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aYn�vÄd�iQnwX{�Úd�n�]`lYvQ�#m<pYn��Mpqnwvc`VYVYiQ]¹?�n�k/cTd�jT�£�<d�p{jÔdenwk/jÙiQj%vQ]`�w�#d�n�]`lq]`_{c��%jT�w��_�]`iÔc`lÁj%l{j%i>h��
aYj%Vx]`vQn£d�j%Ì*�Yno¢�c`�wjTled�d�]¡c �S¾�º�j?ÿ V{pY]Td�]SlYf¦ùznwhSfzU�V¡v>pY]tm<v�cSl�j/?�cSkWV{�wjT��Xxj%_�]`iQj
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0'1 2+3\4�À�3ÂÁªKM=T1#���5;��Â�*1 =?HIBT1 �1�+H�1 D�J*=Ã�YK#@CD�B?K�;>J\�Á;�@£HIKMB� P � D�B?ByK�� H�1 D�J*=µ�*=T1 J+2Ä� D�=T9<1#�bB%;F�<E�;>B/Å
H�1#�.� KM=T3

c`lYa/c`_ dej%izc`V{VY�£�5n�lYh·d�pYj^�T]`i>iQj%�?d�n�]`lYv>f\´^p{j�iQj%vQ]`�w�#d�n�]`l/nwv²Æ`¾S¾�VYv>�Yn�l/c`h`iQj%j%k/jTl�d¦m<nod�p
c�v>�Tc`��nwlYh³��ctm ]`_ h`¾OVYv¹= ÆÅ®�þ�j?ÿq±��T]`lYvQnwaYjTi>n�lYhúc4�`¾Çº�jyÿ jTÌ+�{n£¢�c`��j%led¡j%l{j%i>h��
i>jT�wjTc`v>jTf

´^pYjÁiQj%v>]S�w�Údenw]Sl n�lLdepYjÁ�%]+]`iQaYnwl{cTd�j´3qn�vN]`XÚdec`n�lYj%a³Xe���%]`k/VYc`iQnwl{h�d�pYjÁ�T]�]Si>aYn�lYcTdej%v
i>jT�%]`lYv�d�iQ�Y�ydej%aáXe�úd�pYjW�%c`��]`iQnwk/jydej%i
m<n£depOd�pY]Sv>j�]SXÚd�c`n�lYjTa�_�i>]Skâd�i>cS�Mr+n�lYh`��¤Yh`f¦Æ`¾Sf
´^pYjs�%jT�w�Ôi>jTv>]`���Údenw]`l¡n�v�]S_7depYj�]`i>a{j%i
]`_bÓW�Tk n�l¡cSh`i>jTj%k/j%led�m<n£dep/depYjsÌ+�{]Td�jTa/denwk/j
i>jTv>]`���Úd�n�]`lYf

´]u�MpYj%�Mr�d�pYjLV5jTi>_�]`iQk/c`lY�%jL]`_depYj��Tc`�w]Si>n�kWj?d�jTiÁc`v<cWd�n�k/j�]`_ÈZYnwhSp�dÅaYjydej%�?d�]`i�mAj
v>jT�wjT�ydA�%]`vQkWn��
i>ct�:j?¢\j%ledevÔm<nod�p�dImN]<]`VYVx]`vQn£dej^�%���YvÄdej%i>v��%]SlYlYj%�?d�jTa�Xe�:csv>n�lYh`��jzd�i>cS�Mr
nwl/d�pYj<aYiQnw_ d��MpYc`k�X5jTi>fbùx]Si�vQ�Y�Mp�jy¢Yj%led�v�d�pYj<aYi>n�_ d��MpYc`k�Xxj%i�nwl{_�]`i>k/cTdenw]`lOVYi>]t¢5n�aYj%v
d�pYj�d�i>cS�Mr¡��j%l{hTd�pú¯7É#b�c`l{aLd�pYj�kW]SkWjTled��Yk ü³]`_�depYj�d�iQc`�Mr*f¸ÖIl�¤{h`fÆ\|
d�pYj��%]`vQk/nw�
i>ct�¡¢\j%��]+�%nodI�áh`no¢\jTl Xe��ÊÙ¶�Ñø¯7É#bË= � []�_ � i ]`_ n�vNVY��]Td>dej%a³c`v�c�_��YlY�ydenw]Sl³]`_�d�pYj�d�i>cS�Mr
k/]`k/j%led��Yk üYfz´^pYj/aYcTdec¡cSi>jq¤ÚdQd�j%a�m<nod�p�ÊÀ¢\jTi>vQ�Yv�ü�i>jT�wc�d�n�]`l�Ê Ñ ü)= ü i lÍÌ i
m<pYj%iQj Ì ��d�pYj�k/c`vQv
]`_Yd�pYj�VYcSiÄd�n��%��j%��nwv¸depYj�]`lY�o�³_�iQj%j�VYc`iQc`k/jydej%i>fª´^p{jÙ¢{cS�w�Yj�]S_ Ì
]`XÚdec`nwl{j%a¡X���depYjsaYcTdecWn�v
�%]`k/VYc�d�n�XY�wj·m<nod�p/d�pYjsk��{]`lOk/c`vQv>�Ôc`v^j/?�Vxj%�?d�jTaYf
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0'1 2+3{��Î�3\²'D+9·E5;>B%1 =?D�J/D+@�HIBT;��g|\1 J*2Å;>J\���M;�� D�BT1ñ9·KMHIKMBa�eKMHIKMB%9s1 J5;>H�1 D�J�D+@+HIG+K¶� DÚD�BW�+1 J5;>HIK�G
;�� D�J*2�HIG*K�Ï��{KMB%3>G É#b 1 =¸D��*H�;�1 J*K���@£B?D+9áHIBT;��g|\1 J*2+3ÐG ]`cf_Ñ_ @£D�B=T1 J*2�� K�� K��#� =·;>J\��G ]�_ @£D�BI�.� �*=?HIKMB?=
;>B?K�HIG*K^R`;�� �+KM=A@CD��*J\�H!�1 HIG/HIG+K��M;�� D�BT1ñ9·KMHIKMBT3

p (MeV/c)

c 
(c

m
/n

s)
β

m = 105.6 MeV

Ò�Ó Ô�Õ)��Ö�Õ>×ªK�� Ø��.Ó Ù���Ú(ÛHÚÝÜÑ�*J\�fÙ:Ó Ø�J�Ø�ÜÞÙFßWÚ��`|�àIØ�à·KMJXÙF�\àáÜÑØ�ßâ�fØ�ÛWàaÓ#�YßËÚF�ÁKMR�KMJ}ÙFÛËÕ
ã%äxåg�Íå ä æxç�è L ï L ö#òÍí K�ðõçyò%é�ó²çyðñô�ãxôxòÍðÄò%é\ö
´^pYjAd�n�k/nwl{h¡iQj%vQ]`�w�#d�n�]`lúnwvNhSn£¢Yj%l nwl³¤YhSf¸Æ`U�_�]`i�VYpY]Tde]`lYv�_�iQ]`k iQc`aYn�cTd�no¢\j�¸�aYj%�TcM�5v
c`vÅ_��Yl{�yd�n�]`lË]`_¶Æ j fNþ<]�]+aFc`hSi>j%jTk/j%led�X5j?dImNjTj%lád�pYj³aYn�§xj%i>jTled kWjTc`v>�{i>j%k/jTl�devOn�v
]`XYvQj%iÄ¢Yj%a�a{]Mm<lqd�]O|T¾S¾-ºujyÿqfÔ´^pYjs�T�YiÄ¢Yj�n�l/depYjsVY��]Td�nwv
c/¤Úd
�5nwjT�waYn�lYh

ä ÉbÑ¼Ó��/VYv¹= Æ ®�þ�j?ÿq± |W�`¾/VYv
m<pYj%iQj¦depYj^v>cSkWV{�wn�lYh¶ZY�Y�yde�YcTdenw]`l�d�jTi>k n�v¦nwlWc`h`iQj%jTkWjTled�m<nod�p�d�jTvÄd�Xxj%c`k a{cTd�c`�{c`lYa
d�pYj
vQj%�%]SlYasdej%iQk nwv¦cs�%]SlYvÄdec`led�de]�X5j
c`a{aYj%aWnwl/Ì*�Yc`a{i>cTde�Yi>jTf\´^pYj
�%]`lYv�d�c`led¦d�jTi>k n�v
aY�Yj�VYc`iÄde�£�:de]�i>jTv>n�aY�Yc`��%c`��]`iQnwk/jydej%i�kWn�v>�Tc`��nwXYiQcTd�n�]`lYvAXY�Údqk/]`v�d��o�Ode]<depYj�n�led�i>n�lYvQnw�
d�n�k/j�v>V{i>j%cSa�aY�Yj^d�]sd�pYj<¤YlYnod�j��wjTlYhTd�punwl/d�pYj�å�aYn�i>jT�yd�n�]`l�]S_5d�pYj<���Yk/nwlY]S�YvAVx]`n�l�def
´^pYj<XY�YlY�MpO�wjTlYhTd�p¡c`§xj%�?d�vzd�pYjsiQj%v>]S�w�Údenw]SlOn�lW�@]`_ æI]`_g=`¶NnwlqdImA]smAct��vQf
®Q|T±:´^pYj�¤Yl{n£dej����Yk/nwlY]S�YvAVx]`n�l�d���j%lYhTdepuVYiQ]�a{�Y�%jTvAc�vQVYi>jTc`a�n�lWdepYj��T]`���wn�v>n�]`lLdenwk/j

]`_¦depYj:]`i>a{j%i/]`_q®#ç}=`¶�± ÓS¾ V{v>�¸m<pYjTi>j�ç |Tf�Ó��Tk n�vsdepYj:i>k/v/v>VYiQj%c`aÀ]`_¦depYj
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/c
 (

ps
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φ
ï

 →ð  πγñ , ò πñ  →ð  γγó
φ
ï

 →ð  πγñ , ò γó rad

φ
ï

 → ηγô , ò ηô  → γγó
φ
ï

 →ð  ηγô , ò γó rad

Ò�Ó Ô�Õ{��õ�Õ{�µÓ#à·K"ßyK.Û/Ø�� �1Ù:Ó Ø�J�Ú(Û�ÚaÜÑ�*J\�fÙ:Ó Ø�J�Ø�Ü�ö j ÜÑØ�ßâ÷�ßWÚ��1Ó#Ú(Ù:Ó R�KÄ�eK��.ÚF�XÛWÕ

¢\j%i�d�j/? V5]`vQn£denw]SlOc`��]`lYh-åSf
®�U`±:´^pYj%iQj�n�v<cSl�c`aYa{n£denw]`l{c`�²�%]`ledei>n�XY�Úd�n�]`l�_�]`isVYpY]Tde]`lYv<cTdLv>k/c`����cSlYh`��j%v>�¦c`��v>]¡]`_

]`i>aYjTi�®øç}=`¶�±\�%]`v�ùAm<nod�pÇùqX5jTnwlYhNdepYjsV5]`��c`i^c`l{h`�wjs]`_\d�p{j<V{pY]Td�]SlYf

ÖIl/]`i>aYjTi�d�]saYn�vÄdenwlYhS�YnwvQpLXxjydImAj%jTl<depYj%vQj�jT§5jT�ydev>�\v>cSkWV{�wjTv�]`_7U%àOjy¢Yj%led�v�cTd���c`i>hSj^c`lYa
v>k/c`���5cSlYh`��j%v·pYct¢YjAXxj%j%l��{v>j%a{f�´^pYj��%]`k/VYc`iQnwvQ]`l�XxjydImAj%j%l�depYj�dImA]qv>cSkWV{�wjTv·c`���w]tm<v
�Yv²d�]WaYnwvQj%led�cSlYh`��j�d�p{j<jT§5jT�yd�®ÄU`±
vQnwlY�Tj�depYjscM¢Yj%iQc`h`j�¶Wú�3^ùW_�]`i^j?¢\jTl�devNXxj%��]`lYh`n�lYh�d�]
d�pYjL¤Yi>v�dÅvQc`k/VY��jÅnwv<�%��]`vQj�d�]¡Ç%jTi>]`f�ù7i>]`kâdepYjLcSlYc`�o��vQnwv�]`_d�p{jLaYc�d�cWmAj�¤{lYaOd�p{cTd
k/]`vÄdÁ]`_�d�pYj��%]`l{vÄd�cSl�dAd�j%iQk nwvNa{�Yj�de]�d�pYj�c`Xx]M¢YjÁj%§xj%�?dq�T]`led�i>n�XY�Údenwl{h ®Q|TU`Ó/VYv>±>�
m<pYn��wjqiQj%v>n�aY�YcS�¸k/nwvQ�%c`��n�XYi>cTdenw]SlYvs�%]`led�iQnwX{�Úd�jÁÓS¾�VYv>f´^pYjÁn�l�dei>n�lYv>n��Nd�n�k/jÁi>jTv>]`���Úd�n�]`l
]`_\d�pYjs�%cS�w]`iQnwk/j?d�j%i�n�v²depYj%iQj%_�]`iQj

ä ÉÔÑ Ó��/VYv.= ÆÅ®�þ�j?ÿq± ÓS¾WV{v

û vQj�]`_bk/]`i>j�a{cTd�cWnwv
j/?�Vxj%�?d�jTaWd�]/iQj%aY�Y�Tj
depYjs�%]`l{vÄd�cSl�d�d�jTi>k/f
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c`lYc`�o�5v>n�v>f
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d�iQc`�Mr*nwlYh/n�v·lYjTh`�wn�h`n�XY��j%f'g X5j?d>d�jTi·i>jTv>]`���Údenw]`l:n�v·j@?5Vxj%�?d�j%a¡_�]`iÔd�pYjNa{j%�%ct� ��� � P � P
m<pYj%iQjs_�]`�Yi^VYpY]�d�]`lYv<®�i>cTdepYj%i¸depYc`l�dImA]`±
c`i>j�V{i>j%vQj%led�f{û�p{cTd<i>jTc`�w�o�³k/cTdQd�jTi>v
nwv¸depYj
d�]Tdec`�¦j%lYjTi>hT�Àct¢�c`n��wc`X{�wjLnwl}V{pY]Td�]SlYv>��Ó7|T¾Çº�jyÿ _�]`i���� � P � P c`l{a Ó7|T¾`×`ÆSÑ�|�Ò`¾
º�jyÿ n�lOct¢Yj%i>cSh`j�_�]Si^cWvQnwl{h`�wj�� P _�i>]Sk cNd�pYiQj%jsVYn�]`lOa{j%�%ct�`f

´^pYjªd�n�kWn�lYh��%c`V{c`XYn��wnodI�L]`_�depYj��%c`��]`i>n�k/jydej%ibnwvÔc`��v>]��Yv>jT_��Y�*_�]`i ����dec`h`h`n�lYh
Xe�WaYjydej%�?d>Â
nwl{hAc����Am<pYnw�MpqiQj%c`�Mp{j%vxdepYjÙ�Tc`��]`i>n�k/jyd�jTi>f+gÀ�{lYnwÌ*�YjÙv>n�h`lYcTde�Yi>j�]`_YcH���qnwledej%i>cS�yd�n�]`l
nwv
VYiQ]t¢�n�aYjTauXe��d�pYj·¢�c`���Yjs]`_\ÊFk/j%c`vQ�Yi>jTau_�i>]Sk�d�p{j����unwledej%i>cS�yd�n�]`l/d�n�kWjT�ª¤Yh`fªÆ�hSf
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