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H�|S:CBEMR¤Q��FS9;:;O�P�O�JL�C»�¨�GK?��}|=F�9;F=<SOQP�O}{;G;O���G � GCDEHI8=y;GC�9;OI:COI��OI{C{;��?-�êF=|AD�F=|=FS:;��?N��|SF¬9;F=<SOQP�O}{;G;O���8=<SG;H}GC|¬HQJ�8=�SF Ä G3|=F;�ÁGvPR:CBE�IFSO��C<�JL�CO}|SH¯�T;:;O���<S�(TL8�M;{;F�<>8�´°{;�(�_9C:;G�<S�(�SFS:;O�DEJ�8=HIHI8�|SOIF=:;O}|=G;T;OIH}D;GK?���FIP�O�JRO}M7��9;:;O�|SO}{EPRBE»�¨�GK?
{L8�FS9;G;HI8={;G;O�� ��� OIDK|@8j8={;F=��8@JRzS{;F=�IF�:;F�´�PROI{;GC�v�$�C�ID;GK? � F=|=FS{;FS<C�

ËC�/��8=H}T;«}|�<SOQJRG;T;G;{�:L8�PRGL8=y;G;F={;{;��?�9;F=9;:L8=<SF=D�D � FS:C�$B�JR8=�v4�F=B�G�"�8=MCHIHIGC{;HID�FS�}F;��G;HI9;F@JRz=�IB=OI����?
PLJL��<S�(TCG;H�JRO}{;G;M�G;{C|SO}{;HIGC<S{;FSH�|SG
<S{KBE|=:;OI{C{;OI�}F�|SF=:;��F=��{CFS�IF�GC�}J;BKTCOI{;GC��G��;<@JL�;»�¨
GK?SH¯�
� FS:;�$B�J�8=��G��}�¦�}F�9;FS:>�EP�DE8�9;F�D�FS{;H}|@8�{C|SO
�QJROIDK|S:;FS��8��I{;GC|={;FS�}FA<=��8�G;��FIP�OIM;H�|S<SGK� α

�
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Û�Ü$# %qâªá&��å�â'� å.æ��'���Áå�â(��)�*.â�ß�à����.èêç-ß�â'�,+.è7å�å�æ�ç-à�ä-*.â�.�æ�à�ëìÜ
�S�/��9;O}:;<S�(O
{L8���JR»�P�«}{e� ��� OIDC|A8={;FS��8�JRzS{;FS�}Fj:;F�´,P�OI{CGC�3�$�C�ID;GE? � F=|=FS{;FS<°<j:;OI8=D;y;GCG

π−p → hadrons + γ � � ¢Ù�ID�HI9COI:;G;��O}{C|S� ÈNÉ�Ê Â �CÈNÉ�ËC��¤Q�
�K�/��9;O}:;<S�(O
{L8���JR»�P�«}{e� ��� OIDC|A8={;FS��8�JRzS{;FS�}Fj:;F�´,P�OI{CGC�3�$�C�ID;GE? � F=|=FS{;FS<°<j:;OI8=D;y;GCG

pp → hadrons + γ �!� ¢Ù�ID�HI9;O}:;G;��O}{C|AÈNÉ���~>�S¤Q�
Â �/��9;O}:;<S�(O
{L8���JR»�P�«}{e� ��� OIDC|A8={;FS��8�JRzS{;FS�}Fj:;F�´,P�OI{CGC�3�$�C�ID;GE? � F=|=FS{;FS<°<j:;OI8=D;y;GCG

e+e− → Z0 → hadrons + γ �!� ¢Ù�ID�HI9;O}:;G;��O}{C|YÔ.Î�ÖªÓ�×�ØÝ¤��
�;�/��9;O}:;<S�(OÅ{L8=��JR»�PR«I{#� ��� O}DC|0:;F�´�P�O}{;GC� 9;:>�;����? �$�C�ID;GE? � F�|SFS{;F=<#¢Ù<S{CB�|S:COI{;{;O}O
|SFS:C��F=��{;F=O
GK�}JLBET;O}{;G;O
F=|���»�FS{;F=<�¤-<(:;OI8=D;y;G;G

e+e− → Z0 → µ+µ−+γ � � ¢®�}D�HI9;O}:;G;��OI{K|Ô.Î�ÖªÓ
×�ØÝ¤��
ïK�/��9;O}:;<S�(Ov<��}D�HI9;O}:;G;��OI{K|@8@? � GC�IG;D;GÅ<S�(HIF=D;GK?¼�}{;OI:;�}G;M'{;8=��JR»�P�«}{'��«}:C|S<S�(M�D�FS{CBSH|SFS:C��F=��{;F=�IFj��»�FS{;{;F=�IF�GC�}JLBET;O}{;GC�¾¢®�}DEH}9;OI:CG;��OI{C|¬Ô.Î�Ö�Ó�×�ØÝ¤��
�C�/��:;FSGC�I<SOQP�O}{;FqGK�IBET;OI{CG;O���8=<SG;H}G;��FSH}|=Gu8={;F=��8@JRzS{;F=�IFì:;F�´�PROI{;GC� �$�C�ID;GK? � F=|=FS{;FS<<¿:;O�8�D;y;G;G

e+e− → Z0 → hadrons + γ � � F=|�?�8=:L8�DC|SO}:;G;H}|=G;DñD;<S8=:;DK��� JR»�FS{C{;��?
H}|=:CBEM\¢Ù�ID�HI9;O}:;G;��O}{C|¾Ô�Î
ÖªÓ�×�ØÝ¤Q���.�S{L8=:KBE´
OI{;FN{;O�|S:;GC<SGL8@JRz={;FSO¬9;FS<=OQP�O}{;G;O¬HIGC�I{L8@JR8
8={;FS��8�JRzS{;��?��$�C�ID;GE? � F=|SF={;FS</<���8=<=G;HIG;��F=H}|SG�F=|/{;O}DEF�|SFS:;��?�GCHIH�JLOQPRB=OI����?�9;OI:COI��OI{C{;��?¢®<�TL8=H}|={;FSH�|SG7��F=|���{CF�´
OIH}|=<SOI{C{;FSH}|=G,{;OIMK|S:L8@JLzS{;��?�TL8=H}|=G;y
<�H}|S:KBSO�G7��DE8=D�H�JRO�P�H}|=<SG;O=�
9;F�JR{CFSM_��{CF�´
OIH}|=<SOI{C{;FSH}|=GNTL8=H�|SG;yv<°H�|S:CB=O�¤Q�

ÚK�/��:;FSGC�I<SOQP�O}{�:;8=HIT;«�|�<SO�JRGCT;G;{�:L8�P�GL8�y;G;FS{;{C��?�9;FS9;:;8=<SFSD�D � FS:;�$B�J�8=�¬4�F=B.G/".8=M;HIH}G;{;H}DEF=�IF;�
G;HI9CF�JRz=�}BSOI����?�PLJ;��<S�(T;G;HQJROI{;GCM�G;{K|SOI{CHIG;<S{CFSH}|=G
<S{CB�|S:COI{;{;O}�IF�|SFS:;��F���{;FS�}F�GK�}JLBET;O}{;GC�7�
</FS�I:L8�{;G;T;O}{;{;��?.P�GL8�9L8���F={L8@?�9CF/BE� JLB.GC�}JLBET;O}{;GC���$�;�}D;GK? � F=|=FS{;FS< θγ

G�9;F/9;FS9;O}:;OITC{;FS�$B
G;��9CB�JRzSH�B

pT

�SH}FS<S9L8�P�8=»�¨�GK?�H/G;HIHQJROQPRB=OI���(��G�PRGL8=9L8��IFS{L8=��G��}|=GK?�9;O}:;OI��O}{;{;��?e¢Ù|�� O=�
H�FS�S:;O���8={;GK�;��G­9;F

θγ

G
pT

¤ Ä ��8���O}|SGC�(��TK|SFY<AJRGC|SO}:L8�|�BK:C{;��?¾GCH}|SF=T;{;G;DE8@?�:L8�HIT;«�|S�:L8�P�G;8=y;G;FS{C{;��?�9;FS9;:;8=<SFSD�<S�(9CF�JR{C�C»�|SH¯��<SF/<SH}«I�YBE� JRFS<SFS�AP�GL8�9L8���F={;O�G��SO}��FS�}:L8={;GCT;OI{;GCM
9;F

pT

�
��O}�IB�JRz�|@8�|=�qG;H}H�JRO�P�FS<>8�{;GC�A9CFS<SOQPROI{;GC�A8={;FS��8�JRzS{;FS�}F�H}G;�I{L8�J�8��$�C�ID;GK? � F=|SF={;FS<;��DE8=Dj<��8=<SG;H}G;��FSH�|SG'F�| � F=|=FS{;{;��?Å9COI:;O}��OI{;{;��?-��|@8=DÅG�F=|�:L8@�}JRG;TC{;��?"?�8=:;8=DC|SO}:;G;H�|SG;DìD;<>8�:;DK�� JL»�FS{;{C��? H}|S:KBKMÁ��H}F�PROI:>´�8�¨�GK?À�}|SG � F=|SFS{C������FS�}B�|0GÆP�F@JL´j{C�b�S��|=z0G;H}9;F�JRz���FS<>8�{;�

<YP-8@JRzS{COIMC¡�OI� 9;:;G"9;FSH�|S:;F=OI{;G;G¼|SO}FS:;O�|SG;T;O}HID;GE?'��FIP�OQJROIMÁ�$9;:;O�|SOI{�PRBE»�¨
GE?'{;83FS9;G;HI8={;G;O
� ��� O}DC|@8­8={;FS��8�JRzS{;FS�}FN:;F�´�PROI{;GC�¾�$�;�IDCGK? � F=|=FS{;FS<;���ñTL8=H�|S{;FSH�|SG7��B�´,O¬H}OIM;TL8�H¬��F�´°{;F
H PRO�J�8�|=z�<S�(<SFIP F¼|SF=�(��TC|=F�G;H�|SFST;{CG;D�FS�W8={;FS��8@JLzS{;FS�}F�GC��JLBET;OI{CGC�Æ�$�;�}D;GK? � F=|SF={;FS<'<8�P�:;FS{;{C��?�:L8=H}9L8�P-8�?

Z0
�SF=�IFS{;FS<��C<�JL�;»�|SH¯�Á��FST;OI<=GEP�{;F;�ID;<>8=:;DE� 8={C|=G;D;<>8�:;D�FS<S�(O�9L8=:C����9;F��;<�JL�C»�¨�G;OIH¯�

GK��<>8=DCB�BE��8(<(9;:;FSy;O}HIH}O � :L8=�}��OI{C|@8�y;G;G Ä FS{CG�9C:;FSGC�I<SFIPR�C|�9;:>�;���(O � F=|=FS{;�¿¢ P�FS9;F@JR{;GC|=O�JRzS{CFD��S:;�I�$¡�|S:L8�� JLBE{;�}B�F=|���8=:>�C´
OI{;{;��?,8�P�:;F={;FS<.<.D�FS{COIT;{;F=��H}FSH}|=F��;{;G;GL¤��S9;:CG;T;«I��GC��JLBET;OI{;GCO
F�|/F=|IP�O�JLzS{;��?�D;<>8�:;DK� 8�{C|SG;DC<>8=:;D�FS<S��?�9L8=:�HIDKJR8�P��(<>8=O�|SH¯��{;O}DEF=�IOI:COI{C|={;F;��?>F=|���FS9;:COQP�OQJR«I{;{;8��
D�FS�}OI:;O}{C|S{CFSH}|=zA<S{CB�|S:CG39L8=:v��F�´,O}|�G;��O�|Sz°��OIH}|=F;�
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2_8�|SO}:;GL8@JR���RGC��JRF�´,OI{C{;�(O�<
P�G;H}HIO}:C|@8=y;G;GÁ�-FS9KBK�@JRG;D�FS<>8={C�\<�:L8=�SF=|@8�?�í��������=ð£�

�.HI{CFS<S{;�(O�:;O��IB�JRz�|@8�|=�":L8=�SF=|��I<SF=¡
O�PR¡
GE?�<�P�G;HIH}OI:C|@8�y;G;»��@{;O}F�PR{;FSD;:L8@|S{;F�FS�SH�BE´,P-8@JLG;HIz
{;8�:L8=�SFSTCGK?�H}FS<SO}¨
8={;GC�E?�D�F�J;J�8��SFS:L8=yCG;M�ÈNÉ.Ê Â �IÈNÉ.ËK�S�IÈNÉ���~>�K�IÔ.Î�Ö�Ó�×�Ø��@��{CG.PRFSDKJ�8�PR�(<>8@JRG;H}z{;8�HI9;O}y;GL8@JRGK��G;:;F=<>8={;{;��?�H}OI��G;{;8=:L8@?�9CF � GC�IG;D�O�<S�(HIFSDCGK?��I{COI:;�}G;M�G��QJROI��O}{C|@8=:;{;��?�TL8�H}|SGCy<YF=|=OIT;O}H}|=<SOI{;{C��?"G­��8=:CBE�SO�´j{C��?­{L8�BET;{;��?Õy;OI{K|S:L8@?-������1(*A��*,��	.�,�ª���������ª��������*
2_�ê�/�=23��*,�,�=&���������Ø�6�ØÝÍ¿¢£��8@JROI{CHIG;M;H}D;G;M,�.{CG;<SOI:CHIGC|=O}|�¤Q��)�:;FS��O�|=FS�IFC�=�}|=G,:;O}�}B�JRz�|@8�|S�
PRFSDKJ�8�PR�(<>8@JRG;H}z¾{L8½��O�´�PLBK{;8=:;FIP�{;��?'D�FS{ � OI:;O}{;y;GC�E?¿G�H}G;��9;F=�IGCBE��8@?-��{L8¾��G;��9;F=�IGCBE��O9CF'��{;F�´,O}H}|S<=OI{;{;F=�$B\:;F�´,P�OI{;GC»bTL8=H�|SG;yÒ¢£Í87:9
;=<?>���Ó@<�AB9
CED7����ËSË Â ¤Q�({L8¿��G;��9;F���GCBE��O¾9;F9C:;FS��JRO}��O�8={;FS��8�JRzS{;��?.�$�;�IDCGK? � F=|SF={;FS<�¢�F�ÑKØ���Ô�9
7HG �JI 9
D I �KF�	=7HGL9
CNMS�S��ËSË>ÚS¤Q�I{L8�D�FS{ � O}:;OI{;yCG;GØÝÑEO3Ô���ËSË=Êq¢®Ô�	PARQTSTU±�4F/7H	=	P;=	=����ËSËSÊS¤��({L8Å)�FS{ � OI:;O}{;y;G;Gq9;F���{CF�´
OIH}|=<SOI{C{;FS�$B0:;F�´�P�O}{;G;»T;8=H}|=G;yA¢£Í87H	 I 9C�VF/7H	=	P;=	=���=~=~>�S¤��}{L8 ÂSÂ ��M�)�F={ � OI:;O}{;y;G;G�9;F � GC��GCDEO�<S�(H}FSD;GK?��I{;O}:;�IG;Mj¢®Ø ×�Î�Ó � ~S�C�2vFSHID;<S8C�R�=~S~=�>¤��;{;8�D�FS{ � O}:;OI{Cy;G;GeØÝÑTO_Ô��=~S~SË_¢£�EFS��O�JLz;�LÇ�OQJ�8=:CB=HIz;�-�=~S~=Ë>¤��
Û�Ü�W X­à�*�á�ß�à�á&*.âY� æ�.�Z\[êé ���.ç-çÁè]*�à7â'+����,Ü
��G;H}HIO}:C|@8=y;GC��HIF=H}|SF=GC|½GK�vË­� JR8=<�¢Ù<SDKJR»�TL8��Å��<=OQP�O}{;G;OYG�678=DKJR»�T;OI{;GCO�¤�����:;GEJRF�´,OI{;GK��G
�=G;��JRG;F=�I:L8 � G;TCOIHID�FS�}F�H}9;G;H}DK8K��HIFIP�OI:>´�8@¨
OI�}F��I��Ú�{L8=G;��O}{;FS<>8�{;G;M7���.�=¨�G;M�FS�=©ª«I�jP�GCHIHIO}:C|@8=y;GCG��Ú=~
H}|=:L8={;G;yÁ�

^ _ av[�o.k�X�` s�X/d3`(a�cr[�VYfY` d3fvs�s�`(aYo/[�xvfYf¾¹
` ã�â���â ÛbaPcd��è���è7å��.èfeCÜ
��F�g�ò=÷�û�÷�óLøLø/H � FS:;�$B�JRG;:CFS<>8={L8(y;OQJRz�P�G;H}HIOI:K|@8=y;G;G
G�P�8={�D;:L8�|=D;G;M�FS�=��F=:�:;8=HIH}��8�|S:;GC<>8=OI��F=M9C:;FS��JRO}������<SDKJL»�TL8=»�¨
G;M�HI<=F�PR{CBE»¼|@8���JRG;yCB.�ID�HI9;O}:;G;��O}{C|@8@JRzS{C��?
:;O��IB�JRz�|@8�|=FS<�9;F/G;H}H�JRO�P�FS<>8�{;G;»
:CF�´,P�O}{;GC�Y9;:>�;����?v�$�C�ID;GE? � F�|SFS{;F=<;�
` ã�â���âb�ha

π−p → hadrons + γ i$jlk�m ß(çl)�è]*��.é_è7å�àonqpsr�#8e;Ü
���}|=FSM
� J�8=<=O�FS9;GCH�8={�8={L8@JRGK��:;F�´,P�OI{;GK���$�C�ID;GK? � F=|=FS{;FS<�<�:;OI8=D;y;G;G π−p → hadrons+γ �!�9C:;GÕGC��9CB�JRzSHIO�{L8@JLO}|@8=»�¨
OI�}F

π−

�=ÊS~Y�ê���(Ã�Hv�êH�G;HI9CF�JRz=�IFS<>8={;GCOI�hP-8�{;{;��?Õ�ID�HI9COI:;G;��O}{C|@8
ÈeÉ.Ê Â G�H�DE8@JRFS:CG;��O}|=:;G;T;O}HID;G;�N��O�|SFIP�FS�¬P�O}|=OIDC|=G;:;FS<S8={;GC���$�;�}D;GK? � F=|=FS{;FS<;�I��HIH�JLOQPRB=OI���(MDCG;{;OI��8@|SG;T;O}HID;GCM­P�GL8�9L8���F={7�

0.2 < Eγ ≤ 1
�ê�����

pT < 10
Ot	vu�Ãw;��ê� P�O

pT −
9;FS9COI:;O}T;{;�(M

GC��9CB�JRzSH
γ
�¦D;<>8�{C|@8�9;F�F=|={;F=¡
O}{;G;»\D�{L8=9C:L8=<�JRO}{;G;»0{L8@JRO�|@8=»�¨�OI�IF

π−

�K��8=�@JR»�P�OI{°� ��� OIDC|8�{;FS��8@JRz={;FS�IF½:;F�´�P�O}{;GC�ì�$�C�ID;GK? � F�|SFS{;F=<"<"G;HIHQJROQPRB=OI��FSM0:;O�8�D;y;G;G7����:;FS<SO}{;z"HIGC�I{L8@JR8H}FSH}|@8�<SGKJ¬¢
143.7±0.4±23.8)×10−3 � F=|=FS{;FS<({L8(FIP�{;F/H}FS�S��|SGCO=��<(|SF/<S:;O}�$��DE8=D�G;{C|SO}{;HIGC<S{;FSH�|Sz|=FS:;��F=�I{;FS�}F0GC��JLBET;OI{CGC�#9C:;OQP�H}DE8���8={;80:L8=<={;FSM

(18.2 ± 0.4 ± 2.0) × 10−3
Ã�H}FS�S��|=G;O=����?

F�|S{;F=¡�OI{;GCO�:L8�<S{;F
7.9 ± 0.2 ± 1.6
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` ã�â���âY#�a
π−p → hadrons + γ i$jlk�m ß(çl)�è]*��.é_è7å�àonqpsx/Ûfe;Ü

���}|=FSM
� J�8=<=O�FS9;GCH�8={�8={L8@JRGK��:;F�´,P�OI{;GK���$�C�ID;GK? � F=|=FS{;FS<�<�:;OI8=D;y;G;G π−p → hadrons+γ �!�9C:;G¼G;��9CB�JRzSH}O_{L8�JRO}|@8=»�¨
O}�IF
π−

�=Ê=~N�ª�I�(Ã�H���HvGCHI9;F�JLz=��FS<S8={;G;O}� P-8={C{;��?Å�ID�HI9COI:;G;��O}{C|@8
ÈeÉ.ËC��G¬H�P�O�|SO}DC|SG;:CFS<>8={;GCOI���$�C�ID;GK? � F�|SFS{;F=�Å��O�|SFIP�FS��D�FS{;<SO}:;HIG;GY<,|SF={;D�FSMYHI<SG;{Cy;FS<SFSM9EJ�8=H}|=G;{;O��C:L8=H}9;F�JRF�´,O}{;{;FSM°9;OI:COQPv|S:COID�FS<S�(��G¬DE8=��O}:L8=��G

Ω
H}9;OIDK|S:;FS��O�|S:L8K�L��HIH�JLOQPRB=OI���(M

DCG;{;OI��8@|SG;T;O}HID;GCMÅP�GL8=9;8���FS{Á�
0.2 < Eγ ≤ 1

�ê�����
θγ < 20

��:;8�P���� P�O
θγ

��BE�IF�J�<S��JRO�|@8
γ
��D;<>8={K|@8�9CF°F=|={;F=¡�OI{;G;» Dv{L8=9;:L8�<�JROI{CG;» {L8@JRO�|@8=»�¨�OI�IF

π−

�
��F�JLBET;O}{;F/�ID�HI9COI:;G;��O}{C|@8@JRz={;FSO�9;FIPR|=<SOI:>´,P�OI{CG;O�H�B�¨
OIH�|S<SF=<>8={;GC��� ��� O}DC|@8�8�{;FS��8@JRz={;FS�IF:CF�´,P�O}{;GC���$�C�ID;GK? � F�|SFS{;F=<�<(GCHIH�JLOQPRB=OI��FSM�:;O�8=DCy;G;G7��{L8���JR»�P�«}{;{;FS�}F�:L8�{;OIO�</�ID�H}9;OI:;GC��OI{C|=OÈeÉ.Ê Â �E�.:;F=<SOI{;z,H}G;�I{;8@J�8�HIFSH�|@8=<SGKJ¾¢

92± 4± 15)× 10−3 � F=|=FS{;FS<�{L8
FIP�{;F,H}FS�S��|=G;O=�L<,|SF<=:;OI�$��DE8=D�G;{C|=OI{;H}G;<S{;FSH�|Sz�|=FS:;��F=�I{;FS�}F�GC��JLBET;OI{;GK��9;:COQP�H}DK8@��8={L8�:L8=<S{CFSM
(17.4±0.3±1.2)×

10−3
Ã�H}FS�S��|=G;O=����?¬F=|={;F=¡�OI{;G;O�:L8=<={;F

5.3 ± 0.2 ± 0.9
�R1�|=G_:;O��IB�JRz�|@8�|=�ÆGKJ;JR»�H}|S:CG;:;FS<>8�{;�

��G;H��ê�S�;{L8,D�F=|=FS:;FS��9;:;OQPRH}|@8=<�JLOI{;�Æ:L8�HI9;:;O�P�O�JLOI{;GC� � F=|SFS{CFS<�9;F�9;FS9;O}:;OIT;{CFS�$BYG;��9CB�JRzSH�BS��.�IBET;O}{;�Å{;OID�F=|=FS:;�(O(�ID�H}9;OI:;GC��OI{C|@8@JLzS{;�(O(?�8=:L8�DC|SO}:;G;H}|=G;D;G°{L8=��JR»�PR«I{;{;F=�IF�HIGC�I{L8@JR8C�=8
GC��OI{;{;F��I{;O}:;�IO�|SG;TCOIHIDE8��Y��8=<SG;H}G;��FSH}|=z,G°BE� JRFS<=�(O.:L8=H}9;:;OQPRO�JRO}{;GC� � F=|=FS{;FS<A¢®9;FSDE8���8={;�¿{L8��G;H��;�E� Â ¤Q�C��8=M�P�OI{;FC�KTC|=F,FS{;G°?SFS:;F=¡�F
HIF=� J�8=H}BE»�|SH¯�vH.8={;8@JRFS�}G;T;{;�(��Gj?>8=:L8=DC|=OI:;GCH}|SGCDK8���G7�F�´°GEP-8=O}���(��G�PLJL��<S{CB�|=:;OI{;{COI�IF�|SFS:C��F=��{;F=�IF/GC�}J;BKTCOI{;GC��F=|�8�PR:;FS{;FS<(GCHIH�JLOQPRB=OI��FSM
:CO�8=D;yCG;G7�
` ã�â���â-0�a

pp → hadrons + γ i1jyk�m ß(çl)�è]*���é3è7å�àznqpÆÛ�{|�|eCÜ
�Å�}|=FSMA� J�8=<=O�FS9CG;H�8={A8={L8@JRGK��:;F�´,P�OI{CGC�j�$�C�ID;GE? � F=|=FS{;FS<�<�:;OI8=D;y;GCG pp → hadrons+γ �!�9C:;G�G;��9CB�JRzSH}O
{;8@JRO}|@8�»�¨
O}�IF�9;:;F=|=FS{L8(��ï=~(�ê����Ã�H=��H�GCHI9;F�JLz=��FS<S8={;G;O}�YP-8={C{;��?��}DEH}9;OI:CG;��OI{C|@8
ÈeÉ���~>��G�H�|@8=D;GC�½´,O(��O}|=FIP�FS�­PRO}|SO}DC|SGC:;FS<>8={CGC�j�$�C�ID;GE? � F�|SFS{;F=<;�SDE8=D�G�<��}D�HI9;O}:;G;��OI{K|SOÈeÉ.ËC�S�R��H}H�JRO�PRBSO}���(MND;G;{;O}��8�|SG;TCOIHIDCG;M3P�GL8=9L8@��FS{7�

0.2 < Eγ ≤ 1
�ê�����

θγ < 20
��:L8�P��R� P�O

θγ

��BE�IF�J3<S��JRO�|@8
γ
��D;<>8={C|@8�9;F�F=|={;F=¡
O}{;G;»ÀD_{L8�9;:L8=<�JLOI{;G;» {L8�JRO}|@8=»�¨
O}�IFA9;:CF=|SFS{;8C�

��H�|@8={;FS<�JLOI{;FAH�B�¨
OIH�|S<SF=<>8={;G;O�� ��� OIDC|@8j8={;FS��8@JLzS{;FS�}F°:;F�´,P�OI{CGC�3�$�C�ID;GE? � F�|SFS{;F=<°{L8BE:;F=<S{;O�¢
47.3±1.8±9.1)×10−3 � F=|SFS{CFS<.{L8�F�PR{;F.HIF=�S��|SG;O��=<�|SF�<S:;O}�$��DE8=D�G;{C|SO}{;HIGC<S{;FSH�|Sz|=FS:;��F=�I{;FS�}FjGC��JLBET;OI{;GK�N9;:;O�P�HIDE8��I�(<>8=O}|=H¯�­{L8�BE:;F=<S{;O

(11.6 ± 0.2 ± 0.7) × 10−3
Ã�H}FS�S��|=G;O=�

��?AF=|S{;F�¡
OI{CG;O�:L8�<S{;F
4.1 ± 0.2 ± 0.8

�
` ã�â���âbWha

Z0 → hadrons + γ i1jlk�m ß(ç�).è]*��.é3è7å�à~}����\������eCÜ
� �}|=FSM½� JR8=<SO�FS9;G;HI8={½8�{L8@JRGC�°:;F�´,P�OI{;GK�Õ�$�C�ID;GE? � F�|SFS{;F=<_<v:;O�8�D;y;G;G Z0 → hadrons +
γ � � ��HYG;H}9;F�JRz���FS<>8�{;G;OI�ÆP-8={;{C��?Å�ID�HI9;O}:;G;��O}{C|@8"Ô.Î�ÖªÓ
×�Ø,G¼HAPRO}|SO}DC|SGC:;FS<>8={CG;OI�+�$�;�}D;GK?
� F=|=FS{;FS�'��O}|SFIP�F=�¿DEF={;<SOI:CHIG;Ge<°<SO}¨�OIH�|S<SO�PRO}|SO}DC|SF=:L8C�Á:;8=HI9;F@JRF�´,OI{;{CFS��9;O}:;OQPÕFSH}{;FS<S{C�(�|=:;OID�FS<=�(�e9;:;G;�=FS:;FS�NÔ�Î
ÖªÓ�×�Ø���DE8=��O}:;FSM��/Ó
Í��@��HIHQJROQPRB=OI���(M,D;GC{;OI��8�|=G;T;O}HID;G;M�P�G;8=9L8��IFS{7�
0.2 < Eγ ≤ 1

�ê�����
pT < 80

2_����Ã�H=�.� PRO
pT

�Y9;F=9;OI:;O}T;{;�(M G;��9CB�JRzSH
γ
��D;<>8={K|@8ì9CF

F�|S{;F=¡�OI{;GC»ÀDvFSHIGv8�PR:;FS{;{;F=M_H�|S:CBEG7�
	�{L8@JRGC��9CFSDE8���8@J�{L8�JRG;T;G;O��I{L8�T;GC|SOQJRzS{;F=�IF�GK���S��|=DK8/�$�;�}D;GK? � F=|=FS{;FS</<S{KBE|=:;G�8�P�:;FS{C{;��?H�|S:CBEM\9CF�H}:L8=<S{;O}{;G;» HÕ9C:;OQP�H}DE8���8={CGC�;��G\��FIP�OQJROIM09L8=:C|=FS{;{;��?hJRG;<={;OIM¿PLJL�hHID�FS:;F=H}|SO}M

H}T;«}|@8 � F�|SFS{;F=<'F=|�:L8=H}9L8�P-8=»�¨
GK?SH¯�Æ{;O}H}|@8=�SGEJRzS{;��?Æ8�P�:;FS{CFS<\¢ÙHI�(����G;H=���;�/{L8¼D�F=|SFS:CFS�9C:;OQP�H�|@8=<�JRO}{;�':;8=HI9;:COQP�OQJROI{;GK� � F�|SFS{;F=<.9;F�BE� JLB θγ

��9CFS9;OI:COIT;{;F=�$B
G;��9CB�JRz=H}B
pT

G
9;F
p2

T

¤��
��FSHQJRO�<S�(T;GC|@8�{;GC�,8�P�:;FS{;{CFS�IF � FS{L8/HIG;�}{L8@J,H}FSH}|@8�<SGKJ (1.17±0.06±0.27)×10−3γ/

H}|=:CBE»\¢Ù<
Ú



P�8={;{;��?-��{;O�9;F=9;:L8=<�JLOI{;{;��?�{L8(� ��� OIDC|=G;<S{;FSH�|Sz�P�O}|=OIDC|=G;:;FS<S8={;GC� � F�|SFS{;F=<�¤��}TC|SF/{;O}FS��?>FIP�G;��FH}:L8=<S{CGC|Sz¿H¾9C:;OQP�H}DE8���8={CG;OI� PLJL�ÆG;{K|SOI{CHIG;<S{CFSH}|=G#<S{CB�|=:;OI{;{COI�IFh|SFS:C��F=��{;F=�IF¿GC��JLBET;OI{;GK�
F�|Å8�P�:;FS{CFS<"GC��:L8=H}9L8�P�FS<

Z0
�

(0.340 ± 0.001 ± 0.038) × 10−3γ
Ã�H�|S:CBE»�����|={;OIH}«I{;{;�(MqD

GC{C|SO}{;HIG;<={;FSH}|=G�|=FS:;��F=�I{;FS�IF�GC��JLBET;OI{;GK�7��{L8=��JL»�P�«I{;{C�(M�H}G;�I{L8�J
�$�C�ID;GK? � F�|SFS{;F=<(HIFSH�|@8=<SGKJ
3.4 ± 0.2 ± 0.8

�
	�{L8@JRFS�}G;T;{;�(M�<S�(<SFIPÕ��F�´,O�|Y�S��|SzYH P�OQJ�8={­G­{L8AFSHI{CFS<SO
:;O��IB�JRz�|@8�|=FS<;�ê9;FS9C:L8=<�JRO}{;{;��?

{;8�� ��� OIDC|=G;<S{;FSH�|Sz�PRO}|SO}DC|SGC:;FS<>8={CGC�7��{L8=�@JR»�P�«I{C{;�(M�H}G;�I{L8�J
9;F@JLBET;OI{�:L8=<S{C�(� (69.1±4.5±
15.7)×10−3γ

Ã@H}|S:KBK»���<�|SF/<S:;O}�$��DK8�D�GC{C|SO}{;HIG;<={;FSH}|=z�|SF=:;��F=��{CFS�IF/GC��JLBET;OI{;GK��9;:COQP�H}DK8@���(<>8=O�|SH¯�
{;8�BE:;FS<S{CO

(17.10±0.01±1.21)×10−3γ
Ã@H}|S:KBK»��>��|SH}»�P-8�HQJROQPRB=O}|��STK|SF.GK?�F�|S{;F=¡�OI{;GCO�:L8=<S{CF

4.0 ± 0.3 ± 1.0
�

Ç���JLG�GK�IBET;OI{C�¾:L8���JRG;T;{;�(O
HIGCH}|SO}��8�|SGCT;OIH}D;G;O�� ��� O}DC|S����H}9;FSHIF=�S{;�(O�9;:;G;<=F�PRGC|Sz�D�{L8=��JR»�P�8=OI��FS�$BGK���S��|=DCBN�$�;�}D;GK? � F�|SFS{;F=<;�7Ç���JLF¬9;FSDE8���8�{;F;�7TC|=FY{L8=��JR»�P�8=OI���(M­HIGC�I{L8@JÕ{;O,��F�´,O�|¬�S��|=zF=�=©ê�;H}{;OI{¼|@8=D;G;��GÅ|S:;GC<SGL8@JRz={;�(��G�9;:;GCT;G;{L8=��GÁ��DE8=DÅ{;OQPRFSFSy;O}{;DE8½<S{;O�¡
{;O}�IFÕ|=FS:;��F=�I{;FS�}F
GK�}JLBET;O}{;GC��<�2_FS{C|=O�� )�8=:EJRFS<SH}D;GK?�P-8�{;{;��?-��{;OI9C:L8=<SGKJLzS{;FSO���FIP�OQJRG;:;FS<S8={;G;O�HI9COIDC|=:;FS< � F�|SFS{;F=<GCHI9;F�JLz=��FS<S8=<=¡
GC��G;H¯���IO}{;OI:L8@|SFS:L8���G�HIF=�S��|SG;MÁ��GKJRG�:L8���JRG;T;G;O�</FS�S:;8=�SF=|=DEO��}D�HI9;O}:;G;��OI{K|@8@JRzS{;��?
G,2_FS{C|=O�� )�8=:EJRFS<SH}D;GK?�P�8={;{;��?
9;:;FS�}:L8=����FSM,:;O}D�FS{;H}|=:CBED;y;G;G�HIF=�S��|SG;MÁ�>��8�´°{;FSO
��{L8�T;O}{;G;O=�
<=<SGEPRB.P�FS��GC{;G;:CBE»�¨�OI�}F�<=DKJ�8�P-8

γ
�¦D;<>8�{C|SFS<�F=|.:L8�HI9L8�PRFS<

π0
<.GC{C|SO}{;HIG;<={;FSH}|=z � FS{;8C��G;��OIO�|?SFS:;F=¡�OIO�HIFS� JR8=HIG;O���O}´,PRBN�}D�HI9;O}:;G;��OI{K|@8@JRzS{;�(��G¼GÕ2_FS{K|SO��¦)�8=:KJRFS<=HID;G;��GÕ:;O}�}B�JRz�|@8�|@8=��G

P;JL�3H}G;�I{;8@JRFS<A��|SGK?eTL8=H�|SG;y7�-GC��<@JROIDE8=O}���(��GNGC�,:L8=H}9;:;O�P�O�JRO}{;G;M­9;F°��8=HIH}O�P�<=B>? � F=|SFS{CFS<;�D�FS� P�8�FIP�G;{vGC� � F=|SF={;FS<,�;<�J;�;O}|=H¯�3{CGC��D�FS�}{;OI:;�}G;T;{;�(�(�-HI�(�R��G;H���ïK�
` ã�â���âY��a

Z0 → µ+µ− + γ i$jlk�m ß(çl)�è]*��.é_è7å�à�}�����������eCÜ
� ��|SFSMh� J�8=<=ONFS9;G;HI8={h8={L8@JRGK�­:;F�´�P�O}{;GC�ì�$�C�ID;GK? � F�|SFS{;F=<"<Å:CO�8=D;yCG;G Z0 → µ+µ− +
γ � � ��HYG;H}9;F�JRz���FS<>8�{;G;OI�ÆP-8={;{C��?Å�ID�HI9;O}:;G;��O}{C|@8"Ô.Î�ÖªÓ
×�Ø,G¼HAPRO}|SO}DC|SGC:;FS<>8={CG;OI�+�$�;�}D;GK?
� F=|=FS{;FS� ��O�|SFIP�FS� D�FS{;<=OI:;H}G;GÆ<�<SO�¨
OIH�|S<SOÕPRO}|SO}DC|SF=:L8C�.DE8=D\Gq<�9;:;O�P���PRB�¨
O}� H�J;BKT;8=O=�
)�:;F=��O"H�8=��FSH�|SF��C|=O�JRz={;FS�IFqG;{C|SO}:;OIHI8C���}|SF�|\8={;8@JRGC�Å9;:;O�P�H}|@8�<�JL�KJuHIFS�SF=MÀFS9C:;OQP�OQJR«I{C{CBE»
9C:;FS<SO}:;DCBì¢ÙD�FS{C|S:CF�JRzS{;�(M��ID�HI9COI:;G;��O}{C|�¤���O}|=F�PRFS<ÕG¼:;O��IB�JRz�|@8�|=FS<½G;H}H�JRO�P�FS<>8�{;GC�Å�$�;�}D;GK?
� F=|=FS{;FS<(<�8�PR:;FS{;{;��?.HIFS�=��|SGC�E?�:L8=HI9;8�P�FS< Z0

�}FS9;G;HI8={;{;F=�IF/<���J�8=<=O�ïK���.�IBETL8�JRFSHIz/:;F�´,P�OI{CG;O
� F=|=FS{;FS<�<ÅP�<=B>?qD;G;{;O}��8�|SGCT;OIH}D;GK?qP�G;8=9L8��IFS{L8@?-��<¿ÖªÎ ¢Ù{;GC�IDEF=�I{;O}:;�IG;TC{;FS�
¤YP�GL8�9L8���F={;O=�
0.2 < Eγ ≤ 1

�ê�I���
pT < 40

2_�I�(Ã
c
�/� P�O

pT

�j9;FS9;O}:;OITC{;�(MÆG;��9CB�JRzSH
γ
�¦D;<S8={C|@8�9CF

F�|S{;F=¡�OI{;GC»ÅD�{L8�9;:L8=<�JLOI{;G;»¼GC��JLBETL8=»�¨
OI�}F���»�FS{L8C�IG�</×�Î"¢®<=�(HIFSD�FS�}{;OI:;�}G;T;{;F=�
¤-PRGL8=9L8��IFS{;O��
1 < Eγ ≤ 10

�ê�����
pT < 80

2v���(Ã
c
�

��8N��G;H=�$�C�²Ú39C:;OQP�H�|@8=<�JRO}{;� :L8=H}9;:;O�P�O�JRO}{;GC� � F=|SF={;FS<N9;F­9;O}:;OI��O}{;{;�(� θγ , pT

G
p2

T

<
F=�SFSGK?��I{;O}:;�IO�|SG;TCOIHIDCGK?�PRGL8=9L8��IFS{L8@?�¢®{;O�9;F=9;:L8=<�JLOI{;{;�(O�{L8�� ��� O}DC|SGC<S{;FSH�|Sz/PRO}|SO}DC|SGC:;FS<>8={CGC�R¤Q��.����|SGK?j¢ÙG�8={L8@JRF=�IG;T;{C��?�9;FS9;:;8=<�JRO}{;{;��?;¤7:L8=HI9C:;OQP�OQJROI{CG;M�9;F@JLBET;OI{;�½<SOI:;F��K|S{;FSH�|SG�:;F�´�P�O}{;GC�
� F=|=FS{;FS<C�I{;O�9;F=9;:L8=<�JLOI{;{;�(O�¢®9CFS9;:L8=<@JROI{;{C�(O�¤7{L8�� ��� OIDK|SG;<S{CFSH}|=z/P�O�|SOIDK|SG;:;F=<>8={;GC� � F=|SF={;FS<;�:;8=<S{;�(O�¢Ù<�OQP�GC{;G;yL8@?

10−3γ/µ
¤���8>¤�<�ÖªÎePRGL8=9L8��IFS{;O��>~C� �;���

±0.048±0.007
¢£�SïK��Ë

±4.0±1.4
¤Q�

<�|SFj<S:;OI�$�_DE8=D3|=OIFS:;O�|SG;TCOIHIDCG;O�9;:;OQPRHIDE8���8�{;GC�vP;JL�e<S{KBE|=:;OI{C{;OI�}FA|SFS:;��F���{;FS�}FAGC��JLBET;OI{;GK�
H}FSH}|@8�<�JL�KJLG

0.388±0.001±0.025
¢£� Â � Â ~

±0.01±0.93
¤ Ä ��¤$<�×�Î­P�G;8=9L8��IFS{;O=�E~C��Ê>�=Ë ±0.069±

0.025
¢£�K�S���

±2.2 ± 1.3
¤���<A|SF¬<=:;OI�$�NDE8=De|=OIFS:CO}|SGCT;OIH}D;G;O�9;:;OQPRHIDE8���8�{;GC�ePLJL�N<={CB�|S:;O}{;{;OI�}F

|=FS:;��F=�I{;FS�}F°GC��JLBET;OI{CGC�3H}FSH}|@8�<�JL�KJLGe~C� Ú=Ë=�
±0.001 ± 0.089

¢£�=~C��~S~
±0.01 ± 2.00

¤��
��|S{CF=¡
O}{;GC�¾{;8=��JR»�P�«}{;{;FSM½G¾9;:;O�P�HIDE8���8={;{;FSM½G;{C|SO}{;HIGC<S{;FSH�|SOIMÅGC��JLBET;OI{;GK�"HIFSH�|@8=<SGKJLG

Ê



1.06± 0.12± 0.07
<
ÖªÎÕP�GL8=9L8@��FS{;O��KG

1.04± 0.09± 0.12
<
×�ÎÕP�G;8=9L8��IFS{;O,¢Ù9;:;G°9;F�JLBET;O}{;G;G

��|SGK?\F=|S{CF=¡
O}{;G;M#GCHI9;F�JLz=��FS<S8@JRG;H}z¿:;O}�}B�JLz�|@8@|S����{;O¾9;FS9C:L8=<�JRO}{;{;�(O¼{L8�� ��� O}DC|SG;<={;FSH}|=zPRO}|SO}DC|SGC:;FS<>8={CGC� � F=|=FS{;FS<C�}|�� D7��FS{;G�FS��JR8�P-8=»�|�JLBETC¡
O}M�H�|@8�|SG;H�|SG;TCOIHID�FSM,|=FST;{;FSH�|SzS».¤�����8=D;G;�F=�S:L8��IFS�(�Á8�{L8@JRGC����»�FS{C{;��?_P-8�{;{;��?39;FSDE8���8�JN?>FS:;F�¡
OIO,H}FS� J�8=H}G;O,��O}´,PRBv{L8=�@JR»�P�«I{C{;�(��G
G'9;:;OQPRHIDE8���8�{;{;�(��G¿BE:;FS<S{C�C��G�GC��JLBET;OI{;GK� � F�|SFS{;F=<;��<½F=|�JRG;T;GCOeF=|¼8={;8@JRGC��8¾8�P�:;F={;{;��?P�8={;{;��?-�LFS9;GCH�8={;{CFS�IF�<°9C:;OQP���PLBE¨�OIMe� JR8=<SO�P�G;H}HIOI:K|@8=y;G;G

��9COI:;<S�(Ov<�9;:>�;��FS�ñ:CF�´,P�O}{;G;G � F=|=FS{;FS<�<�:L8=HI9;8�P-8@? Z0
�SF=�IFS{;FS<­<�TL8=H�|S{;FSH�|SG7��G�<

GCHIH�JLOQP�FS<S8={;GC�E?­��»�FS{C{;FS�IFY�S:C�I�$¡�|=:L8=� JLBE{;�Q8_9;:;G�<S�(HIFSDCGK?N�}{;OI:;�}GC�K?�<=FSFS�=¨�O=�7{L8���JR»�P�«}{
��«}:C|S<=�(M�D�FS{CB=H��S:;�I�$¡�|S:L8�� JLBE{;�Q8C��|@8=DC´,O�<�?>F=:;F=¡
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θ<240 mrad θ<240 mrad

θ<20 mrad θ<20 mrad
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θ<20 mrad

θ<20 mrad
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0.2<Eγ<0.5 GeV 0.2<Eγ<0.5 GeV

0.5<Eγ<1 GeV

0.5<Eγ<1 GeV
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MC

Eγ1<1 GeV

DELPHI

RD

Eγ1<1 GeV

MC

Eγ1>1 GeV

RD

Eγ1>1 GeV
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