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dΩ
õ

dσ
Í#Ñ¸ÑªÜÇÒªá0ÑªÜ0Ó�ÔaÚÍ#Õ=ø�Ô\ÑóÑªå�Ú=Ü0éìåìåFÕ�Ó�ÔNÚ#û#Ú)Û�Õ�ÑªÜqÑªåDÏ!åíÚ=ÜÇÕWÓ�ÔaÚ=ÜDÍªÞ=ÑªÔtÍ�Ú=å�Ú=å'Ñ,ã�ÑóÛ�Ñ£ÍªéìèuÑªÓ�ÔüÝ�ÚÊ9%]

]B:<9=:�ý�Õ�Û�ÑªåFÕ#Í¬þDÚ)Û=Ôtç6Ü0é©Ò\Õ#ÍwÏDÚ=ÔaÚ�Û=éFÍªÓ�éìÜ0ÓðÚ6Í�ÑªÜÇÑªÔ�×=Ý�Ú6ÍSéìè£Ï!åFÑªèuÑªÜ0Ó©Ú)Û�Õ#ÍPÑªÜÿ ÑNÚ=Ü0Ó��!ß:S:R:S:R:S:Q:R:S:S:R:S:R:S:S:R:S:Q:R:S:R:S:S:R:S:R:S:Q:R:S:�]��
fD:<9=:���éFÍªÓ©ÚkÍªá#Ï0ÑªÔªé©Õ6ÔuÏ!åíÚ=Ü!Ú�Û�Ñ�åíÚ Û=éFÍÐÏ0Õ#Íªé©Òªé©ç6ÜöÛ�Ñ}ÑªåFÑªèuÑªÜ0ÓÐÕ#ÍkÖ³Û�ÑªÓÐÑ\Ò��Ó³Õ6ÔtÑ\Í\õ3ø�åíÚ=ÜÇÒ\Õ#ÍQæ2Ò\Õ6åëéìèxÚ)Û�Õ6Ô\Ñ\ÍÐäuÑªÜ�Ñªå Ñ	�OÏ0ÑªÔªéìèuÑªÜ0ÓÐÕuÛ�Ñ ê è�é�Ú=Ü!ß�ÌâåþDÚ#û�Û�ÑSÏ!ÔtÕ6Ó³Õ6ÜÇÑ\Í2ÑªÜ0Ó�ÔNÚuÏ0Õ6Ô�åíÚ�Õ6ÔüéìåìåíÚ�éìÜ�ù�ÑªÔüé©Õ6Ôcéíû#ô�áBé©ÑªÔaÛ)ÚÂæqøªÕ6è
�ø\Ú=ÔNÛ�ÑNÚ�Ñªå�ø�åíÚ=ÜÇÒ\Õcô�á0Ñ¬Í#ÑPÑªÜÇÒªá¿ÑªÜ0Ó�ÔaÚ�Ú=å Ò\ÑªÜ0Ó�ÔtÕcÛ�ÑSåíÚ�ÒNÚ=Þ#é�Û)Ú)Û�î���zñOß¸:�]=e
fD:^]�:�ÌÎÍ�ô�á0ÑªèxÚ�Û�Ñ åíÚ�Ò\Õ6ÜDÍªÓ�éìÓ�á0Òªé©ç6Ü�Û�Ñªå�Û�ÑªÓÐÑ\ÒªÓ³Õ6Ô�����Ì ê ýnõÂÓÐÕ6èxÚ)Û�ÕÛ�Ñµî��añOß¹ÌâÜdÕ6ÔaÛ�ÑªÜÛ�Ñ\Í#Ò\ÑªÜ!Û�ÑªÜ0Ó³Ñ�Í#ÑúáDø�é©ÒNÚ=Ü åFÕ#Í ÍªáDø\Û�ÑªÓ³Ñ\ÒªÓÐÕ6ÔtÑ\Í

� ����õ � ���Íªá#Ï0ÑªÔüé©Õ6Ôtõ�Û�ÑªÓÐÑ\ÒªÓ³Õ6Ô��'þ0ÑªÔtÑªÜ��)Õ6Þ�õ � ��� éìÜ�ù�ÑªÔüé©Õ6Ôtõ�������õþ0Õ�Û�Õ#Í#Ò\Õ\Ï!é©Õ#Í����! "�#�6õQø�åíÚ=ÜÇÒ\Õ#Í�Û�Ñx×=ÔaÚaÙlÓÐÕ#õ þ0Õ�Û�Õ#Í#Ò\Õ\Ï!é©Õ$�¿ïqæ%��&qæÏ0Õ6Ô('BåëÓ�éìèuÕ�Ñªå ÒNÚ=åFÕ6ÔüÝìèuÑªÓ�ÔtÕö:R:S:R:S:S:R:S:Q:R:S:R:S:S:R:S:R:S:Q:R:S:¨f;s
fD:gfB:)�QéFÍªÓ�Ôüé�ø�á0Òªé©ç6ÜúÛ�Ñ�ÒNÚ=Ô©×)Ú�Ö+*Vä	èuÑNÛ=é�Û)Ú�Ï0Õ6Ô�Ñªå,����� Ö³Ú=ÔüÔüé�ø\Úªä	æÑªå

� ��� Ö³Ú)ø\Úaã�Õ\äxÒ\Õ6ÜÂá�ÜnþDÚ#ûPÛ�ÑâÏ!Ô\Õ�Û=á0ÒªÓÐÕ#ÍRÛ�Ñ�ùüÔaÚ#×=èuÑªÜ0Ó©Ú�Òªé©ç6ÜÂÛ�Ñ,-üÜÒ\Õ6Ü0Ó�ÔaÚcá�Üqø�åíÚ=ÜÇÒ\ÕcÛ�Ñ(.wøPÚ
158 GeV/n

ßS:Q:S:R:S:S:R:S:R:S:S:S:S:S:�f��
�B:<9=:���éFÍªáDÚ=åëéíû#Ú�Òªé©ç6Ü Û�Ñ�åíÚqÍªéìè�áBåíÚ�Òªé©ç6ÜöÑªÜ ÿ ÑNÚ=Ü0Ó/�úÒ\Õ6Ü0�1�2�2�	ÑªÞ=ÑªÜ0ÓÐÕ#ÍÏDÚ=ÔNÚ�á�Üµø�åíÚ=ÜÇÒ\Õ¹Û�ÑRÏ!åFÕ6èuÕÂæ�á�Ü?þDÚ#û�Û�ÑóÏ!ÔtÕ6ÓÐÕ6ÜÇÑ\Í2Ú

800 MeV
õåFÕ#Í�þDÚ�Ò\Ñ\Í}Ú#û�á�åFÑ\Í}ÔtÑÐÏ!ÔtÑ\Í#ÑªÜ0ÓðÚ=Ü ÏDÚ=ÔüÓ�Ý©ÒªáBåíÚ6Í?ÒNÚ=Ô�×)Ú)Û)Ú6Í\õuåíÚ6Í�Þ=ÑªÔaÛ�Ñ\ÍÏDÚ=ÔªÓ�Ý©Òªá�åíÚ6ÍQÜÇÑªáBÓ�ÔaÚ6Ík:Q:R:S:S:R:S:R:S:S:R:S:Q:R:S:R:S:S:R:S:R:S:Q:R:S: {3�

°©°©°



°54 ±³²  £´zvwjµ �j _ ´z�76£���¬¦
�B:g]B: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ98�ÑªÔüéìåëé©Õ#õ�ÏDÚ=ÔaÚ

30◦
Ö³Ú=ÔüÔªé�ø\Úªä�æ

60◦
Ö³Ú)ø\Úaã�Õ\ä=ß?:S:R:S:S:R: {2:

�B: fD: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ98�ÑªÔüéìåëé©Õ#õ
120◦

Ö³Ú=ÔüÔüé�ø\ÚªäWæ
150◦

Ö³Ú)ø\Úaã�Õ\ä=ß�:Q:R:S:R:S:S:R: {4T
�B: {V: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ98�Õ6ÔtÕ#õ

30◦
Ö³Ú=ÔüÔªé�ø\Úªä�æ

60◦
Ö³Ú)ø\Úaã�Õ\ä=ßÂ:R:S:Q:R:S:R:S:S:R: {)i

�B:;�B: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ98�Õ6ÔtÕ#õ
120◦

Ö³Ú=ÔüÔüé�ø\ÚªäWæ
150◦

Ö³Ú)ø\Úaã�Õ\ä=ß3:S:Q:R:S:R:S:S:R:<�=s
�B:=:D: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ>�lÚ=ÔOøªÕ6ÜÇÕ#õ

30
◦
Ö³Ú=ÔªÔüé�ø\ÚªäWæ

60
◦
Ö³Ú)ø\Úaã�Õ\ä=ß�:Q:R:S:R:S:S:R:<�B9

�B:gTB: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ>�lÚ=ÔOøªÕ6ÜÇÕ#õ
120◦

Ö³Ú=ÔüÔüé�ø\ÚªäWæ
150◦

Ö³Ú)ø\Úaã�Õ\ä=ß�:R:S:R:S:S:R:<�;]
�B: eD: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ ê åëá�è�éìÜ0é©Õ#õ

30◦
Ö³Ú=ÔüÔüé�ø\ÚªäWæ

60◦
Ö³Ú)ø\Úaã�Õ\ä=ß¿:Q:R:S:R:S:S:R:<�=f

�B: iD: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ ê åëá�è�éìÜ0é©Õ#õ
120◦

Ö³Ú=ÔªÔüé�ø\ÚªäWæ
150◦

Ö³Ú)ø\Úaã�Õ\ä=ß¨:S:R:S:S:R:<�[{
�B:í9#sD: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ9?£é©ÑªÔªÔtÕ#õ

30◦
Ö³Ú=ÔüÔªé�ø\Úªä�æ

60◦
Ö³Ú)ø\Úaã�Õ\ä=ß?:S:Q:R:S:R:S:S:R:<���

�B:í9;9;: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ9?£é©ÑªÔªÔtÕ#õ
120

◦
Ö³Ú=ÔüÔüé�ø\ÚªäWæ

150
◦
Ö³Ú)ø\Úaã�Õ\ä=ß¬:Q:R:S:R:S:S:R:<�@:

�B:í9%]B: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ9.âåFÕ6èuÕ#õ
30◦

Ö³Ú=ÔªÔüé�ø\ÚªäWæ
60◦

Ö³Ú)ø\Úaã�Õ\ä=ßµ:S:Q:R:S:R:S:S:R:<�;T
�B:í9#fD: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ9.âåFÕ6èuÕ#õ

120◦
Ö³Ú=ÔüÔªé�ø\Úªä�æ

150◦
Ö³Ú)ø\Úaã�Õ\ä=ßP:Q:R:S:R:S:S:R:<�=e

�B:í9�{V: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ$A�ÔNÚ=Ü0é©Õ#õ
30◦

Ö³Ú=ÔüÔüé�ø\ÚªäWæ
60◦

Ö³Ú)ø\Úaã�Õ\ä=ßR:S:Q:R:S:R:S:S:R:<�=i
�B:í9B�B: ÿ ÔaØaÙwÒNÚ6ÍóÛ�Ñ$A�ÔNÚ=Ü0é©Õ#õ

120◦
Ö³Ú=ÔüÔüé�ø\ÚªäWæ

150◦
Ö³Ú)ø\Úaã�Õ\ä=ß-:Q:R:S:R:S:S:R:�:;s

�B:í9C:D: ÿ ÔaØaÙwÒNÚ6ÍxÛ�ÑD.âåFÕ6èuÕ#õIÛ�ÑªÓ³Ñ\ÒªÓ©Ú=Ü!Û�Õ�ÜÇÑªá�Ó�Ô\Õ6ÜÇÑ\ÍWÚná�Ü}è�éFÍªèuÕnØ=Ü�×=á�åFÕÛ�Ñ
60◦

õ�ÒNÚ=èxø�é�Ú=Ü!Û�Õ¬åFÕ#Í�èuÕ�Û�ÑªåFÕ#Í�Û�Ñ£ø\ÚaãOÚ6ÍSÖ � �9�cÏ0Õ6ÔE?�.¹äQæóÚ=åëÓðÚ6ÍÑªÜÇÑªÔ�×=Ý�Ú6ÍQÖGFH?�ÌI.¹Ï0Õ6Ô(J ÿ �K.�äPÑªÜcåíÚQÍªéìè�á�åíÚ�Òªé©ç6ÜnÒ\Õ6ÜnÑªåDèuÕ�Û�ÑªåFÕQÛ�Ñ
8�ÑªÔüÓ�éìÜ0é�ßHF�Ú6ÍóÛ=é ù�ÑªÔ\ÑªÜÇÒªé�Ú6Í Í#Õ6Ü�è�ÝìÜ0éìèxÚ6Í�ß�:S:R:S:S:R:S:Q:R:S:R:S:S:R:�:D9

�B:í9%TB:@�QéFÍªÓ�Ôüé�ø�á¿Òªé©ç6Ü¢Û�ÑöÒNÚ=Ô�×)Ú÷èuÑNÛ=é�Û)Ú�ÑªÜ ÑªåL����� Ö³Ú=ÔüÔªé�ø\Úªäöæ � ���Ö³Ú)ø\Úaã�Õ\ä¹Ò\Õ6è£ÏDÚ=ÔaÚ)Û)ÚqÒ\Õ6Ü?åíÚ6ÍWÍªéìè�á�åíÚ�Òªé©Õ6ÜÇÑ\ÍuÛ�Ñ2Ò\Õ6ÜÑªålèuÕ�Û�ÑªåFÕ¸Û�ÑÒNÚ6Í#ÒNÚ)Û)ÚcéìÜ0Ó�ÔaÚ=Ü0á¿ÒªåFÑNÚ=ÔóÑªÜ ÿ ÑNÚ=Ü0Ó/�!ß2:S:S:R:S:R:S:S:R:S:Q:R:S:R:S:S:R:�:;f
�B:í9#eD:@�QéFÍªÓ�Ôüé�ø�á¿Òªé©ç6ÜrÛ�ÑöÒNÚ=Ô©×)Ú6õqÛ�ÑªÔªéìÞ6Ú)Û)ÚUÛ�ÑµåíÚ�Íªéìè�á�åíÚ�Òªé©ç6Ü Û�Ñ�ùüÔaÚ#×@�èuÑªÜ0Ó©Ú�Òªé©ç6Ü�ÚIÏDÚ=ÔüÓ�éìÔ�Û�ÑIá�ÜcþDÚ#û�Ï!ÔªéìèxÚ=Ôüé©Õ¬Û�ÑM.wø£ÚN�1� ÿ Ñ��� !Ü�æQáBÜø�åíÚ=ÜÇÒ\ÕnÛ�ÑN8�ÑóÔ\ÑNÚ=åëéíû#Ú)Û)Ú¸Ò\Õ6Ü?Ñªå'èuÕ�Û�ÑªåFÕ2Û�ÑcÒNÚ6Í#ÒNÚ)Û)Ú2éìÜ0Ó�ÔaÚ=Ü0á¿ÒªåFÑNÚ=ÔÛ�Ñ(8�ÑªÔüÓ�éìÜ0éâÑªÜ ÿ ÑNÚ=Ü0Ó��!ß!:R:S:R:S:S:S:S:S:R:S:R:S:S:R:S:Q:R:S:R:S:S:R:�:2�



���������	� �� �kÉ�����$OÊË

]B:<9=:P��åíÚ6Í#Ñ\ÍI×�ÑªÜÇÑªÔaÚ=åFÑ\Í¬Û�ÑªÜ0Ó�ÔtÕ�Û�Ñ¬åíÚuÒNÚ=Ó³Ñ©×�Õ6ÔüÝ�ÚxÛ�ÑâÏ!ÔtÕ#Ò\Ñ\Í#Õ#Í�þDÚ)Û=Ôtç6Ü0é©Ò\Õ#ÍÑªÜ ÿ ÑNÚ=Ü0Ó��!ß�:R:S:R:S:Q:R:S:S:R:S:R:S:S:R:S:Q:R:S:R:S:S:R:S:R:S:Q:R:S:�]=f
fD:<9=:�ý¹Ú=ÓÐÑªÔüé�Ú=åFÑ\Í�á�Ó�éìåëéíû#Ú)Û�Õ#Í2ÑªÜÑªå�Ñ	�OÏ0ÑªÔüéìèuÑªÜ0ÓÐÕÂÛ�Ñ ê è�é�Ú=Ü�î��2Qzñ2Ò\Õ6èuÕø�åíÚ=ÜÇÒ\Õ#Í\õ�Ò\Õ6ÜkÑªå�×=ÔtÕ#Í#Õ6Ô�îðï��ðñPæ�Û�ÑªÜDÍªé�Û)Ú)Û�áBÓ�éìåëéíû#Ú)Û�Õ#ÍuÑªÜ	Ñªå�Ú=ÔüÔtÑ©×=åFÕÑ	�OÏ0ÑªÔªéìèuÑªÜ0Ó©Ú=å'Û�Ñ�á�ÜqþDÚ#ûxÛ�Ñ£Ï!ÔtÕ6ÓÐÕ6ÜÇÑ\ÍWÚ

800 MeV
Ò\Õ6åëéFÍªé©Õ6Ü!Ú=Ü!Û�ÕÒ\Õ6Ü�ÑªåìåFÕ#Í�ßB:S:R:S:R:S:Q:R:S:S:R:S:R:S:S:R:S:Q:R:S:R:S:S:R:S:R:S:Q:R:S:�]=ifD:^]�:P�lÚ=ÔNÚ�ÒªÓÐÑªÔüÝFÍªÓ�é©ÒNÚ6Í}Û�Ñ�åFÕ#Í}èxÚ=ÓÐÑªÔüé�Ú=åFÑ\ÍkÛ�Ñªåóø�åíÚ=ÜÇÒ\Õ�æ Û�ÑªåQþDÚ#û¸ÏDÚ=ÔaÚùüÔNÚ#×=èuÑªÜ0Ó©Ú�Òªé©ç6Ü!ß :S:Q:R:S:S:R:S:R:S:S:R:S:Q:R:S:R:S:S:R:S:R:S:Q:R:S:¨f={

4
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	�
��������������������� �"!#	�$&% '(�)�*�,+.-/+�+���0*
�12+����3���40*
�56+7�8�*+��,�:9;!#1=<>	��/�6�.0*�����:9�+
12�/?@%A12+.+�BC���:���/�#��
��/���*�)D2+.�:�.�E?4�����?/�:�F
�1G96�*���)�*+���96��D*��?/�#�IH49�
��6�*+8�6�7
��2+J�.1K<2�*+
9�D*+��,�:9��*+L�/�����,12�.�:�*+�MK	��N�6+��.�8���������������������O+.�8-4+�1-/�E0*
��2P)�#QR-/�8�6
��6ST1O12
R?/�6�.��96�.�*�
-/�U1@12
V��-/�.1�12�/�.�=�����,12?U1,?/�XW�Y�ZR�AM\[��*P/�����6
]?/������9����*�E�"!#	�$&%_^U1=<`-/�U1�9�12�U1
1T�����*+ba(5��.�:9=1c9��*�d-/�;0*���*+.�*�#?/�EWTebf

g/cm2
QI-4�N9=12�gP/�h1c
h1�9��*���)�2+.��96��D*�@�*����0*�:�U12


?/�#
��*+C��1=<2�*+896D*+.����96�*+C�/�.�:�i12�����*+6M*jk12��1l��+b�����,12�C��
m9�12�NP/�:�G�6+J�4��9��6+�12�����E��+��.-/?/��12�
��
\�.��12�/+��)�2�����l?/�l
:�*+n�RH/9�
:���*+o�/�����,12�.�:�*+8�6�A
�1N9=12�U1�M
jp12�.1 
�1q��+b�����,1296��D*��+��*�r�����)�2���s1T�R�.��+7
:�*+7�/����96��+��*+@?/�;a(��1202�,�6�R��129��:D*��?/�6


�RH/9�
:���>�:�/��96�h12
12+.tl96�*�,�u
h1T+��������6��12969����2�/��+v^U12?/��D*�/�:9=12+6M#�8�*�,�w12H/�x�/�u������+b���

h1 S21T
���?/129��:D*�x?4�q
��*+A�,�I?/�6
��*+v?/� yl	�${zO|nW}'~129���D*�/�:�,�w?/� yl	C�2�,������<�$zO?
|k�.129sZR���/0�B�U12��1��:�R�.���.129�96���*�/�6+&�RH/9�
:���Te��IH49�
��6�d1T�.�.�:PU1i?/���vy&���l�T�\����+��.�X����1TPU1����
+.��^U1w^/�69s^/�>96�*���6+.���/�.�*��D*+��:���4�o12+.tl+.���)�I?/�.�u?/�����6�.�����U12�@�6
G�������2�v���I?/��
:�
?/�G9=12+�9=12?U1��������.12�R-/9�
:�=12�6Mm[��G^/��96���6�.�*�@+.�:�N-/
�129��:�*�/��+n-4+�12�/?4�,?/�Va(�����������6+O����?4��
��2+
^U12?/��D*�/�:9��*+k?/�nyl	�${zO|nW4�T?/�J�������6��12969��:�*�/��+k^U12?/��D*��e��IH49�
��6�O<E�RH/9�
:���Te��IH49�
��6��U1T��1
��
C�����.����ST12
:��?/�����/�6�.0*t�1@?4�iY4M���e��KYvyl���&�T�\M����*+G?U1T�.�*+l?/�c
h1�+.�:�N-/
h1T9���D2�`+.��^U12�
9��*���U12�.12?/�@9��2��?U1T�.�*+l���������.�:�,�6���s12
:��+l����PU1��.12+l<�12
V�s12+&�6�/����0*th12+6M��p���/12
����������
9��*��PU12+��,�6����+b���*+G��+b��-/?4���*+G9����=12���*+l-/�����U�I�K�����s�c ¡����¢¡£c�U12�.1v
�1@+����N-4
h1296��D*�`?/�6

���������.�:�,�6�����/M

�
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ªX�¬«vv®°¯���± ± ²\³´�

���*+µ��1=<*�2+u96D*+.����96�*+�a(-/�6�.�*�¶?4��+.96-/P/�:�����.�*+ ���·�K¸4� ¤ �)�*���{��9����*�q¹O��+�+ ���¬+.-
P/-/+�QI-4��?U1�?/�{a(-/�����.��+o?/�&��1T?/�h129����VS21T+�M4[�-@9��*���)�2+.��96��D*�i���/0*
:�*PU1N1X
�1g�i1=<2�*�.t�1g?/�
��
:�����������*+J�/�.�6+.�6�R�.��+o���i
h1G��12P/
�1E�����.�:D�?4��9=1������/96
�-/+��N12
:0*-/�/�*+F��
:�����������2+8����+�1T?/�*+
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20 GeV
P�NOGkPD7:Ga;>bKM'ACTV71g

GeV/n
u

t PC7:G>7�JK9<;X58G>7[M8M8JYNO9C5'@ _ 5�9C58AR;XGXNO9R58@ _ 5k589C5'GXpObK7:@�ED7:@a;S7
20 MeV

v�\��:@l7:TYTV� _ 5�5'@H;>N:@
d[7:TKN:GX58@%4r5e7[9L;X=½9CN¾P�NO9C5�NOmR@H;S�[M8ACTYNO@8qk7�ÎD9D7[T _ 5�M8AC5'9L;>7:@1;>JK5'9C5|TV7�ÓD5w£`JKmCJYTKJ _ 7 _
9C5'M858@X7:GXJK7ûPD7[G>7û�LAC5Ô58T1AC@HAD7:GXJYNæED7[p<7ÙTK7:@ÁM8NO@X7:@�7Ù@XA�p:AC@H;XNCq(@HnOTKNÙ�LAC5�PC7:G>7
589R58GXp:bV7:@UI{7 t NOGX5'@?@XJl@X5 _ 58@H5e7�ED7:M'58G?AR@XN _ 5(IQN _ 5'TKNO@ _ 5(Me7:@HMe7 _ 7½g t 589�pO5'9C58GX7:T_ 5�M'AD7:TK�LACJY58G�PRGXN~M858@HNÔEC7 _ GXn:9CJKM'NLu%@H5 _ 58m�58G>7¡JY9L;XGXN _ ACM'JKG _ 7À;>NO@|5'@XP�58M8JK7:TKJY�e7 _ NO@
g _ NO9 _ 56@X56JY9CM8TYACJKGX�:9|TV7:@j@X58M'M8JYNO9C58@U5'ÎCMe7:M'58@Suwv



¨©kª¬«�l®~¯i«�°%±y²Dy³�´�µl¶ ·O«�°1®~µÙØ|®L²Dµ�Ú�Û
§O×

"#%$ &' ( )+* ,.- /10 243 5 06 748 249 :<; =%> 06 ?8 9 8 2 =6 @ = ; @8 6 3 ; 3 9A B8 6 =%C ? 543 C 3 ; @8 2 06 3 ; D 3 8 ; @ E+F



§ � ¨©Yÿ©kª¬«�y®`¯i«�°1l®�·O²C°e·O²Dy²�¶ µ�Ú�³�²Dµ��l·<¯ ®L²C³



� �������	��
� �

� ������� ����� ������� ��� �	��
��� �����	� 
��
! ��
���"���#$�%&� �'� ( �'��� ��)

*,+.-/+ 021,3547698.: 4<;>=@?BADC E�CGFCHAD4<;I4769JHK.C/A
LNM,OQPSRUTVOQWVOQMYXZO[X\TZ]_^U]a`Vb/WVOcX\bedgf/h.bedibj^k]lW\O[OnmoRpO.T\qrdgOQMYX\beWtsuOQW\h.T\qvXZbeWwOQMisUqyx_OQT\WVbeW]_TVX\zrh.{UPrbeW.|}PyPrO~x_]lT�]�h�]l^pb�OQP�sUOQW\]_T\TVbePrPyb�O~moR�OQTVqrdgOQMYX�]_P�bU�9qyMUhQPy{UW\bU�}hQbeMYXZ]_T>hQbeM$O.POQ��{UqyRpb2O.W\h�]lRk]�]�P�]_W�qrMYXZO.MUhQqybeMUOQW�sUO�OQW�X�]'XZO.W\qyW���]'Pr]_W�R�beWVqr^UqyPrqrsU]_sUOQW�sUO�Pr]diqyW\di]u����OtM�{UO.WVXZTVb[qyM�X\OQTV�QW���{UOQTVbeMHPrbeW�T\]_MU�ebeW@sUO�O.MUOQTV�ez�]�dgOQsUqr]/��sUOQPYb_T\sUO.M/sUOwPrb_W
10MeV

]�h.OQTVh�][sUO
10GeV � OQMBPrbeW���{UO7Prb_W�dgb�sUOQPybeW}suO�h�]lW\h�]lsk][qrMYX\TZ]_M�{Uh.PrO�]lT}WVbeMT\O.hQbedgOQMUsU]_sUbeW.|�h.P�]_TVb���{uOiO.PrPrbIMub	sUO�`\]���{uOQTZ]�P�]Ih.beMUW\qysUOQT\]_hQqyfeM�sUO�PrbeW�dgbosuOQPrb_WsUO�^k]a`\]_W�O.MUOQTV�ez�]_W	��dib�sUOQPybeW�sUO�RUTVO~� OQ��{UqrPyqr^UTVqrb � Rk]_T\]�PybeW>¡UPvXZqrdgbeW/Rk]_W\b_WgsuO�Pr]T\OQ]_hQh.qrfeM�

L�M�PrbeW�O~moR�OQT\qydiO.MYXZbeW¢O.��OQh~XZ{k]lsUbeW�R�beT�£¤�B¥[�j¦�diqr]_M�O~X§]_P¨��©vª�«l¬,O.M&P�]lWqrMUW�X�]_Pr]_hQqybeMUO.W§sUO��®°¯²±[³v´_µ,®°¯�¶�·�¯°®¹¸»º�¼�½°¯~¾r¯°¿�¯�À�´�¿~¾Á³Â¾ÁÃ¨½¤�ÅÄ�¦�Æ�Ç�È � {UW\]_MUsUbOQPg^UP�]lMUhQb¤É�sUOQP'Êg·\´~Ëk®¹¸u¯�ÌH·~ÍoÃÅÎZ®¹¸�Ïc·�¯°·\´_ÎZ¿�¼�À�´�¿~¾Á³Â¾ÁÃ¨½Ð�ÁxeOQTÑqrdi]_�eOQM�Òu�vª � W\OsUO.X\OQTVdiqyMUf�P�]�W\O.hQhQqyfeM2O.ÓUh�]_Ô�sube^UPrO	sUqy��O.T\O.MUhQqr]_PÅÕ�sUO�Prb_W,OQPyOQdgOQMYXZb_W,PrqyWVXZ]_sUbeWgOQMP�]GX�]l^UP�]jÒu�vª�RU]_TZ]HÖ_MU�e{uPrbeW�sUO
30◦
�
60◦
�
120◦
�

150◦
h.beM,{UMg×k]_ÔcsUOcRUT\blXZbeMUO.Wth.beM

800MeV
sUOjOQMUO.T\�ezr]u�Ø bedibÐW\O�×k]_TZÖÙhQbeMuWVX�]lT¢O.M&P�]�W\qy�e{UqrO.MYXZO²W\OQh.hQqyfeM&×k]��ÚqrMu��b_T\di]_hQqyfeM�W\be^uT\OOQP<O~moR�OQTVqrdgOQMYXZb���{UO���{UO	qyMUsUqyW\R�OQMUW\]_^UPrOÛX\bedi]_T�OQM�hQ{UO.MYX�]¢RU]_TZ]�P�]�WVqrd�{UPr]_hQqyfeM�Rpb_T�b_X\T\b&Pr]_sUb�Pr]_W�h.beMUsUqyhQqybeMUOQW�sUO�Pr]�W\qyd�{UPr]_hQqyfeMDR�OQTVdiqvXZqyOQT\b_MÜMUb&WVOQT�XZ]_MOQW�XZT\qyh.X\beW[O.M�b_XZTVbeW�]_RpO.h.X\beW���sk]lX\beW>�Å]gÓkM�sUOBh.{UOQMYX�]lWG{UMk],WVqrd�{uP�]_h.qrfeMIXZqyOQMUO/{UM

ÝßÞoàtá¨âVãVãßäæå~çcâ�èlã�à~é9êaë~ìaíæâ9êaäïîðâVñ¨âVç¹ãßäòàníeâVáÅóõô�âVç�öaç¹äæêaà.ê°âVáê°â9ó àn÷�ànøaë�âßîðâ\ã�óõäúù.ëtû_ë~ñöaçaäòêaà.ê�ê°âô~çaü~öaíæë�áÅå.íúäòê°ë�ûlë.ñ�öaçaäòêaà~êGê°âNâVçaâ�ñõü~ýòàaþ
Éeÿ
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È9qy�e{UTZ],Òu�yª�+-,�¾r¯~Ã ´�¯~Í°Ëk·~În¾õ®¹Î�Ë�³v´_¸�´/.�·�³v´/._¾r¯�Ëk®°¯~¾õ¿~¾10¹¸2.�·,·~³r·~µ,·~¸kÃ�®°¯435.�·~Ã�·�¿~Ã�®¹Î�·�¯768 ³v´_¸ ¿�®°¯<½>¿�®¹³Â¾Áµg´9.�®¹ÎZ·�¯;:�·~¸	·~³ ·=<.Ëk·~În¾Áµ,·~¸kÃß®>.�·�±[µ>¾Å´_¸�?A@t³k¼u´�B�.�·NË�Î�®¹Ã�®¹¸ ·�¯�·~¸kÃÅÎ\´Ëk®¹Î�³v´'®¹În¾Á³Á³v´$¾Á¸DC�·~În¾õ®¹Î�¾EB�FQÍo¾õ·~Î=.Y´§½ 8 ®¹µ 8 ´_ÎG.�·\´�·~³ 8 ³v´_¸ ¿�®HFQÍk·	¯°·¢·~¸ ¿~ÍS·~¸kÃÅÎV´�´_³¿�·~¸kÃÅÎ�®I.�·H³v´�¿\´�J°¾�.Y´9.DK5LNM=OP?

�eT\]_sUbÛsUO>qysUO�]lPrqrÔQ]_hQqyfeM � �pÇ}]_TZ]ÛqysUOQMYX\qyÓkhQ]_T�]_P}d,]lX\OQTVq�]_P@MUbI^k]lWVX�]Ih.beM5hQbeMuboh.OQT�W\{MUbedB^UT\O���PrbÛh.{k]_P PybÛqrsuOQMYXZqvÓkh�],O.M�P�]iXZ]_^UP�]iRpO.T\qrf�sUqyh�]j`V{UMYX\bIhQbeM�W\{uW�RUT\qyMUhQqyRk]_PrO.Wh�]lTZ]_h~XZOQTVzrW�XZqrhQ]_W � X�]_dB^Uqr�.M�OQWIMuOQhQO.WZ]_TVqrb§h.beMUb�hQOQT,W\{2OQWVRpO.hQqr]_P[sUqyW\R�beW\qyhQqyfeM�O.M2OQP^UPr]_MUhQbu�uPrb>h.{k]_P�O.W�qrMUsUqyh�]_sub>RpbeT�O.P�eTVbeW\beT.�UOQW<sUO.hQqyT�P�]�h�]lM�X\qrsk]lsIsUOjd,]lX\OQTVq�]BR�beT{UMUqysk]_s�sUOHÖ_TVO�]u�
LNMgO.PuOnmuR�OQTVqrdgOQMYXZb�Pr][W\O.hQh.qrfeM�O.ÓUh�]_Ô�sUb_^UPrO7suqy��OQTVOQMUh.q�]_P�W\O�dgqrsuqrf[{oXZqrPyqrÔQ]_MUsUb�P�]XZ�.hQMUqyh�]�sUO�XZqyOQdgRpb�suO<x�{UO.Prbi��QSR�È5R�beTNW\{UW�WVqr�ePr]_W OQMgqrMu�ePr�.W � Rk]lTZ]�MUOQ{oXZT\b_MUOQW.��PybeWsk]lX\beW�Rk]_TZ]�h�]_sk]�Ö_MU�e{uPrb[suO�be^uX\{ux�qrO.T\beM/sUO�di]_MUO.TZ]�WVqrd�{uPyX�ÖlMUO�]u�¹Ä@]_W@XZT\]°�_OQh~XZbeTVq�]_WsUO7x�{UO.PrbU�lsUO

23 cm.
�

54 cm.
��{UO.T\beM>h.bePrqyd,]_sU]_W}RU]_TZ]GRUTVbosu{UhQqyT {UM>×k]_Ô�{uMUqy��beTVdiOhQb_M�{uMk]gWVOQh.hQqrf_M�X\TZ]_MUW�xeO.T\WZ]lP�WVqrO~XZOGxeO.hQO.W[di]°�_beT���{UOHOQPX�]ld,]�Tub>sUOQP�^UPr]_MUh.bU�UÄ@]_WW\OPTk]_PyOQW�MUbjsUOQWVO�]_sU]_Wt��{UO.T\beM�h.{Uqrsk]lsUbeWZ]ldiO.M�X\O<OQPrqydiqyMk]_sk]lW9sU{UT\]_MYXZO��>sUO.W\RU{u�QW�suOQPO~moR�OQTVqrdgOQMYXZbU� hQbeM�sUqyx_OQTVW\beWjdg�.XZb�sUbeW�suO�ÓUPyXZT\]a`VO���]_MUÖ_PrqyW\qrW�sUO�sk]lX\beW#+ ÓUPyXZTVbeW�sUO{UT\]_MUqrb	Rk]_T\]�T\OQsu{UhQqyT�P�]�TZ]_sUqr]_hQqyfeMÑ�e]_didi]u�@h�]ldiR�beWBdi]_�eMu�.XZqyhQbeW/^k]_TVT\qrO.MUsUb�Pr]_W
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Ç9]_T\] Prb_�eTZ]_T�Pr]_W¢dgO.XZ]_W�sUOQPgO~moR�OQT\qydiO.MYXZb Ø�� LN¦�Æ W\O�qrMUh.Pr{u�_OQM&subeWÑ�eTV{UR�beWqrdgRpb_TVX�]lM�X\OQW�sUO�WV{U^psuO.XZO.h.X\beT\O.W#+GsUO~XZO.h.XZb_T\OQW5RU]_TZ]²diO.sUqrT�h�]_TV�Y]��ÙRk]_T\]�dgOQsUqyTOQMUO.T\�ezr]u�Ç9]_T\]�Pr]�h�]_TV�Y]5W\O�{uXZqyPrqyÔ�]_MÑX\T\O.WgsuqrW\R�beWVqyXZqvxebeWBRUT\qyMUhQqyRk]_PrO.WQ�}OQP�Q Ø � �'�@¾Áµ>¾Á¸Xp� ¼u´_Î�p�·���·~Ãß·�¿~Ã�®¹Î � ��{uOtO.MB^k]_WVO�]�PyOQh.X\{UTZ]lW}sUqy�eqyXZ]_PrqyÔ�]_sU]_WpsuOwX\qrOQdgR�b�sUqrWVhQT\qydiqyMk]7P�]lWPrO.h.XZ{uTZ]_WwsUO<Rk]_T�XZzrh.{UP�]lWwTVO.X\T\b�sUqrWVRpO.T\WZ]lsk]_W�sUO.X\OQTVdiqyMk]_MUsUbHP�]�hQ]_T\�Y]jsUOcP�]�Rk]_T�XZzyhQ{UPr]RUT\qyd,]lT\q�]o�uOQP�� Ø � �;�S¾Á³Â¾õ¿�®¹¸ � ¼u´_Î�p�·>�B·~Ãß·�¿~Ã�®¹În��suO.XZO.h.X\beT[sUO/h�]_TV�Y]�sUOBWVqrPrqyhQqyb � ��{UOOQWH{UMÑsuO.XZO.h.X\beT/WVOQ�edgOQMYXZ]_sUb�O.M¢^U]_W\Oi]�suqrb�sUbeWHÇ��5� ����{uOi×k]lhQOgT\O.��O.T\O.MUhQqr]	]�W\{hQbeMuWVXZqvXZ{Uh.qrfeM$º<®°¯~¾ÁÃ¨¾�J_·��n¸kÃ¨În¾Á¸u¯~¾õ¿>ÌH·1pY´_Ã¨¾�J_· � ��TVO�]_PyqrÔQ]�sUqyW\h.T\qrdgqrMU]_hQqyfeM5OQWVRk]_hQqr]_P�OQMPr{U�e]_T�sUOcX\OQdgRpb_TZ]_P¨�_�gPrbeW�×Ub�sUbeWVhQbeRUqybeW��pª'�N�Vg���beTVd,]_subeW�sUO�Ók^uTZ]_WwhQO.M�X\OQPyP�]_sUb_TZ]_W.�L�M O.P�h�]_WVb sUO�P�]&O.MUOQTV�ez�]&O.P�O~moR�OQTVqrdgOQMYXZb XZqyOQMUO sUbeW2sUqyW\R�beW\qvXZqyx_beWQ�i{UMh�]_PybeT\zydiO~XZTVb�O.PrO.h.XZTVbedi]_�eMU�~XZqrh.b5��{uM�Q � �/��LNPch�]_PybeT\zydiO~XZT\b�O.WVX�Ö���beT\di]_sUb�R�beT
��� óÅóõû�������êaäúü.äïóõäúéVâ�ñ\þ á¨ë~öañ ãßâ�îðë~ñõü~â.þ çaâ�ó;�



ÒNg ���������
���������2�X�)�D�H�����-�4�

È9qy�e{UTZ]§Òo�òÉ�+�@�¯#FQÍk·~µg´n.�·�³v´�¿�®¹¸u¯~ÃÅ¾ÁÃÅÍS¿~¾10¹¸�.�·~³-.�·~Ãß·�¿~Ã�®¹Î � Ï @N±[¶¡6gÃß®¹µg´9.�®¢.�·K5£�OP?¤@t¸�®¹Î=.�·~¸H.�·�¯°¿�·~¸�.�·~¸kÃ�·/¯°·>Í 8 ¾õ¿\´_¸�³r®°¯B¯~Í 8 .�·~Ã�·�¿~Ãß®¹ÎZ·�¯]� � ��6Z�Ï �Ü¯~Í°Ëk·~În¾õ®¹Î76.�·~Ã�·�¿~Ãß®¹Î � ¼k·~Î�·~¸V¥Y®�J#6m�Ï � ¾Á¸DC�·~În¾õ®¹Î76¡� � ��6�¼k®#.�®°¯°¿�®�Ë�¾õ®°¯H��t7¦A�)L�6 8 ³v´_¸ ¿�®°¯§.�·p_ÎV´=¨�Ãß®�69¼k®#.�®°¯°¿�®�Ë�¾õ®Z�ArI½©��ª,½jËk®¹Î¬«�³ÂÃ¨¾Áµ,®I·~³�¿\´_³r®¹Î�Áµ,·~ÃÅÎZ®

RUPr]_h�]_W�sUO�XZ{UMU�_WVXZO.MUb��,Ók^UT\]_W<hQO.M�X\OQPyP�]_sUb_TZ]_W7qyMYXZOQTVh�]_Pr]_sk]_W.�uO.MUhQqyOQT\T\]>OQP�M�¡UhQPyOQb�sUOP�]�hQ]_W\hQ]_sk]gOQPrO.h.X\T\bedi]_�eMU�~XZqyh�]��eO.MUOQT\]_sk]�RpbeT�Pr]�Rk]_T�XZzrh.{UP�]B�ÛP�]�]_Mk]_PyqrÔQ]u�uWVO/]lRpb°�Y]OQM�sUbeW[^uP�]_MUh.beWcsUO��eT\]lÓUXZbu�pLNP!Q � � �'�UÎV´_¸u¯~¾ÁÃÅ¾õ®¹¸�Ï7´9._¾Å´_Ã¨¾õ®¹¸®��·~Ã�·�¿~Ãß®¹În��sUO.X\OQh~XZbeTsUOiTZ]_sUqr]_hQqyfeM�sUOiX\TZ]_MuW\qrh.qrfeM � O.WB{UMÑO~m�XZO.MUW\b�]_TVT\O.�ePrb�sUOgXZ{U^�beWBsuOIÆ���P�]lT/PyPrOQMubeWsUO�{uMk]IdiO.ÔQhQPr],sUO>�Y]lW\OQW.�W\{���{uMUhQqyfeM5OQW�dgOQsUqyT[O.P}�Å]_h~XZbeTGsuO�Ä@b_T\OQMYX\Ô��
γ � sUOBP�]_WRk]_T�XZzyhQ{UPr]_W�OQMYXZT\]_MYXZO.WG��{UOB�eO.MUOQTVOQM�hQ]_W\hQ]_sk]u��P�]>sUqyW\h.T\qrdgqrMU]_hQqyfeMIOQW�×UOQh�×k]iRpbeT<{UMsUO~XZOQh~XZbeT Ø ×UO.T\O.M°¯_b°x�sUOjRUP�ÖlWVXZqyhQbU�



����U4�V�����W��
����X�����2�X�)����Y*�X�Z�[�V���2Y��]\V��Y���^%��_9��`��H�X�ba4�����)��c Òuª
± ��U ² ± ���³���%&³��´!�°�'&A�]U4�9���X_����A�Nµ¬¶n^%�9���X_����A�¡·�
LNPIQ Ø � OQW�{UM�sUO~XZO.h.XZb_T¢sUO²h�]lT\�Y]���{UO�WVO�^k]lWZ]�OQM�dgOQsuqrhQqybeMUO.W�suO²X\qrOQdgR�bRk]_T\]�sUqrWVhQT\qydiqyMk]_T�P�]¢PrOQh~XZ{UT\]�sUO5Rk]_T�XZzyhQ{UPr]_W,TVO.XZTVbosuqrW\R�OQTVWZ]_sU]_WQ��L moqyWVXZO.M�hQqrO.TVX\beWO.x_OQMYXZbeW���{UO/�_OQMUO.TZ]_M	h�]_WVh�]_sk]lW�O.M	O.P�hQ]_Prb_T\zrdgO.X\T\bU��OQWcsUOjOQWVRpO.TZ]_Tc��{UOHW\OjOQdgqyXZ]_MW\O.hQ{UMUsU]_T\qybeW�T\O.X\T\bl� sUqrWVRpO.T\W\]_sUbeWN�>��{UOchQTV{UhQO.MisUOcM�{UO.xl]jhQ{UO.MYX�]/O.PksUO.X\OQh~XZbeT.�YOQWVX\beWO.x_OQMYXZbeWgqrMYX\OQTVÓUOQT\O.M$hQbedgb5T\{UqysUb5OQM$Pr]�W\O#TU]_P7sUO�P�]	Rk]_TVX\zrh.{UP�]�RuT\qrdi]_TVq�]u|@hQb_M²Pr]qrMYXZO.MUhQqyfeMÛsUO�PrqydiRUqr]_T O.P T\{uqrsUb/W\O[X\bed,]HOQMÛh.{UOQMYXZ]�P�]/suqy��OQTVOQMUh.q�]HsUO[XZqyOQdgRpbHOQMYX\T\OOQPSRk]_WVb/suOcPr]�Rk]_TVX\zrh.{UP�]GRUTVqrdi]_T\qr]���OQPkh.T\{Uh.O�suOQPSW\O.hQ{UMUsU]_T\qyb/TVO.XZTVbl��suqrW\R�OQTVWZ]_subU��LNPQ Ø � OQW�X�ÖBh.bedgRU{UOQW�XZb/RpbeT�sUb_WthQ]_Rk]_WtsUO�RU]_PrO~X�]_W�hQO.MYXZOQPyP�]_subeTZ]_W.��OQM,WV{UW�b_T\qrPyP�]_W9W\O]_hQb_RUP�]�]>sUbeWcÇwÆ¸Q-¹ïWGºa�U{UMUbgR�beT�h�]_sU]gPr]_sUbU�u]>X\TZ]�xe�.W�suOH�_{Uz�]_W�RuP�Ö_W�XZqrhQ]_W�sUOjPr{uÔ_�
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Ôt]�×UO.dib_WBsUO.W\hQTVqyX\b5{UM�×Ub�sUbeWVhQbeRUqyb�Õ>O.M§{UMk]�WVOQhQh.qrfeM$]lM�X\OQTVqrbeT.�}O.P�O~moR�OQTVqrdgOQMYXZbØ�� L�¦GÆ h.{UOQMYX�]¤hQb_MÜb_X\T\beW�X\T\OQW²×Ub�sUbeWVhQbeRUqybeWQ�B{UMDRU]_TÐ�1�Vg9���pª � ]_T\TVqr^k]�suOQP^UPr]_MUhQbisUOB�_TZ]lÓUX\bi�	b_XZTVb5��OQP��UÉ � O.MYXZT\O/P�]_W�sUbeW�W\OQh.hQqybeMUOQW[sUOQP�^UP�]lMUhQbU�pLNP	��g9�N�pªOQW�X�Ö���beTVd,]_subU��O.M�X\b_X�]lPõ��R�beTÛh.{k]lX\T\b$h�]_RU]_WIhQTV{UÔ�]_sU]_W�sUO5Ók^UTZ]lWIhQOQMYX\OQPrPr]_sUbeT\]_WhQ{U]_sUTZ]lsk]_WQ�wh�]lsk]Ñh�]lRk]ÑhQb_MUWVXZ]�sUO�ÒNj�g�Ók^UT\]_WQ�t¦ hQ]_sk]¢Ók^uTZ]ÑWVO�PrO�]_sU×UqyOQTVO	{UMR�OQsk]_Ô.b�sUO�Ók^UT\]	h.P�]_T\]u��hQbeM¢P�]�diqyW\di]ÛW\O.hQhQqyfeMÑX\TZ]_MUW�xeO.T\WZ]lPõ�@��{UO,WVOisUqyT\qy�eOg]�{UM��b_X\bosUqybosub[×Uzy^UT\qysUbGsUO�ÿ_ÒGRUqðmoOQPrO.WQ�YLNW�X�]�diO.ÔQh.P�]GsUO<×Ub�sUbeWVhQbeRUqybeW O.WwsuO<]_Rpb°�_bHRU]_TZ]T\O.hQbeMuWVXZTV{UqrT[P�]_WcXZTZ]��_OQh.X\beT\qr]_WGsUO>Pr]_W[RU]_TVX\zrhQ{uP�]_W���{uO>Rk]_WZ]lM5RpbeT[OQP9hQ]_Prb_T\zrdgO.X\T\b��Rk]_T\]>qrsUO.M�X\qyÓkhQ]_T�P�]�hQ]_T\�e]u�LNP×Ub�sUbeW\h.beRUqyb©�UÉBOQW�WVqrdgqrPr]_Tw]�PrbeW�]_MYXZOQTVqrbeTVOQW.�U]�O~moh.OQR�hQqrf_M�suO�W\{IR�beW\qyhQqrf_M,���{UO�]_suOQdiÖ_W}suO�]��o{usk]_TN]cT\OQh.beMUW�XZT\{uqrT}X\TZ]��eO.h.X\beT\qr]_W RU{UO.sUOQT9sUO.X\OQT\dgqrMU]_T}WVqoWV{UhQO.sUqrf]_Py�e{UMk]gqrMYXZO.TZ]_h.hQqrf_M5OQM5OQP}^UP�]lMUhQbÛWV{UR�OQT\qybeTQ���o{5PrO.h.X\{UTZ]ÛqyMUhQPy{u�eOl� OQM5Py{U�Y]_T�sUO�{UMW\b_PrbB��b_X\bl��suqrb�sUb/×uzr^UTVqrsUb/RpbeTt{UMI�eTV{URpbBsUOGÓk^UT\]_W7hQb_dib�O.MIOQP��Vg9�N�pª_�oXZTVOQW�k�Ç���¹úW��¼�½ 8 În¾�.jËk¼k®¹Ã�®�»�._¾õ®#.�· � �
± ��U ² ± ���°�[�D���'�*���¢����^!�*�V�'�*�)�¢^!�9���X_����A�Nµ
Ø {k]_MusUb�{UMk]�Rk]_T�XZzyhQ{UPr]Ðh�]lT\�Y]_sU]�Rk]_WZ]�suO'{UM diO.sUqrb�]�b_XZTVb�hQbeM h.beMUW�X�]_MYXZOsUqyOQPr�.h.X\T\qrhQ]�sUqv��OQTVOQMYXZOÐW\{ h�]ldiR�b&OQPy�Qh~XZT\qyhQb&WV{u��T\OÐx_]lT\q�]lhQqrb_MUOQW²sUO�qyM�X\OQMUWVqrsk]ls�hQ{U]_MUsUb�WVO,be^uPrqr�e]	]�P�]	RU]_TVX\zrhQ{uP�]�]	T\O.RpO~XZqyT/O.WVXZO,RUT\b�hQO.W\b�sUOid,]lMUOQT\]	TZÖlRUqrsk]�W\OhQTVO�]_MHbeWVhQqrPr]_hQqybeMUO.WOQMjP�]7qyMYXZOQMuW\qrsU]_sjsUOQPYhQ]_diR�b<OQPy�Qh.X\T\qyhQb�sUO�P�]7dgqrWVd,]o�.�eO.MUOQT\]_MUsUbP�]/TZ]_sUqr]_hQqyfeMÛsUOGX\TZ]_MuW\qrh.qrfeM �ULNP�Q � �¤O.W�{UM�sUO.X\OQh~XZbeT<sUO�T\]_sUq�]lhQqrf_MÛsUOGXZT\]_MUWVqrhQqyfeMOQM OQPBT\]_MU�eb�sUOÑT\]°�_beW/ÖB�[hQb_M�PrbeW	sk]lX\beW�sUO¢TZ]_suq�]_h.qrfeMÐRU{UOQsuO�sUO.X\OQTVdiqyMk]_T�OQP�Å]_h~XZbeTjsUO,Ä@b_T\OQMYX\Ô5�

γ � sUOiP�]�Rk]_TVX\zrh.{UP�]IqrMuhQqrsuOQMYXZO��e��Rpb_W\qr^uPrOQdgOQMYX\O_�@T\O.hQbeMUW�XZTV{UqrTW\{�XZT\]��eOQh~XZbeTVq�]>sUO.M�X\T\bgsUOQP�suO.XZO.h.X\beTQ��[beW�dif�sU{UPybeW<qrsU�.M�X\qrh.beW�h.beMUW�XZqyX\{UqrsubeW�R�beT�ÒYÉ�X\{U^�beW�suO>Æ���P�]lT[]_Py{UdgqrMUqyÔ�]_sUb_WT\O~xeO.WVXZqysUbeWÛR�beTg{UMk]Ñdi]lX\T\qrÔ�sUO	OQWVRU{Udi]ÑRUP�ÖlWVXZqyh�]�W\beM�P�]¢^U]_W\O	sUOQPSQ � � �wÄ�beW
×GØ�âVí�ü~ñõäæâ�ü~ë Â'ÃGÙ�Ã7Ï;Ú ã�à~÷7äúçaë Ú�Û-Ï�ÜsÃ1Ê�Ý

σκoπ Þ Ú ù~âVñVþ
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����X�����2�X�)����Y*�X�Z�[�V���2Y��]\V��Y���^%��_9��`��H�X�ba4�����)��c ÒeÒ
foªaÉiX\{U^pb_WH��{UO�h.beMu��beTVd,]_M�]lP sUO.X\OQh~XZbeT�WVOgPyPrO.Mk]_M5hQb_M�{uMk]IdiO.ÔQhQPr]ÛsUOg«9f�ß �e]_WsUOBmoOQMUf_M��]f�ß dgO.X�]lMUbU�hQ]_sk],XZ{u^pb�OQWH]lX\TZ]�xeO.WZ]_sub�R�beT�{UM�hQ]_^UPrO�]_P hQ{U]_P W\O�PyO]_RUPyqrh�]G{uMk]Hsuqy��OQTVOQMUh.q�]�sUO<R�b_XZO.MUhQqr]_PUsUO

1.5kV
h.beMgT\OQWVRpO.h.X\b�]GXZqyOQT\T\]g�ÅP�]lWNRk]_T\O.sUOQWsUOQP@XZ{u^pb � � Ä@]gTZ]_sUqr]_hQqyfeM�sUO/X\TZ]_MUWVqrh.qrfeM	RUT\b�sU{Uh.OBRU{UPyW\beW�sUOBhQ]_T\�e]iOQM5PybeWch�]_^UPyOQW.�P�]>dgOQsUqyhQqrf_MÛsUOQP�Å]lh.XZb_T�sUOHÄ@b_T\OQMYX\Ô/h.{U^UT\Oj{UM�TZ]lMU�eb�sUO

10
3 < γ < 10

5
�kh.beM�{UMk]T\O.W\bePy{UhQqyfeM	suOBOQMuOQT\�_z�]�sUO,ª'f�ßÜRU]_TZ]�PrbeW<M�¡Uh.PrOQb_W[sUOHh�]_TV^pb_MUbi�	ÿ�ß Rk]_T\]gPybeW<sUO×UqrO.T\TVbgh.beM

γ = 3000
�

L�MYX\T\OjPrbeWtdif�sU{UPybeW�suOQP�Q � ��W\O�qrdgRUPyOQdgOQMYXZf/{UMk]�h�]lRk]>RUP�Ö_W�XZqyh�]/suO�sUO.X\OQh.X\beTØ ×UOQTVOQM°¯lb°x���{UO���{UMUh.qrbeMU]�h.bedgbgsuqrW\h.T\qydiqyMk]_MYXZOGRU]_TZ]�Rk]_T�XZzrh.{UP�]lW7��{UO/Mubg�_OQMUO.TZ]_Mh�]_WVh�]_sU]	©ef¹¬w©ïÒl¬õ�
����Y��A��(��2�9���'�
LNP9h�]lPrbeTVzrdgO.XZTVbiO.PrO.h.XZTVbedi]_�eMU�~XZqrh.b,sUO.P9OnmuR�OQTVqrdgOQMYXZb Ø�� LN¦�Æ O.W�{UM�sUqyW\R�beW\qvXZqyx_bsUOcRUP�]_hQ]_WwsUOcX\{UMU�eW�XZO.MUbB�>Ók^UT\]_WwhQOQMYX\OQPrPr]_sUbeT\]_WQ� � O.x�qrW�XZOcRk]_T�XZqrh.{UP�]lTNqrdgRpbeT�X�]_MuhQq�]OQP/sUqrWVO#TUb2RU{uOQW5sUO.^pO�X\OQMUO.T�{UMÚÖ_T\OQ]�hQb_MUW\qysUOQT\]_^UPrOÑRk]_TZ]�]_{UdgOQMYX�]_T�W\{�R�bosUO.TsUO'TVOQhQb_PrOQh.hQqyfeM���d,]_MYX\OQMUO.T�OQPi�eT\beWVbeT�]lP,dgzrMUqydib�T\O.��{UOQTVqrsUb�Rk]lTZ] h.beMYXZOQMuOQThQbedgRUPyO.X�]ldiO.M�X\O�]_P�M�¡UhQPyOQb�O.PrO.h.XZTVbedi]_�eMU�~XZqrh.b§sUO�P�]$h�]_WVh�]_sk]²�eOQMuOQTZ]lsk]²h.beM Pr]RUT\qydiO.TZ]�qyM�X\OQT\]_hQh.qrfeM¢�¨]lsUOQdiÖ_W�sUOjXZbedi]_T7O.M	h.{UOQMYXZ]iP�]�W\]_Prqysk]�sUOjsUbeW<^UPr]_MUh.beW�sUO�eTZ]¹ÓUXZb�OQMuhQqrdi]ÛsUO��QP9Rk]_TZ]Ih.beMUW\qysUOQT\]_TjP�]ÛO~ÓkhQqyOQMUh.q�]IsUO>P�]ÛRU]_TVX\zrhQ{uP�]ÛOQM��eO.MUOQT\]_Th�]_WVh�]_sU]_W � ���oONhQbedgR�beMUONsUO x_OQqrMYX\ONRUP�]_hQ]_W�sUO X\{UMU�eW�XZOQMubB�Å«e«u�ifNf�ßÙRu{UT\b � hQbeMjh�]lRk]_WsUO�Ók^UTZ]lW9hQO.MYXZOQPyP�]_subeTZ]_W@qyM�X\OQTVh�]_Pr]_sk]_W.�aL�W�XZO�]_T\TVOQ�ePybcR�OQTVdiqvXZO�×k]_h.OQT�OQP�d�{UO.WVX\T\OQb�sUOP�]7WVO#Tk]_P�O.M/O.W\Rk]_h.qrbeW@sUO�{UMU]<PybeMU�eqvXZ{Us�suOwT\]_sUqr]_hQqyfeMg�

X0 � ��¦[PYh.OQMYXZTVb�sUO�hQ]_sk]<h�]_Rk]o�diO.MUbeWtP�]jW\{UR�OQTVqrbeT.��×U]°�i{UMÛhQ]_^UPyO�sUO[]_hQO.T\b�qyMUb�moqrsk]_^uPrO<sUO
0.9× 0.9× 500.9mm3��{UO���{UMu�eO�h.bedgb/O.P�WVbeR�beTVX\OcdgOQhQÖ_MUqyhQbHMUOQh.OQWZ]lT\qrb/Rk]_T\]H��{UO�OQPSh�]_PybeT\zydiO~XZTVb�T\OQWVqrW�X�]OQPp�ebePrR�OcsUO�hQO.T\h�]�suO�ª�g_�>]lP ]_^uT\qrTwOQPpRk]_T\]_h�]_zysk]_WtOQMIP�]H�Å]_W\O[ÓUMk]_P�sUOQP�xo{uOQPrbu�UÇ9]lTZ]OQPyOQh.X\T\beMuOQWc],É�f�g d OsàÚWV{	TVOQW\b_Pr{Uh.qrfeM�OQW<sUO ∼ 12 %

�Ä@b_W>^UP�]_MuhQbeW/OQWVXZÖ_M§��beT\di]_sUb_WBsUOÛ�_TZ]lÓUX\b5sUOQMuW\qyÓUh�]_sUb²�
ρ = 1.92g/cm2 � �}sUO�eT\b_W\beT�qy�e{k]_P�]�«u�if�hQd hQ]_sk]�{UMUbU�

*,+�*,+ á C¬âäãI4 3I6�åI4�E	C
�[OQP[É�gNgoª�]_P�É�g�geÒ�suqyxeO.T\WVbeW,WV{U^o��suO.XZO.h.X\beT\O.WÛsUOQP<OnmuR�OQTVqrdgOQMYXZb Ø�� LN¦GÆ ��{UOQTVbeMRUT\b_^k]_sUbeWIO.M2OQP¬��qrMUh.T\b_X\T\feM'suOu�o{UR�OQT�ÇNT\b_X\beMUO.W��5�SÍ°Ëk·~Î�ºtÎZ®¹Ãß®¹¸æ�S½l¸ ¿�¼�ÎZ®¹ÃÅÎZ®¹¸k��uÇ¤� � sUO.P Ø L � �H�eOQM>RU]_TVX\zrhQ{uP�]_T}]�ÓkMk]lPrOQW9sUOcÉ�gNgeÒc{UM�Rk]_T}sUO�Rk]_PyO.X�]lW9sUO.PVQ Ø �B�YO.P� Ø �B�¹OQP�h�]lPrbeTVqrdgO.XZTVb7�HPrbeW@×Ub�sUbeWVhQbeRUqybeW���{UOQTVbeMBOnmoRU{UOQW�XZbeW ]�{UM/×k]_ÔwsUO�RUTVbosu{Uh.X\beWsUO���T\]_�edgOQMYX�]_h.qrfeM²��{UO�h.{UdiRuPrqrO.TZ]_M�P�]�T\OQPr]_hQqyfeM

A/Z = 2
��hQbeM2O~ÓkhQqyOQMUh.q�]�sUOQP
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70 % � ��RUTVbosU{uhQqrsubeWGR�beTG{UM�×k]_ÔBsUO>qrMUsuqrb5�*��M � sUOÛª�f�� d Osà-�lM5qrMuhQqrsuqrOQMusUbÛOQM5{uM^UPr]_MUhQbIsuO>RUPrbedgb��¨ÇN^ � suO 4 cm.
suOg�_T\beWVbeT>©úÉeÉ¹¬¨��LNM¢PybI��{uO>hQbeTVT\OQWVRpb_MUsUOi]ÛPrbeWsUO~XZOQh~XZbeTVOQWIsUO5hQ]_T\�e]�W\O�d�{uOQWVX\TZ]_M�Pr]_W,sUqyW\TVqr^U{Uh.qrbeMuOQWÛsUO]ê»��M�¡UdiO.T\b$]lX\fedgqrhQb �dgOQsUqysk]_WgRk]_TZ]¢PrbeWgO.x_OQMYXZbeWIh.beM2P�]�TZ]lÔQfeM'O.MYXZT\O

A
�

Z
dgOQMUh.qrbeMk]lsk]u����{UO�MUbeWqrMusUqrhQ]�P�]�T\O.W\RU{uOQWVXZ]isUO.P@sUO.X\OQh.X\beTc]_PRk]lW\bgsUOjsUqy��O.T\OQMYX\OQW<qrbeMuOQW/�Åqyd,]_�_OQMIÒu�úÒ � �

Æ�]lXZO.T\qr]_P d T\beWVbeT k�]_Ô L�MuOQT\�_z�]Ç�Pybedgb��¨ÇN^ � 4 cm
��MUsUqrb	�*��M � 158 GeV/n¥�OQTVqrPrqyb��¨¥tO � 10 cm
Ç�Pybedgb��¨ÇN^ � 20 GeV/n

Ø {k]_suT\bÚÒu�æÉ�+ � ´_ÎV´�¿~Ã�·~Î�r¯~ÃÅ¾õ¿\´¹¯�.�·�³r®°¯'µg´_Ã�·~În¾Å´_³r·�¯§.�·~³ 8 ³v´_¸ ¿�®Ð½�.�·~³>¼u´�B¢Ëu´_Î\´CnÎV´�p_µ,·~¸kÃ ´�¿~¾10¹¸�?

¦�sUqv��OQTVOQMUh.q�]�suOQPV� Ø �'��{UO���{UOtRU{UOQW�XZb�O.M>OQP�×k]_Ô�suO�di]_MUOQT\][zrMYX\OQ�eT\]u�°X�]_P�hQb_dibW\O.T\zr]�dib_M�XZ]_sUb	OQM§OQPtsUO.X\OQh~XZbeT�h.bedgRUPrO~XZbU�@OQPt]_TVT\OQ�_Prb�suOQP�Q Ø � Rk]lTZ]�Pr]	RUTV{UOQ^k]hQb_MUW\qyWVXZqyf�OQM²sUbeW�sUO�W\{UWgRk]_PyO.XZ]_W>hQO.M�X\OQPyP�]_sUb_TZ]_W���hQbeM²W\{UWgT\O.W\R�OQh~XZqyx_beWiÇtÆ¡Q}W��OQPyOQdgOQMYXZb_W�sUOjhQbeMUOnmoqrfeM � h.T\{UÔQ]_sk]_W��I{UM�RUTVb_XZb_X\qrR�b>sUOjP�]�O.PrOQh~XZTVfeMUqrhQ]�]�{oXZqrPyqrÔQ]_TQ�Ä@]Ñ��TZ]_�edgOQMYXZ]_hQqyfeM'RUTVbosU{uhQqrsU]�RpbeT,P�]�]_h.hQqyfeM2sUOQP[×k]_Ô5sUO5RUPybedgbÑW\b_^UT\O5{UM^UPr]_MUhQb�sUOg^pO.T\qyPrqrbÛ��{uOi{uX\qrPyqrÔ�]lsk]ÛOQM¢{UMk]�RUT\{UO.^k]�]_MYX\OQT\qybeTg�ÅO.MYXZT\OÛÉ�gNgYÉIOgqrMUqyhQqrb_WsUO/É�gNg_ÒI©if¹¬ � �
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����X�����2�X�)����Y*�X�Z�[�V���2Y��]\V��Y���^%��_9��`��H�X�ba4�����)��c Ò9f

È9qr�_{UTZ]�Òu�úÒV+��j¾r¯~ÃÅÎ~¾ 8 Ík¿~¾10¹¸u.�·�¿\´_Î�pY´®31ë°:,µ,·G._¾�.Y´HËk®¹Î>·~³�� � �~3ß´_ÎnÎn¾ 8 ´�:i½�·~³�� � �3ß´ 8 ´=ì�®7:,¿�®¹¸	Ío¸�¼u´�B�.�·7Ë�ÎZ®#._ÍS¿~Ã�®°¯>.�·�CnÎV´�p_µ,·~¸kÃõ´�¿~¾10¹¸®.�·S�~¸¢¿�®¹¸kÃÅÎV´gÍ�¸ 8 ³v´_¸ ¿�®I.�·º 8 ´
158 GeV/n

?
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dPRO +D%02(3"O 1-%./ +&b(K*�0%$6(K-~UA$'?I(+*]:'(K&b(B.4 +*�5O +7z?I@;:<R%.4 +*(B*9R%*]5%79(X:<$'*9(K*}$'*Q*AR%&a 1&)$'D~?9$
� ?I8;.BcK �WXR2$q$<.3:<(KD%:'$<52?9(�84D%:'.4R2c+$q&a 1*I 2J,:> +7ATE 2J,D � &)$'79(�-O 17984`+D%84:'(%J6.4$<5S?I`KD%8;:<(%J
84DE?I$'7I +:':<8;(KD%$<*6:'(KD)(1?I7I 1*,5% +7A?9@4:<R2./ +*'JK:> +79 +:'?9$<7A@4*A?984:< +*=0%$B*9Rb&)(V�X84&b84$'D~?9(C(#7A$<5�(K*9(2J
$<DE?I7A$#(1?I7I 1*f:<(K*9 +*<[

�6.�D%(K&x-%79$30%$CGC$> +DE?9Hx*9$30%$<7A8;�1 #02$L*9R2*P��R%D%:'84(KD%$'*<JQ�3�F���a�Z�������+���q�%�A�X�F��� �X¡+J
TK$<(+&)$Z?I79@4 xcy7I +*z?I7A$<(��¢*9$'TKR%8;&)8;$<DE?I(�0%$C?I79 >cK$<:Z?I(K7A8/ E��JO:<(KD�./ s�¢ +:'84.;840O +0a0%$#&) +D%$£UA(
W~R%$#.;$w-%798;D%0O +D�./ +*�:'./ +*A$<*�5%R%$'0%$<D���(+79&) +79*A$^.;(K*��K(+.4R%&b$<D%$'*3&)v+*�*9$'D%:<8;.4.;(K*f"O +*z?F 
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%6����() f���&>)D+�!(� �#+%3�M%�\&8�%6="�!?J%6�[,.(�#+%��o?J�R�-��c

30◦, 60◦, 120◦y150◦
Cw,/()?M�-?@() 

%6 g,.() w?@�� /?J() t���+>)D+��() 18���=/�	46(�?@8��-=.��=146(��j�R�- t>�=.�-k�46�� A#&%6��%]\^8�%6=/��?@%3�[,.(Vm�s����
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#+%l�+%3D&,.="()�+%3 5 .�����!%6�[,/%6 A%3���!() w���+>)D&�!() w?@%3�+46��()����#+(� `mt�&()=/?@���!��2S��#&() 6C�%3��(�,.=/�� 
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�_�S�-� ="%6 "8u%343,.(x�h�!�h�!�[,/%6=.�-4646��N)�j "%7=/%]k�%6="%7���R�v /%64346��N)��%3k�46��27#+()G&�!%M#&��rd%6="%6�+43�R���
c
d2σ/dΩdE

m]C�%3��D+�+��#���#+%3 @#+%
mb/(srMeV )

C�%6��46��?FG+��(�%6����() @0&�! ",/()>)=/��?M�- 
,.%3�+%6?J() �%6�+�VU+?J%6="(1#+%L�+%6D&,/=/()�&%6 �eVD+%q /���!%3�5#+�! "8���=/��#+() �%3�@#+��=/%34646��N)�5#+%3�n���+>)D+��(
θ
 "()G+="%	%3���VU+?J%6="(x,/(�,`�-�K#+%	8+��=",/b!46D&�R�� 5#+%3�q0+��2�Q�8��-=.��="%6 "()��Z�%6=J%6 ",/%h�-8���=/%3�[,.%

8+=/(�G+�!%3?M�1G��� g,`�A /��Gu%3=Y43N)?J(A%6 g,`�A#&%3k��+��#��wD&���A /%34643�!N)�l%]k�4S�-2o8���=/�wD+�M?M�-,/%6="�R���
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c��^s � m

46(��
Nn

%6���VU+?J%6=/(@#+%A�&%6D&,/=/()�+%3 WeVD+%A8+�� .��="()��8�()=�%6�����+>)D+��(@ "N)�!��#+(;#+��rd%3=/%3�+46�!���
∆Ω

C
Nhaz

%3�'�BU&?@%3=/(�#+%�8���=g,.b!43D+�R�- @,.(-,`����%6 7%6��%6�o0���2 9
Nb

�!�f4S���[,.��#���#¡#+%
8���=g,.b�46D+�!�� �%6�w%6�VG+�R�-�+46(+sI���V46(��V,/%6�+��#+(�#+%Y46��#���G+�!�t%6�t%6�V0+�� ",.(�>)=.��?@�K%6 

Nn/Nhaz

C
8���=/��,/%6�+%3=	D&���¢%3 /46���R�¢�!>)D��-�W%6�£�R�� E>)=/�-k�4S�- v#&%��!�� "�!?FD&�R��43�!N)��9¡%3���R�- v#&%6�
%]\^8�%6="�!?J%6�[,.(+C1 "N)�!(£0���46%¢r}����,.�¤?FD+��,/�!8+���!46��=�%6�J46(��V,/%6�+��#+(�#&%¥4S�-#���G+���¦#+%§�R�
 /��?FD+�!��46��N)�58u(�=YD+�@r}��43,/()=

(∆Ω∆ENb)
−1
cdZ � �� "%W�R�1 /%34643�!N)� � s©¨^CV%3�M8���=g,.��46D+�!��=��R�

%643D���43�!N)� � s �:ª Q
L

%3 6Cn%6�v%6 g,.%t4S�� "(+C
Nhaz

m]s
«o%M�!�� t�!�!G�%6=g,`��#&%6 teBD&%M8�(^#+%3?@(� t,/()?M�-=t%3�f�R�E /��?FD+�!��46��N)��8u()=t /Dj>)=.��#&(h#+%

�!#&%S�����!2S�-46�!N��1��8+=/(:Z�%64`0���?J() ��R�L#+%6�[,.��?M�-¬+(o�-�+>)D+�!��=�#+%6�V#+%],.%343,.(�=Kc~�-�+>)D+��(� "N)�!��#+(Vm�Q
9[��?J%6�+43�!()�+��?@(� MeVD+%��+(� /��?FD+�!��?@(� M�R�j��4643�!N)��9¥%3rd%64],.(�#+%�D+�¡#+%],.%64],.()=3C*%6�
4S�-?FG+�!(L,.%3�+%6?J() �D+�+() � /��?@8+��%6 i46(��V,.��#+()="%6 �#+%$�+%3D&,.="()�+%3 |?M�- ��&(o#+%Y#+�!?J%6�+ "�!()�&%6 
�VD+�R�- 6siO$()�[,.��?@(� '8���=.�7D+�x���&>)D+�!(

θ
�!�� '8���=g,.b�46D+�!�� WeVD+%;8��� /��=.����8�()='�R�l="%6>)��()�

46(�?@8+="%6�+#&�!#��E#+%
θ − ∆θ/2

�
θ + ∆θ/2

C�,/()?M�-�+#+(
∆θ = 1◦

s����a%]\^8�%6="�!?J%6�[,.(
46(��+ /��#+%6=/�jD+���j "�!?J%3,/=/bR�x%6��%3�W���&>)D+�!(

φ
Ca8u(�=M�!(�eVD+%��!(� M8���=/��?J%3,.="() J8���=.��%6�

4S�-�!46D&�!(t#+%
∆Ω

%6 g,`���l#+��#+() WcdZ � �� /%1�-8 � �+#+�!43%o§ /()G+="%W46N�?@(w /%o#&%3,.%3=/?J�!���
∆Ω

m]s
���'0���2�%6 E?J(^#+%3�R��#&(�46()?J(�D+�¡46�!���!�+#&=/(�#+%

250µm
#+%�=.��#&�!(f9

20µm
#+%

�!(��+>)��,/D+#C^46()�[,.%3�+�!%3�+#+(@8+=/(�,/()�+%3 q43()�hD+�+�J%3�+%6=">)bR�;#+%w® ª)ª@¯ %±°Fs�²y�-=.�;%6�iG+�R�-�+46(
�R�Jrd()=/?@�@,`�-?FG+�!%3�hrdD+%FD&�x43�!���!�+#+="(M#+%

2.54cm
#&%F=.��#&�!(l43()��D+���l�!(��+>)��,/D+#�c

Zb

m
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Zb = ρV (grosor)
NA

mat

,
c��^s³¨)m

#+()�+#&%
ρV

%6 ¢�R�´#+%3�+ /��#���#µZ�()�!D&? � ,.=/��4S�¶#+%3�	G+�!���+43(+C
NA

%6�E�VU+?J%6="(¦#+%
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mat
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%6 "4S���!�h�!(�>[��=/b_,.?J�!46�E8+��=.�	r}�-46�!����,.��=1�R�	ZB�! "D������!2S�-46�!N��nm]C�8�(^#&%6?J() F?J%6�+43�!()���-=w43D����
#+%l��() t?@(B#+%6��() t%6��4S�-#��h4S�- /(�9�=.���+>�(h#+%l%3�+%6=">)bR�	%6 F%3�$eVD+%l "%7��8�%6>[�h?@�� A���
%]\^8�%6="�!?J%6�[,.(+s-¸q(o%6 |8�() /��G+�!%a0���G&�R��=�%6�A,/%6="?@���+() y>�%6�+%3=.����%6 y#&%*�R�� �4S�-=.��4],.%6="b! g,.�!46�� 
#+%K�!�� |>)=/�-k�4S�- 6C)�+('8+��=.�W,.(B#+() y�!() |%3�!%3?@%3�V,/() ��+���-�+>)D+��() |%6 ���>)D����~s���() �%3�!%3?@%3�V,/() 
8�%6 .�-#+()  cd0+�!%3=/="(+C�8+�!()?J( 9¢D+=.���&�!(VmF8+="%6 /%3�[,`���¤D+�+�j?@%¹H"()=J46()�+43()=/#+���+46�!��%3�V,/=/%
%]\^8�%6="�!?J%6�[,.(f9¥ /�!?AD+�R��43�!N)�<Ca%3�o?J(^#&%6�!(jeBD&% 8+=/(B#+D+43% �R�j?J%TH"()=@ /��?FD+�R�-46�!N��¥%6�
,.(B#+() ��!(� y���&>)D+�!(� �%3 |%6�B#+%$46�� /46��#��oG&�!����="�R�&s:�qD+�+eVD+%K%3�F46��%6=",/() �4S�� "() |�+(W8+��=/%346%6�
 /%3=�,.���F#+�_rd%6=/%3�[,.%6 3C-8+��=.��%6�BD+=.���&�!(o�!�� "�!?FD&�R��43�!N)�t46()�w%6�^?@(B#+%6��(L#+%*$%3=",/�!�+�BeVD+%6#��
?FD&9l���!%¹H/��#��&s
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Åy�!>�D+=.�;�^s � �LÆ��!�]Ç&È�ÉÊ�_Ë:ÈBÌ]��ÍXÎ ÏBÐ1É_ÈJ�]��Ñ5ÇBÉ_ÈBÌ]��ÍXÎxÐ]Î�ÒqÐ/È�Î��_ÓjÌ`�XÎ�ÔBÕ[Õ[ÕlÐ]Ö�Ð]Î��¹�:�$×&È��"È
Ç^Î¦Ø6É_È�Î<Ì`��ÏBÐ	×�É!�XÑM�§Ù�ÇBÎ¶�&È:Ë¢ÏBÐv×��.�X�T�XÎ<Ð`�fÈ

800 MeV Ú É!�:���&ÈBÌ`Ð`�fÈ:Ë6ÇBÉ!Ð`��.Ð¹×��`Ð`�:Ð]Î���È�Î@×&È����}Û�Ì]Ç^É_ÈX�5Ì/È��~Ü[È[Ï[ÈX� Ú É_ÈX�'Ö�Ð]�/ÏBÐ`�K×&È����}Û�Ì]Ç^É_ÈX�'Î<Ð]Ç^�}�"ÈX�

²y��=/�x��() 5�VU+46��%6() ;�!��>)%6="() F�+���+>)D+�&(x#&%v��() 5#+() 5?J(B#+%6��() 58���="%646%7,.����G+D+%6�&(+C
%6�v�R�5?@�:9�()=/b!�F#+%t4S�� "() L�R�54S�� "4S��#+�JG+������="�R�Ec~YÝgOKmK "%A�- /%6?J%TH/�5?@�� L�;�!() K#��X,.() 3C
8u%3=/(E#+%38u%3�+#+%;#+%6�y=.���+>�(7#+%5%6�+%3=/>)b!�&Q<8+��=.�7���&>)D+�!(� W8u%3eVD+%6¬+(� w�-�!=/%3#+%6#&()='#+%5�!(� 
100MeV

9
300MeV

�!(� w?J(^#&%6�!(� teVD+%3#����f43()=",/() 6C�%6�j46�!%3=",/() w46�� /(� 7c}46��=/G�()�+(&C
���!D&?@���+�!(19MG�%6="�!���!(w�

30◦
mY���+46��D+ /(A%6�<?J(B#+%6��(F#+%W46�� /46��#��5#+%'$%3=",/�!�+�<�:Z�%6�[,`�:H/�J�-�

#+%14S�� "4S��#+�JG+������="�R�&C^8u%3=/(; /N)��(;%6�v�R�F=/%3>)�!N��v?J%6�&46�!(�����#��&s
���- 7 /�!?AD+�R��43�!()�&%6 J8���=.��Gu%3=/�!���!(x /()�¡�!�� MeVD+% 8�%6()=M /% ��8&=/(S\^�!?@����%6��,/(^#&() 

�!() W���+>)D+��() 6C�8���=/�l�!() o>)=.���&#+%6 Jc
120◦

9
150◦

mq��?FG��� o /�!?AD+�R��43�!()�&%6 oeVD+%3#�����8�()=
#+%6G+�IH"(E#+%;�R�M>)=/�-k�46�E#&%6��%]\^8�%6="�!?J%6�[,.(xc�Z)%6='k�>�D+=.�v�^sÞ�[m]Cu8���=/�E��() W#+%3?M�- 6C%3�x�!�
=/%3>)�!N)� eVD+%5Z-�l#+%;�!(� 

70MeV
0��� ",.�746%6="4S�7#+%

300MeV
C�+�!�&>)U+��?@(B#+%3�!(l��()>)=.�

>)%6�&%6=.�-=�D&�	8�%6=gk��� /��?@���R��=ocdZ�%6=Kk�>)D+=/�M�Bs©¨)m�s
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Be 800MeV 30.0 grados

GEANT4 QGSP_BIC 800MeV Be

GEANT4 QGSP_BERT_TRV 800MeV Be

Datos experimento Amian

Neutron tet = 30.0

Energia MeV
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1

10

210

310

410
Be 800MeV 60.0 grados

GEANT4 QGSP_BIC 800MeV Be

GEANT4 QGSP_BERT_TRV 800MeV Be

Datos experimento Amian

Neutron tet = 60.0

Åy��>)D+=.�;�Bs©¨^�|Ò*�/à"á*Ì/ÈX�AÏBÐoâWÐ]����ÉÊ��� Ú ×&È��"È 30◦ ã È������}Ø`È]ä;Ù 60◦ ã È[Ø`È"åS�`ä��



º»|¼l½B¾S¿�ÀdÁ:Â+Ã�Ä�¾ {Væ

Energia MeV
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Se
cc

io
n 

ef
ic

az
 d

ob
le

 d
ife

re
nc

ia
l m

b/
(M

eV
 s

r)

-710

-610

-510

-410

-310

-210

-110

1

10

210

310

410
Be 800MeV 120.0 grados

GEANT4 QGSP_BIC 800MeV Be

GEANT4 QGSP_BERT_TRV 800MeV Be

Datos experimento Amian

Neutron tet = 120.0
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1
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210

310

410
Be 800MeV 150.0 grados

GEANT4 QGSP_BIC 800MeV Be

GEANT4 QGSP_BERT_TRV 800MeV Be

Datos experimento Amian

Neutron tet = 150.0

Åy�!>�D+=.�;�^sÞ�&��Ò*�"à"á*Ì/ÈX�wÏBÐ'âoÐ]�]��ÉÊ��� Ú 120◦ ã È��]���}Ø`È]ä;Ù 150◦ ã È[Ø`È"åS�`ä��
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O$()�&rd()="?@%$��D+?J%6�[,`�W%3�&8�%6 "('�BD&46�!%6��=|�!�q /��?FD+�!��46��N)�CI /()G&=/%$,/(^#+(o�R�o#+%$4S�� "4S��#��
G+������=/�!�&Cy "%h8��-=/%643%	?@�� J���L%]\^8�%6="�!?J%6�[,.(+Q�%3 M%3��46�� /(�#+%6�LG�()=/(&C�%]\^�! g,.%6�§�!��>)%6=/�� 
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597 MeV
�©�

���� #"%$>9<�>B.$!�>'5�>27�(2V2.-sH.$&�(+%'5*,�v+.*(�pB�-5;� @�K9<�>~ Q �(')-5;v".+@�(+7�($>�!���!��2%-5$72.-)�6-5 1B�-5D.*
2.-p$&�(�O�! 1B.$>-5 1-5+:9L�(')�!*,+%-5�2.-�$!*,�� 1*]2.-5$>*,��2.-p'?�(��'?�(27�F�!+:9<;6�(+=".'5$>-?�(;�B7�e;<�F2%�!��96�!+:9<*(�
-5$>-5 1-5+:9<*,��|ª�\2%�!��96�!+:9<*(���(+.�(".$!*,�<�N[=2.-��>�,"7�($` @�(+.-);<�\ 1*,��96;<�( 1*,�p_=".-�$!*(�� 1*32%-5$!*(�
B7�(;6�d�($K9L�(�OkaH7�ut6�(�I-5+.-);6�,b!�(��_]"%- z -5�(+:9<{FBC-);6 1�>9<-P 1-5R)'5$&�e;7t�".+:96*d'5*(+#$!*,�O 1*32%-5$!*(�
2.-a'?�(��'?�(2.�1�>+=96;<�(+=".')$!-5�(;�+.*1�6*,+«'5;�b>9<�>'5*,�T-5+«$!*,��B�-5;^�7$!-)�s�.+7�($!-)�5�

¬ *, @*k:�® @-)+.'5�>*,+7�( 1*,��B.�(;<�$!*,�¢;�-5�6"%$>9L�e2.*,�¢-5+�$&�lB.;6"%-5H7�2.-�$!*,�¢�6"%H3¯
°:±



° U

2.-N9<-5'N9<*,;�-5��² ¬�³ k�§ ¬�³ +.*�EG".-mBC*,���!H.$>-m�e$!'?�e+.R?�(;@$&�r-5+.-);6�,b!��2.-
158 GeV/nB7�(;6��-5$ Q �(Ra2.-a�>+.2.�!*«|G+.�$>*,�

20 GeV/n
B.�(;<��-5$�2%-VB%$!*, 1*=��_=".-a�6-V�(B%$!�!'5�(;6*(+�-5+

-5$P-©M%B�-5;��! 1-5+:9<*%o����!+q-5 #H7�e;6�,*	'5*,+q".+7�	-)+.-5;��,b&�« #".' Q *	 @-)+.*,;x|� 1-5+.*(�J2.-1".+7�
2.-)'5�! @�@B.�(;�96-\-5+m".+�'?�e�6*=�s�6-#$>*,�,;6~1".+jB�-5;^�7$I���! 1�!$!�(;��x$>*x 1-52.�>2.*@B�*,;F-5$�² ¬�³
k/|�-)+� 1-5+.*(;J 1-52.�>27�(2`��B�*,;a-5$�§ ¬�³ o� 1*,��96;<�(+.2%*	$!�}�`�eH.�!$>�!27�(2j2%-x$!*(�V 1*]2.-5$>*,�
-5+�B.;6*]'5-)�6*,��2%-	EG;<�e�, @-)+:9L�(')�!~,+�p§]�FH.�>-5+´+%*n�6�> #".$&�e @*,��$>*,�1 x�e96-5;��&�($>-5�w2.-m$>*,�
2.-N9<-5'N9<*,;�-5��+%�d�6"l�(-5*, 1-)96;6b&�3o�k:�n_=".-�-)�6-�+.*�-5;<�n-)$S�.+oT$>*�*,H%96-5+.�>2.*�B.�(;<��$>*,�
�6"%H3¯µ2.-N9<-)')9<*(;6-5�\ @-)+.'5�>*,+7�(2.*(�J���!;��]�>~m'5*( @*	-5��9<�(+.27�e;5o�BC*,;J$&�} @�>�6 @�«;6�(R5~(+n�(¶.+
�6�>+q')*, 1B7�(;<�e;V')*,+�"%+�-NM3B�-5;��! 1-5+:9<*	;6-?�e$pB�*]2.-5 1*,���,-);\_=".-x-)+�-)$�'5�(�6*	2.-@"%�<�(;
".+ Q �(Rd2.-aB.$!*, 1*\B.�(;<�#$!�\EG;<�(�, 1-5+:9<�('5�>~,+o]�!+.')$!".��*w�#".+7�#-5+%-5;6�(b&�#2.-

10 GeV/n
o

B�*32.-) @*(���,-5+%-5;<�e;v".+7�� #".$K9<�!B%$!�!')�!27�e2J @�?k,*,;)o:�(�6b%'5*, 1*�'5".H%;6�!;v @�(��-)$!-) @-)+=96*,�v-5+
-5$3-5��BC-)')9<;�*@|�+.*�$>*,�,;<�e @*,�O�6�($>�e�(;�+.*,��2.-)$%B.;�*,H.$>-5 @�F2.-�$!�d�(B7�e;6-5+:96-�BC-);6�!*]2.�>'5�!2.�(2`�N�
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�	�������! #"%$&�'�!$&�($#�)$&�+*,$�-.�0/!$#"%�1��23$&/!$# &$&�4"%5�$# &�65' #7%8��4/9$�:0 <;!=?>0/97%�!@�$#=�A65B=,5
A65'=+*,C% #�!"D5E"F7%2!=?$

−h̄2

2m
∇

2
Ψ = EΨ, GIHKJMLON

 &���P�9�65Q�R�'"%�! #7%8��
Ψ S �!$�/!$&23$T &�9-UA!"F7%= G �?�!A3���!7%$#�!/!�V5'"W�YXZ�! &"F$&�[�9�P &�!23�[/!$5'=R7F�?*,5'�]\+5_^ N

Ψ(0, 0, 0) = Ψ(a, a, a) = 0. GIHKJa`�Nbc�'-d5'=e5B"Y��f! &"F$&�. &��-.�g�!�h &�!23�U�9�U5B"F*,$#=,5'=RiE$&"	=?$&�R�9"F*<5B/!�!j!$#�W7F�!/!$#Ak$#�!/!7%$#�l*,$m/!$
*<5'"n;!7%A38'*,$#�R7F� J �o5g�R��"F�! &7F8��p/!$ GIHqJFLON *R��-U5'/!�g$&�h &�9$&�l*<5 GIHKJa`�Nsr

Ψ(x, y, z) = Asen(kxx)sen(kyy)sen(kzz), GtHKJvulN/!���!/9$ H $#�W�9�65. #���!�+*<5'�l*,$w/!$m�!��=?-d5B"%7%x&5' &7F8��Uy
kx

j
ky

y
kz

/9$&23$&�h &�!-.A!"%7F=

kxa = nxπ kya = nyπ kza = nzπ, GtHKJZz�N &���
nx

j
ny

y
nz

$&�l*,$#=R���eA3���R7M*,7F{'��� J!| 5'=R5} &5'/65}@�=R�9Ak�g/!$m$#�?*,�'�W$#�l*,$&=?���e*,$&�9$&-.����!�65}$&�!$#=R@�C%5

E(nx, ny, nz) =
h̄2k2

2m
=

h̄2

2m
(k2

x
+ k2

y
+ k2

z
) =

h̄2π2

2ma2
n2. GtHKJa~�N

:07F*R�6i'�!/!�'�!���g$&�1$&"�$&�RA!5' &7F��{'$& �*,��=?7D5'"�*R=R7F/!7%-.$&�!�?7%���!5'"
K
j�$&�V &5'/65( &�!23��/!$

5'=R7F�?*,5
π/a

�R8�"F��;65�y��!�[A3���?7%2!"F$.A9�!�l*,��*,5'" S �9$�$&"�{�$# #*,�'= k
*R7%$&�9$.*,5'-d5B�!�

k
y

���



�'�

�,5_*,7%�+�I5' &$K"D5d$# &�65' #7%��� GtHKJvulN�Jn� "����!-U$#=R��/!$g$#�R����A9�!�l*,����$#��"%5d �5B�R �5B=,5�$&�+�t�&=R7F �5
S �!$�{B5./!$ k

5
k + dk

�R$&=Ri

dn(k) =
1

8
4πk2dk

1

(π/a)3
, GtHKJ � N

�!8'*R$&�?$ S �!$ 4πk2dk
$&��$#"6{���"F�!-U$#�d/!$��!�65w �5O�R5w$&�?�t�#=R7F �5q #���d=R5'/!7F�q/!$

k
5

k +dk
G �?$�*R��-d51�!�)�� #*,5�{'��A!�!$#�(�R8�"F��7F��*R$&=?$&�,5�$&"w�0 �*<5'�l*,$�/!���!/9$

kx

j
ky

y
kz

�R���
A3���R7M*,7F{'��� N j (π/a)3

$#��$&"W{���"F�!-.$&�P/!$#"� &�92k��/!$�"D5'�U�R��"F�! &7F���!$&�UAk$#=R-.7F*R7%/65'�.$&�
$&"o$#�RA65' #7%�

K Jk� 5'-E297D5'�!/9�."%5./9$&A3$&�!/!$#�! &7%5U/!$ k
Ak��=e"%5}/9$

E
$&� GIHKJ � N 5UA!5'=?*R7%=/!$m"D5E$# &�65B &7%8'� GtHKJa~�N ��29*R$&�!$#-U���

dn(E) =
m3/2a3

√

2π2h̄3
E1/2dE, GIHKJ � N

7%�l*R$&@�=R5'�!/!� GtHKJv�lN /!$ � 5�"D5d-.C%�97%-U5}$#�!$&=?@�CD5UA65'=,5�7F�! &"F�!7%=e*,��/!����"%�������! &"F$&���!$#�&j/!$#�!��-.7%�65'/!5
EF

j0*,$&�9����$#"	��f!-U$#=R�g*,�B*<5'"Y/9$wA9�!�l*,���W�}�!7F{'$&"%$#�e/!$m�0 #�!A65' #7%8��

n(EF ) =

√

2m3/2a3

3π2h̄3
E

3/2

F
=

A

4
, GtHKJv�lN

"D5qf!"F*R7%-U5w7F@��65'"F/65'/��?$�/!$&23$m5 S �!$�Ak�'=� �5'/!5E�!7F{'$&"YA!�9$&/!$�;65B2k$#=�-di_�07F-U�q &�65B*R=R����! &"F$&���9$&�&j]/!���UA!=R�'*R���!$#�Uy1/!���U���9 &"%$#���!$#�d &�'��$&�?A!C%�� #���l*,=R5'=R7F��� J�� $#�RA3$��R5'�!/9���29*R$&�!$#-U�'���!�65}$��0A!=R$#�R7F8���A!5'=,5}"D5E$#�!$&=?@�CD5g/!$w 6$&=?-U7Y$#�h*R�&=?-U7F�!����/!$ HqJ
EF =

h̄2

2m
(
3π2

2

A

a3
)
2/3

=
h̄2

2m
(
3π2

2
ρ)

2/3, GtHKJ � N
/!���9/!$

A/a3
"F��;!$#-U�'�.=?$&265B�9*,7Fx�5'/!�� &��-.�

ρ J�| ��/!$&-.���.7%@��!5'"D5'=K"D5�$&�!$#=R@�C%5�/!$ 6$&=?-U7k &���h"D5g$&�9$&=R@'CD5E &7F�!�#*R7% &5}�9�U=?$&"D5_*,7F{�7F�?*<5wy���29*R$&�!$#=

pF = h̄(
3π2ρ

2
)
1/3. GtHKJML � N
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∆Ω

!#"%$&"('*),+.-0/21&+.3.4(-54,68796;:=<>3?"A@B)("A@5:26C'*3.1&"�/2-*D(:26E)("A@GFH$&/=FH@&:2@56;/JILK;:=3.FH@NM(F;-&<>-B),"A@
68OP796C",/23?-*"Q4,6;+RFC-*",F;6CS(79-�4,6T$&"('*),+.-QUL6;"Q:9@&4(3V@&",6C/W+.-*"('*3?72),4X4,6Y@&:=F;-%SZ-&:[),",3?4A@&4
4,6�:2@&4,3.-]\^/=6�6;"]793?6;",4(6_F;-*<Y-`),",@X),",3.4,@&4a4,6b$&:26;@X/2-*D,:=6�6;+c:9@&4(3.-X@d+cFC)A@&4,:2@&4,-
U
Ω = S/R2

MZ4,-*",4,6
dS

6C/[+V@>4,3?IL6C:26;"(F;3V@d+e4(6f$&:26;@bg
R
6C+h:2@&4,3.->4,6G+.@>6;/JILK;:2@]\#6;"

4,3.:=6;FCF;3.1&"�4(60)("`$&"('*),+.-
θ i !#"A@f4,68jA",3?F;3.1&"�<>$&/kIL-*:=<b@d+l+.-T6C/2F;:=3.Dm6^F;-*<Y-

Ω =

∫ ∫

S

n̂ · dS

r2
,

Uon iqp \
6;+sr*6CFC72-*:

S
6C/^",-*:2<>@&+R@d+R$&:26;@�Sm-*:WKC+R4,6;/=F;:23q7t@(ul6;"QF;-P-*:24,6C"A@&4A@d/0Sm-*+.@&:26C/W/26

:26C4,),F;6B@

Ω =

∫ ∫

S

senθdθdφ
Uvn ixw \

y 3,68ON3?/=796z)("A@[/23?<>6879:2{.@#:=6;/2Sm6;F879-B@&+,$d",'*),+?-
φ
6;/RSm-*/=3.D,+?6|:26C4,),FC3.:R@[),"G72K;:=<>3?",-

<b$d/z/26;"(F;3.+?+.-f+.@G:26;+.@&F;3?1*"QUoS,@&:9@f),"}@&",3?+.+.-54,6^+V@GFH@d/2FH@d:9@T6;/=ILKC:23?FH@T4,6^'*:2-*/=-*:
∆θ

\

∆Ω = 4π

∫

θ+
∆θ

2

θ−∆θ

2

senθdθ.
Uvn i�~ \

� p



� w
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�K+�y�{����]�4{G�$?IF2723�1zF2<IB'w�3�143�<J~+�HA9�7v~JF��PF2B�FK52BZ-f7
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���^X�"!���QocY������$�p��VAR���^X�"��MVQ�MNPY�\6d�a�a�¡¢b2&

�e§f��mpoAV�#¢q�&ls,&*#cmpu�uS�����MV�# [ &*#Gw�HIF'5K-0/214365@7�9�:0/'F2<}F276~JF2BD365K/;9�<>=P1]9f/K/h�K+�y�{��p�t�
3�<A/2BD72²J1zF2<IB´³;µA��u� ���"'¶ZVQ�^X�"!µANt $V¢X!�P�jVQR¸·� $X�oA��RQ�h��V [ ocYJ�!���$�P�� ��� `��"��Ko¸¹
º,»Q¼ \6d�a�ac£Mb;�0a���¡j¤K�`ac§��A&
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�e£f�hgi $"�X�µAuÆ��VQ�v#>L8��"!uS�M�ÇmP&*#�Èp²I52E�F!9�7Ç?IHJ:0/2365K/P3�<À9�<I²JBÉ/KHIF2E�EÊ# [ "!�SVQ�� 2X��MVU;VQ�*WM �"�¤
�!�*XZY [ "! $�!��# [ "!�SVQ�� 2X��MVd�aMaM£�&��M�0_¥¤K�¥dj¡A&

��¦j�h���MoQuSËGkA&¨ÌÍ&S#}�x-�=JF27C<t?IHJ:0/23�/05K5K/�ÎC7�-f1
α
B�-

Z0
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���0aj��s� $"!O> �"�#��h&*#�Èp²I52E�F!9�7 7�F!9J52Bv36-f<A/ 9�B]HJ3*~fH�F2<}F27v~�36FK/K [ ocYJ�!�S�`��u4�� $WJ�S $Ö »I×
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/23�14²JE*9�Bv36-f<A/�9�B,3�<IBZF27C1zF!=�3D9�B�F@F2<}F27v~�36FK/2#`³ÇµQ��uS `��"}¶ZVQ��X!"!µQN] �VcX�����VQR�·� 2X�oQ�JRQ�
�SV [ ocYJ�!�S���;�Ç $�! `�j"!�Ko|¹�è ¼�é \6djaMacdMbi¡c_Md¥¤^§�a�½A&

���¥§f��ÙI�MuSTM �"$#�4&� $XÍ��uv&S#Ïw�HIF���3�<>9�7C:ª5!9f/05!9c=JF±È�²I52E�FK-f<ê<I²I52E�F!9�7�7�F!9J52BD36-f<A/2#
�nµQ"��M�, ���V [ ocYJ�!�S�`��u�k���µQ"!VI�ju�m ×�é #�\vd�aMa�¡¢bi¡Mac£¥¤Z¡A�¥£�&

���0½j�h¶ÕWj��VQ�KoA �VQ°j�Q#cs,&¥ 2X���uv&S#�ä;F!9�<IB*å]B�-0-fElëf3�B�Î`-f7´/23�14²�E*9�BD36-f<�-�În©;{´ÁÅF��$?IF27C3�1zF2<IB�/2#
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