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Invariant pπ0 mass  [ MeV/c2 ]

γp → p + 2 photons
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γp → p + 2 photons
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γp → p + 4 photons

0

2000

4000

6000

8000

10000

12000

1000 1200 1400 1600 1800 2000

Invariant pπ0 mass  [ MeV/c2 ]

γp → p + 4 photons

1400

1600

1800

2000

2200

1000 1200 1400 1600 1800

50

100

150

200

250

300

350

400

Invariant pπ0 mass  [ MeV/c2 ]

In
va

ri
an

t 
p

π0 π0  m
as

s 
 [ 

M
eV

/c
2  ]

0

50

100

150

200

250

300

350

400

1400 1600 1800 2000 2200 2400

Invariant pπ0π0 mass  [ MeV/c2 ]

γp → p + 4 photons

0

200

400

600

800

1000

1200

1000 1200 1400 1600 1800 2000

Invariant pπ0 mass  [ MeV/c2 ]

γp → p + 4 photons

1400

1600

1800

2000

2200

1000 1200 1400 1600 1800

5

10

15

20

25

30

35

40

Invariant pπ0 mass  [ MeV/c2 ]

In
va

ri
an

t 
p

π0 π0  m
as

s 
 [ 

M
eV

/c
2  ]

!·ßzá;ÚA:o@ 
6 �Qö>�Qö?Ý O X C�ATC WM= C C@9
;>=>X C�A�A�H)G XGE �=@;>=@?BADM<= CGW O =@? =@;�
GER=]C��1G ��� ��

^ � ��=��
� 9�F�FB=@; ;>GXH � �$\Z^�
 ��=�� � F GXH)=@;�;>GXH ��^
ÛgÜz@qÙ�:oÜt×�ÕLßzÔoßzëAÜz@�6S8;ÖA@CÙ�:o8;ÚAÖAä(�|ú þ;þ 4&@vñMäA@gÛqÙq×LßzÖAá¼ÕLß]Ù ���SìÞÙ�ÖAäæ<?>A@-8�<?>A@g:�Ù�:o8;ÚAÖAä
�; þ;þ 4&@vñ äA@gÛqÙq×LßzÖAálÕLß]Ù����
Ù�ÖAä�Ù�>Aßzá;>A@g:3ã'Ù�ÔoÔ3:o@gÔo8;Ö/Ù�ÖAÛg@&üÉî{EeäAßzã&,3ÝAÜz8�<¤ÿ¤,O.N>A@



:o@gÔo8;Ö/Ù�ÖAÛg@O:o@gá;ßz8;ÖlÙ�:o8;ÚAÖAä��; þ;þ 4&@vñ#á;@v<?Ô=ã½8;:o@�ÛgÜz@qÙ�:oÜt×¼ÕLßzÔoßzëAÜz@�ßzÖ'<?>A@3ä/Ùi<�Ù-<�Ù�÷�@gÖ
Ùi<1<?>A@5>Aßzá;>A@g:1ëÞ@qÙ�ã @gÖA@g:oá�×;,�6�Ô�@¤è�ÝÞ@gÛv<?@gä�<?>A@5Ôo@gÛg8;ÖAäØÝÞ@qÙ�÷�ßzÖæ<?>A@5ÝW�Qö�ßzÖZÕ�Ù�:oß]Ù�ÖZ<
ã'Ù�ÔoÔ�ßzÔ�Ù�ÜzÔo8C@gÖA>/Ù�ÖAÛg@gä³,F.N>A@gÔo@3ÝAÜz8�<?Ô¶ÛgÜz@qÙ�:oÜt×¼Ôo>A8{à�<?>/Ùi<¶à�@OÙ�:o@3Ù�Üz:o@qÙ�ä�×¼8;ëAÔo@g:UÕLßzÖAá
ÔU<?:oÚAÛv<?ÚA:o@gÔ½à�@&Ù�:o@æÜz8L8;÷!ßzÖAá�798;:gûN@¤è�ßt<?@gä�:o@gÔo8;Ö/Ù�ÖAÛg@gÔ¼à1>AßzÛ�>�äA@gÛqÙq×íÕLß]Ù �&üJ�|î ý î;ÿ[�Sì
à1>A@g:o@æà�@là�8;ÚAÜzä�@¤è�ÝÞ@gÛv<½ã½ßzÔoÔoßzÖAá»:o@gÔo8;Ö/Ù�ÖAÛg@gÔ¼<?8�8LÛgÛgÚA:g,ø6�ÜzÔo8�Ù�äAäAßt<?ßz8;Ö/Ù�Ü�äA@gÛqÙq×
ã½8LäA@gÔNÕLß]Ù¿>Aßzá;>A@g:Nã'Ù�ÔoÔ1:o@gÔo8;Ö/Ù�ÖAÛg@gÔ�Ù�:o@OÕLßzÔoßzëAÜz@3ßzÖl<?>A@5ä/Ùi<�Ù�,
!·ßzáA, � Ôo>A8{à1Ô�Ôoßzã½ßzÜ]Ù�:·ÝAÜz8�<?Ô¥798;:S<?>A@1ÝW�Qö �âä/Ùi<�Ù5Ôo@v<q,¥.N>A@��Qö��âßzÖZÕ�Ù�:oß]Ù�ÖZ<Sã'Ù�ÔoÔ¶Ôo>A8{à1Ô

0

50

100

150

200

250

300

1500 1750 2000 2250 2500 2750 3000

Invariant pπ0η mass  [ MeV/c2 ]

1200

1400

1600

1800

2000

2200

2400

1000 1500
0

5

10

15

20

25

30

pπ0 mass

p
η 

m
as

s

0

50

100

150

200

250

300

350

400

450

1500 1600 1700 1800 1900 2000 2100

Invariant pη mass  [ MeV/c2 ]

γp → pπ0η

0

100

200

300

400

500

1000 1100 1200 1300 1400 1500 1600 1700

Invariant pπ0 mass  [ MeV/c2 ]

γp → pπ0η

!·ßzá;ÚA:o@ � 6:� ö �LÝ O X C�ATC WM= C C@9
;>=>X C�A��=G����	��

^ � ��=��^

ÙâÝÞ@qÙ�÷!ßzÖAá¼ÔU<?:oÚAÛv<?ÚA:o@5à1>AßzÛ�>æã'Ùq×�ëÞ@5:o@gÜ]Ùi<?@gäl<?8¼:o@gÔo8;Ö/Ù�ÖAÛg@5ÝA:o8LäAÚAÛv<?ßz8;Ö³,S.N>A@5ßzÖAÔo@v<
Ù�ÖAäæ<?>A@OÝA:o8 �o@gÛv<?ßz8;ÖAÔ1Ôo>A8{à�<?>/Ùi<N<?>A@g:o@5ßzÔN@gÖA>/Ù�ÖAÛg@gä�ßzÖZ<?@gÖAÔoßt<e×�ßzÖl<?>A@ �&üJ�|î ý î;ÿ�Ù�ÖAä
ßzÖ&<?>A@¿J����qüJ�|ú ý ú;ÿ=ã'Ù�ÔoÔ�:o@gá;ßz8;Öæà1>AßzÛ�>Ø>AßzÖZ<?Ô1<?8½<?>A@-8;ëAÔo@g:UÕ�Ùi<?ßz8;Ö�8�7¥ÝÞ8;ÔoÔoßzëAÜz@-äA@gÛqÙq×
ã½8LäA@gÔ5ÕLß]Ù �&üJ�|î ý î;ÿ ��Ù�ÖAäøJ����qüJ�|ú ý ú;ÿ[�S,æJL8ØÜzßz÷�@¼ßzÖ<?>A@ �Qö �Qö?Ý%ÛqÙ�Ôo@'@vÕLßzäA@gÖAÛg@'798;:
<?>A@5äA@gÛqÙq×æã½8LäA@gÔNà�@-Ù�:o@5Ôo@qÙ�:oÛ�>AßzÖAá¼798;:1Ù�:o@5Ù�Üz:o@qÙ�ä�×�Ôo@g@gÖ�ßzÖl<?>A@5ä/Ùi<�Ù�,

� �%Î�Ë3Ñ9�UÐ��AÒHÎ�Ë��
6 ù/:oÔU<-Üz8L8;÷&ßzÖZ<?8�<?>A@¼ä/Ùi<�Ù�<�Ù�÷�@gÖ"Ôo8l7°Ù�:3à1ßt<?>»<?>A@'B=DFEHGFIKJL6 @¤è�ÝÞ@g:oßzã½@gÖZ<-Ôo>A8{à1Ô
Ù�Üz:o@qÙ�ä�×lÝA:o8;ã½ßzÔoßzÖAáâ:o@gÔo8;Ö/Ù�ÖAÛg@CÔU<?:oÚAÛv<?ÚA:o@gÔ3Ù�ÖAä&@vÕLßzäA@gÖAÛg@-798;:1äA@gÛqÙq×æã½8LäA@gÔNÕLß]Ù ���
Ù�ÖAä�>Aßzá;>A@g:�ã'Ù�ÔoÔ�:o@gÔo8;Ö/Ù�ÖAÛg@gÔg,�!/ÚA:U<?>A@g:�ßzÖZÕ;@gÔU<?ßzáZÙi<?ßz8;Ö&8�7·<?>A@-ä/Ùi<�Ù¼à1ßt<?>&ßzã½ÝA:o8{Õ;@gä
ÔU<�Ùi<?ßzÔU<?ßzÛgÔgì·ßzÖAÛgÜzÚAäAßzÖAá&Ù�Ö%ßzã½ÝA:o8{Õ;@gä":o@gÛg8;ÖAÔU<?:oÚAÛv<?ßz8;ÖíÙ�ÖAä%Ù&Ý/Ù�:U<?ß]Ù�ÜSà=ÙqÕ;@lÙ�Ö/Ù�Üt×LÔoßzÔgì
Ôo>A8;ÚAÜzä»Üz@qÙ�ä�<?8lßzÖZ<?@g:o@gÔU<?ßzÖAá�:o@gÔoÚAÜt<?Ô38;Ö»Ö!ÚAÛgÜz@g8;Ö»:o@gÔo8;Ö/Ù�ÖAÛg@gÔ-Ù�ÖAäØ<?>A@gßz:�ÝA:o8;ÝÞ@g:U<?ßz@gÔg,
.N>AßzÔFÔo>A8;ÚAÜzä¼>A@gÜzÝâ<?8-ÚAÖAäA@g:oÔU<�Ù�ÖAä½ëÞ@v<o<?@g:S<?>A@1ÔoÝÞ@gÛv<?:oÚAã 8�7xÖ!ÚAÛgÜz@g8;Ö½:o@gÔo8;Ö/Ù�ÖAÛg@gÔ�Ù�ÖAä
ù/Ö/Ù�ÜzÜt×æé5B=ê�ßzÖl<?>A@5ÖA8;ÖLEeÝÞ@g:U<?ÚA:oë/Ùi<?ßtÕ;@O:o@gá;ßzã½@�,



� �9	<�PÍB�KË3Ñ � �
� Ä����1¸ �
¸ ���{�H�Z£�£��F�{¡Ó¸��!�e�5©A£=�L�Z©L¡k�k¢H�Z£¤�-�k�
	¶¹����X�~UpA[]\z�3\��vjHm½j��op!j?bo\z�-j?XL[9dqhaY¤j�[]^vp&[9~
�-jHdgYo^;bHj¼dqX�mædqX�dqh r��vj¼[zfZj���� Â¼ÃºÄ¤Å{Æ{Å|Ç¿[]bedqXZYo\tY?[]\Ó~qXíd{[=[zfZj¼d����oj?hkj?bed{[9~qbN_�d���\zh \][]r
���³c�

� Å��¿²�¸ ²;�U�!�{�!¨5�{�!�£��â�{¡Ó¸�� �op!j?bo\z�-j?XL[9dqh�Y?[]^!mqr�~º_�[zfZj'\zX!�É�-jHmq\z^;� p�be~Up!j?b?[]\9joY&~º_�[zfZj
! ����" �|�{�i��#CbHjoY�~qX�dqX$�oj

� Æ��&%Z¸ �¼£¤¢H¢H�U�Z£¤�!�Z�{�H�l£��1�{¡Ó¸%cL[]^!mqrq\zX(''[zfZj5\zX!�É�-jHmq\z^;�*)S�É�5dgYUYO\zX,+.-0/1� È ö +.-32
bHjHd��¤[]\Ó~qXZY

� 4 ��5�¸ ±76�|�!�Z£��S£��F�{¡Ó¸¼�N^8��hkjH~qX½bHjoY�~qX�dqX$�ojOmij��Udqr
9?r5[zfZj;: ö=< � �?f;dqX!XAj?haXAjHdqb1[zfibHjoYUf;~qh�m
� > �&�æ¸ ?=¢e�e�U�k�HªC£��¶�{¡Ó¸A@¥be~¤mq^8�¤[]\Ó~qX&~º_B)S�É�-joY�~qXZYDCQ\][zf¼h \zXAjHdqboh r1pZ~qh�dqbo\tY¤jHm�pLf;~{[9~qXZY
� E ��F�¸ ¾F�Z�|¨5�¿£����{¡Ó¸ícL[]^!mqr'~º_.9Hdqbor|~qXØbHjoY�~qX�dqX$�ojoY¿mij��Udqrq\zX(''\zXL[9~¿Â¼ÃHG�I8J$ILÇÉÈ D \zXØ[zfZj
bHjHd��¤[]\Ó~qX.+LKM�NKxÈ D È D CQ\][zf½[zfZj.OxborgY?[9dqh/}�dqbobHj?h³mij�[°j��¤[9~qb3d{[P���³c�

� Q �-´�¸8RS6�|¢e£¤¡a£��¶�{¡Ó¸A@·f;~{[9~Up�be~¤mq^8�¤[]\Ó~qXØ~º_BT�dqX�mUT � �É�-joY�~qXZY
� V �&%Z¸ ²;¨�«��U¢eª;�=£��'�{¡Ó¸� Y¤jHdqb��?fl_�~qbæXAjWCX9Hdqbor|~qX!\Y�ØbHjoY�~qX�dqX$�ojoYØdqX�m½_�~qbæ[zfZj»j��i~{[]\Y�
�-joY�~qX[Z\ ÃºÄ¤Æ V^] Ç·\zX-[zfZj·bHjHd��¤[]\Ó~qXD+`_
�a_�È ö T-^�Yo\zX('N[zfZjDOa}F�b���³c�ímij�[°j��¤[9~qbSd{[c���³c�

� d ���1¸ ���{�H�Z£=£��S�{¡Ó¸¿WUXAj?h�dgY?[]\Y�¥pLf;~{[9~qX'Ye�Ud{[Ó[°j?bo\zX('-\zX½[zfZj�j��`��h ^�Yo\zy{jD�?f;dqX!XAj?h Y·p " +gfHÈ ö +!p`#
dqX�mNp " +gf�T`+!p`#

� Ä ] �&h�¸ �¸L±Þ�k�U�i�e£¤�i©A£��H§i�L�K�i«;¢�¸8�F£�¦�¸jGikil�ÃºÄ dmEmd Ç¶Å;Ä d�Q
� Ä{Ä��&�1¸ nN�|�!�k�Zª$�i	�¸ ¹º¢e§|�Z�=�!�K�i«;¢�¸8�F£�¦�¸co,IpG�ÃºÄ dmV^] Ç�Ä VmEmV
� Ä¤Å��â²�¸�¬¥�q�L¢e�H�k�Hª¿�{�!�
�
¸c�F�{©A£��H�H¢e�!�K�i«;¢�¸8�F£�¦�¸co
qpkæÃºÄ dmd Æ|Ç1Ä dmdr4
� Ä¤Æ��â²�¸�¬¥�q�L¢e�H�k�Hª¿�{�!�
�
¸c�F�{©A£��H�H¢e�!�K�i«;¢�¸8�F£�¦�¸co
q$s�ÃºÄ dmdr4 Ç 4`>�Qr]
� Ä 4 �â²�¸�¬¥�q�L¢e�H�k�Hª$�!�K�i«;¢�¸c�F£�¦�¸8o
q$t�ÃºÄ dmd Å|Ç¶Å VmEr4
� Ä > �C¾F�Z£1�³�q�H�H�k��¡�£Dh=�q�H�.���H�|�Z�u�!¯K�7%.v�J&ÃºÄ dmdmV Ç1Ä
� Ä E �&R·¸w%Z¸xn1¡�£¤�k�p�yF��i�e£��U¢H�!�U���!�Z§{£¤�{z¤�Z�l�K�Z�{�e�{�!�H�;�!�Zª��H���|�ø¦{�|�}|Q£�ª��e�{�U¨O£¤¢e�|�Z£¤�*¨5���
�Z£¤¨ ²;´���5¶¹H�~h�£��e£�ª��e�{�=�A�K�8h
�H�Z£¤¢H�k¢e�!·�|�!�p�aÄ dmdmE

� Ä Q �.%Z¸8	��q�A�|¡k���H�{�Z�3£��¶�{¡Ó¸��L´
¢e£¤�q�U�U�¼Áz�{�¶¨5�k¢H¢H�k�Z§��H£¤¢e�|�!�{�!�?£¤¢FÁz�{�U¨O£¤�â�k�&+��.� �LÈ � È 4 �
¬¥¯K¥´�RØ¯Qµ;�A£��U�k¨O£¤�i� d Æv® ] Æ{Æ

� Ä V �&	�¸8n1�{�k¢e£��=�!�x¸ �¸/²;��£�§{£¤¡/�{�!�
�
¸8�l£¤�k¢e£m�L�K�i«;¢�¸L±a£��e��¸c��Jct$I�ÃºÄ dmdm> Ç¶Å{Æ�¸
� Ä d �&	�¸Z¹º¢e§|�Z�¶�{�!����¸cn1�q�U¡Y�Z�K�i«;¢�¸L±a£��e��¸pk8Ii� ÃºÄ d�QmQ Ç1Ä ]�d ¸
� Å ] �C±P¸ �3¸L�=¡��mz¤¨5�{�¼�{�!��h�¸ ?�¸c�¶�k¢eªq���!�K�i«;¢�¸!±a£��e��¸c��JctctØÃºÄ dmdmE Ç¶Æ ]�> ¸
� Å;Ä��â²�¸�¬¥�q�L¢e�H�k�Hª¿�{�!�
�
¸c�F�{©A£��H�H¢e�!�K�i«;¢�¸8�F£�¦�¸co,�$kæÃºÄ dmdmV Ç 4 Æ ] Ä
� Å{Å��.�æ¸cnN�{�H�!¡k¡k�âÃ]¾x´��¥²¿�?�|¡k¡k�q©A�{�U�q�H���|��Ç��Z�H�!�k¢S�?�|�ZÁz£��H£¤�!�?£{¸


