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V�IOAD� ú�A�GFG�IOü-�FH�CFT�U���H-�FH�I¸�[ADCF��I|���fG���¥mT·T�C[ü�IKC[GQ� IOGFG
�FH�AD���FH�I �%U��>V�IKCmTD��ú�ADC��F�f�|� IOG�ü�I|�FIO�z�FIOü¡¥,� �FH�T�U��BA:�[ADC�û
��I|�O=
¤ U�CF� ���ý�FH�IxI���ú�IKCF� ��IK����G�IKJ�IKC[AD���fGFG�U�IOG>ADCFT�G�I�= �BH�I

þ�C[G����fG+A�GFG�T��|�fA��FIOü¥,� �FH@�FH�I�ü�IKú�IK��ü�IK���|I�TD�%�FH�I�ü�I|�FIO�z�FT�C
�|T�U����,C[A��FI@T���V�IOAD� ��T��|U�G�� ����=
�BH�I@V�IOAD���|CFT�GFG�T�J�IKC�¥,� �FHa��TQ�[ADCF��I|�B¥BA�G,G���AD� ��AD��ü
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� ��AD� � E-� ��G�IK��G�� �F� J�I��FT
G�T�� �fü%û)AD����� I�J�ADCF�fA��F� T���GK= ¨�I|�¡U�G
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CFIK���fG��FIKCFIOü¡ú�ADC��F�f�|� IOGm¥,� �FH¸A>�[ADCF��I|�ON�AD��ü�	�N��@N
�N��RN��
¥,� �FH�T�U��O=#P �K�|T�C[ü�� �����FTx� � GK=Y� � � �zN � � �)�zN�A��e�FIKC#�FH�IR�[ADC�û
��I|�R�FH�IxV�IOAD� H�A�GRT���� E ü��fAD��T���AD���|T���ú�T���IK���[GRTD�B�FH�I
�FIK��G�T�C ú�T��fADCF� ªOA��F� T���� �k� N����T��N�������N9V�U��:A�G J5�T��h_J5���%N¥mI@T�V��[AD� � i
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�h= I�= N�� �B�FH�I¡V�IOAD� A�� � U�� CFIOG�FH�I��FIK��G�T�C:ú�T��fADCF� ªOA��F� T��®� �
�FH�IB�[ADCF��I|�1�FH��fG�G�H�T�U��füQ� IOA�ü>�FTRA:�[H�AD����IB� �Q�FH�I#C[A��F� T@TD�
�FH�I�G�U�� TD���FH�I��|T�U����[G�%U��>V�IKC:TD���FH�I�G��fü�I�ü�I|�FIO�z�FT�C[G
�FTQ�FH�IR�|T�U����[GBTD���FH�I@��T�CF¥BADC[üxü�I|�FIO�z�FT�CO=
�BH�I
CFIOG�U�� �F� ��� IK��IKCF��E ü�IKú�IK��ü�IK���|I-TD�Q�FH�I
I���ú�IKCF� û

��IK���[AD�,ú�T�� ���[G�¥BA�G�ADú�ú�CFT$��� ��A��FIOü
V%E-A � � ��IOADC�� IOA�G���û
G � U�ADCFIOG+þ��O=1�BH�I,��IOA�G�U�CFIK��IK���[G�¥mIKCFI,�KADCFCF� IOüRT�U���¥,� �FH
�FH�CFIKIaü�� ¬9IKCFIK�����[ADCF��I|�[GQAD��ü
�FH�I¸�|T�CFCFIOG�ú�T���ü�� ��� IK��IKC�û
��� IOGQTD� �FH�Ia� ���|�fü�IK���¡ü�IKU��FIKCFT��(V�IOAD�a=(�BH�I¸ü�IKU��FIKCFT��
IK��IKCF��� IOG�A��e�FIKC��FH�Im�[ADCF��I|�[G�¥mIKCFI���T�U���ü>��CFT�� �FH�I#?mI|�FH�I|û
?m� T��[H¸��T�CF�>U��fA¡AD��üýG�H�T�U��fü¸V�IQADV�T�U��V5�¶¸IK<>=6��T�C I��%û
AD��ú�� I�N�A�ü�IKU��FIKCFT���V�IOAD�8TD� � 6�= � ¶¸IK< � �x��CFT����#TD�+�FH�I
�KADCFV�T��Q�[ADCF��I|�1¥,� �FH � 6)6 â! /�âd� ú�CFT�ü�U��|IOGQ5¶¸IK< AqJ�IKC[AD��IV�IOAD��IK��IKCF��EaA��e�FIKC �FH�IR�[ADCF��I|�O=Pm� �FH��fG IK��IKCF��E�TD�1�FH�I
� ���|�fü�IK����V�IOAD� �KAD� � V�C[A��F� T��
��IOA�G�U�CFIK��IK���[GQ¥,� �FH�T�U��¡A
�[ADCF��I|�,¥mIKCFI �[ADL�IK��V�I|��T�CFI�=
��T�CQIOA��[H·�[ADCF��I|�QA®G�� ��� �fADC>ú�CFT��|IOGFG�� ���ýTD�#�FH�IaG�ú�IO�zû

�FCFU�� ¥BA�G�ü�T���I�= �BH�I¸�FH��f�[L%��IOGFG�TD�@IOA��[H(�[ADCF��I|�¡AD��ü
ú�ADC[AD��I|�FIKC[G#TD���FH�IQ� � ��IOADCþ��@��T�CIOA��[H®�KA�G�IQADCFIQG�H�T�¥,�
� ���[ADV�� I@¦z=
�T��ú�IKCF� ��IK���[AD� ú�T�� ���[G ��T�C8IOA��[Hñ�[ADCF��I|��AD��üñCFI|û

�fA��FIOü � � ��IOADC¸ADú�ú�CFT$��� ��A��F� T���GxADCFI®ú�CFIOG�IK���FIOü � � ��� ��GK=
�)� û � ��= �BH�I G�� ���#" ��ADCFL I���ú�IKCF� ��IK���[AD� ú�T�� ���[G
��¨
?S ?�Y?¤Y� 2 � ¥,� �FH�T�U��¡Aý�[ADCF��I|� ���KAD� � V�C[A��F� T���� 2%$
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TD�d�46 ��� 2 �|� p N � � � ��� 2 �|� p N � 6)6 ��� 2 �|� p N#CFIOG�ú�IO�zû
�F� J�IK� E 2 ��������� �FH�I:� � ��IOADCBþ��,�FT�I���ú�IKCF� ��IK���[AD�6ú�T�� ���[G
��¨
?S ?�Y?¤Y� 2 �(¥,� �FH�T�U���[ADCF��I|� 2������ . �FH�IQ� � ��û
IOADCxþ����FT-I���ú�IKCF� ��IK���[AD�ú�T�� ���[Gg��¨
?S ?�Y?¤Y� 2 � ��T�C
�FH�I��[ADCF��I|�[G+TD�t�46,��� 2 �|� p N � � � ��� 2 �|� p N � 6)6,��� 2 �|� p N
CFIOG�ú�IO�z�F� J�IK� E�N��FH�I:� � ��I 2 � � � � � �|T�CFCFIOG�ú�T���ü�G��FTQ�FH�I
�FIK��G�T�C�ú�T��fADCF� ªOA��F� T���J �k� h : � � N�¥,H��f�[H�ü�T%IOG���TD��ü�IKú�IK��üT��x�FH�IRü�IKU��FIKCFT���IK��IKCF��E�=
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� T�¥#G-i6�FH�I#G��FC[AD� ��H��1� � ��I#�|T�CFCFIOG�ú�T���ü�� ��� �FT�FIK��G�T�C1ú�T��fADC�û
� ªOA��F� T�� : = � �|CFT�GFG�IOG��FH�I:G��FC[AD� ��H��B� � ��I:�|T�CFCFIOG�ú�T���ü�� ���R�FT
�FH�IU���ú�T��fADCF� ªKIOü�V�IOAD�/TD�+ü�IKU��FIKCFT���G�¥,� �FHx��TR�[ADCF��I|��� �
�FH�I�CFIK��� T��@TD� � 	,¶¸IK<>=q�T��ú�IKCF� ��IK���[AD��ü�A��[ABV�IKH�AqJ�I1J�IKCFE
ü�� ¬9IKCFIK���F� E�N6�h= I�=:¥mIQH�AqJ�IQA¡C[A��FH�IKC@G��FCFT�����ü�IKú�IK��ü�IK���|I
TD�+�FH�I@�FIK��G�T�C,ú�T��fADCF� ªOA��F� T��xT����FH�IRü�IKU��FIKCFT���IK��IKCF��Eti

"x�T��ú�IKCF� ��IK���[AD�ýú�T�� ���[G H�AqJ�I A CFIK�fA��F� J�IK� E ¥,�fü�I
G�ú�CFIOA�ü ¥,� �FH AD��ü ¥,� �FH�T�U�� Aº�[ADCF��I|�ONRAD� �FH�T�U���H
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¥,� �FH(Aý�[ADCF��I|�R�FH�I�� � ��U�IK���|I�TD� ü�� ¬9IKCFIK���Q��T��|U�G�û
� ���¡�|T���ü�� �F� T���G,G�H�T�U��füxV�IRG���AD� � IKCO=

"��%� ���|IB�FH�I,�[ADCF��I|���FH��f�[L%��IOGFG�H�A�G1AD��IKCFCFT�C�TD�b! 3 `¡N
AD��ü·�FH�IKCFIx�fG>��T ú�T�GFG�� V�� � � ��E®�FT �KAD� � V�C[A��FIxü�I|�FIO�zû
�FT�C[GKN��FH�IIKCFCFT�C�TD�6�FH�I@ü�IKU��FIKCFT��¡IK��IKCF��E�A��e�FIKC��FH�I
�[ADCF��I|�T�V��[AD� ��IOü¸¥,� �FHý�FH�I�?mI|�FH�I|û)?m� T��[H¸��T�CF�>U��fA
AD��üx�[ADV�� IOG,�fGB! : � 3�� D���=��BH��fG,��IOAD��GB�FH�A��,�FH�I� � ��IOADCQCFIK�fA��F� T��·��AqE®V�IaG�H�� �e�FIOü
� �·�FH��fG>� ���FIKCFJ�AD�
��T�C#IOA��[H¡�[ADCF��I|�O=

�BH�IKCFI|��T�CFI�N�A®U���� � U�I¸G�T�U�C[�|I�TD�� ����T�CF��A��F� T��ºADV�T�U��
ü��f�[H�CFT��fG��I�e�FIK��G�T�C1ú�T��fADCF� ªOA��F� T���ADCF�fG�� ��� �+�fG��FH�I#G�� T�ú�I,TD�
�FH�I G��FC[AD� ��H���� � ��I,¥,H��f�[H¡ü�T%IOG1��TD�m�[H�AD����I,IOGFG�IK���F�fAD� � ER� �
�FH��fG#IKCFCFT�C#� ���FIKCFJ�AD�hN��h= I�=m�FH�IQ�[H�AD����I:TD�1� � ��I>G�� T�ú�IR¥,� �FH
AD��ü(¥,� �FH�T�U��xA®�[ADCF��I|���FIOG��F� þ�IOG��FT·ü��f�[H�CFT��fG��K�e�FIK��G�T�C
ú�T��fADCF� ªOA��F� T����¡ADCF�fG�� ���-A��K�|T�C[ü�� ���·�FTe� 3 �)�z= ?mU��¸G�� ���|I
¥mIxü�Tý��TD�>L%��T�¥ �FH�I�ü�IKU��FIKCFT��·IK��IKCF��E®A��e�FIKCR�FH�I¡�[ADC�û
��I|�[GRI���A��z�F� E�N�¥mIx�KAD����TD�Rþ���ü �FH�I�ü�� ¬9IKCFIK���|I¡V�I|��¥mIKIK�
ú�T�� ���[G¡T�� �FH�I � � ��IOGx�|T�CFCFIOG�ú�T���ü�� ��� �FT·�FH�I®GFAD��IýIK��û
IKCF��E-AD��ü(AD��AD� E%ªK� ��� ú�T�¥mIKC�¥,� �FH G�U 4¡�|� IK���xA��K�|U�C[A��|E�=
�BH�T�U���H
�FH�I���AD����� �FU�ü�I�TD�ü��f�[H�CFT��fG�� �KAD����TD�QV�I¸ü�I|û
�FIKCF��� ��IOü¸ú�CFIO�|�fG�IK� EaV%E¸� � =9� 3 �)�,¥,� �FH�� � � �[GIKCFCFT�C[G,E�I|�
��CFT�� �FH�I G�� T�ú�I,¥mI#�KAD���|T����|� U�ü�IB�FH�A��mü��f�[H�CFT��fG�� I����fG��[G
AD��ü�� ���|CFIOA�G�IOG1¥,� �FH¡IK��IKCF��EQ� ���FH��fG�IK��IKCF��E>CFIK��� T���=��BH�I
AqJ�IKC[AD��I�ü�IKú�IK��ü�IK���|IBTD�9ü��f�[H�CFT��fG�� T��>�FH�I,ü�IKU��FIKCFT��QIK��û
IKCF��EaA��e�FIKC �FH�I>�[ADCF��I|� ú�A�GFGFAD��IR�fGG�H�T�¥,�ý� � ��� ��GK= � �Dû � 	
¥,H�IKCFI��FH�IxCFIK�fA��F� T�� V�I|��¥mIKIK� �FIK��G�T�CRú�T��fADCF� ªOA��F� T��·AD��ü
ü��f�[H�CFT��fG��/�fG,U�G�IOüni � hD� ;H J �k� =
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Q9Æ Î�ÖOR OOS��B½[É�½[Ç%Ë�½[Ç�Í[½�ÂKÈ�Ë�Æ Í�¼�¿�ÂOÆ À)ÊºÂOÇ Á�¼�½1Ë�½[Ì�Á�½F¿�ÂOÇ½[Ç�½F¿�ÎKÏ
Å|È Á�½F¿�Á�¼�½BÉ%ÅKÀ)À�ÅKÎO½,ÂKÈ�ÅÍzÅ|¿�Ã�ÂOÇ>Á�Å|¿�ÎO½FÁ�ÂKÈ U _Ê:ÎVX|Í[ÊZY �9Ñ6Ñ�Ñ
Ñ ¿�ÅKÇ�ÎO½,ÂKÈ+Ë�½[ÄDÆ Å|Á�Æ ÂOÇ�]�Ö

�Qï|ð ø@õ@ò¡øMW�÷zU�ïzõ@ò

P �K�|T�C[ü�� ���>�FT�I���ú�IKCF� ��IK���[AD�6CFIOG�U�� �[GB� �#�fGBú�T�GFG�� V�� I�FT
ü�C[Aq¥ �FH�I@��T�� � T�¥,� �����|T����|� U�G�� T���G-i
� =���T�CRAD� �1�FH�CFIKI��KADCFV�T��ý�[ADCF��I|�[G:G�ú�� � ü��f�[H�CFT��fG�� TD�
ü�IKU��FIKCFT���G��fG�T�V�G�IKCFJ�IOü6NDIOG�ú�IO�|�fAD� � EQJ%�fG�� V�� I,��T�C��FH�I

�[ADCF��I|�[GBTD� � � � ��� 2 �|� p N � 6)6>��� 2 �|� p =

6.6 6.8 7 7.2 7.4
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Q9Æ Î�ÖORWU S��B½[É�½[Ç%Ë�½[Ç�Í[½�ÂKÈ�Ë�Æ Í�¼�¿�ÂOÆ À)ÊºÂOÇ Á�¼�½1Ë�½[Ì�Á�½F¿�ÂOÇ½[Ç�½F¿�ÎKÏ
Å|È Á�½F¿�Á�¼�½#É%ÅKÀ)À�ÅKÎO½ ÂKÈ+Å@ÍzÅ|¿�Ã�ÂOÇ�Á�Å|¿�ÎO½FÁBÂKÈ`RWU R Ê:ÎVX|Í[ÊZY��eÀ)½[½Q9Æ Î�Ö5R O ]�Ö

5.5 6 6.5 7 7.5 8

0.05

0

ENERGY(MeV)

D
IC

H
R

O
IS

M

Q9Æ Î�ÖORzÐ�S��B½[É�½[Ç%Ë�½[Ç�Í[½�ÂKÈ�Ë�Æ Í�¼�¿�ÂOÆ À)ÊºÂOÇ Á�¼�½1Ë�½[Ì�Á�½F¿�ÂOÇ½[Ç�½F¿�ÎKÏ
Å|È Á�½F¿�Á�¼�½#É%ÅKÀ)À�ÅKÎO½ ÂKÈ+Å@ÍzÅ|¿�Ã�ÂOÇ�Á�Å|¿�ÎO½FÁBÂKÈ`R _ _:Ê:ÎVX|Í[Ê Y �eÀ)½[½Q9Æ Î�Ö5R O ]�Ö
3 =�¤ �f�[H�CFT��fG�� ��CFT�¥#G-� ���FH�I IK��IKCF��E/CFIK��� T��<	�û 34:
¶¸IK<>=

��=��BH�I�G�� ��� �[H�AD����IRTD��G�ú�� �®ü��f�[H�CFT��fG���AD��ü¸� �[G��TD�
V�IK� ���xú�CFT�ú�T�C��F� T���AD�6�FT��FH�IR�[ADCF��I|�,�FH��f�[L%��IOGFG �KAD�
V�I-I���ú��fAD� ��IOü V%E A ��T�CFI-�|T���ú�� �f�KA��FIOü ü�IKú�IK��û
ü�IK���|I(TD���FH�Iº�|CFT�GFG G�IO�z�F� T�� T�� �FH�I(IK��IKCF��EùTD�
ú�ADC��F�f�|� IOGKN�¥,H��f�[H��[H�AD����IOG�¥,H�IK���FH�I,V�IOAD�3ú�A�GFG�IOG
�FH�CFT�U���H �FH�I¡�[ADCF��I|�O=¸��T�CQA¸��T�CFIx�|T���ú�� I|�FIxü�I|û
GF�|CF� ú��F� T��ýTD���FH�IQü��f�[H�CFT��fG���T�V�G�IKCFJ�IOü�� �¸�FH��fG IK��û
IKCF��E CFIK��� T�� � �
�fG·��IO�|IOGFGFADCFE �FTù�[ADL�Iº� ���FT A��zû
�|T�U����G�ú�� ��û)G�ú�� �¸AD��ü £ T�U�� T��>Va� ���FIKC[A��z�F� T���G,AD��ü
A ú�T�GFG�� V�� I(� � ��U�IK���|I-TD�xCFIOG�T���AD��� CFIOA��z�F� T���GýTD�
ü�IKU��FIKCFT���GB¥,� �FH¸�KADCFV�T���=
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