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e.th_tg e.ph_tg

h.dp h.y_tg

h.th_tg h.ph_tg

V 03Q.$OG 4 W�Y ��$'�)_w�8&�1<3236�4K6(+?b$'&9�D, A836� &Q��� �#" �!12&)�436?��:�9"%�EAD&D� �9&/3<. .�$6?>�#" � $6?bK
�w$;K'�L36?��:�/�D(�_'�`&D� � d�3'&E&/365 .0$6?b�#" �|,/.0��12&)�43657�8&9�8��,8\ ������K;$'&/$F$6�!�BA836� w g  Eh;i�h j kX( ?�$'&
k l m X $6?bK-fW�8�4� 3td8&/$6(Q?b��K�K6C��<(Q?`_��!I#.0�#�D(Q5B�8?�&nUqp8r0a!s;s#r�\������7,#3'" (EK	�t(+,D&/3!_;�L$65[,N$6�4�
A836�:&Q�0��K;$'&/$�$6?�Kc&Q����K;$@,<���!K A#36� RHTVUWUYX�\ � ?x36*6�8�L$'"+"�?�36�D5B$6"�(%�J$'&)()3'?�A8$;12&/3'�	fY$@,
$<.;.b" (/�!KN&/3N��$;1#�	12Cw�D*6��&/3v_'(Q*6��&Q��� ,8$657��(+?�&9�/_'�4$6"`A#36�[K;$'&/$N$6?�KBR�TVUYUWXq\

Z @



����� ��� � ��%'� �L� ��02� �O�,%6	�%'� ��������	�� ��!#"$	�%'&�!�( � � ��� " &10��3�
	 4
B%TO4 n =C-/- :#6�45=@? - 0 JO4 0 N 4�@�$>0 �6� 45/�:�032 T = RLKC-M-34MG � �.- =HG!0 ? 4M2�4MG5VN:�T>�YN 4 � $OG � �YN 4 0 N
2,� ? 45=@N1$OG!4 2 TO4 � �.- =HG!0M�5=H2 0��YJ��C=�2 TO4748-345S 2�G1�YJ 6�45=@? />48- 0�S@4MG 45/ 2,� 2 TO4;T>=C-M- C e�$>G!0 JOQ
2 TO4 � 4MGU0�� / = G1�Y? � S 2MC Z V WHX@X@X&2,� D 4 � 2MC�2HXFV�WHX@X Z V Z 4 ? 45=@N*$OG 45? 45J92 N5�C=+2 T>4 6�45=@?
� �.- =HG!0��5=H2 0M�YJ T>=8S@4�6�4M45J ? =@/O4@V�0 J>S;-M$>/10 JOQ�= N � 0 J>]I/>=@J>S 4�? 45=@N1$OG!45? 45JP2<0 J D 4 � 2�45?-6�4MG5V
WHX@X Z C B�TO4;N�8 N 2�45? =H2 0 S;4MG G*�@Gf�C=�45=@SUT ? 45=@N*$OG 45? 45J92 0 N�45N�2 0 ? =H2�45/ 2,� 6�4;=H6X�.$O2 2�
G 48- =H2 0MS@4@V6:�T>0M- 4�2 TO4�N�2 =H2 0 N�2 0 SM=C- 4MG G1�@G�0 N+=H6X�.$O2�XFC32��C

D 4;S@4MGU=C-%JO4;:BN1$ � 4MGU? 45J>/6$OG�2 =HG Q@4M2 =��Y0M- N�T>=TS@4 6�4M45J ? =@J�$>= =@S 21$OG 45/ =@J>/ N 21$>/>0345/�C
B%TO4�2 =HG Q@4M2y=��Y0M- ? =HQYJO4M2 0��5=H2 0��YJ ? 45=@N1$OG 45? 45J92 N =HG 4+0 J � G1�@Q@G 45N N 0 JF�@G!/O4MG 2,�G$>J>/>4MG!N�2 =@J>/
6�4M2�2�4MG�2 TO4G=��Y0M- � �.- =HG!0M�5=H2 0��YJ;=@J>/;2 TO4MG!4M698�G 45/6$>S 4�2 T>4-N�8FN�2�45? =H2 0 S�4MG!G1�@G5C

����� ��1% ����� �1	����+� � ��02� ��� %�	�%6� ��������	�� ��! "1	�% &�!)(��L��� 02� ��%24
�65 ��5�� �8�{�T�r��AN���C����{�
B%T>0 Ny�#�Y? � 2,�YJ � �.- =HG!0 ? 4M2�4MG N 2 =H21$>N G 4 � �@G 2 /O45=C- Ni:�032 T 2 TO4 D1J>=C- G 45N1$�-32 NN�C=E2 TO4+48- 45S 2�G1�YJ
6�45=@? � �.- =HG!0��5=H2 0M�YJ�? 45=@N1$OG 45? 45JP2 N /�$OG!0 JOQ#%�]_^  R =58P] A.$6-38�WHX@X@X�( =@J>/5`#a b  �%\�TS@45?�6�4MG,]
e<45S 45?-6�4MG WHX@X@X�(�4~x � 4MG!0 ? 45J92 NMCfz 4 � G 45N 45JP2 TO4MG!4 2 TO4 ? =�W,�@G�=@J1=C-38 N!0 N 0 ? � G1�TS@45? 45J92
-345=@/>0 JOQ 2,� 2 TO4�$1J � G 45S 45/O45J92�45/ -34;S@48-+�C= $1J>S 4MG 2 =@0 J92I8 �C= Z CA@� G 48- =H2 0�S@4E�C= 2 TO4 6�45=@?
� �.- =HG!0��5=H2 0M�YJ�VP=@N�/O4;S@48-�� � 45/ 6 8 D 2�4 � T>=@J1034�.�N!S~� � 4MGd:�T>�-/O4;= 45J>/O45/ TO4MGdH T6e 2 TO45N 0 N��YJ
� S 2,�@6�4MG Z 9 V�WHX@X Z C

z 4 =C- N1� G 4 � �@G 2\�YJ&2 TO4 />=H2 =�2 =RQ 0 J>Q�/6$>G!0 JOQ s t u =@J>/Lv tw 4~x � 4MG!0 ? 45J92 N�0 J N1$1? ? 4MG
WHX@X Z =@J1/g:�0M-M- � G!45N�45JP2 S@4MG!8 � G 48- 0 ? 0 J>=HG 8 G 45N1$�-32 NMC
�65 ��5M� ��	��T��� �!��	����Z�T��
�8���N�����O�������{���o�F�
���T�O� 
F	������R����P�T���F�&���8���O���8�

���N���C����O�

0 100 200 300 400 500 600 700 800
0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

adc_clean13
Nent = 279934 
Mean  =  504.1
RMS   =  81.59
Chi2 / ndf = 650.7 / 136
ADCo     = 457.1 +- 0.3583 
Pied     =  68.6 +-     0 
sigR     = 53.04 +- 0.2104 
sigL     = 55.93 +- 0.4913 
AR       =  2224 +- 5.809 
d/AR     = 0.3989 +- 0.006544 
e/AR     = 0.02212 +- 0.0003847 
power    =     4 +-     0 

adc_clean13
Nent = 279934 
Mean  =  504.1
RMS   =  81.59
Chi2 / ndf = 650.7 / 136
ADCo     = 457.1 +- 0.3583 
Pied     =  68.6 +-     0 
sigR     = 53.04 +- 0.2104 
sigL     = 55.93 +- 0.4913 
AR       =  2224 +- 5.809 
d/AR     = 0.3989 +- 0.006544 
e/AR     = 0.02212 +- 0.0003847 
power    =     4 +-     0 

Canal ADC

Nb

V 03Q.$OG 4&2�Y �������!�D,9.�36?0,2��ADCw?b12&)(E36?H3LA7&Q����1D�#?�&)�4$6"�12�<y@,#&/$6"�3LA�&Q����.��w3'&/3'? 1�$6"%36�D(+57�2&9�#�
A836�-$ 5wsts:R�� � (+?b18(EKt�#?�&�.��w3'&/36?b\ �����:�!I#.0�#�D(Q5B�8?�&/$6" � � T K6(+,D&)�D(Ed8C�&)(E36?}(+,�,<�w36f]?0�
$6"%36?`_�f]()&Q�-$`�Y&E&9�!K{ADC�?�12&)(E36?vA#3'� &Q�����!�D,/.036?0,8�J\

Z D



� J>4��C= 2 TO4&? =�W,�@G�0 ? � G1�TS@45? 45JP2 N&�C=�2 TO4 ���Y? � 2,�YJ � �.- =HG!0 ? 4M2�4MG />=H2 = =@J>=C-38FN 0 N
N 0 J1S 4 2 TO4 n :�H�H . � ? 45=@N1$OG!45? 45JP2 N�0 N 2 TO4 />4M2�4MG!? 0 J>=H2 0M�YJL�C= 2 TO4 G!45N � �YJ>N�4?=�$1J>S 2 0��YJ
�C= 2 TO4 S 45JP2�GU=C-�S G!8 N�2 =C- C�V>�@G�S~�Y0 J>SM0 />45J>S 4-G*$1J>NMV>2 T>0 N%G 45N � �YJ>N 4U=�$1J>S 2 0��YJL0 N�/O4M2�4MGU? 0 JO45/
$>N 0 JOQ+2 TO4�48- 45S 2�G1�YJ�/>4M2�45S 2,�@GN:�TO4MG 4 45=@SUT N 2�G!0 �  c DHX � ?|(�/>4 D1JO45N =�J>=HG G1��: 45JO4MG!Q@8�61=@J>/
 ' D7R 4��U(UCZV>�@G =�QY0�S@45J N SM=H2�2�4MG 45/ 48-345S 2�G1�YJ 45JO4MG Q@8  0 C 4@C N SM=H2�2�4MG 45/ � T>�@2,�YJ 45JO4MG Q@86(
2 TO4 S 45JP2�GU=C-<S G!8 N�2 =C-<:�eG� N � 45S 2�G*$1? 0 N8D>2�2�45/  N�4M4 V 03QOC�2.( :�032 T =�=�$>J>S 2 0M�YJ :�T>0 S!T
G 4 � G*� /6$1S 45N 2 TO4 =@N�8F? ? 4M2�G!0 SM=C-P6�45T>=TS 0��@GN�C=O2 TO4 /O4 � �YN 032�45/�45JO4MG Q@8-/10 N�2�G!036O$O2 0��YJ�=@J>/�2 TO4
-���: 45J>4MG Q@8 2 =@0M- CNB%TO4�G 45N � �YJ>N�4�=�$>J1S 2 0��YJ�=C-/-��T:�N 2 T�$>N 2,��/O4M2�4MGU? 0 JO4d:�032 T>�.$O2�=@?-6E03Q.$>032 8
2 TO4 � G1�@61=H610M- 032I8 2 T1=H2�= � T>�@2,�YJg�C= = QY0MS@45J;45JO4MG Q@8;0 N+/O4M2�45S 2�45/&0 J72 TO4 SM=C-M�@G!0 ? 4M2�4MG5C

V>�@G<=C-M-�2 TO4 G�$>J>N�2 =RQ@45J 0 J O � T>�@2,�YJg�YJ6- 8 Q =@S @�$>0 N 0 2 0��YJ7?0� />4@VO2 TO4-:�eG� N � 45S 2�G*$>?
0 NGD>2�2�45/E:�032 T�2 TO4�2 TO4;�@G 4M2 0 SM=C-N���Y? � 2,�YJ;S G1�YN N%N�45S 2 0M�YJ S~�YJ�SC�.-/$O2�45/E:�0 2 T 2 T>4�G 45N � �YJ>N�4
=�$>J>S 2 0��YJ SM=C- S;$6- =H2�45/&=@N�/>45N S G!036�45/ =H6X�TS@4�= G1�Y?BS~�Y0 J1SM0 /O45J>S 4 G�$>J>NMC HN�YN N 036O-34 QY=@0 J ��$>SJ]
21$>=H2 0��YJ1N%SM=@J 6�4�2 T�$>N+2 =RQ@45JL0 JP2,� =@SMS~�.$>J92� N 4M4FV 03QOC>@P(

0 100 200 300 400 500 600 700 800 900 1000

0

100

200

300

400

500

600

700

ADC bins

V 03Q.$OG 45@>Yn� �#,/.�3'?0,8�73LA�&Q���q.��w3'&/36?|1�$6"%36�D(+57�8&9�8��(Q?^��.��w3'&/36?�3'?e" yb�[$t1��8C�(+,<()&)()3'?�5u3JKt�2\
�����`�Y&E&9��K	" (Q?b��(+,B$�1<36?e*@3'" C0&)(E36?�3LA7&Q���P&Q�0�!36�!�8&)(E1�$6"ST]365O.b&/36?�12�L36,�,B,2�!12&)(E36?H$6?�K�&Q�0�
1�$'"�36�D(Q5B�2&9�#�DaL12�<y@,#&/$6" �4�#,/.�36?e,8��ADC�?�12&)(E36?�\

�65 ��5%� �&�P�T�N���T�f	���A ���r�r�����?��A � �P���,���O� �� ^ 	���A ` a b ���P�R���A����
HN�.- =HG!0��5=H2 0M�YJ ? 45=@N1$OG!45? 45JP2 N�: 4MG!4 � 4MG1=��@GU? 45/f2C2HX�2 0 ? 45N�/6$OG!0 J>Q<2 T>4+%+]_^�4~x � 4MG!0 ? 45JP2MV
=@J>/ Z@Z X�2 0 ? 45N</6$OG!0 J>Q 2 TO40` a b 4~x � 4MGU0 ? 45J92MC\B%TO4�G 45N1$6- 2 N�=HG 4 � -��@2�2�45/&0 J�V 03QYN5CXD =@J>/
c C : Z �G 48- =H2 0�S@4�4MG G1�@G5VFS~�@G G 45N � �YJ>/10 JOQ�2,��S~�Y? ?0�YJ�N�8 N 2�45? =H2 0 S�$1J>S 4MG 2 =@0 J92I8@VO?�$>N�2�6�4
=@/>/O45/ 2,� =C-M-�2 TO45N�4 � �Y0 JP2 NMC

B%T>4�2 8 � 0 SM=C-EG!48- =H2 0�S@4 $>J>S 4MG 2 =@0 J92I8 =��@G+=�G*$>J|�C=Z@YX�? 0 J�$O2�45N 0 N XFC34� N�2 =H2 0 N�2 0 SM=C-�=@J>/
Z C Z  N�8FN�2�45? =H2 0 SHV%QY0MS 0 J>Q = 2,�@2 =C- $>J>S 4MG 2 =@0 JP2 8 �C= Z CA@��C B%TO4&S~�YJP2�GU036�$O2 0��YJ1N0�C=�2 TO4
/>0qp�4MG 45J92%N,�.$OG!S 45N+�C=�4MG!G1�@G!N%=HG 4 � G 45N�45J92�45/ 0 JgB�=H6�-34 Z C

Z8c



.�G G1�@G%N,�.$OGUS 4 2I8 � 0 SM=C-�G!48- =H2 0�S@45$>J1S 4MG 2 =@0 J92I8  f(
.yx � 4MG!0 ? 45J92 =C-�=@N�8F? ? 4M2�G 8

D 2 =H2 0 N�2 0 SM=C-� �@YX ? 0 JP$>2�45N�( XFC34HX
HN�YN 032 0M�YJ>N+=@J>/ =@JOQ.- 45N XFCA@�D
.�S@45JP2 N�N�48-345S 2 0��YJ XFC Z X
[ =@S1Q Q@G1�.$>J1/L=@N�8F? ? 4M2�G 8 XFC X.D
e<45=@/ 2 0 ? 4 XFC Z X

' =@N�4MG�6�45=@?
HN�.- =HG!0M�5=H2 0��YJEh j XFCA@�D

:<J>=C-38��50 JOQ � �T:�4MG
R�� />48- 0 N =H2 0��YJ XFCA@�D
. JO4MG Q@8E� =C- 036>GU=H2 0��YJ XFC c X
H 0M-34~]�$ � XFCA@�D
7�=@/>0 =H2 0�S@4 S~�@G G!45S 2 0��YJ>N XFC WCD
2,�@2 =C- N�8 N 2�45? =H2 0 SMN Z C Z X
B � B :�' Z CA@YX

B�=H6�-34 Z Y Un�<�436� d#CeK2_w�8&]3LAuT]365O.b&/36?7.�36"%$6�D(+57�8&9�8��57�!$@,DC��4�85B�8?�&Q,�K6C��<(Q?`_B&Q�0�O��a ^ $6?bK
`#a b �!I#.0�#�D(+57�8?�&Q,#\

�65 ��5q� �G���P�C�����{���g�P�T���C�T�������U�r������ ���	6� �H�|���T�N���T�
z 4�T1=8S@4 � 4MG1=��@G!? 45/ = � G 48- 0 ? 0 J>=HG 8 =@J>=C-38FN 0 NN�C=�2 TO4+48-345S 2�G*�YJ /O4M2�45S 2,�@G />=H2 = /6$>G!0 JOQ<2 TO4
` a b 4~x � 4MG!0 ? 45JP2MCEB%T10 N N�45S~�YJ>/ ? 4M2 T>�F/ �Rp�4MG!N =LS~�Y? � -345? 45J92 =HG 8 :�= 8 �C=%? 45=@N1$>G!0 JOQ
2 TO4 6�45=@? � �.- =HG!0M�5=H2 0��YJ�V =@N ?0�YN 2U�C= 2 T>4 N�8 N 2�45? =H2 0 SMN-=HG!4 />0qp�4MG 45JP2G= G1�Y? 2 TO4 � T>�@2,�YJ
/O4M2�45S 2,�@G ? 4M2 T>�F/  45JO4MG Q@8 SM=C- 036>G!=H2 0M�YJ�V�G 45N,�.-M$O2 0M�YJ�VX= =C- N 4�=@N 8 ? ? 4M2�G 8 /6$>4 2,�gS@4MG!2 0 SM=C-
/>0 N � - =@S 45? 45J92g�C=�2 T>4 48-345S 2�G1�YJ 6�45=@? V C3C3C}(UC B%T>0 N;? 4M2 T>� /)G 48- 0345N!�YJ 2 T>4 D>2g�C=�2 TO4
2 TO4;�@G 4M2 0 SM=C-9=@N�8F? ? 4M2�G!8�:�032 T�2 TO4 4~x � 4MG!0 ? 45JP2 =C-Y=@N 8 ? ? 4M2�G!0345N SM=C- S;$6- =H2�45/U=��@G 45=@SUT�N�2�G!0 �
�C= 2 T>4<48- 45S 2�G1�YJ;/O4M2�45S 2,�@GF N�4M4UV 03QOC�)C(�C�VOG*�Y? 2 TO4�N�2 =H2 0 N�2 0 SM=C- � �Y0 J92��C=
SF034;: V�: 4 =��.$>J>/
2 TO4 2_:d� ? 4M2 T>�F/>N%S~�Y? � =H2 0 6�-34  N�4M45V 03QOC{4.(UC
�65 ��5 � �g�P�T�P�R� ���	>����{� ��� h5jk l h?mk ��������P/� ���E����������
���
V>�@G 2 T>4 D1G!N�2<2 0 ? 4 032 T>=@N 6�4M45J � �YN N!036�-34 2,� ? 45=@N1$OG 4�2 TO4 � �.- =HG!0��5=H2 0M�YJ />0�p�4MG 45J1S 4�6�4~]
2�:�4M45J 2 T>4�2_:d��TO48- 0 SM032 8-N�2 =H2�45N��C=12 TO4+6�45=@? Yi^���m��
	� j ���w V�$>N 0 J>Q � �.- =HG!0M�5=H2 0��YJ-G!4;S@4MG,]
N =C->�C=�2 TO4 � T>�@2,�YJ � �.- =HG!0��5=H2 0M�YJ =@J>/ 45JO4MG Q@8 /O4 � 45J>/>45J>S 4#�C=�2 T>4\���Y? � 2,�YJ =@N 8 ? ? 4M2�G 8@C
e $OG!0 J>Q %+]_^ =@J>/ ` a b 4~x � 4MG!0 ? 45JP2 N�2 T>0 N.@P$>=@J92 032 8LT>=@N�6�4M45JL=��.$>J>/ 2,��6�4�S~�Y? � =H2 036�-34
:�032 T!�M4MG*� =H2�2 TO4U- 4;S@48- �C= XFC32��C

Z )



0 10 20 30 40 50 60 70

0.56

0.58

0.6

0.62

0.64

0.66

0.68

0.7

0.72

0.74

0.76

E
le

ct
ro

n
 p

o
la

ri
za

ti
o

n

Days since May, 19th 2000

 experiment∆COMPTON measurements during N-  

V 03Q.$OG 4�D�Y � �#,<C�"�&Q,n3LAqd��!$'5F.�36"%$6�<( �2$;&)()36?�57�!$6,<C��4�857�#?�&Q,�.0�#�QA836�<57��K�Cw,<(Q?`_S&Q�0��T]365O.b&/36?
.�36"%$6�D(+57�2&9�#�PK'Cw�D(Q?`_-&Q�0�[��a ^ �!I#.0�#�D(+57�8?�&/\�������K6(+,/.�"%$6yt�!K��8�<�436��d�$6��,u(Q?�18"�CeKt�B,D&/$'&)(+,<a
&)(E1�$6"�$6?�K:�DCw?�a4d8y@a �DCw?|C�?�1<36�<�!�#"%$'&9��K�C�?�1<�8�D&/$6(Q?�&)(/�D,8\ �����NKt$@,�����K�"�(+?b�#,B�4� .��!�D,8�8?�&{,/.03'&
5B36*6�#,�$'&�&Q���u�#" �!1J&)�L3'?�,#36C��41<�2\

�65 ��5%� �g	>�T	 �1�T	��Z�� � �E�
�R�� � ���
� s\t u 	���A vPtw ���Z�����r������{�T�
< J 2 TO4 N1$>? ? 4MG �C=+WHX@X Z V 2 TO4 ���Y? � 2,�YJ � �.- =HG!0 ? 4M2�4MG G!=@J /6$>G!0 JOQ 2 TO4fs t u =@J>/ v tw 4~x�]
� 4MG!0 ? 45J92 NMC :�6{�.$>2 Z X@X G*$>J>N =@J>/ Z X G*$>J1N T>=8S@4 6�4M45J�=@S @P$>0 G 45/ /6$>G!0 JOQUs t u =@J>/fv tw V G 4~]
N � 45S 2 0�S@48-38@CyB%T>4�=@J>=C- 8 N 0 N
�C=E2 TO45N�4%/>=H2 =�:�032 T 2 TO4 48-345S 2�G*�YJ /O4M2�45S 2,�@G�0 N N�2 0M-/-90 J � G1�@Q@G!45N NMV
=@J>/g:�0M-M-�6�4 S~�Y? � -34M2�45/L=@J1/ 0 ? � - 45? 45JP2�45/&�YJ�]�- 0 JO4�/6$OG!0 JOQ�45=HG*-38;WHX@XYW C

Z 4



0 5 10 15 20 25 30 35 40 45
0.6

0.62

0.64

0.66

0.68

0.7

0.72

0.74

Days since November, 5th 2000

E
le

ct
ro

n
 p

o
la

ri
za

ti
o

n

 experiment  p
  ECOMPTON measurements during G

/2 OUTλ
/2 INλ

Moller

Compton

V 03Q.$OG 4 c Y � �#,<C�"�&Q,n3LAqd��!$'5F.�36"%$6�<( �2$;&)()36?�57�!$6,<C��4�857�#?�&Q,�.0�#�QA836�<57��K�Cw,<(Q?`_S&Q�0��T]365O.b&/36?
.�36"%$6�D(+57�2&9�#��K6C��D(+?w_ &Q��� `#a b �!I#.0�#�D(Q5B�8?�&/\������BK6(+,/.b"�$6yt��K��8�<�436�7d!$'��,v(+?b18"�C0K`�v,#&/$'&)( ,#&)(+a
1�$'"{$6?�Kc�<C�?ea!d#y6a �<C�?FCw?b1�36�D�4�8"�$;&9�!KcC�?�1D�#�#&/$6(Q?�&)(E�#,#\M������K;$6,�����K|" (Q?b�#,-�4� .��!�D,8�8?�&[,/.03'&
5B36*6�#,:$'&[&Q�����#" �!1J&)�L3'?},#36C��41<�2\�X��!�#"�(+5v(Q?�$6�Dy��!�D,DC�"�&Q, AD�4365 &Q�0�NR�36"Q"%�8�PXq3'"�$6�D(Q5B�2&9�#�
57�!$@,DC��4�85B�8?�&Q,_�9f](Q&Q�u,#&/$'&)(+,D&)(E1�$6"��#�D�436��d�$6��,�36?e"�y ���w$6*'�Sd����8?�(+?�12" CeKt��K�A#3'�{1�3'5�.0$6�<(+,#3'?�\

5 10 15 20 25
-6

-5

-4

-3

-2

-1

0

1

2

hAexpB
Nent = 0      
Mean  =  18.82
RMS   =  5.149
Chi2 / ndf = 13.35 / 19
Prob  = 0.8202
Ei (GeV) = 4.607 +-     0 
Pe       = -64.71 +- 0.6387 
Dec (mm) = 7.868 +-     0 
Bdl      = 0.8619 +-     0 

hAexpB
Nent = 0      
Mean  =  18.82
RMS   =  5.149
Chi2 / ndf = 13.35 / 19
Prob  = 0.8202
Ei (GeV) = 4.607 +-     0 
Pe       = -64.71 +- 0.6387 
Dec (mm) = 7.868 +-     0 
Bdl      = 0.8619 +-     0 

Pistes du detecteur

A
sy

m
et

ri
e 

(%
)

Plan B

V 03Q.$OG 4F)PY��������	����
������������������������������� �!��#"
�$����%'&(���)&�*+�,� �-�/.0�(�$��� �21#�3���$��� �546����
7�8
9�:�#�)�(&��$�����
.;�#�-�/&#�-� �

9.2 9.4 9.6 9.8 10 10.2 10.4 10.6 10.8 11
0.62

0.63

0.64

0.65

0.66

0.67

0.68

0.69

0.7
Chi2 / ndf = 3.582 / 6
p0       = 0.6697 +- 0.002493 
Chi2 / ndf = 3.582 / 6
p0       = 0.6697 +- 0.002493 

Jours depuis le 5 Novembre 2000

P
o

la
ri

sa
ti

o
n

V 03Q.$OG 4 4�Y�<=� �3�9�����>�����?�	�@1(�(� �A��� �,� ���)BC� �$�D� �
���/� ��*+�������#���E�F.G� �H�!46����
I�8
9���#�)�(&��$��� �J.;�#�-�/&#"
�-� �@K-1#�)�G&/L7.;���D��M0���N.046���8
!�8
9�O�9
9�������P.;�#�-�/&#�-� �
K�4�
Q���-���#R#*�� ������M;S

Z 9



����� ��1%����������/	�% �)� %' 	������ %�	�%6� ��������	�� ��! "1	�% & !)(�� ��� �
	 �����O���
! ��	��
02� 4

I � />=H2�4G�YJ;2 TO4?���YJ>N�2�G*$1S 2 0��YJ!�C= 2 TO4U[ 03Q.[ 032�4 D � 45S 2�G1�Y? 4M2�4MG

 �=��@G�2 TO4U[ 03Q.[ 032�4Uz �@G1QF0 JOQ|� G1�.$ � (
e $OG!0 JOQ 2 TO4 � =@N�2%8@45=HG5V�2�:�� 4~x � 4MG!0 ? 45J92 N :�T10 S!Tg:�0M-M- $>N�4-2 TO4F[ 03Q.[ 032�4 N � 45S 2�G1�Y? 4~]

2�4MGG:�4MG 4 = �6� G1��S@45/ 698 2 TO4 A@4~p�4MG!N,�YJ ' =H6 � G1�@Q@G!=@? =@/>SF0 N,�@G 8 S~�Y? ? 032�2�4M4@C � JO4�0 N =@J
4~x � 4MGU0 ? 45J92�2,�;N�21$>/>8 2 TO4 0 J92�4MG!J>=C-�N ? =C-M-q]I/10 N�2 =@J>S 4 N�2�G*$>S 21$OG!4F�C=�JP$>S;- 450
SF0 = 2 TO4�2�G!0 � -34
S~�Y0 J>SM0 /O45J>S 4& 4@V 4;� �� % (�G 45=@S 2 0M�YJ&=@J1/L2 TO4F�@2 TO4MG�0 N�= � G 45SM0 N 0��YJL? 45=@N1$OG 45? 45J92��C= 48-345SJ]
2�G1� � G*� /6$1S 2 0��YJ �C= �PO JO45=HG-2 T>G 45N T>�.- / 2,� 2�45N�2�SUT>03G!=C-#7U�#e /O8FJ>=@? 0 SMNMC7A@4~p�4MG!N,�YJ ' =H6
=@J>/ 2 TO4�S~�.-/- =H6X�@G!=H2,�@G!N\�C= 2 TO45N�4�2�:���4~x � 4MG!0 ? 45J92 N�T1=8S@4\W��Y0 JO45/ 2,�@Q@4M2 TO4MG�2,��6�$>0/- /72 TO4
[ 03Q.[ 032�4-N � 45S 2�G1�Y? 4M2�4MG5C

B%T>4|[ 03Q.[ 032�4 N � 45S 2�G*�Y? 4M2�4MGF:�0M-M- T>=TS@4�= N,�.- 0 / =@J>Q.-34 =@SMS 4 � 2 =@J1S 4&�C=�9 c ? N�G5:�032 T
= S@4MG 2 0 SM=C-�=@SMS 4 � 2 =@J>S 4L�C=�UG2HX@X ? G!=@/ =@J>/ = T>�@G!0M�;�YJP2 =C-%=@SMS 4 � 2 =@J>S 4L�C=�UG4HX ? G!=@/�C
B%TO4�? =rxO0 ?�$>? ? =HQYJO4M2 0 S D148- /7N�2�G 45JOQ@2 T;0 N Z C W?B�VF2 T>�.$>QYT72 TO4 J>�Y? 0 J1=C-�:��@G1QF0 JOQLD>48- /
0 N<XFC39@W B
/6$O4�2,� 2 T>4�- =HG!Q@4�N�2�G!= 8L? =HQYJO4M2 0 S D>48- />N+:�T10 S!T�� SMS;$OG =@N<2 TO4�? =HQYJO4M2<J>45=HG!N
N =H21$OGU=H2 0��YJ�C�B�TO4 N � 45S 2�G1�Y? 4M2�4MGN:�0M-M-H=C- N1�%T>=8S@4�=@J�4~x 2�45J1/O45/ 2 =HG Q@4M2�SM= � =@SM032 8G�C=�U Z X%SM?
=H2\9HX N C

B%T>4MG 4 =HG 4 � G 45N 45JP21-38 2�:�� />0qp�4MG 45J92 /O4M2�45S 2,�@G � =@S*Q =HQ@45N 6�450 JOQ&6�$>0M- 2F=��@Gf[ 03Q.[ 032�4@C
� JO4�0 N =L-��T: ] G!45N,�.-M$O2 0��YJ N SM0 J92 0M-M- =H2,�@G�N�8 N 2�45?;Vi:�T>0 SUT :�0M-M-y$1N�4 =@J =C$�xF0/- 0 =HG 8 N SM0 J92 0M-M- =r]
2,�@G � - =@JO4 =@J>/ 2 TO4&N�4MQY? 45J92�45/ 2�G!03Q@Q@4MG � - =@JO45N =��@G � =HG 2 0 S;- 4L2�G!=@S*Q 0 J>QOC B%T>0 N � =@03G �C=
N SM0 J92 0M-M- =H2,�@G � - =@JO45N :�0/-M- � G1�TSF0 /O4 = �6� G*�8x�C D� ?0�Y? 45J921$>? G 45N1�.-M$O2 0��YJ =H2F2HX@XLRL4�� H S
:�032 T�= �6� G*�8x�C Z X�? GU=@/ =@JOQ.$�- =HG�G 45N1�.-M$O2 0��YJ�C�DF0 J>S 4%2 TO4 =C$�xO0M- 0 =HG 8 � - =@JO4+:�0M-/->�YJ6-38 T>=TS@4
�YJO4~]IN 0 /O45/ G 45=@/>]"�.$O2MV�0 J;2 T>0 N�S~�YJ�D>Q.$OGU=H2 0��YJL2 T>4�N � 45S 2�G1�Y? 4M2�4MG :�0/-M-�J>�@2�6�4 =H6�-34 2,�7/O4~]
2�4MG!? 0 JO4 2 T>4�G!45=@S 2 0��YJ0S@4MG 2�4~x�CyB%TO4+N�45S~�YJ>/ /O4M2�45S 2,�@G � =@S1QH=HQ@4+:�0M-/-�$>N�4 2 TO4+N =@? 4�2�GU03Q@Q@4MG
� - =@J>4%=C-��YJOQ5:�032 T�2�:�� ?�$6-32 0�] � G1� � �@G 2 0��YJ>=C-�:�0 G 4%S!T>=@?�6�4MG!NMCyB%TO4�:�03G 4~]ISUT>=@?-6�4MG � - =@JO45N
=HG 4 N�2 0M-/- 6�450 JOQ�/O45N 03QYJO45/ VE6�$>2�2 TO4 � - =@JL=��@G<2 T>4�SUT>=@?�6�4MGUN<0 N�2,� � G1��S 0 /O4 = ��� G1�8x�C Z 
?0�Y? 45J921$>? G 45N1�.-M$O2 0��YJ�V = ��� G1�8x�C�27? G!=@/ =@JOQ.$6- =HG�G 45N1�.-M$O2 0��YJ 0 J&2 TO4M2 =;=@J>/ � T>0 V�=@J>/
2 ? ? 8�] 2 =HG Q@4M2�G 45N,�.-M$>2 0��YJ�C

R =@JP8�Q@G1�.$ � N�T1=8S@4�=C-3G 45=@/O8 S~�Y? ? 032�2�45/72,� 6�$10M- />0 J>Q�SH=HG!0��.$1N � =HG 2 N��C= 2 TO4G[ 03Q.[ 032�4
N � 45S 2�G1�Y? 4M2�4MG C�.�- 0XH 0 =@N�4M2,�;Q 87=@J1/72 TO4UB 48-�:\SF0�S Q@G1�.$ � T>=8S@4�S~�Y? ? 032�2�45/;2,� 6O$>0M- / 2 TO4
=C$�xO0M- 0 =HG!8�N SM0 J92 0M-M- =H2,�@G � - =@JO4@C AC�YT>J :�J1J>=@J>/ =@J>/ 2 T>4 � - =@N QC�T: Q@G*�.$ � T>=TS@4�S~�Y? ? 032�2�45/
2,��6�$>0M- /72 T>4-2�G!03Q@Q@4MG � - =@JO4U=��@G�2 TO4�[ 03Q.[ 032�4�N � 45S 2�G1�Y? 4M2�4MG5C\B%T10 N � - =@J>4U:�0M-M- 6�4�? =@/O4
$ � �C=N2 ? ? =@J>/g2HX�? ? N SM0 J92 0M-M- =H2 0 J>Q5- =58@4MGUN 2,� � G1�TSF0 /O4</>.#H . � =HG!2 0 S;-34 0 /O45J92 0 D1SM=H2 0��YJ
=@J>/ :�0M-M-�T>=8S@4�=72 0 ? 0 JOQ7G 45N1�.-M$O2 0��YJ&6�4M2�2�4MG-2 T>=@J XFC3D;J>NMC07�0 S!T>=HG!/ ' 0 J>/OQ@G!45J&=@J1/ 2 TO4
I<J>0�S@4MG!N 0 2I8 �C=R�<03G!QY0 J>0 =;T>=TS@4 S~�Y? ? 032�2�45/ 2,� 6�$>0M- /&= JO4;: N SM=H2�2�4MGU0 JOQ SUT>=@?�6�4MG 2,�L6�4
$>N�45/�:�032 T;2 T>45[ 03Q.[ 032�4�N � 45S 2�G1�Y? 4M2�4MG5C B%TO4-JO4;:
S!T>=@?�6�4MG5V�:�T>0 S!TE:�0M-M-�T>=TS@4 = T103QYTO4MG
� � 45J>0 JOQOV�0 N JO4M45/O45/ /6$>4�2,�72 TO40- =HG Q@4��.$O2 �C= � - =@JO4�=@SMS 4 � 2 =@J>S 4f�C=�2 T>4�[ 03Q.[ 032�4 N � 45SJ]
2�G1�Y? 4M2�4MG C %<0M- =@JOQY= ' 038Y=@J>=HQ@4L=@J1/ 2 TO4�I<J>0�S@4MG!N!032I8 �C= �<03G!QY0 J>0 = T>=TS@4 S~�Y? ? 0 2�2�45/ 2,�
6�$>0/- /;2 TO4F:�03G 4 S!T>=@?�6�4MG!N�=��@G<2 TO4�[ 03Q.[ 032�4�N � 45S 2�G1�Y? 4M2�4MG C�. GU0 S	�y�.$O2 0 4MG<=@J>/ 2 TO4�<�D>%
�<G 45J6�@6�-34 Q@G1�.$ � =C-��YJOQ!:�032 TLz 0M-M- 0 =@? [�4MG 2,�C�;�50 =@J>/&2 TO4 R CA<UC B�C %�$>S;-345=HGG< JP2�4MGU=@S 2 0��YJ
�<G1�.$ � T>=8S@4�6X�@2 T;=C-3G 45=@/O87S~�YJP2�GU036�$O2�45/ ? =@J � �T:�4MG%2,� 2 TO4 � G1�rW 45S 2MC

WHX



B%T>4 [ 03Q.[ 032�4 ? =HQYJO4M2;0 N�=C-3G 45=@/>8 0 J 2 TO4 n =C-M- =@J>/ 032 N � �T:�4MG7N*$ �6� -38 T>=@N�6�4M45J
2�45N�2�45/�CGB%T>4�=C$�xO0M- 0 =HG!8 � - =@JO4U:�0/-M-�6�4 N!T>0 �6� 45/72,� A@4~p�4MG!N,�YJ ' =H6 45=HG*-38 J>4~x 2<8@45=HG =@J>/
2 TO4fB 48- :\S 0�S Q@G1�.$ � � - =@J>N<2,� 2�G!=TS@48- 2,� AY4~p�4MG!N1�YJ ' =H6 0 J V>4M6>G*$>=HG 8 WHX@XYW72,� G!4M6�$>0M- /
=@J>/;2�45N 2+2 TO4 � - =@J>4��YJ>]IN 032�4@C�B%TO4F�G- =@N�QC�T: Q@G1�.$ � 0 N+=C- N,�0:d�@G*Q 0 J>Q 2,��:�=HGU/>N�/O48- 0�S@4MG!0 JOQ
2 TO4 2�G!03Q@Q@4MG � - =@JO4�2,� AY4~p�4MG!N1�YJ&' =H6;JO4~x 2 8@45=HG5C�< 2+0 N 2 TO4�0 J92�45JP2 0��YJ&�C= 2 T>4<Q@G*�.$ � 2,� 6�4
G 45=@/O8�2,��2�45N�2 2 TO4 [ 03Q.[ 032�4%N � 45S 2�G1�Y? 4M2�4MG�:�032 T 2 TO4+N SM0 J92 0M-M- =H2,�@G � - =@J>45N 0 JF- =H2�4�WHX@XYW�=@J>/
2,�;G*$>J �.$OG D1G!N�2 � TP8FN 0 SMN 4~x � 4MG!0 ? 45J92 0 J WHX@X.2 C?B�TO40I�J>0MS@4MG!N 032 8��C= � 03G QY0 J>0 = Q@G*�.$ � 0 N
� G 45N 45JP21-38 N 4M4;Q 0 J>Q\e � .#Hr%�D�Vg=�$>J>/10 JOQ+2,�<6�$>0M- / 2 T>4�:�03G!4�S!T>=@?�6�4MG!N =@J>/ 2 T>4�N SM=H2�2�4MGU0 JOQ
S!T1=@?-6�4MG5C

W Z



396

1037

727

~263

805

1084

770 825

25
00

12
50

VERY PRELIMINARY

914

83
9

Target Height

Pole Face

Vertical Section

Side View

Focal−Plane Support (Preliminary)

Trigger Scintillators E plane

Trigger Scintillators
dE plane

Supplemental

Scintillator plane

Rear MWPC planes

Front MWPC planes

2m0 1

V 03Q.$OG 4?9�Y �0�w3'f]?�(+,v$�*'�#�Dy .b�4�8" (Q5v(+?�$'�<y *z(E�8f 3LA��w36f &Q��� ��(�_��q()&9��,9.0�!1J&)�L3657�2&9�#�Bf](Q"+"
d��71�36? ��_'C��!�!K A#36�v&Q��� u w T�� �D�9�e~ .
	��P&)�D(�.b"%��1�36(Q?�12()Kt�8?�1<���!I#.0�#�D(+57�8?�&/\:���`( ,7�!I#.0�#�D(+57�8?�&
K;3J�#,O?�3;&��!�!�2C�(+�!�W.��!�!12( ,2�{5B3657�#?�&)C�5 (Q?2A#3'�<5B$'&)(E36?0�],83�,#18(Q?�&)(Q"+"%$'&/36�Y.�"%$6?b�#,Of](Q"+" d��{Cw,8��K
(Q?0,D&9��$;KN3LA�f](Q�4�v18�w$657d��8��,WA#36�q.�$6�#&)()12"%�u&)�L$;1��z(Q?`_t\

W@W



����� ��1% ����(����3%'�
�O  02���3%�	 �  ����	�� ��! "1	�% & !)( �#� � � �.���1% �G4
B%TO4 n =C-M-E: S G 8C�@2 =HG Q@4M2%N�8FN�2�45??I Z@ZKJ S~�YJ>N 0 N�2 N��C=�25-M�P� � N8Yi-M�P� � Z 0 Nd$>N*$>=C-M-38?=��@G QY=@N�4;�.$1N
TO48- 0/$>?  450 2 TO4MG � n 40�@G ^ n 4�(UVZ-M�P� � W&- 0 @�$>0 / TP8F/OG1�@Q@45J =@J>/ -���� � 2|- 0 @P$10 /L/O48$>2�4MG!0M$>?;C
B%TO4 J6�Y? 0 J>=C-X� � 4MG!=H2 0��YJ;S~�YJ1/>032 0��YJ>N+=HG!4-N1$>? ? =HG!0��M45/;0 JgB�=H6�-34 Z C

B =HG!Q@4M2 B I K J � I � N!0 J � I Q H SM?f� J - 45JOQ@2 T I SM? J
' n w Z 9 WCD XFC X�)HWC2 Z D VO@
'�e w W@W W@W XFC Z8c ) Z D VO@
� n 4 c WHX@X XFC X.4 Z Z X
^ n 4 c W@WHX XFC Z @C@ Z X

B�=H6�-34 W�Y � 365v(Q?�$6"nfY36� �z(Q?`_ &9�#5O.0�8�L$;&)Cw�!�D,�$6?�KN.��4�#,�,DCw�!�D,-3LA &Q�0� g $6"Q" � 18�Dy;3'&/$6�E_`�2&
1<�8"+" ,#\ � "�,837"�(+,D&9�!K�$6�!�v&Q���[&/$'�)_w�8&nKt�#?e,<()&)(E�#,�$6?�K�1<�8"+"V" �#?w_;&Q�;,8\

:�-M- 2 TOG 4M4!-��P� � N�T>=TS@476�4M45J N1$>SMS 45N!N,=�$�-M-38 $>N�45/ 0 J = J�$>?�6�4MG��C=%4~x � 4MG!0 ? 45J92 NMC�< J
:�$OQ.$>N�2<=@J>/ DF4 � 2�45?-6�4MG\�C= WHX@X@XFV�2 TO4 T>48- 0M$>?#2 =HG!Q@4M2\: =@N $ � Q@G!=@/O45/ZY�=�JO4;: TO45=H2�4~x�]
S!T1=@JOQ@4MGd:�032 T 2 TO4 � G1� � 4MG � 0 � 4+N 0��M4�=��@G�TO48- 0M$>? : =@N�0 J>N�2 =C-M- 45/�C�B :�� 4~x � 4MG!0 ? 45J92 N�=R= 2�4MG
2 TO4�$ � Q@G!=@/O4\$>N�45/ 2 T>4�T>03QYT � �T:�4MG ^ n 4�2 =HG Q@4M2MC�< 2�:��@G1Q@45/&:�48-M->=��@G 6X�@2 T 4~x � 4MG!0 ? 45J92 NMC
B��@2 =C-ES~���.- 0 JOQ � ��: 4MGd:�=@N 45J>�.$OQYT =��@G 9HX � : �C=�6�45=@? S;$>G G 45J92��YJ Z X�SM? ^ n 4�:�0 2 T 2 TO4
2 =HG Q@4M2F� � 4MGU=H2 0 JOQ =H2FD C34;KB=@J>/ Z D;=H2 ?;C&B%TO4�2,�@2 =C-�TO45=H2 0 JOQg= G1�Y? 6�45=@? : =@N =H6X�.$O2
2r@YXUz�=@J>/ 2 T>4+2,�@2 =C-1S~���.- 0 JOQ � �T:�4MG\ 0 J>S;-/$>/>0 JOQ<2,� S~���.->2 TO4%TO45=H2�= G1�Y? 2 T>4�-���� �0� $>? �
=@J>/ TO45=H2F-��YN!N�(�: =@N�S;-��YN 4 2,� DHX@XLz
C�B%TO4 /O45J>N 032 8 �O$>S 21$>=H2 0��YJ�:�=@N N ? =C-M- V 2I8 � 0 SM=C-M- 8
-345N N<2 T>=@J D � 4MG!S 45JP2 =H2<2 TO4 ? =rxF0 ?F$>? 6�45=@? S;$>G G 45J92? �:�0 2 TL2 TO4�= =@N�2 G!=@N�2�4MG�N 0��M4��C=�@
? ?#6 8&@ ? ? =@J>/ 2 TO4U-���� �E� $>? � N � 4M45/g�C= c X n ��(UCB%T>4 N�45S~�YJ>/;4~x � 4MG!0 ? 45J92 2 T>=H2+$>N�45/;2 T>4 TO48- 0M$>? 2 =HG Q@4M2<=C- N,�f$>N�45/g- 0 @P$10 / T98 />G1�@Q@45J
=@J>/!- 0 @�$>0 / />48$O2�4MG!0M$>? 2 =HG Q@4M2 NMC�B =HG Q@4M2+SUT>=@JOQ@45N#:�4MG 4 = G 4�@�$O45J92MCyB =HG Q@4M2%SUT>=@JOQ@45N#= G1�Y?
TO48- 0/$>? 2,�f' n w Hr'
e w =@J>/gSF0 S 4 S@4MG!N = 2,���CQ Z Xr] Z D T>�.$OG!N+/�$O4 2,� 2 TO4 S!T1=@JOQ@4 0 J;S~���.- 0 JOQ
- 0 J>4@CLB%TO4�TO48- 0M$1? 2 =HG Q@4M20$>N�45/ D K S~���.- =@J92 =@J>/ 2 T>4&' n w Hr'
e w 2 =HG Q@4M2 Nf$>N 45/ Z D&K
S~���.- =@JP2MC

B%T>4 ? =@0 J � G1�@6�-345?
45J>S~�.$>J92�4MG 45/ /6$>G!0 JOQ�2 T>0 N � 4MGU0�� /! � S 2,�@6�4MG�WHX@X@X 2,�-R =58 WHX@X Z (
: =@N�:�032 T 2 =HG Q@4M2 ?0�@2 0M�YJ�C RL45=@N1$OG!45? 45JP2 /O4;SF0 S 45N�: 4MG 4 0 J>N 2 =C-M-345/G�.$O2 N!0 /O4�2 T>4�N SM=H2�2�4MGU0 JOQ
S!T1=@?-6�4MG =C-��YJOQYN!0 /O4-2 T>4?- 0�= 2 0 JOQ ? 45SUT>=@J>0 N ? V{:�T>0 S!T&TO48- � 45/ 2,�;0 /O45J92 0�= 8 ? 0 N =C- 03QYJ1? 45JP2
@�$>0 S1Q�-38@C n �T:�4;S@4MG5V�2 TO4 � G1�@6�- 45? G 4;� SMS;$>G G 45/ = S~�.$ � -34 �C= 2 0 ? 45NMC

B%T>4LS G 8C�@2 =HG Q@4M2 N�8FN�2�45? :�=@N 2 =RQ@45J 61=@S1Q 2,� 2 TO4L2 =HG!Q@4M2&- =H6 :�T>0M- 4�4~x � 4MG!0 ? 45J92 N
$>N 0 JOQf�@2 TO4MG<2 =HG Q@4M2 N�: 4MG!4�G*$1J>J>0 JOQE � �.- =HG!0M�M45/�� n 4F=��@G<2 TO4 N1$>? ? 4MG\�C=�WHX@X Z =@J>/E: =r]
2�4MG1= =C-M-�2 =HG Q@4M2f=��@G � S 2,�@6�4MG 2,� e<45S 45?-6�4MG�WHX@X Z (UC < 2?:�0M-M- 6�4�G!450 J>N�2 =C-M- 45/ 0 J AP=@JP$>=HG!8
:�032 T ? 0 J10 ? =C- 0 ? � G1�TS@45? 45JP2 2,� 6�4&$>N�45/ =��@G�2_:d� ?0�@G!4 4~x � 4MG!0 ? 45J92 N�0 J 45=HG*- 8 WHX@XYW C
B%TO4 D1G!N�2�4~x � 4MGU0 ? 45J92MV�7%45=C-#���Y? � 2,�YJ DFSM=H2�2�4MG!0 JOQ  �7 ��D6(UVZ:�0M-/-N$1N�4 2�:��L-M�P� � N5C � JO4
- 0 @�$>0 /�T98 /OG*�@Q@45Jg-��P� � :�032 T�2�:�� Z D SM?#S 48-M- N5V>�YJO4 :�032 T;=�G!=@/>0 =H2,�@G%0 J&= G1�YJ92 �C=�2 TO4 S 48-M-
=@J>/ �YJ>40:�032 T>�.$O2 G!=@/10 =H2,�@G5C :<J>�@2 TO4MG5-���� � :�0 2 T 2�:�� Z D;SM? S 48-M- NG:�0M-M- 6�4 45? � 2 8L=��@G
61=@S*Q9Q@G1�.$1J>/ N�21$>/O8 =@J>/ =C- N,� N�4MG*S@4 =@N = N � =HG 4!=��@G 2 TO4g- 0 @�$>0 / TP8F/OG1�@Q@45J -M�P� � C B%TO4
N�45S~�YJ>/ 4~x � 4MGU0 ? 45J92MV�� a b HC� a 	 :�032 T N*$ � 4MG,]�7+�YN�45J96�-M$>2 T N�4 � =HG!=H2 0��YJ VP:�0/-M-OJO4M45/|�YJ6-38�2 TO4
- 0 @�$>0 / T98 /OG*�@Q@45Jf-���� � :�032 T�@-SM?�S 48-M- NMCNB�� ? 0 J10 ? 0��M4�2 TO4%S!T1=@J>S 4+�C=X- 0�= 2 0 JOQ ? 45S!T>=@J10 N ?

WC2



= =@0M-M$OG 4@V@2 T>4+[ 4 � 2 =HG Q@4M2MV�:�T>0 SUT 0 N JO4M45/O45/0=��@G�SUTO45S1QF0 JOQ 6�45=@? � �YN 0 2 0��YJ�VC:�0M-/-96�4+?0��S@45/
S;-��YN�4MG�2,� 2 TO4 S G 8C�@2 =HG!Q@4M2 NMC

:<J�$ � Q@G!=@/O4G: =@N � - =@J1JO45/!:�TO45J;2 T>4-S G 8C�@2 =HG Q@4M2 :�0M-/-E6�4 =TS =@0M- =H6�-34U=��@G�-��YJOQ ? =@0 J�]
2�45J>=@J>S 4@C B%TO4�?0�@2 0��YJ N�8FN�2�45? :�0M-M- 6�4 SUT>=@JOQ@45/ 2,� 6�4�?0�@G 4 G*�@6�$>N�2F:�032 T �YJ>4&- 0M= 2�4MG
 0 J>N 2�45=@/ �C=�2 TOG 4M4;=@N 0 2 0 N�J>��:�(UC H G 45N N*$OG 4�G 45=@/>�.$O2 N?:�0/-M- 6�4;S!T>=@J>Q@45/ = G1�Y? DF45J>N,�@G
B 45S!T $>J1032 N-2,� G 4MQ.$�- =HG :\eU� N?:�0 2 T � G*� � 4MG SM=C- 0 6>G!=H2 0��YJ>N5C � 48-M- NF:�0M-M-�6�47S!T1=@JOQ@45/ 2,�
? =@SUT>0 JO45/&S 48-M- N�0 J>N�2�45=@/��C= 2 TO4�� 6�4M4MG ��SM=@JL2 8 � 4! 4~xFS 4 � 2 :�T>45J 4~x � 4MGU0 ? 45J92 N�JO4M45/ 2 TO4
� 6�4M4MG ��SM=@J 2I8 � 4@V�N1$1S!T =@N<2 TO4�G 45=C- � T>�@2,�YJ&4~x � 4MG!0 ? 45JP2 N5VO:�T10 S!T&SM=@J J>�@2 2,�.-34MG!=H2�4�2 TO4
N ? =C-/-�/>0 =@? 4M2�4MG+�C= 2 TO4 ? =@S!T>0 J>45/ S 48-M- N�(UC

D��Y? 4-4~x � 4MGU0 ? 45J92 N%G 4�@�$>03G 4�= TO48- 0/$>? 2 =HG Q@4M2 :�032 T 0 J>S G 45=@N�45/ 2 =HG Q@4M2 -345JOQ@2 T�V�?0�@G 4
S~���.- 0 JOQ � �T:�4MG5V =@J>/ -345N N�? =H2�4MG!0 =C- 0 J 2 TO4 � =H2 T �C=%2 TO4;N SM=H2�2�4MG!45/ � =HG 2 0 S;-345N5C 7�� e
4~pX�@G 2 N-T>=TS@4 6�4M45J QC�Y0 JOQg�YJ 0 J&J>4;: S 48-M- /O45N 0 QYJ =@J>/ 2,�L0 J>S G!45=@N�4 2 TO4 S~���.- 0 JOQ � �T:�4MG5C
B%TO4G� =C-q] D 2 =H2�4~]�' : Q@G1�.$ � ? =@/O4 � G1�@2,�@2I8 � 45N��C= J>4;: S 48-M- N Z W V Z D-=@J>/�WHX�SM? -��YJOQ5:�032 T
=�G!=@S 4~] 2�G!=@S1Q N T1= � 4@VR:�T10 S!T�N T>�.$6- /�N =H2 0 N,= 8�2 TO4 JO4M45/��C=>2 TO4 � - =@J>J>45/-T>03QYT � �T:�4MG TO48- 0M$>?
2 =HG Q@4M2 4~x � 4MG!0 ? 45J92 NMC�B%TO4 � G1�@2,�@2 8 � 4 S 48-M- N :�4MG 4 2�45N�2�45/ 2,�L=H6X�.$O2 @�DHX � N 0  2�:�0 S 4 2 TO4
/O45N 0 QYJO45/ � � 4MG!=H2 0 JOQ7S~�YJ>/>032 0M�YJO(UCFe<45N 03QYJ :d�@G1Q&0 NG$>J>/>4MG1:�= 8L2,� 0 J1S~�@G � �@G!=H2�4�2 TO4 JO4;:
S 48-M- N�0 JP2,� 2 T>4 4~xF0 N�2 0 JOQ0-���� � C

B�� 0 J>S G!45=@N�4 2 TO4 S~�P�.- 0 JOQ � �T:�4MGF 698!$ � 2,� =?= =@S 2,�@G��C=�2�:��P(UV12 T>4MG 4 =HG 4�2�:�� 0 N!N1$O45NMC
B%TO4ED>G!N�2�0 N%2 TO4�2,�@2 =C-N@ K S~���.- 0 J>Q � �T:�4MG<=TS =@0/- =H6�-34U=��@G<2 =HG Q@4M2<S~���.- 0 J>Qf= G*�Y? . D�7 C6< 2
/O4 � 45J>/>NX�YJ-2 TO4�$>N!=HQ@4��C=F2 TO4 2 TOG!4M4 T>=C-M- N��M? =HQYJO4M2 N�=@J>/ n =C-M-P� � N S G 8C�@2 =HG Q@4M2MC�7%45/�$>SM0 JOQ
2 TO4-S~���.- 0 J>Qf- 0 JO4 � �T:�4MG\- 45=RQ =HQ@4! 45N � 45SM0 =C-M-38�0 J;2 TO4 n =C-M- : ? =HQYJ>4M2�- 0 JO45NJ(d:d�.$6- / TO48- �
2,��? =RQ@4�?0�@G 4�S~���.- 0 J>Q � ��: 4MG�=8SH=@0M- =H6�- 4@CiB�TO4%N�45S~�YJ>/ 0 N N1$O4+0 N 2 TO4%G 4M21$OGUJ0- 0 JO4 � G 45N!N1$OG 4
:�T>0 S!TE- 0 ? 032 N 2 TO4�2,�@2 =C- S~���.- 0 JOQ � ��: 4MG<6�4U$>N�45/�=��@G<S~�P�.- 0 JOQ 2 TO4 TO48- 0M$>? 2 =HG!Q@4M2MC�DF0 J>S 4
2 TO4�2�:��L? =�W,�@GU$>N�4MGUN\�C= 2 TO4?@ K S~�P�.- 0 JOQ � ��: 4MG5V 2 TO4 n =C-M- : ? =HQYJO4M2 N =@J>/&2 TO4 n =C-M-
: T>03QYT � �T:�4MG TO48- 0M$>? 2 =HG Q@4M2MV =HG 4 N T>=HGU0 JOQ&2 TO4 N =@? 47G 4M21$OGUJ - 0 JO4@V 032 � $>2 N = N 4;S@4MG 4
- 0 ? 032 2,�-2 TO4�2,�@2 =C-�S~�P�.- 0 JOQ � �T:�4MG�=TS =@0/- =H6�-34+=��@G S~���.- 0 J>Q 2 TO4�T>48- 0M$>?�2 =HG!Q@4M2MC�: � �YN N 036�- 4
N,�.-M$>2 0��YJ :�=@N � G1� � �YN�45/ =@J>/ />0 N S;$>N!N�45/ =H2 =7G 45S 45JP2 ? 4M4M2 0 JOQ;=@?0�YJOQ n =C-M- :�V n =C-M-y[<V
n =C-M-\�<V�A�' =H6 S G 8C� Q@G1�.$ � =@J>/ A�' =H6 S G!8C�@2 =HG Q@4M2 Q@G*�.$ � C B%TO4 � G*� � �YN!=C-+SM=C-M- N0=��@G =
G 4~]I/>0 N�2�G!036�$>2 0��YJ&�C= 2 TO4-G 4M21$>G!J�- 0 JO45NMC�< J � =HG 2 0 S;$6- =HG VO2 TO4 n =C-M- :�? =HQYJO4M2 N�S~���.- 0 J>Q =@J>/
2 TO4 T>48- 0M$>? S G 8C�@2 =HG Q@4M2�S~�P�.- 0 JOQg:�0M-/- J>�@2�N T>=HG 4 =;N =@? 4 G 4M21$OG!J - 0 JO4@C0B%TO4 N,�.-M$>2 0��YJ 0 N
6�450 JOQ�4;SH=C-M$>=H2�45/ 6 8�2 TO4-S G 8C� Q@G*�.$ � 2,� ? =RQ@4�N1$OG 4 032%T1=@N%J>� =@/>S@4MG!N 4 4~p�45S 2 N5C

B%T>4�N!S!TO45/6$�-34F�C= 2 TO4 S G 8C�@2 =HG Q@4M2F$ � Q@G!=@/O4 � - =@J =@J>/ 2 T>4�T103QYT � ��: 4MG T>48- 0M$>? 2 =HG,]
Q@4M2g$ � Q@G!=@/>4 � - =@J :�0M-/-%/O4 � 45J>/ �YJ 2 TO4&4~x � 4MGU0 ? 45J92 =C-�N SUTO45/6$6- 4�:�T>0 S!T 0 N S;$OG!G 45JP21- 8
$>J>S 4MG!2 =@0 J /6$O4 2,� 2 T>4-/O48- = 8�0 J72 T>4 D 4 � 21$>?#? =HQYJO4M2�/O48- 0MS@4MG 8�N!S!TO45/6$�-34@C

Wr@



����� ��1% �L� ��02� ����%'& � 	 %  02���3%6	 �K ����	�� ��! "1	�%'& !)( � � � �E�M���
%'�G4
B%TO4 n =C-M-9: � �.- =HG!0��M45/U� n 4�2 =HG!Q@4M2GI Z W J : =@N 6�$10M-32�0 J Z 9C9C4�=@J>/5:�=@N N1$>SMS 45N!N,=�$�-M-38\$1N�45/U=��@G
4~x � 4MGU0 ? 45J92 N<.�9r@R]IX Z X6I Z 2 V Z @ J =@J>/ .d9CD�]IX@X Z I Z D J 0 J Z 9C9C4�] Z 9C9C9 C :�= 2�4MG�2 T>0 N D>GUN�2 G1�.$>J>/
�C= 4~x � 4MG!0 ? 45JP2 N5VO2 TO4-2 =HG Q@4M2\:�=@N�?0�TS@45/ 61=@S*Q;2,� 2 TO4 2 =HG Q@4M2 - =H6L0 J;2 TO4-. .�' 6O$>0M- />0 JOQ
=@J>/ : =@N�$ � Q@G!=@/O45/&=@J>/ 0 ? � G*�TS@45/L=��@G 2 TO4�JO4~xF2�G1�.$1J>/��C=�4~x � 4MG!0 ? 45JP2 NMC�< 2\: =@N<2 TO45J
$>N�45/LN1$>SMS 45N N,=�$6-M- 8f=��@G�.d9C9�] Z@Z ) I Z8c J =@J>/ .�9.) Z X.2�I Z ) J 2 T10 N+N1$>? ? 4MG5C

B%T>4 � �.- =HG!0��M45/ � n 4&2 =HG Q@4M2g$>N�45N|� � 2 0 SM=C-M- 8 � $>? � 45/ 7�$>610 />0M$1? SH= � �@G 2,� � �.- =HG,]
0��M4 � n 4LJ�$>S;-3450 SF0 = N � 0 J 4~xFSUT>=@JOQ@4@C B+:d� QF0 J>/1N?�C= � �.- =HGU0 ? 4M2�G!0345N5V�%<RL7 =@J>/ .�Hd7
 .�- 45S 2�G1�YJ�]�H =HG!=@? =HQYJO4M2 0 SJ]�7%45N,�YJ>=@J1S 4�(UV =HG!4?$1N�45/&2,� ? 45=@N1$OG 4�2 TO4 � �.- =HG!0M�5=H2 0��YJ��C= 2 TO4
2 =HG Q@4M2MC�B%TO4M8 SM=@J�6�4�S!T>45S1Q@45/g:�0 2 T =FQ J6�T:�J � T98 N 0 SMN =@N�8F? ? 4M2�G!8@VFN*$>S!T�=@N�2 TO4�48- =@N�2 0 S
� n 4-=@N�8F? ? 4M2�G 8@C

e $OG!0 JOQ 2 TO4 D1G!N�2 G1�.$1J>/0�C=�4~x � 4MGU0 ? 45J92 NMVY2 TO4<=8S@4MG!=HQ@4 2 =HG Q@4M2 � �.- =HG!0��5=H2 0��YJ 0 J 6�45=@?
 Z Xr] Z D � :G(�: =@N ' 2CD�7C . 03QYT92 2 =HG Q@4M2 S 48-M- N?:�4MG 4�$1N�45/�C V>�.$OGf�C=<2 TO45? G*$ � 21$OG 45/�V
� G1�@6E=H6�-38�/6$O4%2,��6�45=@? G!=@/>0 =H2 0M�YJ />=@? =HQ@4@Cyz 032 T 4~x � 4MG!0345J1S 4�-345=HG!JO45/f�TS@4MG 2 TO4�S~�.$>G!N�4
�C=+G*$>J1J>0 JOQOV :�4 2�G!0 45/ 2,� 0 ? � G1�TS@4 2 TO4 G*$1J>J>0 JOQ7S~�YJ>/>0 2 0��YJ>N�6 8 ? =RQ 0 JOQLN1$OG!4 2 TO4 = =@N�2
G!=@N�2�4MG�0 N�=C-�: =58FNU�YJ�V 2 T>4 6�45=@? S;$OG G 45J92 0 N�=C-�: =58FN�G!=@? � 45/ $ � V =@J>/ 2 TO4 S 48-M- />45J>N 032 8
 � G 45N!N1$OG 4�( />�945N�J>�@2-4~xOS 4M45/ Z X =@? QOC�B%TO4MG 4 : 4MG 47J>�&S 48-M- G*$ � 21$OG 45N 0 J 2 TO4&- =@N�2 � 4~]
G!0��F/��C=�G*$>J1J>0 JOQg:�0 2 T 2 TO4;0 ? � G1�TS@45/ G*$1J>J>0 JOQ S~�YJ1/>032 0��YJ>N5C B�TO4 2 =HG!Q@4M2 � �.- =HG!0��5=H2 0��YJ
: =@N%?0�YJ>032,�@G!45/!:�032 Tg% R�7 $>N 0 JOQ�:</>0 =H61=H2 0 S V>=@N 2�H =@N N =HQ@4| :�ViH�(UC�% R�7 :\ViH ? 45=r]
N1$OG!45? 45JP2 N��YJ : =H2�4MG =@J>/ .�Hd7#? 45=@N1$OG 45? 45JP2 N�:�4MG 4g$>N�45/ SM=C- 036>GU=H2�4 2 TO4 � n 4!% RL7
N 03QYJ1=C- C5B%TO4�2 =HG Q@4M2�=@J>=C-38FN 0 N�= G*�Y? 2 TO4LD>G!N�2 G1�.$>J1/��C=�4~x � 4MG!0 ? 45JP2 N�: =@N N1$>? ? =HG!0��M45/
0 Jg- =@N 2+8@45=HG � N%N�2 =H21$>N�G 4 � �@G 2+=@J>/;=C- N,� G!4 � �@G!2�45/;0 J72 TO4 N�21$>/>45JP2 N��O2 T>45N�45NQI Z @ J CdB�TO4�2�:��
? 4M2 T>�F/>N �C= � �.- =HG!0��5=H2 0M�YJ�? 45=@N1$OG 45? 45J92 N�=HQ@G!4M4U:�032 T745=@SUTE�@2 TO4MG\S@4MG 8|:�48-M- C�B�TO4 D1J>=C-
4MG G1�@Gd�YJ 2 T>4 � �.- =HG!0��5=H2 0M�YJ ? 45=@N1$OG!45? 45JP2�0 N�-345N!N 2 T>=@J @��C�B%TO4 � �.- =HGU0��5=H2 0��YJ ? 45=@N*$OG 4~]
? 45J92 N�:�4MG 4%0 J>/>4 � 45J1/O45JP21- 8-S!TO45S*Q@45/ 6 8�? 45=@N1$OG!0 JOQ 2 TO4+48- =@N�2 0 S�N SM=H2�2�4MG!0 JOQ =@N 8 ? ? 4M2�G 8@C
B%TO4 G!=H2 0��E�C= 2 TO4 ? 45=@N1$OG 45/ =@N 8 ? ? 4M2�G 8 2,�L2 TO4f:��@G*- / />=H2 =;QY0�S@45N = ? 45=@N1$>G 4f�C= 2 TO4
� G1�F/6$>S 2y�C=�2 T>4%6�45=@? � �.- =HG!0��5=H2 0M�YJ =@J>/ 2 T>4%2 =HG Q@4M2 � �.- =HG!0��5=H2 0��YJ�CiB%TO4�/O45/6$>S 45/ 2 =HG Q@4M2
� �.- =HG!0��5=H2 0M�YJ;0 N+0 J74~xOS 48-M-345J92�=HQ@G 4M45? 45J92�:�0 2 T72 TO45% R�7 :�=H2�4MG<=@J>/ .dH�7)G!45N1$6-32 NMC

:\= 2�4MG+2 T>4 D1G!N�2�G1�.$>J>/&�C= 4~x � 4MG!0 ? 45J92 NMVF4~x 2�45J1N 0�S@4 2�45N�2 N :�4MG 4�/>�YJO4@VO?0�YN�21- 8 698 2�:��
H�T�e N 21$>/O45J92 N K CYK�G!=@? 4MG =@J>/ � C ��TO45JOQOVP0 J�2 TO4+2 =HG Q@4M2d- =H6 2,� 6�4M2�2�4MG�$>J>/O4MGUN�2 =@J>/ 2 TO4
N�8FN�2�45?�=@J>/ 2,�-0 ? � G*�TS@4+2 TO4+2 =HG Q@4M2 � 4MG1=��@GU? =@J>S 4@CiB 45N�2 N�: 4MG!4 � 4MG*=��@G!? 45/�2,�-N�21$>/O8�2 TO4
��$�x />0 N�2�G!036�$>2 0��YJ�VM2 TO4 2�45? � 4MG!=H21$OG 4�/>0 N�2�G!0 6�$O2 0��YJ�VM2 T>4 � �.- =HG!0��5=H2 0M�YJ Q@G!=@/>0 45JP2 NMV 2 TO4#D>48- /
N�2 =H610/- 032 0345NMV�S =HG!0M�.$>N%/O4~] � �.- =HG!0M�5=H2 0��YJ 4~p�45S 2 N =@J>/ J6�Y0 N�45N+=��@G %<RL7�:�=H2�4MG�SM=C- 0361G!=H2 0��YJ>NMC
.yxF2�45J>N 0MS@4 N�21$>/>0345N�:�4MG 4 � 4MG1=��@G!? 45/&2,�E$>J>/>4MG!N�2 =@J>/&2 TO4 G 48- =H2 0�S@48-38 J>4;: .�Hd7�N�8FN�2�45?
2,�7? =RQ@4 032%G 48- 0 =H6�-34@C < ? � G1��S@45? 45JP2 N�:�4MG 4�? =@/O4�0 J 2 TO4�.�Hd7 � � 2 0 SM=C- N 8 N�2�45? N,��2 T>=H2
.�Hd7)? 45=@N1$>G 45? 45J92 N�S~�.$�- /�6�4 � 4MG1=��@G!? 45/ G 45?0�@2�48-38|= G1�Y? 2 T>4<S~�.$>J92 0 JOQ T>�.$1N�4</�$OG!0 JOQ
4~x � 4MGU0 ? 45J92 N! =@Nf� �6� �YN�45/ 2,�&2 T>4 N 0321$>=H2 0��YJ /6$>G!0 JOQ 2 T>4 D1G!N�2�G1�.$>J>/��C=�4~x � 4MG!0 ? 45J92 N
:�TO45J .dH�7#? 45=@N1$>G 45? 45J92 N S~�.$6- / �YJ6-38 6�4 � 4MG1=��@GU? 45/�:�032 T =@J =@SMS 45N!N 2,� 2 TO4;T>=C-M-�(UC
[��@2 T %<RL7#=@J>/ .�H�7 :�4MG 4g$>N�45/ N1$>SMS 45N N,=�$6-M- 8 =@J1/ G 48- 0 =H6�-38&2,�&? 45=@N1$OG 4�2 TO4�2 =HG Q@4M2
� �.- =HG!0��5=H2 0M�YJ /�$OG!0 JOQ&.d9C9�] Z@Z ) =@J>/ .d9.)T] Z X.2 C � J�- 0 JO4 G 45N1$6-32 N�=HG 4 =TS =@0/- =H6�-34@C ��� 0 JO4
=@J>=C-38FN 0 N+0 N+$>J>/O4MG*:�= 8@C

B%T>4 4503QYT9202HXRz />0��F/O4&- =@N�4MG!N! N 0qx =��@G � $>? � 0 JOQ 0 J -��YJOQY0321$>/10 J>=C- =@J>/ 2�G!=@J>N1S@4MG!N�4

WCD



/>03G!45S 2 0��YJ>N =@J1/ 2�:�� N � =HG 45N�(0:�032 T 2 TO4L7�6 : =8S@48-345JOQ@2 T  ")R9CD J>?|(0$>N�45/ 0 J 2 TO4�D>G!N�2
G1�.$>J1/ �C=<4~x � 4MG!0 ? 45J92 N?:�4MG 4L? =@/O4L698 ��� 2,�R] � �T:�4MG5C : 2 2 TO4 2 0 ? 4 0320:�=@N 2 TO4E�YJ6- 8
S~�Y? � =@J98 :�T>0 S!T � G1�F/6$>S 45/ 2 TO4 T>03QYT � �T:�4MGE)R9CD J1? />0M� /O4 - =@N�4MG!N5C B�TO4&S~�Y? � =@JP8
N�2,� �6� 45/ � G1�F/6$>S 2 0��YJL�C= 2 TO4�T>03QYT � �T:�4MG5)R9CD7J>? /10�� />4F- =@N�4MGUN�N T6�@G 21-38L=R= 2�4MG �.$OG D>G!N�2
G1�.$>J1/ �C= 4~x � 4MG!0 ? 45JP2 NMC '
$1S1QF0M-38 =@J>�@2 TO4MG S~�Y? � =@JP8@V\�#�YTO4MG 45J92|' =@N 4MG!NMV+N�2 =HG 2�45/ 2 TO4
� G1�F/6$>S 2 0M�YJ|�C= T>03QYT � �T:�4MG�)R9CD J1?#/>0��F/O4�- =@N�4MG!NMCyz 4-N1:�032 S!T>45/;N ?0���@2 T6-38 2,� 2 TO4 JO4;:
- =@N�4MGUNMV
:�T10 S!T 21$OGUJO45/ �.$O2 2,� � 4MG1=��@G!? 6�4M2�2�4MG& ?f�@G 4 G 48- 0 =H6�-34�:�032 T -��YJ>Q@4MG5- 0�= 4�2 0 ? 4�(UC
D 4;S@45J7JO4;: - =@N�4MG!N  N 0qx � -M$1Ny�YJO4 N � =HG 4�(y: 4MG 4 $>N�45/ =��@G .d9C9�] Z@Z ) =@J1/ .d9.)T] Z X.2 G�$>J>J>0 J>QOC
:�-M-
- =@N 4MG!N�N1$>G1S 0MS@45/ 2,��2 TO4-45J>/��C= 2 TO4 4~x � 4MG!0 ? 45JP2 NMC%R��YN�2��C= 2 TO4F- =@N�4MG!N�T1=8S@4?�YJ6-38;=
N ? =C-/- � �T:�4MG�/O4MQ@G!=@/>=H2 0��YJ  />��:�JL2,�;WC4 z (UV�=@J>/&SM=@JL6�4�$>N�45/&=HQY=@0 J�=��@G<2�45N�2 0 JOQ7=@J>/
=��@G+=�$>21$OG 4�4~x � 4MGU0 ? 45J92 NMC

B%T>4;2 =HG Q@4M2 S 48-M- N?:�4MG 4L0 J>032 0 =C-M- 8 =C-/-+? =@/O4;6 8 2 TO4EH�G!0 J>S 4M2,�YJ Q@G1�.$ �  "� C��+=H2�45N�(UC
B%TO47Q@G1�.$ � ?f�TS@45/ 2,� I<J>0�S@4MG!N!032I8 �C= � 03G QY0 J>0 =E- =@N�2�8@45=HG =@J>/ S~�YJ92 0 J�$O45/ 2,� � G1�F/6$>S 4
QC��� /7S 48-M- N�=��@G 2 TO4 N�45S~�YJ>/ G1�.$>J1/ �C=�4~x � 4MG!0 ? 45J92 NMCi< J 2 TO4 ? 45=@J�2 0 ? 4@VF=�N 45S~�YJ>/�Q@G1�.$ �
=H2 z 0/-M- 0 =@? =@J1/&R =HG 8� �B�C�:\S@4MG 4M2�2�(<N�2 =HG 2�45/&2,� � G1�F/6$>S 4-QC���F/&S 48-/- N�=R= 2�4MG =|- 45=HG!J>0 JOQ
� 4MG!0��F/�CiB%TO4 2�:�� Q@G1�.$ � N � G1� /�$>S 45/ Z D QC���F/;S 48-M- NU �- 0�= 4<2 0 ? 4 � 2HX T>�.$OG!N�(�=��@G 2 TO4�2�:��
4~x � 4MGU0 ? 45J92 N5 .d9C9�] Z@Z ) =@J>/;.d9.)T] Z X.2.(UC

z 032 T 2 T>4+2 =HG Q@4M2�- =H6f=�$�-M-38U=�$>J>S 2 0��YJ10 JOQOVY?0�YN�2��C=�2 T>4�S 48-M- Ni:�4MG 4�4~xF2�45J>N 0MS@48-38�2�45N 2�45/�C
B%TO4�6�45N�2�=��.$OG S 48-M- N�:�4MG 4\$>N 45/ 0 J 2 TO4�2_:d� 4~x � 4MG!0 ? 45JP2 N5CiB�TO4M8 =C-M-1T>=TS@4\S@4MG!8 QC�P�F/|- 0�= 4
2 0 ? 4� =H6{��S@4�@YX T6�.$OG!Ny=��@G 2 TO4%2_:d��WCD�SM? S 48-/- N =@J>/ =H6X��S@4 c X T>�.$>G!Ni=��@G 2 TO4%2_:d�F@YX SM?
S 48-M- NJ( =@J1/�G!45=@S!TO45/�4~xOS 48-M-345J92 � �.- =HG!0��5=H2 0��YJ! =H6X�.$O2�DHX  :�032 T>�.$>2 6�45=@?�=@J>/�=H6X�.$O2i@YX 
:�032 T Z Xr] Z D � :
6�45=@?|(UC . =@S!T��C=�2 T>45=��.$OG�S 48-M- N+: 4MG 4F$>N�45/ 0 J 6�45=@?�=��@G 2�2,� @f:�4M4;QFNMC
B%TO4M8 : 4MG 4&G 4 � - =@S 45/ =R= 2�4MGE2�:�4M4;QFN|:�TO45J 2 T>4MG 4L: =@N7= -��YJOQ ? =@0 JP2�45J1=@J>S 4 � 4MG!0M� /�C
� J6- 8E�YJO4 S 48-M- G*$ � 21$OG 45/�V{�YJO4 />= 8 6�4;=��@G 4�2 TO4 N SUTO45/6$6-345/&G 4 � - =@SM0 JOQ�2 0 ? 4@V /�$OG!0 JOQ 2 TO4
2�:�� 4~x � 4MG!0 ? 45J92 NMC

RL45S!T>=@J10 SM=C- ?0�F/>0 DESM=H2 0��YJ>N�: 4MG!4-? =@/O4�2,� =@SMS~�Y? ?0� /1=H2�4-2 TO4UQF0 JO45? =H2 0 SMN G 4�@�$>03G 4~]
? 45J92 N+=��@G�2 TO4-2�:�� 4~x � 4MGU0 ? 45J92 N%=@N+:�48-M- =@N�2,� =@/>/ J>4;: = 45=H21$>G 45N�=@J>/ 0 ? � G*�TS@45? 45J92 NMC
B%TO4 n 48- ? T>�.-32,�-S~�Y0M- ?0�.$>J92+: =@N�G 4~]I/>45N 03QYJO45/L2,� � G1��S 0 /O4�G1�@2 =H2 0��YJ&SM= � =H610M- 032I8@C :�JO4;:
?0�@2 0��YJ N*$O61N�8FN�2�45?�:�032 T�0 ? � G1�TS@45/ 2 =HG Q@4M2�- =@/>/O4MG N1$O61N 8 N�2�45?�: =@N ? =@J�$>= =@S 21$>G 45/�CyB%TO4
G 4;= 4MG 45J>S 4-S 48-/-�?0�.$>J92%=@J>/;S~�.$ � - 0 JOQ?: 4MG 4�G!4~]I/O45N 03QYJO45/ C : JO4;: 7iB+e�?f�.$>JP2%=@J1/!:�03G 4
T>=HG!J>45N NU:�4MG 4!$>N�45/ =��@G-G!48- 0 =H6�-34 ?f�YJ>032,�@G!0 J>QE�C=+2 TO4 2 =HG!Q@4M2�2�45? � 4MG!=H21$>G 4@C � 2 TO4MG 0 ??]
� G1��S@45? 45J92 N�0 J>S;-/$>/O4�45=@N!034MG+2 =HG Q@4M2�=C- 0 QYJ>? 45J92 =@J1/72 TO4 =@/>/>032 0M�YJ �C=N�YJ6- 0 J>4<?0�YJ1032,�@G!0 JOQ
�C= 2 TO4U- =@N�4MG � G1��D�-34@C

B%T>4&2 =HG!Q@4M2LS~�YJP2�G*�.- N�8FN�2�45? :�45JP2;2 TOG*�.$OQYT = 2�G!=@J>N 0 2 0��YJ�CoB�TO4 .�H�<1�%D S~�YJ92�G1�.-
N,�C= 2�: =HG 4 /O4;S@48-�� � 45/ 698 2 TO4 � �.- =HGU0��M45/ � n 4;S~�.-M- =H6X�@G!=H2 0��YJ�=��@G�2 TO4!- =@N�2 G1�.$>J1/ �C=�4~x�]
� 4MG!0 ? 45J92 N�:�=@N�2 =RQ@45J �TS@4MG 6 8 2 T>4;A�' =H6 .dH�<1�%D Q@G1�.$ � C�%�4;: 0 ? � G1�TS@45? 45J92 N0:�4MG 4
/O4;S@48-�� � 45/ 698 2 TO4�.�H�<,�%D Q@G1�.$ � :�032 T TO48- � = G1�Y? 2 TO4 � �.- =HG!0��M45/ � n 4 S~�.-/- =H6X�@G!=H2 0��YJ�C
B%TO4 .dH�<1�%D N 8 N�2�45? G!45=@/>N�=C-M-�2 TO407iB+e NMC�:</>/O45/ = 45=H21$OG 45N�0 J>S;-/$>/O4-2 T>4�J>4;: ?f�@2 0��YJ
N�8FN�2�45? S~�YJ92�G1�.- VFJO4;: - =@N�4MG N�8FN�2�45? S~�YJP2�G1�.- VP��S@45J S~�YJ92�G1�.-1=@J1/ G 45=@/�] 6E=@S1QFN�=��@G � G 45N!N1$OG 4
=@J>/ �6��: C :�- N,� =&2�:�� :�= 8 S~�Y? ?F$>J10 SM=H2 0��YJ : =@N�45N�2 =H6�- 0 N!TO45/ 6�4M2_: 4M45J .dH�<1�%D =@J>/
' =H6A�<034;:-V>:�T>0 SUT!:�=@N\$>N�45/!=��@G�2 TO4�2 =HG Q@4M2 � �.- =HG!0 ? 4M2�G!8@C

:\= 2�4MG;2 T>4&N1$1SMS 45N N,=�$6-�� � 4MGU=H2 0��YJ =��@G;.d9C9�] Z@Z ) =@J1/ .�9.)T] Z X.2 V 2 TO4 � �.- =HG!0��M45/ � n 4
2 =HG Q@4M2G: =@N�?0�TS@45/ 6E=@S1QL2,�72 TO4 2 =HG Q@4M2U- =H6 C\< 2<T1=@N�6�4M45J N�4M2<61=@S1Q $ � CGV6$OG!2 TO4MG�2�45N 2 N

W c



=@J>/�0 ? � G1�TS@45? 45J92 N =HG 4�W,$1N�2 Q@4M2�2 0 JOQG$>J>/O4MG1: =585=��@G 2 TO4 JO4~xF2�4~x � 4MG!0 ? 45J92MV@.d9.)T] Z@Z ) I Z 4 J V
? 45=@N1$>G 45? 45J92��C= 2 TO4�N ? =C-M-�=@JOQ.-34 � e n N*$>?BG�$6-34@VX:�T>0 SUT 0 N�4~x � 45S 2�45/ =��@G 2 TO4?= =C-M-
�C=
WHX@XYW C

W.)



����� � � &
0 	�%8���
� ��%' 	������
�O�� � %60�& ��O� %���������	�� ��! "1	�% & !)(3� � � � ����102% �O��4
7��@6�4MG!2�RL0 SUT>=H48- NMVO[d�F/>�f7�45032,�@VEAY=@? 45N�H G*� � 2�2

B%T>0 N 0 N =@Jg$ � />=H2�4 �YJ�48-345S 2�G1�YJ10 SMN+/O45=@/72 0 ? 4f .de�B�(�? 45=@N1$OG 45? 45J92 N :�T10 S!T|: 4MG!4 D>G!N�2
G 4 � �@G 2�45/ �YJ 0 J 2 TO4 � 45=HG WHX@X@X :�J1JP$>=C-y7�4 � �@G 2MC D��Y? 4 4~x � 4MG!0 ? 45J92 N G*$>J :�0 2 T G!=H2�45N
�C= N�4;S@4MG!=C-�T�$>J>/OG 45/!Q n ��0 JL2 TO4-N SM0 J92 0M-M- =H2,�@G!NMV1=@J>/L2 TO4MG 4;=��@G 45�YJ>4�N T>�.$�- /74~x � 45S 2</O45=@/
2 0 ? 45N��C=�=U= 4;: � 4MG!S 45J92MCN< J 2 TO4 � =@N�2 8@45=HG�2 TO4%2_:d� QC�Y=C- N T>=8S@4�6�4M45JZY Z ( 2,�-G 45/6$1S 4%2 TO4
.�e B 6 8 G!45S~�YJ�D>Q.$OG!=H2 0M�YJ!�C= 2 TO4�2�GU03Q@Q@4MG%T>=HG!/>: =HG 4��>=@J>/ W.( 2,� 0 ? � G1��S@4 2 TO4 =@SMS;$OG!=@S 8
=@J>/;G!48- 0 =H610M- 032I80�C= 2 TO4 .de�B ? 45=@N1$OG!45? 45JP2MC

B�� G 45/6$1S 4 2 TO4 .�e B�V :�4 2�G!0345/ 2_:d� 2 T>0 JOQYN;Y Z (�2,� =8SC�Y0 / $>N 0 JOQ 2 TO4 RL45?0�@G 8
'Z���CQ�$ � I<J>032� RL'
IG(i:�T>0 S!T ? = 8 0 JP2�G*� /6$1S 4 =-6X�@2�21-345JO45S1Q?:�T>45J N�2�G1�@6�45/�CiB%TO4+G 45N*$6-32 N
=HG 4;/>0 N!S;$>N N�45/ 6�48-��T: C W.(-2,� G 45/�$>S 4 2 T>4&:�0 /O2 T��C=�2 TO4;/>0 N!S G!0 ? 0 J1=H2,�@GU�.$O2 � $O2 N5V 6�$O2
2 T>0 NG- =H2�2�4MG =H2�2�45? � 2-/>0 /&J6�@2�:��@G1Q : 48-/- 6�45SM=C$>N 4 G 45/6$>SM0 J>Q 2 TO4 />0 N S G!0 ? 0 J>=H2,�@G\:�0 /O2 T>N
= G1�Y? Z X@X J>N�2,�?@YX J>N SM=C$>N�45N 2,��� ?F$>SUT O�=R= 2�4MG1] � $6- N 0 JOQ Q VP:�T>0 S!T7=HG 4�N�45S~�YJ1/>=HG 8 � $6- N�45N
=H2-2 T>4 2�G!03Q@Q@4MG N1$ � 4MG1SF0 N,�@G�2 T>=H2�G 45N1$6- 2G= G1�Y? 2 TO4|H�R�B N 03QYJ>=C- N�G!0 JOQY0 JOQ;=@J>/ S G1�YN!N 0 JOQ
2 TOG 45N!T>�.- / ?F$�-32 0 � -34 2 0 ? 45NMC :�= 2�4MG,] � $�- N 0 JOQ 0 N7/>=@JOQ@4MG1�.$1N;0�=-J>�@2 S~�@G G!45S 2�45/�V�N 0 J>S 4 032
/>0 N 2,�@G 2 N 2 TO4ge%:M7 /O45=@/ 2 0 ? 47S~�Y? � $O2�45/ = G1�Y? N SM=C-34MG!NMC�z 032 T N 2 =@J>/>=HG!/ 2 TOG 45N!T>�.- />N
=@J>/&T>03QYTgSC�.- 2 =HQ@45NMV�2 TO4 � G1�@61=H610M- 032I8&�C= =R= 2�4MG1] � $6- N 0 JOQ 0 N��o4��=��@G = N 0 JOQ.-345N%2�GU03Q@Q@4MG<0M=
�YJO4U$>N 45N+=F@YX J1N+/>0 N S G!0 ? 0 J>=H2,�@G��.$O2 � $O2�:�0 />2 T�=@J1/72 T>0 N�G 45/6$>S 45N 2,���
XFC Z  :�032 T Z X@X
J>N � $6- N�45N�N!0 J>S 4�?0�YN�2 G!0 JOQY0 JOQ �FSMS;$OG!N<6�4;=��@G!4 Z X@X;J>N5C  �%��@2�4@V 2 TO45N�4 JP$1?-6�4MG!N<=HG 4 J>�@2
QFJ>�T:�J � G 45SM0 N�48-38@C}( � JO4 SM=@J 48- 0 ? 0 J>=H2�4 =R= 2�4MG,] � $6- N�45N 6 8 0 J>S G 45=@N!0 JOQ;2 TO4 2 TOG 45N T>�.- / �@G
-���: 4MG!0 JOQ n � VY6�$O2 2 T>0 N�0 N S~�YJ>N 0 /O4MG!45/ =@J $>J>/O45N 0 G!=H6�-34 G 45/6$>S 2 0��YJ�0 J�4�� SM0345J>S 8@Ci< J1N�2�45=@/�V
�.$OG = �6� G1�Y=@SUT 0 N%2,�!-345=8S@4 2 TO45:�0 /O2 T>N Z X@X�J>N<=@J>/ 2,� � $O2�2 TO4-2�G!0 Q@Q@4MG<0 J92,� =�?�$6-32 0 T>0 2
B+eU� 2,� 2�G!8�2,� ? 45=@N1$OG 4�2 T>4 � G1�@61=H6E0M- 032 80�C= =R= 2�4MG,] � $�- N 0 JOQOC

< J AY=@J WHX@X Z :�4 N�2 =HG 2�45/ G�$>J>J>0 J>Q �.$OG�? =@0 J&2�G!0 Q@Q@4MGU:�032 T>�.$>2�2 TO4 RL'
I�C < J1N�2�45=@/�V
2 TO472�G!03Q@Q@4MG 0 N5=��@G!? 45/ = G1�Y? =@J �TS@4MG*- = � �C=�2 TO4;N SM0 J92 0M-M- =H2,�@G � - =@J>45N D Z =@J>/ DOW&=R= 2�4MG
D>G!N 2 G!4�@P$>0 G!0 JOQ W H RLB%N?�YJ 45032 TO4MG 45J>/ �C= = � =@/>/�-34�0 J 45=@SUT � - =@J>4�2,� D1G 4;=H6{��S@4L=
/>0 N!S G!0 ? 0 J1=H2,�@G|-34;S@48- CoB%TP$1NMV%2 TO4 2�G!03Q@Q@4MG7G 4�@�$>03G!45N|@ H�R�B%N7=@J>/ J>� � =HG!2 0 S;$6- =HG7=@J�]
Q.-34�2 TOG1�.$>QYT 2 TO4 /O4M2�45S 2,�@G�N�2 =@S*QEC � J>4�? =58 N*$�p�4MG ?f�@G 4�61=@S1Q Q@G1�.$>J>/ V /O4 � 45J>/>0 J>Qf�YJ
G*$>J1J>0 JOQ S~�YJ1/>032 0��YJ>N5V+6�$O2�2 TO4MG 4 0 N N1�Y? 4 4;S 0 />45J>S 4 2 T1=H2�2 T10 N T1=@N�=C- N,� G!45/6$>S 45/ 2 TO4
.�e B�C��#�Y? � =HG!0 J>Q�2,�L2 TO4 .�e B�? 45=@N*$OG 45? 45J92 NG= G1�Y? R =HG1Q A.�YJO45N�� � S 2-WHX@X@X G 4 � �@G 2
 N�4M4G:+:�: C W,- =H6 CA�@G Q H�� W,�YJO45N H 4T9.) Z@Z@Z H G 4 � �@G 2 �YJ /O45=@/O2 0 ? 4@C � NMC QC��(UV6' 0 JOQ@8Y=@J ��T�$8� N =@J>=C-q]
8FN 0 N#�C= />=H2 =0= G1�Y?BD � G!0 JOQ�WHX@X Z N T>��:�N+= G 45/6$1S 2 0��YJ;0 J�2 TO4 .�e B :�TO45J � =HG!=@? 4M2�4MGU0��M45/
=@N+2 TO4 R�'�I N�2�G*�@6�4 G!=H2�4�0 J!�@G!/O4MG+2,� S~�Y? � =HG 4�2,� G*$1J>J>0 JOQF:�032 T;=@JLRL'
I�C6B%TO4-RL'
I
N�2�G1�@6�4�G!=H2�4%N T>�.$�- /-J>�@2 6�4 =�G!48-34;S =@J92 � =HG!=@? 4M2�4MG =@J98 ?f�@G 4@VP=@J>/�S~�Y? � =HGU0 N,�YJ>N�6�4M2�:�4M45J
/>0qp�4MG 45J92 G*$>J>J10 JOQ � 4MG!0M� />N 0 Ni= G!=C$OQYT92y:�032 T /10 � S;$6-32 0 45NMVH6�$O2 JO4;S@4MG 2 TO48- 45N N 2 TO4MG 4�/>0 /�= � ]
� 45=HG 2,�<6�4�=�G!45/6$>S 2 0��YJ 0 J-.de B 698-=H2i-345=@N�2 =\= =@S 2,�@Gy�C=E2�:��OCyB%TO4 � G 48- 0 ? 0 J>=HG 8 =@J>=C-38FN 0 N
�C= .�X@Xr] Z XYW;/>=H2 =!= G1�Y? � S 2 WHX@X Z N*$OQ@Q@45N�2 N�2 T>=H2�2 T>4�.de B�0 N	� Z X@X@J>N F Q�
����� :�TO4MG 4
Q 
����� 0 N-2 TO4 2�G!03Q@Q@4MG�G!=H2�4@Vi:�T>0 SUT 0 N J6�T: 2 T>4 G 48-34;SH=@JP2 � =HG!=@? 4M2�4MG C DO0 J>S 4 2 TO4 2�GU03Q@Q@4MG
G!=H2�4;0 N?$>N1$1=C-M-38 -345N N 2 T>=@J 2 TO4;N�2�G1�@6�4�G!=H2�4  2I8 � 0 SM=C-M- 8 698 =L= =@S 2,�@G0�C=<W.(UV�: 476�48- 034;S@4
:�4�T>=TS@4;G 45/6$>S 45/ 2 TO47.�e B 698 2 T10 N5= =@S 2,�@G5C < =+2 TO4 6E=@S1Q Q@G1�.$>J>/>N =HG 4;=C- N,�&J>�@2�61=@/�V
2 TO45J =8SC�Y0 />0 JOQL2 TO4�R�'�I#0 NU:��@G 2 TP:�T>0M-34@C&e $OG!0 JOQ . X@Xr] Z XYW V�=LT103QYT G!=H2�4 4~x � 4MG!0 ? 45JP2

WC4



:�032 T 2 TO4 JO4;: 2�G!03Q@Q@4MG N�4M21$ � V�2 TO4 � =H2�2�4MG!J �C=%N SM0 JP2 0M-/- =H2,�@G � =@/>/�-34 T>032 NU-M�P�CQFN5- 0MQ@4 2 TO4
�.- / O!D�]�7�=58 Q � =H2�2�4MG!Jg�C= 2 TO4-RL'
I
2�G!03Q@Q@4MG �O2 T>4MG 4;=��@G!4@V12 TO4�61=@S*Q9Q@G*�.$>J>/ 0 N�N 0 ? 0M- =HG5C

B%T>4 J>4;: .de B ? 45=@N1$OG 45? 45J92U .�e B�R (�N�8FN�2�45? :�=@N 45J>QY0 JO4M4MG 45/7=@J>/7S~�YJ>N�2�G�$>S 2�45/
6 8;AP=@? 45N�H�G1� � 2�2+�C= 2 TO4 A@4~p�4MG!N,�YJ�' =H6 .d-345S 2�G1�YJ>0 SMN��<G1�.$ � C�< 2+: =@N<0 J>N�2 =C-M- 45/|�YJL2 TO4
N � 45S 2�G1�Y? 4M2�4MGUN 6 8U[�� />��7%45032,��0 J-: � G!0/-YWHX@X Z C�B%TO4 � GU0 J>SM0 � - 4�6�45T>0 J>/ 2 TO4 ? 45=@N1$OG 45? 45J92
0 N�=@NG=��.-M-���:�N;Y :�4 N�45J>/ =!:�48-M-q]I/O4 DEJO45/�V�G 45S~�@QYJ>0M�5=H6�-34 � $6- N�4 0 JP2,�;2 TO40= G1�YJ92�45J>/ �C=�2 TO4
2�G!03Q@Q@4MG�=@J>/;N�4M4 0�=�032+? =RQ@45N%032 2 TOG1�.$>QYT72,� 2 TO4 2�G!03Q@Q@4MG�N*$ � 4MG1S 0 N,�@G5V�:�T>0 S!T;0 N 2 T>4 � �Y0 JP2
=H2G:�T>0 S!T&2 TO4fe%:M7 0 N 2�G!03Q@Q@4MG 45/�C :\- N,�OV 0�= 2 TO4fe�:M7 0 N�=C- 0�S@4@V�2 T>4 2�GU03Q@Q@4MG-N1$ � 4MG1SF0 N,�@G
:�0M-/- =@SMS 4 � 2�2 T>0 N � $�- N�4MG<2�G!03Q@Q@4MG =@J>/ 032�:�0M-M- N T>�T: $ � 0 J&2 TO4�/>=H2 =@N�2�G!45=@? =@N�=�2 =HQ@Q@45/
4;S@45J92MCdB%TO4�= G!=@S 2 0��YJ&�C= N1$>SUT�4;S@45JP2 N+2 T1=H2�Q@4M2+-M�YN�2�0 N�2 TO4�/O45=@/�2 0 ? 4<S~�@G G!45S 2 0��YJ�C�%\�@2�4@V
�YJO4<SM=@J ? 45=@N*$OG 4%6X�@2 T 2 T>4%48-345S 2�G1�YJ>0 SMN�=@J>/ 2 TO4\e%:M7 /O45=@/ 2 0 ? 4�N 4 � =HG!=H2�48-38�2 T>0 N�:�= 8@C

B%T>4�.de B�R N 8 N�2�45? N 45J>/>N�= � $6- N�4MG<N!03QYJ>=C-N:�T>0 SUT -��P�CQFNG- 0�Q@4 =;N SM0 JP2 0M-/- =H2,�@G � $6- N�4
2 TOG1�.$>QYT 2 T>4 � =H2 T �C=�=��.$OGGH RLB G!4�@P$>0 G 45/L2,�;? =RQ@4 =�2�G!0 Q@Q@4MG  �-34;= 2�=@J>/&G!0 QYTP2��YJ �YJO4
� =@/>/�-34�0 J D Z =@J>/ DOW.(UCyB%TO4 2�:��-N � 45S 2�G1�Y? 4M2�4MG!N�=HG 4%N!0 ?F$�-32 =@JO4;�.$>N1- 8 � $6- N�45/ Vr:�TO45J�G*$>J
0 J S~�Y0 J>SM0 /O45J>S 4 ?0�F/O4@V =@J>/ 2 T>0 N =C- N1� � G1�TSF0 /O45N�=7S!T>45S1Q �C= 2 T>4 2 0 ? 0 JOQ&�C=�2 TO4 2�GU03Q@Q@4MG5C
B%TO4 � $6- N�4MG�N 03QYJ>=C- N�=HG!4 =@/>/O45/ 2,�L2 TO4&H RLB%N-N!03QYJ>=C- NU$1N 0 JOQ;=@J =@S 2 0�S@4 SM03GUS;$>032G:�T>0 S!T
� G 45N 4MG1S@45N 2 TO4 2 0 ? 4 G 45N,�.-/$O2 0��YJ7=@J>/!-��T:+]IJ>�Y0 N�4 �C= 2 T>4 = ��� =HG!=H21$>NMC . =@S!T � =@/1/6-34 T>=@N+032 N
/O45=@/;2 0 ? 4 ? 45=@N1$OG!45/ 0 J721$OG!J VF0 C 4@C�: 4 D1G!N�2 � $6- N�4 � =@/>/6-34 Z V>2 TO45J � =@/>/6-34 W V>4M2 S5$ � 2,�
c CgB%TO4 � $�- N�4MG 0 N�N�45JP2-2,� =�B�eG��=@N�= �E=HQOV =@J1/ =C- N,� 2 T>4 O�=@J>/ Q �C=�2 T>4 � $6- N�4MG =@J>/
2�G!03Q@Q@4MG 0 N<N 45JP2 2,�;N SM=C-34MG!N 2,�;? 45=@N*$OG 40-��YN N�45N $ � 2,�;2 T>0 N � �Y0 J92MCUB%TO4�? =@0 J />0qp�4MG 45J>S 4
2,� - =@N 2�8@45=HG9� N �YJO4~] � =@/>/�-34 � $6- N�4MG+N�4M21$ � 0 N 2 T>=H2%J>��: 2 TO4 /O45=@/;2 0 ? 4 SM=@J 6�4�? 45=@N*$OG 45/
/>0qp�4MG 45J92 0 =C-M-38&=@S G1�YN N-2 TO4 =�� SM=C- � - =@JO4@C&B%TO4 G!=H2�4|�C= � $6- N 0 J>Q�=@J 0 J>/>0�SF0 /6$1=C- � =@/1/6-34 0 N
� Z n � =@J1/;SM=@J;6�4<? =@/>4 � G1� � �@G 2 0��YJ>=C-E2,� 2 TO4 6�45=@?#S;$OG G 45J92MVF2 T>�.$OQYT;=H2 � G!45N�45JP2 :�4
�YJ6-38!$>N�4 D6x 45/7G!=H2�45N5C

B�� �@6>2 =@0 J 2 TO472,�@2 =C-%/>45=@/ 2 0 ? 4!�C=�2 TO4;N�8FN�2�45?  �B�e�B�(UVN:�T>0 S!T 2,� D>GUN�2F�@GU/O4MG 0 N
2 TO4�N1$>? �C=�2 TO4�S~�Y? � $O2�4MG+e�:M7 /O45=@/72 0 ? 40 "�#e B\(�=@J>/�2 TO4�.de�B V��YJ>4G�@61N�4MG1S@45N+T>��:
? =@J98 � $6- N 45N =HG 4 0 J 2 TO4|B�eG� C�B%T>0 N 0 N�45N N 45JP2 0 =C-/-38 RL=HG1QJ� N =@J>/�' 0 JOQ@8Y=@J8� N�=@J>=C-38FN 0 NMV
N�4M4 R =HG1QJ� N�G 4 � �@G 2�=��@G /O4 DEJ>032 0��YJ>N5CG< J&2 TO4 />=H2 =FV 0 J =@/>/>032 0��YJ 2,� =!-��YN N :�4 N�4M4 =72 =@0M-
=@J>/ N�45S~�YJ>/>=HG 8 J>=HG!G1�T: � 45=RQFN-0 J B+eU� N  4@C QOC;2 TO4 .�e B �1=HQP(G:�T>0 SUT 0 N � G 45N1$>? =H6O-38
SM=C$>N�45/ 698 � 0M- 48$ � 0 J 2 TO4 QY=H2�4 G!4M2 0 ? 0 JOQ;SM03GUS;$>032�=@J>/ 0 J 2 TO4 N�2,� � NMC � J>4 SM=@J 4~xF2�G!=@S 2
2 TO4�.de B 698�N1$O612�G!=@S 2 0 JOQ 2 TO4�� e�B SM=C- S;$6- =H2�45/ 0 J�2 TO4+$>N1$>=C-�: =58?= G1�Y?�2 TO4+B�e�B VC:�032 T
N,�Y? 4 N!? =C-M- S~�@G G 45S 2 0��YJ1N 2,� =8SC�Y0 / /6�.$O6�-34�S~�.$>J92 0 JOQ;=@J>/&2,� S~�@G G 45S 2U=��@G�2 TO4?= =@S 2 2 T>=H2
2 TO4 .�e B�R � $6- N 4MG%0 N%J>�@2�G!=@J>/>�Y?;C � JO4-S;$>G!0��.$>N+G!45N1$6-32%0 N%2 T>=H2�=H2 � G 45N�45J92%2 TO4-N!SM=C-34MG
? 45=@N1$>G 45? 45J92\�C= .de�B
0 N\�M4MG1�OC\H�G1�@61=H6�- 8�2 T10 N�0 N�6�45SM=C$>N�4 2 TO4�J>=H21$>G 45�C= 2 TO4�.�e B
0 N
= � 0M- 48$ � S~�YJ1/>032 0��YJ�V�J>�@2 =g-M�YN NMC n ��: 4;S@4MG5V 2 TO4 .�e B�? 45=@N1$OG 45/ = G1�Y? 4;S@45J92-=@J>=C-38FN 0 N
$>N 0 JOQ 2 TO4?B+eU� N<0 N J>�@2��M4MG1�OC�:�S~� />4 2,�7=@J>=C-38��M4�2 TO45N�4�/>=H2 =&:�0M-M- 6�4�? =@/O4 � $O6O- 0 S;-38
=8SH=@0M- =H6O-34@C

WC9



������� 	 0 � ����� �10 ��($���O� �)��� 	�� 02��% � � ����	�� ��! "1	�%'&+!�(�� � � � � 	 0��
� %'� 4
�65 �w��5 � �����-��	O���#� FB� �8���C� ��Ff�r����{�T� A �!�
	�����	.���
H G*�@Q@G 45N Ni�YJ 2 TO4+JO4;: �   Hr7 �U� B#] 6E=@N�45/��@6�W 45S 2�]"�@GU0345JP2�45/ n =C-M-F: />=H2 =�=@J>=C-38FN 0 N�N,�C= 2�]
: =HG 4�T>=@N�6�4M45J7N�2�45=@/O8 �TS@4MG+2 TO4 - =@N�2�8@45=HG5C�< J�R =HG!SUT WHX@X Z V>S@4MG!N 0��YJ7XFC3DCDF:�=@N�G 48- 45=@N�45/
:�T>0 S!T�0 J>S;-M$>/>45/ 2 TO4MD1G!N�2�=�$6-M-E0 ? � - 45? 45JP2 =H2 0M�YJf�C= 2 TO4 O�N�2 =@J>/1=HG!/ =@J1=C-38P�M4MG Q =C-3QC�@GU032 T>?
I Z 9 J C B%T>0 NfS@4MG!N 0M�YJ =C- N1� /O4 DEJO45/ 2 T>4 45N N 45JP2 0 =C-<48-345? 45JP2 N&�C= 2 TO4 /O4M2�45S 2,�@GL0 JP2�4MG1= =@S 4
=@J>/72 T�$>N =C-M-���: 45/;S~�.-M- =H6{�@GU=H2,�@G!N 2,� 6�4MQY0 J&:%G!032 0 J>Q � G1�@2,�@2 8 � 4�/O4M2�45S 2,�@G<S;- =@N N�45N#=��@G+2 TO4
� G1�rW�45S 2MCf< J � =HG 2 0 S;$�- =HG5V�2 TO4f7+�%D S~�.-/- =H6X�@G!=H2 0��YJ T>=@N�/O4;S@48-M� � 45/ N�4;S@4MG!=C- N1$1S!T S;- =@N!N�45N
=��@G%2 TO457+�%D7SM=C-M�@G!0 ? 4M2�4MG5C

< J � S 2,�@6�4MG5VZS@4MGUN 0��YJ XFC c XE: =@N D1J1=C- 0��M45/�C?B%T>0 N<G 48- 45=@N�4 0 J>S;-M$1/O45/ =g- =HG Q@4 JP$1?-6�4MG
�C= 0 ? � �@G 2 =@J92+JO4;: = 45=H21$OG 45N;Y


 V�$6-M- N�4M2 N��C= /O4M2�45S 2,�@G�=@J>/ N � 45S 2�G1�Y? 4M2�4MG<S;- =@N N�45N5V>4@C QOC{- 4;= 2%=@J>/ G!03QYT92 n 7 D7N � 45SJ]
2�G*�Y? 4M2�4MG!NMV�=@J>/ N SM0 J92 0M-M- =H2,�@G5V�� T>4MG 45J>QC�TS�V�N T6�T:�4MG S~�.$>JP2�4MG V�=@J>/ :�03G 4�S!T>=@?�6�4MG
/>4M2�45S 2,�@G!NMC


 D>$ �6� �@G 2#=��@G��YJ�] 2 TO4~] �>8;/O4 D1J1032 0��YJ&�C= Z ]I/ T>0 N�2,�@Q@GU=@? NMC


 :�D6��<*< />=H2 =H61=@N 4 D�-345N#:�032 T761=@N 0 S�N*$ �6� �@G 2�=��@G�2 0 ? 4 /O4 � 45J>/O45J1S 4@C

 D>$ �6� �@G 2�=��@G D>xF45/�]�=@J>/!SH=HG!0 =H6O-34~]IN 0��M4 =HG G!= 8 N �C=�Q.-��@61=C-XSH=HG!0 =H6O-345N =@J>/!=��@G�Q.-��@61=C-
SH=HG!0 =H6O-345N �C=�2I8 � 45N+�@2 TO4MG�2 T>=@J M -;:�(#$�' C


 D>$ �6� �@G 2#=��@G�=@J>=C-38FN 0 N#�C= N SM=C-34MG!NMC

 � -345=@J�]�$ � �C= 2 TO4 D�- 4 H 2�G 4M4U�.$O2 � $>2+G1�.$O2 0 JO45NU �
� "�� =1';2�� (UC

 D>$ �6� �@G 2#=��@G�2 TO4�D�$>J H@D��.- =HG!0 N � - =H2,=��@G!?;C

B%TO4 � G1�@2,�FS~�.-�=��@G />4M2�45S 2,�@G 0 J>0 2 0 =C- 0��5=H2 0��YJU:�=@N SUT>=@JOQ@45/ N 03QYJ10 D1SM=@J921-38G=��@G 2 T10 N
S@4MGUN 0��YJ�0 J
�@G!/O4MG-2,�LN1$ �6� �@G 2<2 0 ? 4~]I/>4 � 45J1/O45JP2 /1=H2 =H61=@N�4 0 J6=��@G!? =H2 0��YJ � G1� � 4MG*-38@C0B%TO4�2 0 ? 4 H />=H2�4
�C=�2 TO4+G*$>J 6�450 JOQ�=@J>=C-38��M45/ 0 N J>��: � =@N N 45/�2,��2 TO4%0 J>032 0 =C- 0��5=H2 0��YJ�G1�.$O2 0 J>45NMVY=@J>/ 032 0 N J>��:
� �YN N 036O-34 2,��G 4~]I0 J>032 0 =C- 0��M4 =7/O4M2�45S 2,�@G5V =��@G<0 J>N�2 =@J>S 4 2,�&-M�Y=@/&J>4;:
SM=C- 0 6>G!=H2 0��YJ S~�YJ>N�2 =@J92 N
0 J�SM=@N�4%N�4;S@4MGU=C-FG*$>J>N�=HG 4+=@J>=C-38��M45/ N�4�@�$O45JP2 0 =C-M-38@CiB%T>0 N�0 ? � - 0345NMV T6�T:�4;S@4MG5VP2 T>=H2 />4M2�45S 2,�@G
S;- =@N N 45N :%G!032�2�45J =��@GGS@4MG!N 0��YJ XFC3DCD7G!4�@P$>0 G 4�N,�Y? 4� ? 0 J>�@GJ(�?0�F/>0 D1SM=H2 0M�YJ>N�2,�g:��@G1QL:�032 T
XFC c XFC B%TO4 0 J92�4MG1= =@S 4E=��@G�/O4M2�45S 2,�@G7S;- =@N N�45N N!T>�.$6- / J>��:B6�4gS@4MG 8 S;-��YN�4 2,� D1J>=C- V�=@J>/
N,�&/O4M2�45S 2,�@G S;- =@N N�45NF:%G!032�2�45J =��@G-2 T10 NGS@4MG!N 0M�YJ SM=@J 6�4 4~x � 45S 2�45/ 2,�L:d�@G*Q :�032 T =�$O21$OG 4
G 48-345=@N 45N+:�032 T6�.$O2+N 03QYJ>0 DESM=@JP2+S!T1=@JOQ@45NMVE=H2\-345=@N�2�$>J92 0M-{S@4MG!N 0M�YJ Z C X@XFC

B%T>4�2�G!=@S1QF0 JOQ S~�F/O4 0 J&S@4MG!N 0M�YJ;XFC c X 0 N N�2 0M-/-EGU=H2 TO4MG � G!0 ? 032 0�S@4@V 6�$O2 6�4M2�2�4MG%S~� />4 T>=@N
=C-3G 45=@/>8 6�4M45J :%G!032�2�45J =@J1/ :�0M-/- 6�4 0 J>S;-M$>/O45/ 0 J 2 TO4 J>4~x 2fS@4MGUN 0��YJ �C= 2 TO4&=@J>=C-38��M4MG5V
4~x � 45S 2�45/ 0 J e<45S 45?�6�4MG WHX@X Z CgB%TO4 � eU��S~�F/O4 0 J XFC3DCDL=@J>/ XFC c X&03QYJ>�@G 45N-/OG!0�= 2 2 0 ? 4
0 J>=��@G!? =H2 0M�YJ&=@J1/ $>N�45N �YJ6- 8�:�03G!4�J�$>?�6�4MG!N<2,�LSM=C- S;$6- =H2�4 2�GU=@S1Q � �YN 032 0��YJ>N =@J>/ =@J>Q.-345NMC
< J =@/>/>032 0��YJ V�J>� 2 =HG Q@4M2 G 45S~�YJ>N�2�G*$1S 2 0��YJ 0 N � 4MG1=��@G!? 45/�C : � G1�@2,�@2I8 � 4LT>03QYT�] � G 45SM0 N 0��YJ
:�03G!4 S!T>=@?�6�4MG S;- =@N N5V�:�T>0 S!T D12 N /OG!0M= 2�2 0 ? 45N =@J>/ SM=@J T>=@J>/6- 47?�$6-32 0 � -3472�G!=@S1QFNMV : =@N
/O4;S@48-�� � 45/ 0 J 2 TO4 N1$1? ? 4MGg�C= WHX@X Z 0 J S~�.-M- =H6X�@G!=H2 0��YJ :�032 T = N1$1? ? 4MG;0 J92�4MG!J I WHX J C

2HX



-0.04 -0.02 0 0.02 0.04
0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

C++_Analyzer
Nent = 54843  
Mean  = -7.557e-05
RMS   = 0.0152

Ty C++_Analyzer
Nent = 54843  
Mean  = -7.557e-05
RMS   = 0.0152

ESPACE
Nent = 55103
Mean  = -0.001323
RMS   = 0.01486

-0.32 -0.3 -0.28 -0.26 -0.24 -0.22 -0.2 -0.18 -0.16 -0.14 -0.12
0

500

1000

1500

2000

2500

C++_Analyzer
Nent = 55031  
Mean  = -0.2207
RMS   = 0.02185

Tx C++_Analyzer
Nent = 55031  
Mean  = -0.2207
RMS   = 0.02185

ESPACE
Nent = 55101
Mean  = -0.2225
RMS   = 0.01891

ESPACE
Nent = 55101
Mean  = -0.2225
RMS   = 0.01891

-0.08 -0.06 -0.04 -0.02 0
0

500

1000

1500

2000

2500

3000

C++ Analyzer
Nent = 54112  
Mean  = -0.03541
RMS   = 0.01557

Tθ C++ Analyzer
Nent = 54112  
Mean  = -0.03541
RMS   = 0.01557

ESPACE
Nent = 55192
Mean  = -0.03514
RMS   = 0.01515

-0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
0

200

400

600

800

1000

1200

1400

1600

1800

2000

C++ Analyzer
Nent = 54150  
Mean  = 0.01164
RMS   = 0.02082

Tφ C++ Analyzer
Nent = 54150  
Mean  = 0.01164
RMS   = 0.02082

ESPACE
Nent = 55186
Mean  = 0.01166
RMS   = 0.02032

V 03Q.$OG 4 Z X�Y Xn�4�8" (Q5v(+?b$6�<y �4�#,<C�"�&Q,�3td2&/$6(Q?b�!K f](Q&Q�v&Q���n�t(�_'�ta .��4��18(+,<(E36? � � T�&)�4$;1)�@(+?`_[1�3JKt�2\
�0�w3'f]?}$6�!�-&Q�����!�!1<36?0,D&)�DCe12&9��K7A8321<$6" a .�"%$6?b�|� � � ����X �Y� ��1�323'�LK6(Q?�$'&9�#,������]� ; �]� %�� �
$6?�K � � \ ������� � a ; � .�"%$6?b�N( ,�&)(+"�&9�!K d#y�$td!3'C�&�r E N f]()&Q���4�#,/.0��12&�&/3�&Q��� $t12&)Ce$6">A#3J1�$6"
.�"%$6?b�#�{f �t(E1#�t�O(Q? &Q��� g � �0�q"�(/�D,u�L3'C'_'�t"�yB.�$'�L$6"Q" �#"�&/3	&Q�0� � � T]\ ��" C��B�t(+,D&/3!_;�L$65[,N$6�4�
�!�D,<C�"�&Q,qA<�4365�&Q���:T�� $6?�$6"�yJ�J�8���S$6?�K-�4��K �`( ,#&/3!_'�4$65[,�fW�8�4�P3td2&/$6(+?>�!K	f](Q&Q�	U��wX � TVU
��AD�4365�� 5ws	� �6\

< J>032 0 =C-OG!45N1$6-32 N =HG 4�S@4MG 8 N 0 ? 0M- =HG 2,��2 T>�YN 4��@6>2 =@0 J>45/ :�0 2 T .�D�H�:�� .  N�4M4 V 03QOC Z X�(UCdB%T>0 N
S~�F/O4-0 N+S;$OG!G 45JP21- 8 6�450 JOQ�4~xF2�45J>N 0�S@48- 8 2�45N�2�45/ C

B%T>4 JO4~x 2�S@4MG!N 0��YJ>N#�C= 2 TO4?�   =@J>=C-38��M4MG�SM=@JL6�4�4~x � 45S 2�45/;2,� 0 J>S;-M$>/O4CY

 XFC c D�Y n 03QYT�] � G 45SM0 N 0��YJ ��eU�)S;- =@N NMC D��.$>G!S 4 0 J�� � D�C


 XFC}) X�Y�B =HG!Q@4M2%G 45S~�YJ>N�2�G�$>S 2 0��YJ�C D 4;S@4MGU=C- N�2 =@J>/>=HGU/gH�T98 N 0 SMN+S;- =@N N�45NMC�R��@G 4 N,� � T>0 N�]
2 0 SM=H2�45/ N�2 =@J>/>=HG!/&/O4M2�45S 2,�@G S;- =@N!N�45N0 4@C QOC�2 0 ? 4;:�=C-MQ S~�@G G 45S 2 0��YJ>N5VXH�< eU(UC D�$ �6� �@G 2
=��@G "&:��1-�K;-;2�S C


 XFC34HX�Y V6$6-M-q]"= 45=H21$OG 45/ �.$O2 � $O2&?0� /�$6-34@V�=C-M-���:�0 JOQ />8 J>=@? 0 S  ��YJ�] 2 TO4~] �>86(L/O4 D1J>0q]
2 0M�YJ �C=<T>0 N�2,�@Q@G!=@? NMV�JP21$ � -345NMV =@J>/ 2�G!4M4gS =HG!0 =H6�-345NMC V6$6-M- N1$ ��� �@G!2F=��@G /O8FJ>=@? 0 S
S;$>2 N H 2�45N�2 NMC


 XFC39HX�Y#V6$6-/-�/>=H2 =H61=@N�4-0 JP2�4MG1= =@S 4@C�D67G' />=H2 =H61=@N 4@C

R��YN�2+�C= 2 T>0 N�:d�@G*Q�N T6�.$6- / 6�4 D1J10 N TO45/ 698�2 TO4 45J>/!�C= 2 T>4�D � G!0 J>Q WHX@XYW N T�$O2 />��:�J�V
0 C 4@C 698�RL= 8�WHX@XYW C : S@4MG!N 0��YJ!$>N =H6O-34�=��@G+=@J>=C-38FN 0 NMV 0 C 4@C 0 J>S;-M$>/>0 JOQ�2 TO4 ? =@0 J|= 45=H21$OG!45Nd�C=
XFC}) XFVEN!T>�.$6- /;=C-3G!45=@/O8 6�4�=8SH=@0M- =H6O-34�698�2 TO4 45J1/g�C= WHX@X Z C

I � ] 2,�R]I/>=H2�4�0 J>=��@GU? =H2 0��YJ�=H6X�.$O2 2 T10 N � G1�rW�45S 2 SM=@J�6�4#=��.$>J>/��YJ�2 TO4#z 4M6�I Z 9 J C�R =@J�]
� �T:�4MG 0 N 2 03QYT92 =@J>/USC�.-M$1JP2�4M4MG!N =HG 4dS@4MG 8U:�48- S~�Y? 4�2,��W,�Y0 J�V 45N � 45SM0 =C-M- 8<2 T6�YN�4d:�032 T-=�QC�P�F/
61=@S*Q9Q@G1�.$1J>/ 0 J��  �� G1�@Q@G!=@? ? 0 JOQOC

2 Z



�65 �w��5/� �F� �d�P
��
� S@4MG�2 TO4?- =@N�2 8@45=HG5V�2 T>4 ? =@0 J&0 ? � G1��S@45? 45JP2 N��C=d�.$OG�S;$OG G 45J92<=@J1=C-38 N!0 N�N1�C= 2_:�=HG 4@V .�DP]
H�:�� .%V�: 4MG 4�2 T>4-0 J92�4MQ@G!=H2 0��YJg�C= S~� />4G=��@G%2 T>4 JO4;:)6�$OGUN�2�]I?0�F/O4�6�45=@? � �YN 0 2 0��YJ7?0�YJ>0q]
2,�@G!N� �[�H�RLNJ(UV =@/>/1032 0��YJ>=C->[#H R =@J1/ G!=@N�2�4MG�=@J>=C-38FN 0 N S~�F/O4@V =@J1/ =G= 4;: $>N�4;=�$6-O=@/>/1032 0��YJ>N
2,� 2 TO4�JP21$ � -34 G1�.$O2 0 JO45N5C

DF0 J>S 4 � S 2,�@6�4MG�WHX@X@XFV12 T>G 4M4-JO4;: S@4MGUN 0��YJ>N#�C= .�D>H�:��+. T>=TS@4-6�4M45J7G 48-345=@N�45/ZY

 < JUS@4MGUN 0��YJ-W C39 C X? Z 4�AP=@J�WHX@X Z (UVYN1$ ��� �@G!2 =��@G 6O$OG!N�2 ?0�F/O4�[#H�RLN
:�=@N�=@/>/O45/�CNB%TO4
[#H�R G 45=@/>�.$>2<?0�F/O4�0 N<=C$O2,�Y? =H2 0 SM=C-M- 8LN�48-345S 2�45/&61=@N�45/ �YJ&2 TO4 G*$>J&/>=H2�4CY�7\$>J>N
=R= 2�4MG X Z e�45S Z 9C9C9 =HG 4�=@N!N1$>? 45/�2,�-T1=8S@4%6�$>G!N�2 ?0�F/O4+[#H R />=H2 =FC�RL0 S!T>=H48->K5$>N N
S~�YJ92�G!036O$O2�45/;2 T>0 N+S~�F/O4@C


 � 4MGUN 0��YJ W C39 C Z  Wr@�AY=@J WHX@X Z ( S~�YJ92 =@0 J>N ?f�YN�21-38�S~�@G G 45S 2 0��YJ>N��C=�=-JP$>?�6�4MGy�C= � G1�@6>]
- 45? NL/>0 N S~�TS@4MG 45/ 0 J W C39 C XFC e%:M7 N�8FJ>S!T>G1�YJ>0��5=H2 0��YJ S!TO45S*Q N =@J>/ - 0 J>QF0 JOQ :�032 T
�+.�7�%�'Z<�[ WHX@X@X �YJ ' 0 JP$�x J>��: :d�@G1Q S~�@G G 45S 21-38@V�=@J1/ =&S~�Y? � 0M- =H2 0��YJ � G1�@6�-345?
:�032 T;6�4M2 = SM=C- S �YJL:�- � T>=�: =@N D>xF45/�C


 z 032 T&S@4MG!N 0M�YJ�W C39 C W! Z ) A.$6-�WHX@X Z (UV>2 TO4 /O4;= =C$6-32�=��@G!? =H2��C=Z�.$O2 � $O2 n [ �U� K�D�-345N
=@J1/ JP21$ � -345Ni: =@N�S!T1=@JOQ@45/�C .�D>H�:��+. J>��: S G 45=H2�45N�S~�.-M$>? J�]":�0 N�4+0 J>N�2�45=@/?�C=�G1��: ]
:�0 N�4�J921$ � - 45NMV�:�T10 S!T SM=@JL6�4�=@J1=C-38P�M45/L:�032 TLH�:
z ?�$>SUT&?f�@G 4-4�� SM0 45JP21-38@C�B%TO4
/>4;= =C$6- 2�G 45S~�@G!/�N 0��M4��C= n [ �U� K D�-345N�:�=@N 0 J1S G 45=@N�45/f= G1�Y? Z XYWr@ 2,��@YX.9 c VO2 TO4�7��
=C-/-�� SM=H2 0M�YJ�@P$>�@2 =?: =@N%0 J1S G 45=@N�45/�2,� c DHX@X@X G 45S~�@GU/>NMVO=@J>/72 TO4 D�-345N =HG 4G:�G!032�2�45J70 J
2 T>4 O�J>4;: Q 7���=��@GU? =H2MV>:�T>0 SUT�V�$>J6- 0�Q@4�2 TO4 O��.- / Q =��@GU? =H2MVO/>�945N+J6�@2 T1=8S@4�=?- 0 ? 032
�C= c @CQ��YJL2 TO4 ? =rxO0 ?F$1?BJ�$>?-6�4MG+�C= G!45S~�@G!/>NMC%:<N�= G 45N1$6- 2MV12 TO4 ? =rxF0 ?F$>?BN 0��M4
�C=i�.$O2 � $O2 D�-345N+0 N�J>�T: Z �<6 V6$ � = G1�Y? 2 TO4 � G 4;SF0��.$>N - 0 ? 032d�C= Z WCD RL6 C
DF4;S@4MG!=C-+0 ? � G*�TS@45? 45J92 N�: 4MG 4;? =@/>4 2,� 2 TO4&:�= 8 J921$ � -345N =HG 4!:%G!0 2�2�45J�CL< J � =HG,]
2 0 S;$6- =HG5VF/>�@2 N+0 J|S =HGU0 =H6�-34 J>=@? 45N =HG 4�=C$O2,�Y? =H2 0 SM=C-M-38 G!4 � - =@S 45/&:�032 T&$>J>/O4MGUN S~�@G 45NMV
=@J1/ N�4;S@4MG!=C-+6X���CQPQ@4M4 � 0 JOQ D>48- />N�=HG 4 0 J>S;-M$>/>45/ 0 J 2 TO4g�.$>2 � $O2MV�:�032 T>�.$O2�:�T>0 S!T
=@J1=C-38 N!0 Ny�C=�=HG G!= 8�/1=H2 =G:d�.$�- / 6�4+G!=H2 TO4MG�/10 � S;$6-32MCie<4M2 =@0M-345/ /6� S;$>? 45JP2 =H2 0��YJ SM=@J
6�4G=��.$>J>/;0 J72 T>4-.�D�H�:�� . ? =@0M- 0 JOQ�- 0 N�2+=HG!S!T10�S@4U�YJ;2 TO45z 4M6 I W ZKJ C
V 0 J1=C-M-38@VX[d�F/>�!7%45032,�;� N�0 ? � G1��S@45? 45JP2 N��C= 2 TO4�[#H�R =@J>/ G!=@N�2�4MG�G1�.$>2 0 JO45N? =@/>/>0q]
2 0M�YJ>=C- ? 4M2 T>�F/>N+2,�8D>2%=@? � - 0 21$>/O45N =@J>/ � T1=@N�45N�(d:�4MG 4-=@/>/O45/ C

D 4;S@4MGU=C- � G1�rW�45S 2 NMV N1$>SUT&=@N N1$ �6� �@G 2�=��@G 2 TO4 JO4;: O,-34;= 2 H GU03QYTP2 Q N � 45S 2�G1�Y? 4M2�4MG J>=@??]
0 JOQ S~�YJPS@45J92 0��YJ>N�=@J1/ 0 J>S;-M$1N 0��YJ|�C= AY4~p B 45? � -��YJ8� N 4~xF2�45J>N 0�S@4-S~�@G!G 45S 2 0��YJ>N��C= � ���@G�=@J>/
� �@2�45JP2 0 =C-M-38L0 J1S~�@G G 45S 2 V � 7iB+7�:�% S~�YJ>N�2�G*$>S 2 N5V�=HG!4 0 J � G1�@Q@G 45N N<6�$O2 /O48- = 8@45/ 6�45SM=C$>N�4
�C=�:��@G1QE�YJ 2 TO4�JO4;: �@6>W 45S 2�]"�@G!0 45JP2�45/ =@J>=C- 8 N 0 N�N,�C= 2�: =HG 4E N�4M4 � G 4;SF0��.$>N�N�45S 2 0��YJO(UC B%TO4
G1�Y=@/>? = � =��@G�=�$O21$>G 4 .�D�H�:�� . /O4;S@48-�� � ? 45JP2�0 N G1�.$OQYT6-38�=@N+=��.-M-���:�N;Y


 W C39 C32�Y+���F/O4 S;-345=@J�]�$ � Cy< ? � G1�TS@45/ 4MG G1�@G%G 4 � �@G 2 0 JOQOC

 W C Z X�Y%D�$ ��� �@G!2d=��@G�-34;= 2 H G!03QYT92%N � 45S 2�G1�Y? 4M2�4MG<J>=@? 45N�=@J1/;N�45S~�YJ>/L=H4MG*�@Q@48- C

 W C Z@Z Y�< ? � G1��S@45/ />=H2 =H61=@N�4�N1$ �6� �@G 2MC

2@W



B%TO4 2 0 ? 45N SM=C-34 =��@G 2 T>0 N /O4;S@48-�� � ? 45JP2 0 Ny$>J>/O4M2�4MG!? 0 JO45/ =@J>/ /O4 � 45J>/>N�45J92 03G 48-38F�YJ =8SH=@0M-q]
=H6�-34 ? =@J � �T:�4MG5C�:<N :�032 T72 TO4?�   � G1�rW�45S 2MV6SC�.-M$1JP2�4M4MG!N�=HG 4G:�48- S~�Y? 4@C

2C2



������� ��1% 	 0 � ��� ����� 	 � %�	�%' 	��3� ��������	�� ��!#"$	�%'&�!)(��L��� 02� ��!
0 ��& � 4
=��@G%2 TO4 n =C-M-�: 7�<,� n ���.-M- =H6{�@GU=H2 0��YJ�C

�65 �O�65 � �8�{������Ai�
�.����O�
A.' =H6-4~x � 4MG!0 ? 45J92 .d9r@R] Z X�)9V O n 03QYTF7%45N,�.-M$>2 0��YJ n 8 � 4MG!J�$>S;-345=HG D � 45S 2�G1�YN S~� � 8 Q T>=@N 6�4M45J
2�45J92 =H2 0�S@48-38 N S!TO45/�$6-345/�=��@G JO4~xF2?= =C-M- I W@W J C�< J �@G!/O4MG�2,� � 4MG1=��@GU? T98 � 4MG!J�$>S;-345=HG�N � 45SJ]
2�G1�YN S~� � 8 0 J n =C-/-�:�V T>��: 4;S@4MG5V�2�:�� 4~x � 4MG!0 ? 45J92 =C- />0 � S;$6- 2 0345N�T1=8S@4 2,� 6�4!�TS@4MG!S~�Y? 4
I W@W�� WCD J C


 B�TO4 � G 45N�45J92�? 0 J>0 ?�$>? N SM=H2�2�4MG!0 JOQ;=@JOQ.- 4�=��@G�2 TO4 n 7<D 0 N Z W C3D;NHCFB�TO4 =@/1/>032 0��YJ
�C= 2_:d�7N�4 � 21$1?B? =HQYJO4M2 N 0 N�JO4M45/O45/&0 Jg�@G!/O4MG�2,� G 45=@SUT N SM=H2�2�4MG!0 JOQ�=@JOQ.-345N<=@N�-���:
=@N c N C


 e $O4�2,� 2 TO4�T>03QYT;61=@S*Q9Q@G*�.$>J>/E= G1�Y? � G1�@2,�YJ>N�=@J>/ � 0��YJ1NMV>2 TO4 � G 45N�45J92 n 7 DgH�< e
/>4M2�45S 2,�@G � =@S*Q =HQ@4�0 N+J>�@2�N1$ � SM0345J92+2,� S;-345=@J�-38 0 />45JP2 0�= 8 QH=R�YJ>NMC

�65 �O�65/� H �����T�0�O�+�����-�5�����8���{���	� � � ���r�
�
B%TO4-4~x � 45S 2�45/LN!03QYJ>=C- =@J>/L=@SMSM0 /O45J92 =C- G!=H2�45N<=HG 4-N!T>�T:�JL0 JEB�=H6�-34F2 C%DF0 J>S 4�2 T10 N%T98 � 4MG,]
J�$>S;-345=HG�N � 45S 2�G1�YN S~� � 8 4~x � 4MGU0 ? 45J92�:��.$6- /&/O4M2�45S 2 45JO4MG Q@8�-34;S@48- N�6 8�-����CQ 0 JOQ =��@G � 45=RQFN
0 J 2 TO4  Eh'i�h j�� (-? 0 N N!0 JOQL? =@N!N N � 45S 2�G�$>?;V 2 TO4;S~�YJP2 =@? 0 J>=H2 0��YJ �C= � 0M�YJ>N�=@J1/ � G*�@2,�YJ>N
0 J 2 TO4�Q =R�YJ N 03QYJ1=C- � - =58FN�=@J 0 ? � �@G 2 =@J92�G*�.-34@C\< J �@G!/O4MG<2,�;? 0 J>0 ? 0��M4�2 TO4�S~�YJP2 =@? 0 J>=r]
2 0��YJ =@J 4~p�45S 2 0�S@4 � =HG 2 0 S;-34%0 />45JP2 0 DESM=H2 0��YJ N�8FN�2�45? T1=@N 6�4M45J /O45N 0 QYJO45/�VP6O$>0M-32 =@J>/ 2�45N 2�45/�C
��45J92�G!=C- 2,� 2 T>=H2�N 8 N�2�45? 0 N =L7+<1� n />4M2�45S 2,�@G�:�032 T = � G*�8xO0 ? 032 8L=�� S;$1N 0 JOQ;Q@4;�Y? 4M2�G!8@V
=E= G 4;�YJ G!=@/>0 =H2,�@G =@J>/ = � N,< � T6�@2,� S~�YJPS@4MG 2�4MG5C�B%T>4 /O4M2�45S 2,�@G T>=@N-6�4M45J N1$>SMS 45N N1=�$6-/-38
2�45N�2�45/ =H2|�+.�7�%  �%���S@45?-6�4MG�WHX@X@X�( =@J>/ 0 N�QC�Y0 JOQ 2,� 6�47S~�Y? ? 0 N N 0M�YJO45/ /�$OG!0 JOQ 2 TO4
.�X@Xr] Z XYW 4~x � 4MG!0 ? 45JP2MC�B+:d� =H4MG1�@Q@48-i� TO4MG 45J6QC�TS7/O4M2�45S 2,�@G!N+:�032 T7/>0qp�4MG 45JP2%0 J>/O4~x �C=�G 4~]
= G!=@S 2 0��YJ|:�0M-M-F6�4�$>N 45/ 2,��G 45/6$>S 4\�YJ�]�- 0 JO4+2 T>4 � G*�@2,�YJ =@J>/ � 0��YJ S~�YJ92 =@? 0 J1=H2 0��YJ:I W c � WC9 J C
B%TO4�N1$ � 4MGU0��@GdH�< e � 4MG1=��@GU? =@J>S 4 �C= 2 T>0 N�7�<,� n /O4M2�45S 2,�@G�0 Nd�.$>21- 0 JO45/�0 J!V 03QOC Z@Z :�TO4MG 4
2 TO4M8 =HG!4 S~�Y? � =HG 45/|:�032 T 2�:��?H�< e N�8FN�2�45? N�61=@N�45/&�YJ�=�B�0 ? 4 � =�VN- 03QYTP2  �B � V�(�? 45=r]
N1$OG!45? 45JP2�=@J>/|�YJ 2 TO4 $>N�4\�C=�2�:�� =H4MG1�@Q@48-Z� TO4MG 45J>QC��S /O4M2�45S 2,�@G!N5C�V 03Q.$OG 4 Z W-N T6�T:�N 2 TO4
4~x � 45S 2�45/	��
uh� Eh'i�h j�� j (�������-=@J>/ u wQP  Eh;i�h j�� j ( u w 
�� N � 45S 2�GU=U�@6>2 =@0 J>45/0:�032 T 2 T>4\B � V
? 45=@N1$>G 45? 45J92�=@J>/72 TO45$1N�4G�C= 2_:d� =H4MG1�@Q@48-N� T>4MG 45J>QC�TS;/O4M2�45S 2,�@GUNMC � J72 T>4 G!03QYT92+T>=@J>/
N 0 />4�2 TO4 S~�Y?-6E0 J>=H2 0��YJg�C= =C-M-�2 T>G 4M4UH�<�e�/O4M2�45S 2,�@G!N�0 N%N T>��:�J�C

�65 �O�65 � �����-� �@
�� �g�P�T���C�T���
B%TO4 7�<,� n =��@G n =C-M-�: 0 N;S~�YJ>S 4 � 21$>=C-/-38 0 />45JP2 0 SM=C-<2,� �YJO4 ?f� /6$�-34��C= 2 TO4 :�'Z<1� .y]
n R�H�< e 7+<1� n I WCD J Vy:�T>0 S!T 0 N � G 45N�45J921-38 0 J>N�2 =C-/-345/ =H2 2 TO47D�B�:�7 7 n <1��4~x � 4MG!0 ? 45JP2MC
B%TO4U7�<,� n T>=@N%= � G1�8xO0 ? 032 8 =�� S;$1N 0 JOQ�Q@4;�Y? 4M2�G 8  J>� ? 03G G1�@G!N+0 J�SC�.-�S@45/{(d:�T>0 SUT�? =RQ@45N
2 TO4�/O4M2�45S 2,�@G S~�Y? � =@S 2f 2,�@2 =C- 2 T>0 S1QFJO45N N -345N N�2 T>=@J DHX�SM?&(UV�G!48- =H2 0�S@48-38;2 T>0 J� Z 4� � O (=@J>/ 0 JO4~x � 45J>N!0�S@4@C

2r@



V 03Q.$OG 4 Z@Z Y T]3'?�&/$65v(+?b$'&)()3'?|3LA`�}$'?�K k 36?�&Q���*�v$t36?�,<(%_'?b$6"�(Q?��!I#.0�#�D(+57�8?�&YUqp8reaa�ts��
f]()&Q�-&Q�t�4�<��X � � ,Dy@,D&9�#5[,8\7�������4$'&9�D,[$'�4�WAD�L3'5 ��$td#" �_Ht\

-100

-50

0

50

100

150

200

250

300

-5 0 5 10

9Be(e,e K)9LiΛ

PID Standard

Energia di eccitazione (MeV)

C
o

n
te

g
g

i/1
50

 K
eV

0

50

100

150

200

250

300

350

-5 0 5 10

9Be(e,e K)9LiΛ

PID con RICH

Energia di eccitazione (MeV)

C
o

n
te

g
g

i/1
50

 K
eV

0

200

400

600

800

1000

1200

1400

-5 0 5 10 15

12C(e,e K)12BΛ

PID Standard

Energia di eccitazione (MeV)

C
o

n
te

g
g

i/1
50

 K
eV

0

200

400

600

800

1000

1200

1400

-5 0 5 10 15

12C(e,e K)12BΛ

PID con RICH

Energia di eccitazione (MeV)

C
o

n
te

g
g

i/1
50

 K
eV

V 03Q.$OG 4 Z W�Y �6.0�!1J&)�<C�5 3td8&/$'(+?b��K d#y�K6( ���#�!�#?�&]X � � ,Dy@,D&9�#5[,!�9f](Q&Q�-36��f](Q&Q��36C0& � �6T g �'\

2CD



H G1�FS 45N N 7�=H2�4& n ��(N 03QYJ>=C-  4@V 4;� KF( Z X m ^ Y Z X m w
:<SMSM0 /O45J92 =C- N  4@V 4;�}(~ 4@V � 0�( Z X@X

 4@V 4;�}(~ 4@V � ( Z X@X
 4@V 4;�}(~ 4@V KF( XFC Z

B�=H6�-34f2�Y �����P�!ID.e�!12&9��K	�L$'&9�#,qA#3'�B&Q���vUqp8r0a �ts
� ��ID.0�8�<(Q57�#?�&�(+?|&Q���P�!It12(Q&/$;&)()36?��8?b�#�E_'y
�!�/_'(E36?|1�36�D�4�#,/.�3'?�K6(Q?`_�&/3 &Q���732I'y2_w�#?��ty<.0�8�<?�C012"%�8Cw,#\������B1<36(+?b18(EKt�#?�1D�v�!�D,836" *z(+?w_-&)(Q57�
(+,�r	?e,#\

V 03Q.$OG!4 Z 2�N T>��:�N 2 TO4 :��@G1QF0 JOQ � G!0 J>SM0 � -34d�C=E2 T>4%=@/>� � 2�45/ N1�.-M$O2 0��YJ�CNB%TO4\� T>4MG 45J>QC�TS
4~p�45S 2�2 =RQ@45N � - =@S 4<0 J 2 TO4�- 0 @P$10 /?= G!4;�YJf:�TO45J =�SUT>=HG Q@45/ � =HG 2 0 S;-34�S G1�YN N 45N�0 2MCiB�TO4�- 0 @�$>0 /
G!=@/>0 =H2,�@G5V Z C3D;SM? 2 T>0 S*QEV 0 N T>�.$>N�45/ 0 J =gS@45N N�48- ? =@/O40�C=#%�. � � .�7�:<R u �YJ =C-M- N!0 /O45N
6�$O2�2 TO4 4~xO032�:�0 J>/6�T: :�T10 S!T 0 N-? =@/O4 �C= � $OG 48@�$>=HG 2,�@V XFC3D SM? 2 T>0 S1Q�C�B%T>4|$>N�4|�C=�=
- 0 @�$>0 / GU=@/>0 =H2,�@G T>=@N 6�4M45J 0 ? � �YN�45/-698�2 T>4�?0�Y? 45JP21$>?
G!=@J>Q@4  =HG1�.$1J>/ W �<4�� H ST(
�C=>2 TO4
� =HG 2 0 S;-345N+2,� 6�4 0 /O45J92 0 D>45/ C�B%TO4F� TO4MG!45J>QC�TS � T>�@2,�YJ1NMVO45? 032�2�45/ =C-��YJOQ = S~�YJ>0 S N1$OG1= =@S 4@V
=HG 4�G 4;= GU=@S 2�45/ 6 872 TO45= G 4;�YJ�]�@�$>=HG 2,�~]I? 4M2 T>=@JO4�0 JP2�4MG*= =@S 45N<=@J>/LN 2�G!0�Q@4�= � =@/ � - =@JO4-=R= 2�4MG
2�G!=TS@48- 0 JOQ = � G1�8xO0 ? 032 8 QY= � �C= Z X SM? D�-M- 45/|:�032 T;? 4M2 T>=@JO4@C

B%T>4 � =@/ � - =@JO4 0 N S~��S@4MG 45/ 698 = 2 T>0 J N1$O61N 2�G!=H2�4��C=F� N1<0:�T>0 SUT =@S 2 N7=@N � T>�@2,�YJ
S~�YJPS@4MG 2�4MG5C B�TO4 45? 032�2�45/ � T>�@2,�R] 48-345S 2�G*�YJ
0 NL=@SMS 48-34MG!=H2�45/
6 8)=@J)48-345S 2�G*�YN�2 =H2 0 S D>48- /
 WHX@X@X � l W;? ?|(<6�4M2�:�4M45J 2 TO4 � =@/ � - =@J>4�=@J1/ =@J =@J>�F/O40:�0 G 4 � - =@JO4 0 J = G1�YJ92G�C= 2 TO4
� =@/>N5V�=��@G!? 0 J>Q = R�z H#�� RL$6-32 0�z 03G 4|H G1� � �@G 2 0��YJ1=C-�� T>=@?�6�4MG~(UC&z T>0M- 4 2 TO4 =@J>�F/O4
:�03G!45N�S~�.-/-345S 2 2 TO4 48-345S 2�G1�YJ;=8SH=C- =@J>SUTO4@V>2 TO4�S~�.$>J92�4MG � =HG!2%0��YJ>N =HG 4�S~�.-M-345S 2�45/76 8 S;-M$1N�2�4MG!N
�C= � =@/>N5VO45=@S!T �C=i:�T>0 SUT 0 N%S~�YJ>J>45S 2�45/L2,� 2 TO4�0 J � $O2+S!T>=@J1JO48- �C= = ?�$6-32 0 � -34~x 45/;N!=@? � -34
=@J>/�T>�.- / 48-345S 2�G1�YJ>0 SMNMV T6�.$>N�45/|�YJ 2 T>4�61=@S*Qf�C= 2 TO4 � =@/ � - =@JO4@C : 2 2 TO4<45J>/|�C= 2 T>0 N � G1�R]
S 45N NMV 2 TO4<S;-M$>N�2�4MG!N��C= � =@/>N�T1032 698 2 T>4 � T>�@2,�YJ>N N T>�.$6- / 6�4%N SM=H2�2�4MG 45/&�YJ = G!0 JOQ| 48-/- 0 � N�4�(
:�T>0/-34��YJO4 S;-/$>N�2�4MG%S~�Y? 0 J>Q�= G1�Y? 2 TO4 SUT>=HG Q@45/ � =HG!2 0 S;-34<2�G!=@S1Q;N T>�.$�- / 6�4 -��FSM=H2�45/ 0 J�2 TO4
S 45J92�G!=C- G 4MQY0��YJ �C= 2 TO4�G!0 JOQOC<: /OG!0�= 2�48-345S 2�G*� /O4�� � 4MG!=H2�45/ =H2U2HX@X � =@J>/ -��FSM=H2�45/ S;-��YN�4
2,�72 TO4L@P$>=HG!2,��:�0 J>/>��: V � G!4;S@45JP2 N 48-345S 2�G*�YJ>N � G1�F/6$>S 45/ 698L0M�YJ>0��5=H2 0��YJL�C= 2 TO4�S~�.$>J92 0 JOQ
QY=@N�6987S!T>=HG!Q@45/ � =HG!2 0 S;-345N+0 J;2 T>4 � G1�TxF0 ? 032I8 QY= � = G1�Y? G 45=@SUT>0 JOQ 2 T>4�REz H�� C�B =H6O-34U@
� G 45N 45JP2 N%= /O4M2 =@0M-345/E- 0 N�2#�C= 2 T>457+<1� n S~�Y? � �YJO45JP2 N5C

�F���:�|	6Ai�	>�T�O�
: = G 4;�YJ�G 45SM03G!S;$6- =H2 0 JOQ%N�8FN�2�45? � G1�TSF0 /O45N = � $>G 4 =@J>/-N 2 =H6�-34d- 0 @P$10 /<G!=@/>0 =H2,�@G ��DO-32�4MG!0 JOQ

=@J>/7G 4 DO-M- 0 JOQ N�2 =HQ@45N+Q@4M4 � 2 TO4 T>03QYT7N,�.-/$O610M- 0 2I8 =@J>/!SC�.- =H2 0/- 032I8&�C=�2 TO4G= G!4;�YJ;032 N�48-�=N$>J>/O4MG
S~�YJ92�G1�.- C B�TO4 2�G!=@J>N � =HG 45J>S 8 �C=�2 T>0 N;G!=@/>0 =H2,�@G 0 N!S@4MG 8 -��T: =��@GE: =8S@48- 45JOQ@2 T>N 6�48-M�T:
Z8c X J1? =@J>/ 2 TO4MG 4;=��@G 4LS;$O2 Nf�.$O2 2 T>�YN�4 � T>�@2,�YJ>NMC B%TO4 � $>G!032I8��C=�2 T>4g= G 4;�YJ Vd�YJO4g�C=
2 TO4&0 ? � �@G 2 =@J92 � =HG!=@? 4M2�4MG!N 2,� S~�YJ92�G1�.- V%0 N ?0�YJ>032,�@G!45/ S~�YJ92 0 JP$6�.$>N1-38@V /O4M2 =@0M- N �C= 2 T>0 N
?0�YJ>0 2,�@G!0 JOQ N�8FN�2�45?�:�0M-M-E6�4 />45N S G!036�45/�48- N�4;:�4MG 4 IA2HX J C

���������	��
�����������������������! #"$�&%'���(%)�+*, #",�����.-.�/*,01%' !�$02��34���5�����3768*,07 9",%)���;:4",<�:= 9"�*,�� #���&��%'<���*
��64 !3>*,���5�&�?*,<A@>B7�&"�*,C�D

2 c



+

FE Electronics

+ +

e

UV photon

++

Ion Avalanche

Substrate

Anode Wires

CsI layer (0.3 mm)

Gold

Copper

Nickel / Epoxy

Proximity gap Electrode
Drift

MWPC

Quartz

(CH  )

charged particle

Freon

CsI pad Photocathode

10 cm
4

V 03Q.$OG 4 Z 2�YG" 36� �z(Q?`_ .��D(+?�12(�.b"%�v3LA�&Q���WA<�!�!3'?�T�, ��.��L3JI'(Q5[()&)y{A#3212Cw,<(Q?`_ � �6T g \

B%T>4 P�� 
 u ^ G!=@/>0 =H2,�@GyS@45N N�48-OG 4 � G 45N�45J92 N =�S G!032 0 SM=C- � =HG!2 0 J 2 TO4%/O4M2�45S 2,�@G />45N 03QYJ�CiB%TO4
G!=H2 TO4MG�T>0 QYT � 4MG ��$6�@G1�YTO4~xO=@JO4�=@J>/ N 0/- 0 SM= Q.- =@N!N</>45J>N 032 0345N5V Z C c 4 Q H SM? � =@J>/ W C Z Q H SM? �
G 45N � 45S 2 0�S@48- 8@V =@J>/ 2 TO4�J>4M45/ 2,� =TSC�Y0 / � �.-M-M$O2 0��YJ = G1�Y? 2 TO4;? =H2�4MG!0 =C- 0 J S~�YJ92 =@S 20:�032 T
2 TO45- 0 @P$10 / GU=@/>0 =H2,�@G%2 T>=H2�:d�.$6- /;=rp�45S 2�2 TO4 2�G!=@J>N � =HG 45J>S 870 J72 TO4 Z8c X m W@WHX J>? 61=@J>/�V
G 4�@�$>03G 45/;SM=HG!4;=�$6-�0 J�S@45N�2 0 QY=H2 0��YJL=@J>/E� � 2 0 ? 0��5=H2 0M�YJ�C

B%T>4�- 0 @P$>0 /;G!=@/>0 =H2,�@G S~�YJ92 =@0 JO4MG S~�YJ>N 0 N�2 N��C= = 2�GU=58L? =@/>4��C=d%�. � � .�7�:<R S;-M�YN�45/
6 8 =�I �\] Q@G!=@/O4G=�$>N�45/�N 0M- 0 SM= � - =H2�4@C�B�TO4503G�2 T>0 S1QFJO45N N =@J>/7N 0M�M4<T>=TS@4�6�4M45J�SM=HG!4;=�$6-/-380� � ]
2 0 ? 0M�M45/ 698�0 JPS@45N�2 03QY=H2 0 J>Q 2 TO4%6�45N�2 S~�Y? � G1�Y? 0 N�4+6�4M2_: 4M45J 2 TO4�/O4M2�45S 2,�@G�2,�@2 =C->G!=@/10 =H2 0��YJ
-345JOQ@2 T�=@J>/�2 TO4 � 4MG ��$>�@G1�YT>4~xF=@JO4�TP8F/OG1�YN�2 =H2 0 S � G!45N N1$OG 4@Ci< J 2 T>4<S;$OG!G 45JP2�Q@4;�Y? 4M2�G 8 2 TO4
@�$>=HG 2,��:�0 J>/>��:
0 N\D�? ? 2 T>0 S1Q�VX:�T>0M- 4�2 TO4�%<. � � .�7�:<R 6E=@N�4 � - =H2�4 0 N+@;? ? 2 T>0 S1Q�C
R��@G 4;�TS@4MG<2 TO4�G!=@/>0 =H2,�@G+2 T>0 S1QFJO45N N�0 N S!T>�YN�45JL2,� 6�4 Z D ? ? =��@G%=@JE� � 2 0 ? =C-
� T>4MG 45J>QC�TS
=@JOQ.-34LG 45N,�.-M$O2 0M�YJ =@J>/ = T103QYT JP$1?-6�4MGf�C=5� TO4MG!45J>QC�TS � T>�@2,�YJ1NMC %<. � � .d7�: R 0 N =
Q.- =@N N,]IS 4MG!=@? 0 S<? =H2�4MG!0 =C- V92 TO4MGU? =C-M-38 S~�Y? � =H2 036�-34\:�032 T 2 T>4\=�$>N�45/�N 0M- 0 SM=  2 TO4MG!? =C-�S~� 4��0]
SM0345J92�X
(3D�� Z X�m � K?m u (UCyB%TO4 S@45N!N�48-O48-345? 45J92 N�=HG!4+Q.-M$O45/�2,�@Q@4M2 TO4MG�:�032 T :�G!=C- />0 2�4 :�z Z X c C
B%TO40- 0 @P$>0 /LG!=@/10 =H2,�@G 0 J6-34M2�=@J>/ �.$>21-34M2 =HG 40�@6>2 =@0 J>45/ 698 0 J>N�4MG!2 0 JOQ 2_:d� N�2 =@0 J6-345N!N�N�2�4M48-
� 0 � 45N �YJ 2 TO4F� �6� �YN 032�4 45/OQ@45N\�C= 2 TO4�%�. � � .�7�:<R 2�GU=58@V�2 TO4F�.$>21-34M2�=C-�: =58FN�6�450 JOQ =H2
2 TO4 T>0 QYTO45N�20-��FSM=H2 0��YJ�C�B�� :�032 T>N�2 =@J1/ 2 T>4 TP8F/OG1�YN�2 =H2 0 S � G 45N N1$>G 4@V�S 8�- 0 J>/OGU0 SM=C-�N � =@S 4MG!N
=HG 4�Q.-M$O45/&2,�;2 TO4?%<. � � .d7�: R 6X�@2�2,�Y? � - =H2�4��YJ �YJO4 N 0 />4 =@J>/&2 TO4 @�$>=HG 2,�?:�0 J1/>�T:
�YJ;2 TO45�@2 TO4MG�N 0 /O4@C

2.)



B =H6O-34G@>Y�� �8&/$'(+" �!K�"�( ,#&�3LA�&Q��� � �6T g 1�3'5�.036?b�#?�&Q,#\
���������
	��� �����������������������
���� 	!��� �#"%$'& 	���	  )(+*,$ ��-.��	0/#1
�3254�	!2  %$5" ������� $5*76 	�89-#	!4 *,"  $ /;:<��=?>A@)BDC�E�F��5GH��I
J -.2 "� �LK�	�/.4 $ K �M���ON.E�F��5GH��P
Q $ ��	  	 $ /R4�  ?�  �$S" T�U Q���N.K�	  %VO$ /#W��2  �V#$ 4� $5*X� 2S4#��N#��	���5Y���ZS�5�[�O\S�S]����_^�N`2�/ $ 4�

K�	 "  � 	  � V Ya\`b �[���cN.2�/ $ 4��de�?2  %V#$ 4�L1S2 � YA�����cN.2�� �#6 	0f`��2  	 $ /O1S25�?Y
��� B 2  �g�h QiN $5�  " 2  	0/#1�j $560 2�1S5YA��k9l

QA254O�
- "�* 25�� ] � 254 �#6 2�/#���N#PS]5�M�O\S�5�����_^W?2S� Vnm �5�'�5��� � 254.��N#I��cI#G \��M�o?2S� V
Q V#$5 �$ /c� $ /pj5 "�  " ]5�S��/.� $�* ���
��� $ 2  	�/#1  �V  � 254O�
- "
* 2S�q
r 6 ?�  %"�$ /#	!��� 2�/.2 60$ 1.N�� V 2 " 1Ss���/.��	  	�j5W��25� �#6 W25/.4 V#$56 4tNt�5�'�5�5��� V 25/#/# 6 �

�[- 60 	 �#6  & ?4O	�/c\SI�uwvW���

B =H6O-345D�Y R�$6,�,�1�3'5�.03@,<()&)()3'? 3LA &Q�0� g R	X � � 5B32K6C�" �

xzy`{4hD| �
y~} � � � XD� � h5�9�P <���L( � l � O��� � h�; X � ���_��y1XD�[k7y � h5} DHX XFC XYW
��h � X8hD|�y.�okX}ey.{4h @ XFC X.2
V_� y`|p{%����� �a�.� � D XFC XR@

P�� 
 u ^ Z X XFC X.D
h � � { � X'y.{ � �p� h�kX}ey � h_y �a� h5})h X�{�| � � � XD� Z XFC XYW

B%T>4�G!=@/>0 =H2,�@G+S@45N!N�48- =@J>/;2 T>4-S~�YJP2 =@0 JO45/ ��$>0 /�/6�Y? 0 J>=H2�4�2 TO4�6O$6-�Q �C=�2 TO4-/>4M2�45S 2,�@G
? =H2�4MG!0 =C- VO45N�2 0 ? =H2�45/L2,� 6�4 Z8c  � O  N�4M45B�=H6�-345D.(UC

[�4;=��@G 4;2 TO47S~�YJ>N�2�G*$>S 2 0M�YJ��C=�2 TO47G!=@/>0 =H2,�@G5V N 2�G!=@0 J>N =@J>/ /O4��>45S 2 0��YJ>N��C=�2 TO4|S@45N!N�48-
48-345? 45J92 N7T>=8S@4 6�4M45J ? 45=@N1$OG!45/ 6 8 N�2�G!=@0 J QY=C$OQ@45N;/�$OG!0 JOQ 2�45N 2 N!�YJ = � G1�@2,�@2 8 � 4 0 J
N�4;S@4MG!=C- TP8F/OG1�YN 2 =H2 0 S�S~�YJ>/>032 0M�YJ>NMC

���
���&	��!� �Z�8�T���
B%T>4 7�<,� n /O4M2�45S 2,�@G&T>=@N;2,� 6�4 � � 4MGU=H2�45/ :�032 T � $OG!4&? 4M2 T1=@JO4 2,� =@S!T>0 4;S@4 2 TO4

/O45N 0 QYJO45/ � 4MG1=��@G!? =@J>S 45NMC�: QY=@N S~�YJ92�G1�.-PN 8 N�2�45?
T>=@N 6�4M45J 6�$>0M-32MVT:�T>0 SUT S~�YJP2�G*�.- N 2 TO4�QY=@N
�6��: V>=@J>/;? 45=@N1$>G 45N+2 TO4 � $>G!032I8 �C= 2 TO4�QY=@N5C RL=@0 J � $OG � �YN�4��C= 2 T10 N+N�8FN�2�45?#0 N 2,� =TSC�Y0 /
=@J98 S~�YJ92 =@? 0 J>=H2 0M�YJ?:�032 T��8xF89Q@45Jf�@G ?0�Y0 N�21$OG!4@V@2 T>=H2 S~�.$6- / 4;S@45J921$>=C-M-38 />=@? =HQ@4%2 TO4�� N1<
� T>�@2,�FSM=H2 T>�F/O4@C�e<4M2 =@0M-345/;/>45N S G!0 � 2 0 0��YJf�C=�2 TO4�N�8FN�2�45? :�0M-M-E6�4</>45N S G!036�45/ 48- N�4;:�4MG 48IA2 ZKJ C

���
�:�5���6�T�{� �g���T���C�T�O�E�Z����� �Z�8�T���
B%T>4 � T>�@2,�YJ�/O4M2�45S 2,�@G+0 N ? =@/>4��C= =-R�z H#�<V�:�032 Tf�YJO4<SM=H2 T>�F/O4 � - =@JO4+G 4 � - =@S 45/ 698

= � =@/ � - =@JO4 :�T>0 S!T;=C-M-���:�N+2 TO4 W�]I/>0 ?�-��FSM=C- 0��5=H2 0��YJ!�C= 2 TO4 � T>�@2,�YJ T>0 2MC

2C4



B%T>4|� N,< 0 N�4;SH= � �@GU=H2�45/ �YJ92,� 2 TO4 � =@/ N1$OG1= =@S 4 698&2 TO4 2�45SUT>J>0 @�$O4 /O4;S@48-M� � 45/ N1$>SJ]
S 45N N,=�$6-M- 8 698 2 T>4 :�'Z<1� .�]�7 �Ge�W c Q@G1�.$ � I WCD J Y 2 TO4 � G 4 � �.- 0 N TO45/ � =@/ � - =@JO4 � = � G!0 JP2�45/
SM03G!S;$1032F:�032 T 2 - = 8@4MG!N0�C=<? 4M2 =C- NE J>0 S*Q@48- V�S~� �6� 4MG =@J>/ QC�.- /O(-Q.-M$>45/��YJ 2 TO4!S@4M2�G1�YJ1032�4
N1$O6EN�2�G!=H2�4 � 0 N T>�.$>N 45/;0 J7=?S =@S;$6$1?#S!T>=@?�6�4MGF Z X�m��<2,�@G GJ(�=@J>/;T>45=H2�45/;2,�|DHX K�� l K �<CO: 2
=&/>0 N�2 =@J>S 4 �C=%=H6{�.$>2 Z ? = G1�Y? 2 T>4 � =@/ � - =@JO4f=��.$OG?eU��TO45=H2�45/ 21$>JOQYN 2�45J S G*$1SM036�-345N
S~�YJ92 =@0 J>0 JOQ = ? 45=@N1$OG 45/ =@?0�.$1JP2f�C=U� N,< � �T:�/O4MG =HG!4 � - =@S 45/�C z TO45J 2 TO4 S G*$1SM036�-345N��
2�45? � 4MG!=H21$OG!4�G 45=@SUTO45N ' DHX@X��;� =C-/-12 TO4U� N,< � ��:�/O4MG�4;S = � �@G!=H2�45N+=@J>/�=?- =58@4MG Q@G1��:�N =H2
2 TO4 � =@/;N1$OG1= =@S 4-=H2�= N � 4M45/g�C= =H6X�.$O2�W J>? H N �O2 TP$1N � G1�F/6$>SM0 J>Q�2 TO4 />45N 03G 45/�� N1<�- = 8@4MG
�C=�2HX@X J>? 0 J;=H6{�.$>2 Z DHX NMC

B%T>4g�@6>2 =@0 JO45/ � T>�@2,� SM=H2 T6� /O4 � - =@JO4;0 N ? =@0 JP2 =@0 JO45/ 0 J 2 TO4ESH=@S;$6$>? S!T>=@?�6�4MG =H2
DHX � � =��@G��YJO4 />=58!�C= � �YN�2�] 2�G 45=H2 ? 45JP2QI WCD J :�T>0 S!T T>=@N�6�4M45JLN T>��:�J;2,� 6�4F$>N�4;=�$6-X=��@G<=@J
45J>T>=@J1S 45? 45JP2��C=�2 T>4 � T>�@2,�YJ�]IS~�YJPS@4MG!N 0��YJ�@P$1=@JP21$>? 4�� SM0345J>S 8  �7 .�(UC

DF0 J>S 4 n w � SH= � �@G G 45/6$1S 45N�2 TO4 � 4MG1=��@G!? =@J>S 40�C=�2 TO4&�+N,< � T>�@2,�YJ S~�YJPS@4MG!N 0��YJ�V 2 TO4
� T>�@2,�FSM=H2 T>�F/O4%?�$>N�2 J>�@2 6�4�4~x � �YN�45/�2,� =@03G5CiV>�@G 2 T10 N�G 45=@N,�YJ�VY2 T>4 =@N!N�45?-6O-385�C=E2 TO4 � =@/
� - =@J>45N<0 JL2 TO407�<,� n N�2�G*$>S 21$OG!4 0 N</>�YJO4 0 J&=HG QC�YJ =H2 ?0�YN � TO4MG 4 0 J>N!0 /O4-=!- =HG Q@4~]"SC�.-/$>? 4
Q.-���S@4-6X�8x�C

B%T>4�:�T>�.- 4%4;S = � �@G!=H2 0M�YJ =@J>/�=@N N�45?�6�-38 N�8FN�2�45?  Q.-��TS@45N 6X�Tx6(y:�=@N�6�$>0/-32 =@J>/ 2�45N 2�45/
0 JF7+�Y? 4�=@J>/ 2 TO45J 0 J>N 2 =C-M-345/�=H2 A.' =H6 IA2@W J Ci< J5�@G!/O4MG�2,��S@4MG!0�= 8�2 TO4#@P$>=C- 032I8 �C=O2 TO4 4;S = � �R]
G!=H2 0��YJ =@J1/ 032 Ny$>J>0�=��@G!? 0 2I8U�YJ�2 TO4+- =HG Q@4 � =@/ N1$OG*= =@S 4+=@J?�YJ�]�- 0 JO4M7 . ? 45=@N1$>G!0 JOQ N�8FN�2�45?
IA2C2 J T>=@N%6�4M45J 6O$>0M-32%=@J>/ N1$>SMS 45N N1=�$6-/-38|$>N 45/�C B%TO4 G 45N*$6-32 N �C= N1$1S!TL= ? 45=@N1$OG!45? 45JP2<=HG 4
S~�Y? � =H2 0 6�-34G:�032 T72 T>4�G 45N1$6-32 N+�C= 2 TO4?� .�7\% ? 45=@N*$OG 45? 45J92 NMC

�&�P	'A��{�Z� �G�����C�T�r�O�N����
B%T>4 � G 45N�45J92 N�4M2U$ � �C=�2 T>40= G1�YJ92�] 45J>/  �V .�.#( =@J>/ 7�45=@/>�.$O2  �7 � (�48-345S 2�G1�YJ10 SMN �YJ

2 TO4�7+<1� n /O4M2�45S 2,�@G�0 N%=@N\=��.-M-M�T:�N;Y 2 TO45V .�. 0 N�=HG G!=@JOQ@45/ 0 J Wr@ G1�T:�N5V145=@S!T&S~�YJ>N 0 N�2 0 JOQ
�C=\2HX&/>=@0 N�8P]IS!T1=@0 JO45/ � : D1D�< Hd' . � SUT>0 � NF=��@G = 2,�@2 =C-��C= Z@Z D@WHX 0 J � $O2�S!T>=@J>J>48- NMVi@�4HX
� 4MG%G1��: C B%TO4 S!T1=HG Q@4 S~�YJ92�45J92\�C= 2 TO45N�4 ?F$�-32 0 � -34~xF45/7=@J>=C-��@Q.$O4 S!T>=@J1JO48- N%0 N�S~�YJ�S@4MG!2�45/
6 8 = Z X 6E032�:�eU� :�TO45J =L4~x � 4MG!0 ? 45J92-2�G!0 Q@Q@4MG 0 N�0 N N1$O45/�C B%TO4�G 45=@/>�.$O2 48-345S 2�G1�YJ10 SMN
S~�YJ>N 0 N�2 N0�C= 2�:�� � :<.�% ��RL. ?0� /�$6-345N;Y72 TO4P�GDCD Z DF4�@P$O45J1S 4MG =@J>/ �GDCDHX �#7�:<R D
2�:�� S!T1=@J>JO48- N?VF:\eU�<Ciz TO45J =L2�GU03Q@Q@4MG 0 N =@N N�4MG 2�45/�V�2 TO4LD 4�@P$>45J>S 4MG � G1�TSF0 /O45N =H2�2 TO4
N =@? 4;2 0 ? 4;2 TO4 S;-��FS1Q � $6- N 4 2,� =C-/- 2 TO4EV .�.�G1��:�N =@J>/ 2 T>4;G 48- =H2�45/ S~�YJPS@4MG 2 � $6- N�45NMV
� T>=@N 4�N!T>0�= 2�45/�V�2,�;2 TO4 :\eU�
?0�F/6$6- 45N �GDCDHXFC .�=@SUT :\eU�
SUT>=@J>JO48- 0 N�S~�YJ1JO45S 2�45/ 2,� =
� :�D>D�<�H�' . � G1�T: �C= @�4HX&0 J � $O2 SUT>=@J>JO48- NMCgB%TO4 N 8 J>SUTOG1�YJ>0 N�45/ S;-��FS1QP]IS~�YJ�S@4MG!2 � $6- N�45N
=C-M-���: 45=@S!T)=@J1=C-��@Q.$O4 S!T>=@J1JO48-<2,� 6�4 S~�@G G 45S 21- 8 S~�YJPS@4MG 2�45/ =@J>/ N�2,�@G!45/�C B%TO4 �GDCDHX
�#7�:<R D�?0�F/6$6-34 0 N�4�@P$10 �6� 45/ :�032 T7=F�M4MG*�R]IN1$ �6� G!45N N 0��YJ7SM03G!S;$1032d:�T>0 S!T � G!4;S@45JP2 N%:�eU�
SH=C-M$O45N�$1J>/O4MG�= S 4MG 2 =@0 J 2 TOG 45N T6�.- /�V1SUT>=@J>JO48- 61=@N�45/�VE2,� 6�4-N�2,�@G!45/ 0 JL2 TO4 W K x�2@W 61032
? 45?0�@G!8f-�� SM=H2 0M�YJ>NMCy[�8 ? 45=@J>N��C= = � T1=@N�4~]IS~�@G G 45S 2 0��YJ7?0�F/6$6- 4@VY2 TO4�S;-M� S*Q G 45=@/>�.$O2�=@J>/
S~�YJPS@4MG 2U= G 4�@P$>45J>S 8LT>=@N 6�4M45J N1$>SMS 45N!N,=�$�-M-38 � $>N!TO45/ =@J1/ 2�45N 2�45/ $ � 2,�LW C3D;R n �@C?B%T>0 N
45J>N1$>G 45N+= 2 0 ? 4�/6$>G!=H2 0��YJ!�C= Z 9.) � N+2,� G 45=@/>�.$>2 @�4HX S!T1=@J>JO48- N+0 J1S;-M$>/>0 J>Q��#' . :\7 =@J>/
B.H n S~�YJ92�G1�.- N 0 QYJ>=C- NMC

< J5�@GU/O4MG 2,��4;S =C-/$>=H2�4 2 T>4�? =rxO0 ?�$>?)2�GU03Q@Q@4MG GU=H2�4d=��@G 2 T>4d7+<1� n V =<N 0 ? � - 0 D>45/ ?0�F/O48-
�C= 2 TO4 N�8 N 2�45? SM=@J 6�4-0 JPS@45N�2 03QY=H2�45/�C < 2�S~�YJ>N!0 N�2 N+�C=y@�4HX&V .�. S!T1=@J>JO48- NMV�W C3D R n �F7 �

2C9



S;-��FS1Q = G 4�@�$O45J>S 8@V =@J1/ = G 45=@/6�.$O2 2 0 ? 4 �C= Z C Z � N � 4MG-:�eG� S =C-/$O4f�YJ 2 T>4�� R . 6�$>NMC
V6$OG!2 TO4MG!?0�@G 4@V<2 TO4 /O45=@/ 2 0 ? 4 �C=�2 TO4 7�<,� n e%:M7 N 8 N�2�45? T>=@N72,� 6�4&6�48-���: WHX �C
:<SMS~�@G!/>0 JOQ-2 TO4 � G!4;S 0��.$1N$D>Q.$OG 45N =@J>/ =@N N*$>? 0 JOQ Z X@X-:�eG� SH=C-M$O45N�=H6X��S@4�2 TOG 45N!T>�.- / � 4MG
4;S@45J92  Z ' �C=�2 TO4 Z@Z D@WHX 7+<1� n S!T>=@J>J>48- N�(UV�2 TO4 ? =rxO0 ?F$1? 2�G!03Q@Q@4MG G!=H2�4�=��@G 7�<,� n/O4M2�45S 2,�@G 0 N+=H6X�.$O2�) X@X n � C

< J �@G!/O4MG 2,� 0 J>S G 45=@N�4�2 T>0 N GU=H2�4 2,�L=H6X�.$O2 W&Q n �@V 2 TO4MG!4 =HG 4 2�:��LN,�.-M$>2 0��YJ>NMVX:�T>0 S!T
6X�@2 T S~�.$6- /�6�4+0 ? � -345? 45J92�45/�CNB�TO4 D>G!N�2i�YJO4�0 N 61=@N�45/0�YJ 2 TO4+V .�. G*�T: - 45JOQ@2 T />0�SF0 N 0��YJ
6 8 2�:��OV 2,� Q@4M2�=��@G�2 TO4 45J92 03G 4&7+<1� n @�4;G*�T:�N:F
Wr@YX&/>=@0 N 8�]ISUT>=@0 JO45/ S!T>=@J>J>48- N 45=@SUT�C
B�� G 45=@/>�.$>2 2 TO45N�4L@�4 V .�. G1��:�NMV 2�:�� � R . S G!=H2�45N =�$6-M- 8 4�@�$>0 �6� 45/ :�032 T Z W �GDCDHX
?0�F/6$6-345N 45=@SUT =HG 4 G 4�@�$O45N�2�45/�C&B%T>0 N�N1�.-M$O2 0��YJ :�0M-M- />�.$O6�- 4 2 TO4 G!=H2�4�SM= � =H610M- 0 2I8 $ � 2,�
Z CA@ Q n �@C B%TO4 N�45S~�YJ>/ N,�.-/$O2 0��YJ 0 N 6E=@N�45/ �YJ 2 T>4 :�eU�B6�$�p�4MG!0 JOQ 0 J 2 TO4��#7�:<R D
? 45?0�@G!8�=@J1/ 2 TO4 Q 6O-�� S*Q ?0�TS@4MG Q $>N�4;=�$6-�:�TO45J =H2d-345=@N�2�2�45Jf�@G ?f�@G 4�:�eG� SH=C-M$O45N T>=TS@4
2,� 6�4�2�GU=@J>N,= 4MG G 45/|= G1�Y? 2 TO4�:�eU� ? 45?0�@G!0345N�SF0 =�2 TO4G' 0 J>Q W 0 J�2 TO4 ��RL. �#H�I 7�:<R
? 45?0�@G!8@C-:\- 2 T>�.$OQYT 2 TO4 N�45S~�YJ>/ N,�.-M$O2 0M�YJ T>=@N 2,�76�4 6�4M2�2�4MG�0 JPS@45N�2 03QY=H2�45/ =@J1/ 2�45N 2�45/�V
0 J � G!0 J>SM0 � -34\=��@G = G1�T:��C=y@�4HX V . . SUT>=@J>JO48- NMV6=��.$OG�N1$>61N�4�@�$O45JP2�4;S@45JP2 N<SM=@JL6�4-N 2,�@G 45/
0 J 2 TO4�:\eU� 6�$�p�4MG<? 45?0�@G 8 =@J>/&G 45=@/>�.$>2<=R= 2�4MG @ 4;S@45J92 NMCUB%TO4 =@N N,�FSM0 =H2 0��YJ&6�4M2�:�4M45J
:�eG� S =C-M$>47=@J1/ 4;S@45JP2�JP$>?�6�4MG 0 N�45J>N1$OG!45/ 6 8 2 TO47G 48-34;SH=@JP2 =@/>/>G 45N N?�C=<45=@S!T :�eU�
SH=C-M$O4CY 2 TO4 D>G!N�2�4;S@45J92 :�0M-M->T1=8S@4�2 TO4�=@/>/OG!45N N�45N�0 J 2 T>4<GU=@JOQ@4 Z ]"@�4HXFV>2 TO4 N�45S~�YJ>/;0 J 2 TO4
G!=@JOQ@4F@�4 Z ]_9 cFZ =@J>/LN1� �YJ�$ � 2,��WHX@X@XFC�< JL2 T>0 N : =58L= N,�@G 2\�C=�2�GU03Q@Q@4MG � G 4~]IN SM=C-34MG\:�032 T
=E= =@S 2,�@G?@ SM=@J 6�4 0 ? � - 45? 45JP2�45/ =@J>/ 2 TO4&- 0 J>Q Wg:�0M-M- 6�4 =@S 2 0�SH=H2�45/ �YJO4 2 0 ? 4f�.$O25�C=
=��.$OG G 45/6$>SM0 J>Q 2 TO4 2,�@2 =C- G 45=@/>�.$O2 2 0 ? 4@C�< J&2 T>0 N<SM=@N�4 2 TO4f) X@X n �?�C= 2�GU03Q@Q@4MG�G!=H2�4 SM=@J
6�4 � $1N TO45/ $ � 2,�;=H6X�.$O2G9HX@X n �@C5���Y?�610 J>0 J>Q 2 TO45N�4�2�:��;N,�.-M$O2 0��YJ VE= Z C34|Q n ��2�GU03Q@Q@4MG
G!=H2�4-S~�.$�- /;6�4 G 45=@S!TO45/L:�032 T;= WHX  /O45=@/ 2 0 ? 4G�C= 2 T>457+<1� n e%:M7�N�8FN�2�45?;C

�65 �O�65�� ���Z�����C�T� AF�\�����_���R��	O�
�.�
< J �@G!/O4MG-2,�L21$>JO4 2 TO4fSH=HG!0��.$>N�48- 45? 45JP2 NF�C= 2 TO4|7�<,� n V�2 TO4�=@J>=C-38 2 0 SM=C- 45N�2 0 ? =H2 0��YJ �C=
2 TO47=@JOQ.-34 G 45N,�.-M$O2 0M�YJ �C=�:�'Z<1� .y] n R�H�< e I WCD J T>=@N�6�4M45J G 4;SF0 N�45/ =@J>/ =@/>= � 2�45/ =@J>/ =
JO4;: R��YJ92�4?� =HG*-M� � G1�@Q@G!=@?#6E=@N�45/g�YJL� . :\%�B�2 T1=@N+6�4M45J /O4;S@48-�� � 45/�C

B%T>4�N 0 JOQ.-34 � T>�@2,�YJ =@J>Q.$6- =HG�G 45N,�.-M$>2 0��YJ  ����;(�0 N�4~x � 45S 2�45/ 2,� 6�4 =rp�45S 2�45/ ? =@0 J�-38
6 8L2 TO4 S!T>G1�Y? =H2 0 S =H6�4MG G!=H2 0M�YJ>N��C=�6X�@2 T&2 TO4?= G 4;�YJ GU=@/>0 =H2,�@G =@J>/&2 TO4 @�$>=HG 2,�?:�0 J>/6�T: V
2 TO4g$>J>S 4MG!2 =@0 JP2 8 �C=%2 TO4745? 0 N N 0��YJ � �Y0 JP2 0 J 2 T>4�GU=@/>0 =H2,�@G5V =@J>/ 2 TO47G 45N,�.-/$O2 0��YJ��C=%2 TO4
� �YN 032 0��YJ;/>4M2�45S 2,�@G� �=��@G�/O4M2 =@0M- N+N�4M4�I WC9 J (UC

B%T>4�RE�YJ92�4�� =HG*-M� N!0 ?F$�- =H2�45N =�G 45=C- 0 N�2 0 S n =C-M-O: T>=@/OG*�YJ =HG!? � T>=@N 4%N � =@S 4@VYG 45=C- 0 N�2 0 S
� � 2 0 SM=C-PS!T>=HG!=@S 2�4MGU0 N�2 0 SMN =@J>/F� N,<37 .�V;:�T>0M-34 2 TO4 � =@/ />03QY032 0M�5=H2 0��YJ�0 N�61=@N 45/G�YJ =+QY=C$>N!N 0 =@J
S!T1=HG Q@4 � G*� /6$1S 2 0��YJ70 J72 TO4�R�z H#� :�T>0 S!T � G*� /6$1S 45N+S;-M$>N�2�4MG!N#�C= � =@/1NMC

V 03Q.$OG!4 Z @ N T>�T:�N 2 TO4 =@JOQ.$6- =HG%/10 N�2�G!036O$O2 0��YJ>N��C= 2 TO4F�+TO4MG 45J>QC��S G!0 JOQF=��@G � V � =@J>/
kf=��@G = = G 4;�YJ�2 T10 S1QFJO45N Ni�C= Z @-? ?;CiB%TO4 6X�@2�2,�Y?�T>0 N�2,�@Q@GU=@?� 2 TO4%?0�YN�2 G 45=C- 0 N�2 0 ST( N T>��:�N
2 T>=H2�2 TO4�=@J>Q.-34�G 45N1�.-M$O2 0��YJ0=��@G�2 TO4�:�T6�.-34%G!0 J>Q S~�Y? 0 JOQF�.$O2�= G1�Y?�2 T>4<R��YJP2�45� =HG*-M�-=@J>/
2 TO4-= ��� - 0345/�G 45S~�YJ>N 2�G*$>S 2 0��YJ =C- QC�@G!032 T>?#0 N+@OC Z ? G!=@/g=��@G � � NMC

B%T>4 R��YJP2�4\�+=HG*-�� N T>�T:�N 2 T1=H2��YJO4 Q@4M2 N = N =H2 0 N1= =@S 2,�@G!0/-38 N ? =C-M- �  k S~�YJ92 =@? 0 J1=H2 0��YJ
�YJ 2 T>4�Q =R�YJ N =@? � -34 6�4M2�:�4M45J�XFC3D�=@J>/ XFC X@X.D�/O4 � 45J>/>0 JOQ#�YJ5:�T>0 SUT�TP8 � 4MG!JP$1S;-345=HG 45JO4MG Q@8
-34;S@48- � G*� /6$1S 45N 2 T>4 � CiB%TO45N 4�SH=C-M$O45N =HG!4 c �@GU/O4MG!Ni�C=E? =HQYJ>0321$>/O4 -345N!N 2 T>=@J�2 TO4 � G 45N�45J92

@YX



0

1000

2000

0.5 0.525 0.55 0.575 0.6 0.625 0.65 0.675 0.7

0

500

1000

1500

0.5 0.525 0.55 0.575 0.6 0.625 0.65 0.675 0.7

0

500

1000

0.5 0.525 0.55 0.575 0.6 0.625 0.65 0.675 0.7

Emission Angle (not Reconstructed)

Angle Reconstruction (Freon= 1.4 cm, Gap= 10 cm, P=2 GeV/c)
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Reconstructed Angle with realistic PAD size θcher (rad)
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He4 Coin 15: Simulation vs. Experiment
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  γ* p → K+ Λ
  Q2=2.35, t=tmin   γ p → K+ Λ
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