.A;�f¥C7KLf<3NK�QZYebev=V(�
H4u=Y�Q |)C7K�FS\<3aU7o � _pC�;	H�R�W<K 5AFS:kC�;z:1X�XS\<C�we;dC�;z�:kR</(h�U,/�QZ\<3ZC7D�FS:1_NX�:MX£�73NKS^d6]W�_L\FS\�5AF
C7|Z5�/,W�57f<KLW�D�C�J13]D�57:kK�/Qr\<3zJ15AKSR7357_N_p3ND�FS57;�_p3s:1X>57_ \�:k3N�73�fW�(^�¦73N3ND�:1;�RIFS\<3z6d5AR�;�3NFSX
57XzXL\<C7KSFd57XdD�C�XSXL:S��Jk3s57;�f 57Xz_NJkC�XG3IFGC7R73NFS\<3NKs57XED�C�XSXL:S��Jk37/ QZ\<3 H�KLXGFEC7KLf�3NKdFGKL57;�XG|�3NK
6d5AFGKL:M_p3�X=|)C7K?FS\<3U7o �¥57;�f .A���E_pC�; H�R�W<KL5AFS:kC�;�X=5AKS3zXS\<C�wr; :1; Q�5���/�  57;�f Q�5���/�q,/E��;
��C7FS\s_N57XG3�X�� ��� � � � ��0� 
��we\�:1_L\sf�KL:k�73�X4FS\<3>3p��D�3�_pFG3�fI6EC�6E3�;(FSW�6¨KS3�XSC�J1W<FS:kC�; 5AF � �
0�o��,0�. � _pC�; H�R�W<KL5AFS:kC�;!:1X[XS\<C�wr;I:1;sQ�5���/�@,/���;sFS\�:MX[_N57XG3���� ��� � � � ��.7o

� � � � �

� �¡U,/µ A. ��/ �7� ��/ �7� ��/ �7� U,/Poih
� �L0A/ ��U �}��/P.�  ��/ �7� ��/ �7� 0N��U,/ �
� ��/ �7� ��/ �7� 0A/ �7� o,/10�o ��/ �7�
� ��/ �7� ��/ �7� �L0A/ ��o �¢h</xh�U ��/ �7�

Q�5���J13�  c�GZ)+� �`�&�I�Z���	1��+�~G~�&"7�$�*������U�!"$�*�(� 5>���H�+"��
%��&"7@ %���� ���[zB��_��&17|�'(�����
)+�Ui�� � C*� ��� Y %��&"��6� ���7<

q7.



� � � � �

� �¡.,/Po�0 ��/ �7� ��/ �7� ��/ �7� U,/P.7@
� �}��/µ i� �}��/xh�� ��/ �7� ��/ �7� @A��/P.
� ��/ �7� ��/ �7� 0A/ �7�  (/10N� ��/ �7�
� ��/ �7� ��/ �7� �}��/µ A@ �¢h</Po7q ��/ �7�

Q�5���J13?qLc�GZ)+� �`�&�I�Z���	1��+���!"��
�(� 5�'(�����
)+�U��x � C
� ��� Y %��&"��6� ���7<

� � � � �

� �¡.,/Po�0 ��/ �7� ��/ �7� ��/ �7� U,/P.7@
� �}��/µ i� �}��/xh�� ��/ �7� ��/ �7� @A��/P.
� ��/ �7� ��/ �7� 0A/ �7�  (/10N� ��/ �7�
� ��/ �7� ��/ �7� �}��/µ A@ �¢h</Po7q ��/ �7�

Q�5���J13?@Lc�GZ)+� �`�&�I�Z���	1��+���!"��
�(� 5�'(�����
)+�E°�" � C
� ��� Y %��&"��6� ���7<

� D�(C���9D ;)�5�	�YS���!
%�� $�S
b w4C7KS¦,:M;<R 6EC�f<3�J=C7|EFS\<3 ~!bay�\�57X ��3N3�;´f<3N�73�JkC7D�3�f�W�XS:1;<R FS\�3�KL5�^(FGKL57_N:M;<R _pC�f<3
V�vab J?�Z/�QZ\<3¥6d5AR�;<3NFS:1_�H�3�JMf�Xe:M; FS\�3¥6z5AR�;<3NFSX=5AKS3Ef<3NFG3NKL6d:M;<3�f�W�XS:1;<RtQeu>V�B[b R73�;��
3NKL5AFG3�f 6d5AD�XN/=QZ\<C�XG3¥6d5AD�Xaw43NKS3E_pKS3�5AFG3�f �(^!KLW�;�;�:M;<RzQeu>V�B%bcC�; FS\<3]6z5AR�;<3NFgwr:kFS\
C�;�Jk^�FS\<3�/,W�57f<K W<D�C�Jk3z_pC�:1J43�;<3NKSR�:1jN3�f 57;�f�we:kFS\�C�;�Jk^ FS\<3sf�:kD�C�Jk3d3�J13�6E3�;�F¥3�;<3NKLR�:kjN3�f�/
Q[w4C6d5AD�XZ5AKS3?FS\�3NKS3��(^sR73�;�3NKL5AFG3�f�/[QZ\<C�XG3?F}w4Ct6d5AD�XZ5AKS3?FS\�3�;!57f�f<3�f!FGC7R73NFS\<3NKawr:kFS\
XS_N57Jk3¥|#57_pFGC7KLX=FGCIXS:M6�W�JM5AFG3�FSW�;�:1;<RzFS\�3]�A5AKL:kC�W�Xe3�J13�6E3�;�FSX�/¥ug;�_p3]FS\<3MH�KLXSFeC7KLf�3NK=D�KSC7D<�
3NKSFS:k3�X43p��D�3�_pFG3�f|�KSC�6�FS\<3gQ�K 57;�XGD�C7KSF�XSFSW�f�:k3�X�5AKS3=57_L\�:k3N�73�fs5]J15AKSR73g;,W�6,��3NK8��.A�7�7�<��C7|
KL57;�f�C�6¤FGKL52G3�_pFGC7KL:k3�X?XSD�57;�;�:1;�RFS\<3z|�W�JMJ�57_N_p3ND�FS57;�_p3C7|4FS\<3zXSD�3�_pFGKLC�6E3NFG3NK�5AKS3EFGK 57_p3�f
FS\<KSC�W�R�\�FS\<3EXGD�3�_pFGKSC�6E3NFG3NK�/¥QZ\<3�XG3¥FGKL52G3�_pFGC7KL:k3�X?5AKS3EFS\<3�; W�XG3�f�57X>:M;<D�W<FeFGCI5ZH�FGFS:1;<R
D�KSC7R7K 576 � ~ �aye�������?FS\�5AFEf<3NFG3NK 6d:1;<3�X�FS\<3���3�XSF��1H�F?D�C�Jk^�;<C�6d:157JMX=KS3�_pC�;�XGFGK W�_pFS:1;<R FS\<3
FS5AKSR73NFaD�5AKL576E3NFG3NK X���� �<� � � � � � ��57;�f � � �%C7|£FS\<3�FGKL52G3�_pFGC7KL:k3�X ��57XG3�fIC�; FS\<3�:kKrD�C�XL:kFS:kC�;�X
57;�f 57;<R�Jk3�X�� ����� � � � � � ��57;�f����<�%:1;IFS\<3�f<3NFG3�_pFGC7K XN/[QZ\<3?XG3�;�XS:kFS:k��:kF}^tFGC6d3�57XSW<KS3�6E3�;(F
3NKSKSC7K Xz:1; FS\�3 f<3NFG3�_pFGC7KLXt_N57; FS\<3�; ��3I3p��D�JkC7KS3�f :1; 5�~!C�;(FG3p�§B%5AKLJkC |�57XL\�:kC�; W�XL:1;<R 5
;<3Nw´XS3NF[C7|�FGKL52G3�_pFGC7KL:k3�XrR73�;<3NKL5AFG3�f :1; FS\<3>XS576E3>6z57;�;<3NKZ57X[FS\<C�XS3?W�XG3�fs:1;tFS\<3,H�FGFS:1;<R</
QZ\<3�XS3]|�C7KSw%5AKLf 57;�f KS3N�73NKLXS3E|�W�;�_pFS:kC�;�Xg5AKS3d5��A57:1J15���Jk3�FGCI57;(^7C�;<3Ewr:MXS\�:1;<RFGCIXS:16]W�J15AFG3
FS\<3�:kKrC�wr;s3p��D�3NKL:16E3�;(F T h(  V¢/
QZ\�3ef�:1XL_NW�XSXS:kC�;dC�;FS\�3a5���C��73aw43���XS:kFG3gf<3�XS_pKL:F��3�X�FS\<3af�: �z_NW�JkF¡^¥3�;�_pC�W�;(FG3NKS3�ftwr\<3�;

FGKS^�:1;<RFGC0H�FaJ1:16d:1FG3�fsC7KLf<3NKaD�C�Jk^,;�C�6d:157J1X%FGCtFGKL52G3�_pFGC7KL:k3�Xg:1;!5tf<3N��:1_p3?we:kFS\!XSW�_L\ J15AKSR73
57_N_p3ND�FS57;�_p3>57;�ftXSD�3�_NW�J15AFG3�X�FS\�5AF4FS\�5AF�D�KLC���Jk3�6 _N57;Z��3a_N:kKL_NW�6��73�;�FG3�f��,^zXSW	��f�:1�,:1f�:1;<R
FS\<3�57_N_p3ND�FS57;�_p34:M;�FGCrXL6d57J1Jk3NK�XSW ��XG3�_pFS:kC�;�X�/�b%F�FS\�:MX�FS:16E3£FS\�5AF�C7D�FS:kC�;?\�57XI��3N3�;=3p�,D�JkC7KS3�f
wr:kFS\�XGC�6E34XSW�_N_p3�XSXN/�V�:16dD�Jk^eXLW	��f�:k��:1f�:1;<R�FS\<3�6dC�6E3�;�FSW�6´57_N_p3ND�FS57;�_p3[:1;(FGCaUrJ15AKSR73 ��:1;�X
R�:k�73�X��73NKS^�3�;�_pC�W<KL5AR�:M;<RIKS3�XSW�JkFSXN/��aXS:1;�R!;<C7FS\�:1;�RI6EC7KS3dFS\�57; oiFS\ C7KLf�3NK?D�C�Jk^�;<C�6d:157J1X
FS\<3Z/(W�57J1:kF}^�C7|[FS\<3 57_L\�:k3N�73�fUH�F�:1X�XS\<C�wr;�:1;�Q�5���/�0N�=�#;<C7FG3tFS\�5AF?FS\<3tD�KS3�XS3�;�FG3�f � � X
KS3ND�KL3�XG3�;�FrFS\<3\/(W�57J1:kF}^tC7|�FS\<3\H�FGFG3�fsD�C�Jk^�;<C�6d:M57J�v=ugQ�FS\�3=3p�,D�3�_pFG3�fIKL3�XGC�J1W<FS:kC�;�� /

q7U



�L0�o'� � � �T�¡o'� �¡o'� � � � �=o'� �=o'� � � � �¥0�o'�
��� .,/P. � 0N� � � h</P. � 0N� � � {,/P{	� 0N� � �
��� 0A/P{ � 0N��� � U,/Po � 0N��� � h</Po	� 0N��� �
���  (/Po � 0N� � � 0A/P. � 0N� � l 0A/PU	� 0N� � l
��� U,/xh	� 0N� � l o,/PU � 0N� � l o,/P@	� 0N� � l

Q�5���Jk3I0N�3cyc�57��#C*���#1��&�
����@ %��6� ���$�#�-M����*)] 3"��+1��f"��&�3�&�#C*� �$���*�J%+C6�B�#1fjb��@ @qM��*�������m�
)+"��>�
)+�E"7���\� C$��+"��B�#1
�&�
����@ %��6� ���7�7¡f"��+1>�¥���6��@ @ �&�#OP%����&�;��� �!�Ujm�7�DW�<

� !#��4E� � �
QZ\<3 ��57XS:1_I_pC�;�_p3ND�F:1Xdw�3�J1Je57JkC�;<R�57;�f 5�w%57:kFS:1;�R |�W�KSFS\<3NKd3�;<R�:M;<3N3NKL:1;<R f�3N�73�JkC7D�6E3�;(FN/
~ W�_L\ KS3�6d57:1;�XdFGC ��3!f<C�;<3 :1; FG3NKL6dXzC7|>5 f<3NFS57:1Jk3�f 3�;<R�:1;<3N3NKL:M;<R f<3�XS:kR�; wr\�:1_ \ wr:1J1J
f<C�W	��FSJk3�XSX%\�5��73�XGC�6E3=|�3N3�f	��57_S¦tC�; FS\<3>f<3�XL:kR�; _L\�5AKL57_pFG3NK :1XGFS:1_NX[C7|�FS\<3�H�;�57JMJk^d57_L\�:13N�73�f
f<3N��:1_p37/

qih



� 1�� � 5�*+�-#%<=03� ��� � #C*+� � # 72! 5 � �6, ! ���3� !$�4#%<





� � 1�� � 5�*+�4#%< 03� � � � #%*+� � #C72!$5 ��� , !$��� �"!$�4#%<
� ��� ��� � � �2� � � � �������
	�� ���

H�C�J15AKL:kj�5AFS:kC�;!Q�KL57;�XG|)3NKa~I3�57XSW�KS3�6E3�;(FSXr:1; FS\<3�7m`M� �%<&(%�) �*��§;IYr3�57_pFS:kC�;

�</P~�/��:1;�;I��~�/ JE/ �7C�;�3�XZ57;�fIH�/ �Z/ �eJ16d3NK���_pC�XGD�C7¦73�XGD�3NKLXGC�;�X
|)C7K

FS\<3>`a57J1J�b B4C�J1J15���C7KL5AFS:kC�;�/

QZ\�:1X?3p��D�3NKL:16E3�;(F?FG3�XSFSX¥FS\<3�A57J1:1f�:kF}^ C7|rf�3�W<FG3NKSC�; 6EC�f<3�J1X��(^ D�KSC���:1f�:1;�R!f�5AFS5 C�;
FS\<3tKS3�_pC�:1J4D�C�J15AKL:kj�5AFS:1C�; C���XG3NKL�i5���J13�X�:1;U7p`�� �%<&(%�) �*��§;�/ ��;�57f�f�:kFS:kC�;�FGC 3�;�\�57;�_N:1;<R C�W<K
W�;�f�3NKLXGFS57;�f�:M;<REC7|£FS\<3�f�3�W<FG3NKSC�; XGFGKLW�_pFSW<KL3�57;�f!KS3�57_pFS:kC�; 6E3�_L\�57;�:1XS6dXa:1; �1%'&(% ) *+� ��FS\<3
:1;<|�C7KL6d5AFS:1C�; R�57:1;<3�fI\<3NKL3>wr:1J1J���3>_pKL:kFS:M_N57J�:1;s:1;(FG3NKSD�KS3NFS:M;<R¥FS\<3�? A ? 3p��D�3NK :16E3�;(FZW�XS:1;<RFS\<3 57;�57JkC7R7C�W�X�7p`�� �%<&(%�) ����¡D KL3�57_pFS:kC�; T h�q V¢/ Qr\�:1XdJ15AFGFG3NKt3p��D�3NK :16E3�;(FEwr:1J1J[f<3NFG3NK 6d:1;<3
FS\<3 KL5AFS:kC�C7|ZFS\�3 ;�3�W<FGKSC�; |)C7K 6²|#57_pFGC7KLX��D? A ? B�? E ? ��57XLXSW�6d:1;�R!FS\�5AFd;,W�_NJk3�5AK¥3���3�_pFSX:1;sFS\�3�f<3�W<FG3NKLC�;!5AKS3]W�;�f<3NKr_pC�;(FGKSC�J /ZQr\<3�? A ? 6E3�57XSW�KS3�6E3�;(Fe_N57;�;<C7FeFG3�XGFaFS\<3?6EC�f<3�J57XSXSW�6ED�FS:kC�;�Xdwr\<3NKS3�57X3p�,D�3NKL:M6E3�;�F��q7@��}��.7q _N57;I�D�,^ _pC�6dD�5AKL:1;<R�6E3�57XSW<KS3�6d3�;�FSXC�;
\(^,f<KLC7R73�;I57;�fIf<3�W�FG3NKL:1W�6 FS5AKSR73NFSX�/
�4q7@��}��.7q 6E3�57XSW�KS3�f FS\<3sKS3�_pC�:1J4D�C�J15AKL:kj�5AFS:1C�;�C���XG3NKS�A5���Jk3�X]C7|rFS\<3 ! `M� �%'&(% ) �*��?KS3�57_m�

FS:kC�;�57;�f FS\<3�7p`�� �%<&(%�) �*��§;�KL3�57_pFS:kC�; :1;:/(W�57XL:k|)KL3N3�¦�:1;<3�6d5AFS:M_NX�� �� �� �"!��M9 05�e_p3�;�FG3NKL3�f
5AF]jN3NKSC!KS3�_pC�:MJ�6EC�6E3�;(FSW�6 � *

�
9¨�<�=5AF"687d�i57J1W�3�X>C7|Z��/xh�U �Z0A/ � 57;�f 0A/P{U� �a3N�>�i_5�;7'�

;<3�5AKaFS\<C�XG3�C7|£FS\<3]~ 57f<3N^s3p��D�3NK :16E3�;(FN/4��; 57f�f�:kFS:kC�;K�<FGCFG3�XGFeFS\<3�6dC,f<3�J�57XSXSW�6dD�FS:kC�;�X
5AF�6dC7KS3r3p��FGKS3�6E3a¦,:M;<3�6d5AFS:1_NX��(57J1XGC�XL576ED�Jk3�fd:M;EFS\<3a~ 57f<3N^E3p��D�3NKL:16E3�;(F���w43e6E3�57XLW<KS3�f
FS\<3 7 `M� �%�&(% ) �*8�§;sKS3�57_pFS:kC�;I5AF *

�
9c0�{A�z~!3N�>�i_>|�C7K 6 7 9c0 � � � �g3N�=�i_5� 7 57;�f �"!���9c0A/

��; ��:1R</�h7h!D�KS3�J1:16z:1;�5AKS^tKS3�XSW�J1FSXg|)C7K=FS\<3Ef<C�W ��Jk3]KL5AFS:kC	��_pC�;�XL:1XGFS:1;<RtC7|�FS\�3EKL5AFS:kC 	8)

B�	\)�

|�C7K,7p`�� �%<&(%�) �*��§; f�:k�,:Mf<3�f �,^ FS\<3dXS576E3dK 5AFS:kCs|)C7KM!L`M� �%<&(%�) �*�� ��5AKS3XS\<C�we;�|)C7K>FS\�3EFS\<KS3N3
6E3�57XSW�KS3�6E3�;(FSX�_p3�;(FG3NKS3�f 5AF-*

�
9 ��/!ug;�Jk^�XGFS5AFS:1XGFS:M_N57J�3NKSKSC7K���5AKLX>5AKL3XS\<C�wr;�:M; FS\<3

H�R�W<KL3 � FS\<3]XG^�XGFG3�6d5AFS:1_]W�;�_p3NKSFS57:M;�FS:k3�Xa5AKS3];<3NR�J1:kR�:S��Jk3>_pC�6ED�5AKS3�f FGCFS\<3]XSFS5AFS:1XGFS:1_N57J�W�;��
_p3NKSFS57:1;(FS:k3�XN/dQr\<3 7 `�� �%<&(% ) �*��§; 57;�f ! `M� �%<&(% ) �*��af�5AFS5sw43NKS3EFS5A¦73�;�5AF>3p��57_pFSJ1^ FS\�3dXS576E3
XGD�3�_pFGKSC�6E3NFG3NK�XS3NFGFS:1;<R�X��7XGCaFS\�5AF£XG^�XGFG3�6d5AFS:1_�3NKSKSC7KLX�w4C�W�J1f,��3%6d:1;�:16d:kjN3�fgwr\�3�;�6E3�57XLW<KG�
:1;<R FS\<3zKL5AFS:kCsC7|4D�C�JM5AKL:kj�5AFS:kC�; �A5AKL:15���Jk3�X�/]��W�KSFS\<3NK���FS\<3���3�576 D�C�JM5AKL:kj�5AFS:kC�; 57;�f �H�H
57;�57Jk^,j�:1;<R�D�C�w43NKz_N57;�_p3�JZ|)C7KEFS\�:MX�/(W�57;(FS:kF¡^7/ �§Fd_N57;=��3sXG3N3�; FS\�5AFEFS\�3sD�KS3�XG3�;(FEf�5AFS5
KS3ND�KL3�XG3�;�Fe5EXSW	��XGFS57;(FS:157J�:M6ED�KSC��73�6E3�;�F[C��73NKeFS\�3=3�5AKLJ1:k3NKe~!��Q%�}2%5AFG3�Xef�5AFS5 T h�@ V¢/
QZ\�3�_N57J1_NW�JM5AFS:kC�;�X�XL\<C�wr;�5AKS34|)KSC�6�brKL3�;�\��C7�73�J�TxoA� V¢/Qr\<3�D�JM57;<3�w%5��73[24C7KL;�5AD�D�KSC��<: �

6d5AFS:kC�;Z�#H �T2%b���_N57J1_NW�JM5AFS:kC�;?:1;�_NJ1W�f<3�X�XL_N5AFGFG3NKL:1;<Re|)KSC�6�FS\<34;<3�W<FGKSC�;?wr:kFS\?f�3NFG3�_pFS:kC�;?C7|
FS\<3ZXGD�3�_pFS5AFGC7K�D�KSC7FGC�;�/-�#beXC�W�K£¦,:1;�3�6d5AFS:1_NX£:1;(�7C�Jk�73%KS3�J15AFS:k�73�J1^�\�:kR�\¥6EC�6d3�;�FSW�6cFGK 57;�X��
|�3NKLXZ57;�fI5AKL3?_p3�;�FG3NKL3�fIC�;M*

�
9T����FS\<3>HC� 2%bc_N57J1_NW�JM5AFS:kC�;I:1X[;<3�5AK Jk^t:Mf<3�;�FS:M_N57J�FGCdFS\<3

H � ��b _N57J1_NW�J15AFS:1C�;zwr\�:1_L\zC�;�Jk^d:1;�_NJMW�f<3�X�XS_N5AFGFG3NK :1;<R]|)KSC�6 FS\<3aD�KSC7FGC�;�/ �]Qr\<3ef�:MXGFGC7KSFG3�f
w%5��73e24C7KL;5AD�D�KSC���:M6d5AFS:kC�;��#yD�T2%b���:1;�_NJ1W�f<3�XN* ��H�;�57J<XGFS5AFG3eKS3�XS_N5AFGFG3NKL:M;<R0�#��V,� � /�QZ\<3
yD�T2%b �=~ �4B �a�GB _N57J1_NW�J15AFS:kC�;¥:1;�_NJ1W�f<3�X�57J1XGC=;<C�;��};,W�_NJk3NC�;�:M_�_NW<KLKS3�;�FSXD� ~ �4B 57;�f]�SB-�
57;�fEFS\�3[|�W�JMJ,_N57JM_NW�J15AFS:kC�;��#yD�T2%b �>~!�%B �a�SB �gYZB-��|#W<KSFS\<3NK�:M;�_NJ1W�f<3�X�KS3�JM5AFS:k�,:MXGFS:1_%_pC�;��
FGKL:S��W<FS:kC�;�XgC7|[Jk3�57f�:M;<RsC7KLf<3NK]:1;Z*+B ��FGC FS\<3d¦�:1;<3�6d5AFS:M_¥w45��73|#W�;�_pFS:kC�;Q��C,C�XGF?57;�f FGC
FS\<3a;(W�_NJ13NC�;_NW<KLKS3�;�FN/£QZ\�3e24C�;�;ATxo�0�V�F¡w�CA�1��C�f<^d:1;(FG3NKL57_pFS:kC�;t57;�fzf�:1D�C�J13Z;(W�_NJ13NC�;z|�C7KL6

q� 



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Q
2
 ( GeV/c)

2

0.85

0.9

0.95

1

1.05

1.1

1.15

(P
x’
 /P

z’
) D

/(P
x’
/P

z’
) H

MIT-Bates data
JLab data
PWBA
DWBA
DWBA + MEC + IC
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Q2 = 2.4 (GeV/c)2
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