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2nd. Metal Readout line

n-side bias line

Polysilicon bias resistors
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Polysilicon bias resistors
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w�b��[k�_�bgV R ��b&X^�[�^w�V�e���bg��
�e�V�e���VOp-b�� R e�bgVPbg_a�Y_HVP�[� T X|VP��b�_�k^�~� V��Y_�X[ZY��w��[k T Z�k�bm`���ZYZ�V���� T VPcm�^_HV�bg`
`��[��cm�Yb�_�c T kWk��[k � ��V�w�b&�^kI_�b�VI�Y_�X[ZY��w��N� T w�� T V�� ] ��X^b��W���[X[VP��b�_�k[��xye���k R �Wb�
�� T c p T k��^k R �[X^� T ZYZ q
w��^k���
�_��[wt`�b��<V�e�����_HV T 
g
��^wfVOp{b � R e�b�VPb�_t� ] �^_HVPk[�

� ���(��� �����!�
� �#"��
� 7��.- /���=)'(�1+2)
�O_mVPe��y`�b����"� `��[��cm�Yb�_�
g�^_��[� T V�b���kCw��^kWX^�W� � �^w T�� b ] ��h&V�e��~w�� D6�^�W�^_HVP� T ZUX^�Wb�k�k4�OkW�^X[V��Yb�_��Yk�_�b�V{�CB R ZY�YX��
�FVPZ q w��[X^b�c R b�k��[w ��_8V�b¡VPe���`���_�X|VP��b�_�k G%$'& "�� $'& �	kW�^�n�^v8� T VP�Ybg_ G��! H����xye���`���ZYZEc T V���� B��^Z��^cm�^_HV
��k�X T ZYX^��Z T V��^w T k T p~e�b�ZY���Lxye��YkI�Yk[h�e�b/p-� ] �[�^h>��k�� T ZYZ q _�bgV R b�k�kW� � Z��N�Y_�X T k���bg`Ce T w���b�_��YX�i�_ T Z
k"V T V��^k[h � �[X T ��kW�IVPe��Ie T w���b�_��YX � �^e T3] �Ybg���ybg` VPe�� R e�bgVPb�_¡w�b��[ky_�bgV~e T3] �IV�e�� R �[�WV���� �UT VP� ] �Ib����$�

g�Y_��
�O_�V�e��.I Q >*3�I Q I �H� K�R �Wb�
�� T c V�e��NX[��b�kWk"�OkW�^X|VP�Ybg_s`�b��:VOp{b � R e�b�VPb�_ R �Wb�X[�^k�k 3 5 3 4 7 3 5 3 4%(
T k T `���_�X|VP�Ybg_�bg` G%$'& "�� $'& e T k � �[�^_\��c R ZY�^cm�^_HV��^w��>�O_lX T k���bg`�Z�� R V�b�_ R�T �Y� R �Wb�w���X[V��Yb�_ G%$'& "�� $'&
T ���np{�[ZYZju8_�b/p~_��f�O_ RUT �"VP��X^��Z T �^h �Y_�VPe�� R �Wb�
�� T c VPe��m`�b���c���Z T k�`��Wb�c VPe�� RUT�R �[� �Hq �{��w�_�� ]
�|V T ZK� I!G K e T/] � � �^�[_���c R ZY�^cm�^_HV��^w���Ft��X'e�Z��^k�k~��kyu&_�b5p~_ Tg� b���VyVPe��^k���`���_�X|VP��b�_�k<`�b��ye T w���b�_��YX
R ��b&X^�^kWk��[k^�C�O_tV�e��Yk<X T k��IV�e�� T ��V�e�b��ybg` VPe�� R ��b�
�� T c e T k T kWk���cm�^w)� $'& ? T�h�p~e���ZY��`�b�� G%$'& VPe��
` T X[VPbg���Yk T VP��b�_��

G%$'& �QP DNON "+* D6 � ?-, $ �.* D C � , & �.* DD � G NON �QP DNON � �	�����H�

e T k � �[�^_���k��^w0�-xye���k<` T X[V�b�����k T V��Yb�_¡��k ]�T ZY��w\`�b���* D6 / P DNON �jxye��I` T X[V�b���k , $ T _�w , & w��^k�X[��� � �V�e�� R e�bgV�b�_�� ] ���WV�� T ZY�FV q �ED0�[X[V�k^�j�O_tV�e��YkyV�e��^kW�YkyVPe���kW�Yc R ZY�10g� R bgZY��cmb�w��^Z�e T k � �^�[_���k��^w0�
,32 �.* D � ?54 � D6� D6 T * D�7

D
�	��� �8�

,%8 �.* D � ? * D
� � D6 4 � D6� D6 T * D�7
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Q ZYZ w�� R �[_�w��[_�X^�[kLbg_�VPe����^Z��^X[V���b�_�c T kWk T _�w�VPe�� R e�bgV�b�_ ] �Y�"VP� T ZY��V��Y�[k�* D6 T ����`���ZYZ q u�� R V^��
Ub��
VPe�� R ��� R b�k��Ib�`>V�e��Yk T _ T Z q k��Yk-VPe���cmb&w���iU�[w ] �[��kW�Yb�_¡bg` V�e��LI Q >*3�I Q R �Wb�
�� T c�h8p~e��YX'e T ZYZYb/p~k
k��Yc���Z T V��Yb�_¡b�`#" 5 " 4 T _�w ? 5 ? 4 RUT ����k~�Y_tVPe��LiU_ T Z kWV T VP�Lp T k���k��[w�� F��^kWb�_ RUT ����k~p{�[���N
g�^_��
�^� T VP�^w�`��Wb�c V�e�� � T VIw��YkWV���� � ��VP��b�_a��_�X^b�k � D ��xye��nX^�Wb�k�k4�OkW�^X[V��Yb�_�k�`�bg���Y_HVP�[� T X|VP��b�_�bg`jVOp{bf�W� T Z
R e�bgV�b�_�ky�Y_¡V�e�� R ��b&X^�[k�kW�^k8797 7�? 5 ? 4 T _�w@7 7>7 " 5 " 4 p-�^�W��V T ug�[_tV�b � � R �Wb R b��WV��Yb�_ T Z6VPb
r%$LP'&NON h T k~k���
g
��^k"VP�^w �Hq VPe�� ��z <�� ��T k��[w�cmb�w��^ZYk+I$r/� K �
!/ )( * * .�* 4 .02 #,+ %.- / ( -/. % 2 *

�O_ab���w��^�~VPbl�[kWV��Yc T VP��VPe���w��[V��^X|VPb���� ,mX^���^_�X q �������~V�b�iU_�w�VPe��L� T VP�Ybmbg`EV�e���_8��c � �[��bg`�� ] �[_8V�k
VPe T V T ���¡w��|VP�[X[VP�[woV�baVPe��¡_8��c � �[��bg`:
��^_��[� T V��^wob�_��[k^h�VPe��¡kW�YcN��Z T V��Yb�_ bg`~VPe�� RUT �WVP��X^Z��^k � �|�
e T3] ��b����y��_fV�e���w��[V��^X|VPb��~�Yky_��^X^�[k�k T � q �
�O_�VPe�� <�=�> �j���E�CB R �^�W�Ycm�^_HV3h8VPe���w��|VP�[X[VPbg�-kW�YcN��Z T VP��b�_ R �Wb�
�� T c��YkjX T Z�ZY�[wH<�=�>�M��$F I ��� K �Exye��
R ��b�
g� T c w��[k�X^�W� � �^k<��_lw��|V T ��ZYk T ZYZ�u8_�b/p~_ R �Wb R �[�WV��Y�^k-bg` VPe���w��|VP�^X|VPb��I�	
��[b�c��|VP� q b�`�VPe���k�� � w��|�
VP�^X|VPb��Wk^h�c T V��^��� T Z�w���kWV���� � ��VP��b�_�h5c T 
�_��[V��YX�iU�[ZYw�� T _�w�k��Yc���Z T V�� R b�kWk�� � ZY�jk��[X^b�_�w T � q �Y_HV��^� T X[VP��b�_�k
�Kz{b�c R VPbg_tkWX T VWVP�[���Y_�
�h R e�bgV�b�_tX^b�_ ] �[��kW�Yb�_�h � �W�^cmk�k"VP� T e�ZY��_�
�h103�O� T3q¡R ��b&w���X[V��Yb�_0h�e T w��Wb�_���XL��_��
VP�^� T X[V��Yb�_�k^h R b�k��FVP�Wb�_ T _�_��Ye���Z T V��Yb�_0h R e�bgV�b��[ZY�^X|VP�W�YXl�ED0�[X[V'� T _�w R�T �WV��YX^Z��nw��^X T/q k[���O_�`�b���c T V��Yb�_
Tg� bg��V�e���VPk��Y_ T ZYZ k�� � w��|VP�[X[VPbg��kI�Yk~VPe���b���V R ��V�`��Wb�c VPe�� R ��bg
�� T ct�~� V���k:p~�W��V�V��^_a��_�V�e��Nk T c��
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 ���
`�bg��c T V T k�VPe��N� T p w T V T ��
Ub��:VPe�� R ��� R b�k���bg`jVPe���k T _ T Z q k���k^h6V�e��N`�b����4� ] �^X[V�b���k��! #"1$& ��bg` R �Wb��
w���X^�[w R�T �WV��YX^Z��^k[h:b � V T ��_��^w�`��Wb�c � ] �[_HV�
g�^_��[� T V�b���k[h:p-�^�W����k��[w T k�VPe��a��_ R ��VlVPb <�=�>�M��$F h
R�T k�kW�^waVPe���b���
ge�VPe���w��|VP�[X[VPbg��k���cN��Z T VP��b�_ T _�w R ��b&X^�[k�k��[w �Hq V�e���k T cm��X'e T �Y_�b�` R �Wb�
�� T c�k T k
V�e����EB R �^����c��[_HV T Z w T V T �	kW�^�Lk��^X|VP��b�_t�����H�|�
�O_lb���w��[�CV�b T3] bg�Yw R ��b&X^�^kWk���_�
�bg`0VPe��:� ] �^_HVPk<p~e���X'ele T3] ��_�b�X'e T _�X^�:VPb RUT k�kCVPe��:iU_ T Z�kW�^ZY�[X[V��Yb�_
X[��VPk T VmVPe��tw��[V��^X|VPb���ZY� ] �^Z��	����
�� R�T �WV��YX^Z��^knw���k TgR�R � T ����_oV�e�� � � T c R � R �/�|h-k���c R Z��fX^��V�klb�_
cm�Y_��Yc T Z R b�Z T � T _�
�ZY� � bg`�� T X'e RUT �"VP�YX[ZY� T _�wfb�_fc���_��Yc T ZU�Y_ ]�T �W� T _HVyc T k�kyb�`>V�e��IiU_ T Z0k q kWV��^c
p-�^�W���Y_HVP�Wb�w���X^�^w0� �I_�Z q � ] �[_8V�kyp~e��YX'ef`���Z�i�ZYZY�[w�V�e��^kW�LX[��VPk<p-�^�W� RUT k�kW�^wfVPe��Wb���
�e¡V�e��Iw��[V��^X|VPb��
kW�YcN��Z T V��Yb�_��
M&�YcN��Z T VP��b�_�k:p{�[���mw�b�_��nk�� RUT � T VP�[Z q `�b��Iw�� D6�^���[_HV q � T �Wk^h � �[X T ��k��nVPe��nw��|VP�^X|VPb��Ip T kLc�b&w���i��^w
kW� ] �^� T Z�VP��c��[k^� Q ZYZ>�Y_�`�b���c T VP��b�_�k Tg� b���V�k���cN��Z T VP�^wtw T V T k T c R Z��^k T ����X^b�Z�ZY�^X|VP�[wa�Y_�x Tg� ZY� ����r
��_ Q�R�R �^_�w�� B ���
xye���w��|VP�^X|VPb��-���[k�b�Z���VP��b�_���_�kW� ] �^� T Z ]�T ��� Tg� Z��^kE`�b���_�w\b�_�V�e�� �UT k���k-b�`�VPe�� R �Wb�X[�^k�k 7 7>7�? 5 ? /
T kL��c R ZY�^cm�^_HV��^w��Y_�}j�^�Wc T k��^�W�^_KF�b�_HVP�lz T �WZYbf�YkIkWe�b/p~_��Y_s
���
�� ��� G&�.M��Ycm�YZ T ���W�^kW��Z�V�kLX T _ � �
b � V T ��_��^w¡`��Wb�c I T ZY��
 T F�b�_HVP��z T �WZYb��

0

2000

4000

6000

-0.2 -0.1 0 0.1 0.2

Constant   4564.
Mean  -.1079E-03
Sigma   .9833E-02

(Wmeas-Wtrue)/Wtrue

N a)

0

2000

4000

6000

8000

-0.2 -0.1 0 0.1 0.2

Constant   5503.
Mean   .3339E-03
Sigma   .1189E-01

(pTmeas-pTtrue)/pTtrue

N b)

0

5000

10000

-0.05 -0.025 0 0.025 0.05

Constant   .1005E+05
Mean  -.2340E-04
Sigma   .1320E-02

(θmeas-θtrue)/θtrue

N c)

0

2000

4000

6000

8000

-0.2 -0.1 0 0.1 0.2

Constant   5413.
Mean   .2676E-03
Sigma   .1208E-01

(pmeas-ptrue)/ptrue

N d)
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xye�� T _ T Z q kW�Yk�w��^k�X[��� � �[w ��_�V�e��Yk�V�e��^kW�YkI��k �UT k��[w bg_�V�e���w T V T X^b�Z�ZY�^X|VP�[w �Hq V�e�� <�=�> �C�:���CB&�
R �[���Ycm�^_HV~��_fV�e�� q � T ��kLr� � G/�'r� � �� T VyVPe��a3 5 3 4 X^�[_8V������Obg` � c T kWk~�^_��[��
 q = > ?  �r II�[} T _�wt�Y_
VPe�� q � T ��r� � �
 T V = > ? r3���.I��|}N�
xye����Y_ ] �[kWV��Y
 T V��^w R �Wb�X[�^kWk¡�YklVOp-b�� R e�bgVPbg_ R ��b&w���X|VP�Ybg_�bg`�X'e T �W
��^w u T b�_ T _�w R �Yb�_ R�T �Y�Wkl�Y_
��_HV T 
�
g�^wt� ] �[_HVPk~p~e��^�W���[ZY�^X|VP�Wb�_ T _�w R bgk���V���b�_¡kWX T VWVP�[� T V ] �^� q k�c T ZYZ T _�
�Z��^k���� G��'� T _�wfw���k"�
TgR�R � T �<��_lVPe�� � � T c R � R �g�Exye��@Ftb�_HVP�Lz T �WZYbN
��[_��^� T VP�[w * D T _�w¡�[_��^�W
 q w��YkWV���� � ��VP��b�_�`�bg�{VPe��
R e�bgV�b�_�k~�YkykWe�b/p~_��Y_t
���
�������rg�
xye��^�W�[`�b��W����_�VPe��n�Yw�� T ZEX T k���hAbg_�Z q VP� T X'u&kLbg`CVOp{b�X'e T �W
��^w RUT �"VP�YX[ZY�[kIk�e�b���ZYw � �nk��[�^_ �Y_�VPe��

1

10

10 2

10 3

10 4

0 0.5 1 1.5 2
Q2 [GeV2]

N
 / 

0.
05

 G
eV

2

a)

0

1

2

3

4

5

6

7

8

9

10

0 2 4 6 8 10
E1 [GeV]

E
2 

[G
eV

]

b)


��Y
����������Fr���9<!0#O2O�"! � 1H24!),5#\,/.j1��
	 D ,/.E247H+L(�7H,/2O,5#�#:1/#&M � �{+�#8+'�4G�"¡,/.�,5#H+L(�7H,/2O,5#5�/+'�$#$1�#~+�#H+'�"G�"
,/.y2478+ #O+�%P,5#&Ms(&78,/2O,5#s.Y�4,5J �<1/*01HG51 �m,5#�2O+��E13�"*),t.�,/��247H+l(8�4,�%P+C#�# ��� � 	 5 	 4���
 � � ��� �{+ � �
JL1�+�!$J 18J (�,5*$13�j1/#HG5*$+~,/.62478+�#4%'132O2O+'�4+�Mm+�*)+�%P2O�4,5#�#�� ) � �

w��[V��^X[V�b��^��xye��^k�� RUT �WVP��X^Z��^kC��k�� T ZYZ q e T3] ��ZYb/p cmb�c��[_HV TNT _�wlVPe��[�Y�CVP� T _�k ] �^��kW��c�b�cm�^_HV T�T �W���Y_
VPe���� T _�
g����_�p~e���X'elVPe���w��[V��^X|VPb��[h T _�w��^k R �[X^� T ZYZ q V�e��~VP����
�
��[�-k q k"VP�[c p-�^�W��_�bgV-b R V��Ycm�Yk��[wm`�bg�^�
�O_nV�e��Yk�X'e TgR V��^��VPe��y� ] �[_8V-k��[ZY�[X[VP��b�_��Yk�w��^k�X[��� � �[wm��_NVPe��yiU�WkWV R Z T X^��hHkWV T �WV��Y_�
�`��Wb�c V�e��yw��[k�X^�W� R �
VP�Ybg_�bg`0e�b5p VPbI�CB�V�� T X|VjVOp{b�� � ��� Z�b/p cmb�cm�^_HVP��c VP� T X'u8kC`��Wb�c VPe��~k�� T b�` �UT w�Z q ���[X^b�_�k"VP�W��X[V��^w
VP� T X'u&k T _�w¡V�� T X'u8k~`���b�c k��^X[b�_�w T � q �Y_HVP�[� T X|VP��b�_�k^h � � T cn� 
 T k<��_HVP�^� T X[V��Yb�_�ky�[VPX��
xye��^_�`�b�Z�ZYb/p~k T w���k�X[��k�kW�Yb�_�bg` RUT �WVP��X^Z����Yw��^_HVP�FiUX T V��Yb�_0h0w��|VP�^X|VPb�� R �^�"`�b���c T _�X[� T _�waV�����
�
��^���[` �
iUX^���^_�X q k"VP��w��Y�^kmVPe T Vle T3] � � �[�^_ R �^�"`�b���cm�^w0��xye�����c R b��WV T _HV RUT �WV�bg`�V�e��YkmX'e TgR VP�^���YknVPe��
w��^kWX^��� R VP��b�_�bg`jVPe��mcm�[V�e�b&w���k��[w�V�b¡iU_�w�VPe��NV�����
�
��^��� ,mX^���^_�X q h �Yc R ZY��X T V��Yb�_fbg`CVPe��Yk�cm�[V�e�b�w
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 ���
bg_�VPe��\kW�^Z��^X[V��Yb�_�bg`yVPe��\i�_ T ZCk T c R ZY� T _�w �W�^k���Z�VPk�X^b�_�X[�^�W_��Y_�
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DELPHI at √s=91 GeV
TPC/Two-Gamma at √s=29 GeV
Point-like (Born)
Brodsky and Lepage
Finite-size (Born)
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