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-,V, EPW049?5 T,X, :3.8I<?D5 -,M, :3<=210I45 M,H, H0W10C049?57,F, Y.8U9345 -,7, Y1O?0D5 G,-, V0C0D0J04Z0D5 -,F, V?U?D5H,M, +??15 -,-, +;O845 H,:, +PW9;<?D5 -,E, F3O3J84?D57,-, F3J?C?D5 -,H, F9C34W93I5 7,V, F/8.1345 M,N, F4?U9?D5G,V, F?<?J?D5 V,X, F10U84?D5 -,M, F;.84?D5 7,:, [31?D5K,-, [?/UW?45 N,7, S0J?1?D3>5 A,M, \8B345 7,7, \=QB5K,7, ]0C4^95 -,N, @8/?D5 X,:, @81;4?D5 A,-, @D8CZ5

F,M, 6IJ0<=/845 X,7, XJ34
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mnopqrsq tuvwqxxy e+e− → ηγx zq{q|{vuv} ~���� � v��yx{s �rqu�s� 600 − 1380 ������� ��������� ���� �������� ���� ���������� ����  ��¡�¢�£� ��  �¢���¤���  �¢��£� ¥�¦�  �¢�� ��¦�  ��§�¢�� ¨���  ��§�¢�£�
����  ¢�©��� ���� ������£� ª�«� ¬�­®��£� ���� ¬¢�­��¯�� ¨�ª� ¬¢�©�¢��£�¥�¬� °£�¢�£� ±��� «©����£� ¥��� ²�¢³�£� «��� ²��³� ´�́ � ²¢���£�®µ�¤��� ²�¢§�§¡�� ��¥� ²�¡����� «� � ¤�©������� ´��� ¤����� ��́ � ¤®¶�����
²�·� ����µ��£� ��«� �������µ�� «�ª� ª�¶��¢����� ��¥� ¸��³����
���� ¸�­��£� ¦��� ´�¢�£�§��¹�£� ��¥� ´�³�£� ª�«� ����� ���� ��­���ª��� �®¶����£� ��¤� ¥�­�§���£� ���� ¥�§�¢�£� ��ª� ¥�¢��¶��µ���́ � ¥������� «�¬� ¥��³��£� ¦�́ � ¥���§�£� ´�·� ¥��³���£� ��«� ¥�����£����� º���£� ¨��� º��³¶��� ¬��� ±�§���£���  �«� »�¡��� ���� »�¯¡�¨��� ¼�¢�½�� ��¬� ����£� ·��� ������£�  ��� �£�¢¹� ¥�«� �µ§�������·��� ·§��

¾rrv{yws¿
7 À9WU0C3/0410 W J01091?C?/ T:KÁÂ 3B;>8<W^ UC?Z0WW e+e− →

ηγ D ?O<8W13 À40CL3I ÃÄÄÁÅÆÇÄ :À7, MB/0C04P ?14?W310<=4P0 D0ÁC?^14?W13 C8WU8J?DÈ
B(ρ → ηγ) = (3.28 ± 0.37 ± 0.23) · 10−4

,

B(ω → ηγ) = (5.10 ± 0.72 ± 0.34) · 10−4
,

B(φ → ηγ) = (1.287 ± 0.013 ± 0.063) · 10−2
.7U0CDP0 U?<;>04P ;98B843^ 48 W;É0W1D?D8430 C8WU8J8 ρ′ → ηγ ,



ÊËÌÍÎ ÏÐ ËÑÒ ÓÔÏÕÒÖÖ e+e− → ηγ×Ø ÕÙÚÙ ÒØÒÔÛÎ ÔÜØÛÒ ÝÞÞ�ßàáÞ âÒã ÜË äâå��
æ�æ� çèéêëìíéîï� ð�ñ� çïòíéèîï� ñ�ó� çôõöéëïè÷� ñ�øé� ùòïúòû÷ü� ç� ùòûòìì�ý�ó� ùòûè÷ü� ø�ð� ùòûô� þ�ø� ùòíéì÷ü÷ÿ� ç�ð� ù÷ï�òû� ��ñ� ù÷ï�òûëü�
ç�ñ� ùûò�îï� ��ñ� �éëûïÿòè� ø��� ðî�ëõêòï� ��ñ� �ë�÷ì÷üîìöé� þ��� �ò�ÿíéëü�
ç�ç� �ûë�ëïîôè� ��þ� �ûî�÷ûîëü� ñ��� 	ô�éëí� ��ñ� ��ïòì÷ü� ø�ñ� 
òû�÷ü�
ñ��� 
òúòïîï� ù��� 
éòúîï� ��ç� 
÷÷�� ���� 
û÷è÷üïÿ� ý�ó� 
ôû�ò�úë�

ç�ø� 
ôúêîï� ��ù� ý÷�òíéëïè÷� ��ç� ýôèîï� ç��� ýÿíëïè÷� 
�
ô� óîèéòîõ÷ü�
ç��� óîõíìëîï� ��þ� þëíìëûëïè÷� ñ�ø� �èéò�èîï� ç�ñ� �ì�÷ëü� ð�ç� �ëûëüë�ëïìíëü�

ç�ø� �÷�÷ü� þ��� æ÷÷ì� ç�ç� æô�òï� þ�ó� æÿíèôõ÷ü� ç��� øéòê÷ü�
ô�ó� øéòìôï÷ü� ù�ç� øé�òûìú� ç�ý� øî�î�òï÷ü� ñ�ç� øî�÷û÷ü� ç�þ� øèûîïíèÿ�
ñ��� øêòèéìîï� ���� øï÷�è÷ü� ð��� ø÷õ÷�÷ü� ��
ô� øìë�òï÷ü� ç��� øôèéòï÷ü���ç� �é÷ê�í÷ï� ç�ç� ñòõîíéëü� 
ô�ñ� 
ô�îï� ø��� �üëûëü��ÖËÔÜÕË

��� ����� ������� �� ���  ������ e+e− → ηγ
�!� "��� #�!�$��% ����� ÃÄÄÁÅÆÇÄ &�' �,#, ����() �!�(� *��� ��� +&,ÁÂ %�������, �����--�*��( "�!�����( �!���� �!.� "��� %����#���%È

B(ρ → ηγ) = (3.28 ± 0.37 ± 0.23) · 10−4
,

B(ω → ηγ) = (5.10 ± 0.72 ± 0.34) · 10−4
,

B(φ → ηγ) = (1.287 ± 0.013 ± 0.063) · 10−2
./.�%���� ��� ��� ρ(1450) → ηγ

%��!) �!� "��� �"�!���% ��� ��� �������#�,
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3 45676896
�:;<=>?= @AB?AC?D>>EF G=@=FDBDH I=JB; H=KLD@>EI? ? GM=HBDMKANO@�>EI? I=:D>AI? G@=BMLAHNO=L ?>L=@=M M LD<K? :@=>?O G@DH=@K? KHA@KDHDPIDB=N?Q RSTUV ? IDB=N? H=KLD@>DP BDI?>A>L>DML? WXQ YQ UQ ZQ [\2]A^>?L>D�B?GDN_>E= @AB?AC?D>>E= G=@=FDBE ρ Q ω ? φ I=:D>DH H KD�>=<>D= MDMLDO>?= ηγ ?:;<AN?M_ HD I>D^?F `KMG=@?I=>LAF Wa\2�: `L?F G@D�C=MMDH LDN_KD @AMGAB φ I=:D>A FD@DbD ?:;<=> H GDMN=B>?F `KMG=@?I=>LAF>A B=L=KLD@AF �]
�Y Wc\ ? ��
 WdQ eQ XfQ XX\2 �B>AKDQ gDN_b?>MLHD ?:I=�@=>?P b?@?>E @AMGABA φ → ηγ G@DHDB?NDM_ H ;:KDP DgNAML? `>=@^?PQ <LDG@?HDB?L K :AI=L>DP IDB=N_>DP Db?gK=Q MHO:A>>DP M DG?MA>?=I M=<=>?OH>= φ I=:D>A2 �:I=@=>?= M=<=>?O G@DC=MMA e+e− → ηγ HD HM=P BDML;G>DPDgNAML? `>=@^?P GD:HDN?L ;I=>_b?L_ ;KA:A>>;h IDB=N_>;h Db?gK;2iDN_bDP ?>L=^@AN MH=L?IDML?Q >Ag@A>EP H GDMN=B>?F `KMG=@?I=>LAF>A ;MKD@?L=N= MD HML@=<>EI? e+e− G;<KAI? �jkk�Y]Q GD:HDNO=L G@D�HDB?L_ KA<=MLH=>>D >DHEP A>AN?: @DJB=>?O KD>=<>D^D MDMLDO>?O ηγ H
e+e− A>>?^?NOC??2 � >AMLDOl?P IDI=>L G@DH=B=>E ?:I=@=>?O DL>DM?�L=N_>DP H=@DOL>DML? @AMGABA φ → ηγ >A B=L=KLD@AF �]
�Y H IDB= @AM�GABA η → π+π−π0 Wc\ ? ��
 H L@=F DM>DH>EF IDBAF @AMGABA η I=:D�>A WdQ eQ XfQ XX\Q A LAKJ= DL>DM?L=N_>EF H=@DOL>DML=P @AMGABA ρ Q ω → ηγH IDB= @AMGABA η → 3π0 WXX\2� BA>>DP @AgDL= G@=BMLAHN=>E @=:;N_LALE ?:;<=>?O G@DC=MMA e+e− →
ηγ >A KDNNAPB=@= �jkk�Y] M B=L=KLD@DI �]
�Y WXY\2 �>AN?: G@DH=B=>H B?AGA:D>= `>=@^?P aff�XUdf ]`�Q ?MGDN_:;=IAO MLAL?ML?KA MDMLAHNO=LDKDND Ya2U Gg−1 2
m nopq6r9s68t

=L=KLD@ �]
�Y G@=BMLAHNO=L MDgDP ;>?H=@MAN_>EP IA^>?L>EP B=L=K�LD@ ? GDB@Dg>D DG?MA> H @AgDL= WXY\2 �M>DH>EI? M?ML=IAI? B=L=KLD@AOHNOhLMO B@=PuDHAO KAI=@A ? G@DGD@C?D>AN_>AO v�KAI=@AQ ?MGDN_:;h�l?=MO BNO DG@=B=N=>?O KDD@B?>ALQ ;^NDH HEN=LA ? ?IG;N_MDH :A@OJ=>�

Z



>EF <AML?CQ A LAKJ= C?N?>B@?<=MK?P wxy� ? LD@C=HDP z{|�KAND@?I=L@EQDg=MG=<?HAhl?= ?:I=@=>?= `>=@^?P ? ;^NDH uDLD>DH2
A>>EP A>AN?: G@DH=B=> >A DM>DH= MLAL?ML?K?Q >Ag@A>>DP H 1997 −
2000 ^2 }A^ MKA>?@DHA>?O H GDN>DP `>=@^?? ?:I=>ONMO DL [ff K`� HgN?:?G?KDH ω ? φ I=:D>DH BD [ ]`� H>= @=:D>A>MDH2 �A:g@DM `>=@^?P H G;<K=MDMLAHNON DKDND Zff K`� G@? 2Ebeam = 1000

]`�2j>=@^?O >AKDG?L=NO :ABAHANAM_ H=N?<?>DP LDKA H DM>DH>EF IA^>?LAF�jkk�Y]Q G@? `LDI LD<>DML_ ;MLA>DHK? `>=@^?? gENA DKDND Yff K`�2� DgNAML? φ I=:D>A `>=@^?O G;<KA Ebeam
DG@=B=NONAM_ gDN== LD<>DGD ?:I=@=>?h M@=B>=^D ?IG;N_MA :A@OJ=>>EF KAD>DH H @=AKC??

e+e− → K+K− 2 �?ML=IAL?<=MKAO Db?gKA `LD^D I=LDBA MDMLAHNO=L DKDND[f K`� BNO GDN>DP `>=@^??2
�H=L?IDML_ ?:I=@ONAM_ GD G@DC=MM; ;G@;^D^D @AMM=O>?O `N=KL@D>A ?GD:?L@D>A >A gDN_b?= ;^NE2 �LAL?ML?<=MKAO Db?gKA ?:I=@=>?O MDMLAH�NO=LQ KAK G@AH?NDQ I=>== X~ H KAJBDP `>=@^=L?<=MKDP LD<K=2 �?ML=IAL?�<=MKAO Db?gKA H H=N?<?>= MH=L?IDML? DG@=B=NO=LMO LD<>DML_h @AM<=LA@AB?AC?D>>EF GDG@AHDKQ >=DG@=B=N=>>DML_h ?:I=@=>?O L=N=M>D^D ;^NAQGD^@=b>DML_h @A:B=N=>?O <AML?C ? MDMLAHNO=L 1 − 3

~ H :AH?M?IDML? DLB?AGA:D>A `>=@^??2
� �t��r p���t9�

NO ?:;<=>?O G@DC=MMA e+e− → ηγ gENA HEg@A>A IDBA @AMGABA η → 3π0 2
�LD^D H KD>=<>DI MDMLDO>?? ?I==LMO c uDLD>DH2
A>>AO IDBA @AMGABA ;BDg>A L=IQ <LD G@? `>=@^?OF >?J= GD@D^A @D�JB=>?O ωπ0

T
Ebeam . 460

]`�V K >=P G@AKL?<=MK? >=L uD>A � B@;^?=@AMGABE ω ? ρ I=:D>DH M gDN_b?I M=<=>?=I >= BAhL I>D^DuDLD>>EF MD�gEL?P2k@? @=^?ML@AC?? MDgEL?O <AML_ uDLD>DH IDJ=L L=@OL_MO2 jLD MHO:A�>D M GD@D^DI @=^?ML@AC?? N?H>OQ D^@A>?<=>>EI L=N=M>EI ;^NDI B=L=K�LD@AQ MN?O>?=I N?H>=P2 � MDgEL?? LAKJ= ID^;L gEL_ �N?b>?=� uDLD>EQKDLD@E= HD:>?KAhL ?:�:A @AMl=GN=>?O N?H>=PQ �b;IOl?F� K@?MLANNDHKAND@?I=L@AQ A LAKJ= G;<KDHD^D uD>A2 kD`LDI; ?MGDN_:DHAN?M_ MN=B;h�l?= K@?L=@?? G@=BHA@?L=N_>D^D DLgD@A�
• Ntrack = 0 � >=L L@=KDH H B@=PuDHDP KAI=@=�
• 6 ≤ Nphot ≤ 8 � <?MND uDLD>DH DL a BD d�
• NCsI ≥ 3 � GD K@AP>=P I=@= U uDLD>A :A@=^?ML@?@DHA>D H wxy�KAND@?I=L@=�

[



�?M2 X� �=`uu=KL?H>DML_ L@?^^=@A H :AH?M?IDML? DL `>=@^DHEB=N=>?O Hwxy�KAND@?I=L@=

• Etot > 1.5 Ebeam
QPtot < 0.4 Ebeam � GDN>D= `>=@^DHEB=N=>?= gDN_b=X2[ `>=@^?? G;<KAQ GDN>EP ?IG;N_M I=>_b= f2Z `>=@^?? G;<KA�

• ECsI > 20
]`�QEBGO > 30

]`� � I?>?IAN_>AO `>=@^?O uDLD>A Yf]`� H wxy� ? Uf ]`� H z{|�KAND@?I=L@=�
• |θph −π/2| < 1.15 � I?>?IAN_>EP ;^DN uDLD>A K DM? G;<KDH gDN_b=

24◦ 2kDMN=B>?= BHA ;MNDH?O gEN? BDgAHN=>E BNO ;I=>_b=>?O <?MNA NDJ>EFuDLD>DH2k@? DG@=B=N=>?? `uu=KL?H>DML? @=^?ML@AC?? L@=g;=LMO ;<?LEHAL_`uu=KL?H>DML_ L@?^^=@A2 
NO @=^?ML@AC?? MDgEL?P G@DC=MMA e+e− →
ηγ → 7γ >=DgFDB?ID M@AgALEHA>?= >=PL@AN_>D^D L@?^^=@AQ H KDLD@DI;<AMLH;=L wxy�KAND@?I=L@2juu=KL?H>DML_ L@?^^=@A DG@=B=NONAM_ GD G@DC=MM; e+e− → π+π−π0 2�Lg?@AN?M_ MDgEL?OQ ;BDHN=LHD@Ohl?= :AKD>AI MDF@A>=>?O `>=@^??�?IG;N_MA M ;<=LDI @A:@=b=>?O B=L=KLD@A2 �AKJ= L@=gDHANDM_ GDGABA>?=DgD?F L@=KDH H v�KAI=@EQ <LD ^A@A>L?@;=L :AG?M_ MDgEL?O GD :A@OJ=>�>DI; L@?^^=@;2�A �?M2 X GDKA:A>A :AH?M?IDML_ >=`uu=KL?H>DML? >=PL@AN_>D^D L@?^�^=@A DL `>=@^DHEB=N=>?O G@? <=LE@=F ? gDN== KNAML=@AF TGD@D^ >A `>=@�

a



^?h KNAML=@A � Yf ]`�V2 k@? Dg@AgDLK= IDB=N?@DHA>?O >=`uu=KL?H�>DML_ >=PL@AN_>D^D L@?^^=@A ;<?LEHANAM_ GD `LDP :AH?M?IDML?2 �?ML=�IAL?<=MKAO Db?gKA `LD^D I=LDBA DG@=B=NONAM_ ?:I=>=>?=I ;MNDH?P >AI?>?IAN_>;h `>=@^?h KNAML=@A ? <?MNA uDLD>DH ? DC=>?HA=LMO H X~2
NO BAN_>=Pb=^D A>AN?:A MDgEL?P ?MGDN_:DHANAM_ K?>=IAL?<=MKAO@=KD>ML@;KC?O WXU\2 �=KD>ML@;KC?O G@DHDB?NAM_ M ;MNDH?OI? MDF@A>=>?O`>=@^??�?IG;N_MA2 kA@AI=L@AI? @=KD>ML@;KC?? gEN? `>=@^?O ? ;^NE θ Q
φ BNO KAJBD^D uDLD>AQ G@? `LDI ;<?LEHANAM_ AM?II=L@?O `>=@^DHEB=�N=>?O uDLD>DH2�AH?M?IDML? @A:@=b=>?P GD E Q θ ? φQ A LAKJ= AM?II=L@?? DL `>=@^??? ;^NDH uDLD>DH DG@=B=NON?M_ ?: IDB=N?@DHA>?O2kDMN= K?>=IAL?<=MKDP @=KD>ML@;KC?? >AKNABEHAN?M_ BDGDN>?L=N_�>E= ;MNDH?O�

• χ2 < 12 � FD@Db== KA<=MLHD @=KD>ML@;KC??�
• 0.7 < ωi/Ei < 1.9 � DL>Db=>?= @=KD>ML@;?@DHA>>DP `>=@^?? K ?:I=�@=>>DP >AFDB?LMO H G@=B=NAF DL f2c BD X2e BNO KAJBD^D uDLD>A�
�A �?M2 Y GDKA:A>E @AMG@=B=N=>?O GD χ2 @=KD>ML@;KC?? BNO `KMG=@?�I=>LAN_>EF MDgEL?P H DgNAML? >?:K?F `>=@^?P ? >A φ I=:D>= H M@AH>=>??M IDB=N?@DHA>?=I2 �AgNhBA=LMO ;BDHN=LHD@?L=N_>D= MD^NAM?=2
NO DG@=B=N=>?O `uu=KL?H>DML? @=^?ML@AC?? G@DC=MMA e+e− → ηγ →

7γ Q A LAKJ= BNO GDN;<=>?O @AMG@=B=N=>?P GD GA@AI=L@AIQ ?MGDN_:;=IEIG@? Dg@AgDLK= BA>>EFQ G@?I=>ONDM_ <?MN=>>D= IDB=N?@DHA>?= I=LDBDI]D>L=��A@ND2 juu=KL?H>DML_ @=^?ML@AC?? DG@=B=NONAM_ M ;<=LDI `u�u=KL?H>DML? >=PL@AN_>D^D L@?^^=@AQ D>A I=>O=LMO DL Xd~ G@? aff ]`�BD UU~ H DgNAML? φ I=:D>A2�D>DHE= ;MNDH?O BNO ?MMN=B;=ID^D G@DC=MMA M?N_>D I=>OhLMO M `>=@�^?=PQ GD`LDI; A>AN?: @A:N?<ANMO BNO @A:>EF `>=@^?P2 �=M_ BDML;G>EPB?AGA:D> `>=@^?? @A:g?HANMO >A L@? <AML?�
• >?:K?= `>=@^?? � 2Ebeam < 950

]`�Q
• DgNAML_ φ I=:D>A � e[f ]`�< 2Ebeam < 1080

]`�Q
• HEMDK?= `>=@^?? � 2Ebeam > 1080

]`�2
��� ������ �������
�?J= GD@D^A @DJB=>?O ωπ0 >=L B@;^?F I>D^DuDLD>>EF G@DC=MMDH MD :>A�<?L=N_>EI M=<=>?=I2 �D:IDJ>E= uD>DHE= MDgEL?O KHA>LDHD`N=KL@DB?�>AI?<=MK?F G@DC=MMDH ? KDMI?<=MK?F IhD>DH `uu=KL?H>D GDBAHNOhLMO

c



�?M2 Y� �AMG@=B=N=>?= GD χ2 @=KD>ML@;KC?? TLD<K? � `KMG=@?I=>LAN_>E=MDgEL?OQ ^?MLD^@AIIA � IDB=N?@DHA>?=V2
;MNDH?OI? >A I?>?IAN_>D= <?MND uDLD>DH ? I?>?IAN_>D= GDN>D= `>=@�^DHEB=N=>?=2 kD`LDI; M<?LANDM_Q <LD HM= MDgEL?OQ G@Db=Bb?= DLgD@Q �`LD MDgEL?O ?MMN=B;=ID^D G@DC=MMA e+e− → ηγ → 7γ 2
��� ������  φ ¡��¢��
�A φ I=:D>= DM>DH>EI uD>DHEI G@DC=MMDI OHNO=LMO φ → KSKL →£¤¥¦§¨©ª � ?:�:A gDN_bD^D M=<=>?O `LD^D G@DC=MMA G@?FDB?LMO ?MGDN_�:DHAL_ MLAL?ML?<=MKD= @A:B=N=>?= M?^>ANA ? uD>A2 �>= φ I=:D>A LAKJ=HD:IDJ=> HKNAB DL G@DC=MMA e+e− → ωπ0 , ω → π0γ 2�A:B=N=>?= G@DHDB?NDM_ GD @=KD>ML@;?@DHA>>DP IAMM= DLBA<? MAID^DJ=MLKD^D uDLD>AQ DG@=B=NOHb=PMO GD uD@I;N=�

mrecoil =
√

(2Ebeam − ω1)2 − ω2
1 .

TXV

NO MDgEL?P ηγ @AMG@=B=N=>?= GD `LDI; GA@AI=L@; BDNJ>D ?I=L_ H?B;:KD^D G?KA M IAKM?I;IDI DKDND IAMME η I=:D>A mη = 547.3

]`�Q A BNOuD>DHEF G@DC=MMDH DJ?BA=LMO b?@DKD= @AMG@=B=N=>?=2
�>A<ANA GD MDgEL?OI M GNDF?I KA<=MLHDI @=KD>ML@;KC?? T

χ2 > 15
V

DG@=B=NONAM_ uD@IA uD>DHDP u;>KC??2
NO `LD^D @AMG@=B=N=>?= GD IAM�M= DLBA<? GDB^D>ONDM_ DLB=N_>D BNO MDgEL?P M b=ML_hQ M=I_h ? HDM=I_huDLD>AI? MN=B;hl=P u;>KC?=P�
F (z) = A0 · zα · (1 − z)β ,

TYV
d



�?M2 U� �AMG@=B=N=>?= GD IAMM= DLBA<? K J=MLKDI; uDLD>; BNO MDgEL?PM b=ML_hQ M=I_h ? HDM=I_h uDLD>AI? T:AK@Ab=>>AO DgNAML_ � �uD>DHAO�u;>KC?OV2
^B= z = (x − xmin)/(xmax − xmin)Q A xmin

? xmax � ^@A>?CE MG=KL@A z 2�AL=I BNO MDgEL?PQ ;BDHN=LHD@Ohl?F ;MNDH?OI DLgD@AQ `LDL J=MG=KL@ AGG@DKM?I?@DHANMO M;IIDP AM?II=L@?<>D^D ^A;MMA ? �uD>DHDP�u;>KC?? M :Au?KM?@DHA>>DP uD@IDP2 �A �?M2 U GDKA:A>E MG=KL@E ? ?FGDB^D>KA BNO MDgEL?P M b=ML_hQ M=I_h ? HDM=I_h uDLD>AI?2 
AN_b=uD@IA u;>KC?P u?KM?@DHANAM_Q ? DM;l=MLHNONAM_ GDB^D>KA BNO HM=F`>=@^=L?<=MK?F LD<=K2
NO DC=>K? HD:IDJ>DP M?ML=IAL?<=MKDP Db?gK?Q MHO:A>>DP M HEgD�@DI u;>KC?P BNO DG?MA>?O MG=KL@AQ G@DC=B;@A GDHLD@ONAM_ MD MN=B;h�l=P �uD>DHDP� u;>KC?=P�
F (x) = A0 · exp

[

∑

j=1..4

cj · (x − mη)j
]

.

�:I=>=>?= H <?MN= MDgEL?P ηγ G@? `LDI >= G@=HEbAND X~2
��� «¬�¢��� �������
�MGDN_:DHAN?M_ MDgEL?O LDN_KD M M=I_h uDLD>AI?Q ? G@DHDB?NAM_ K?�>=IAL?<=MKAO @=KD>ML@;KC?O M BDGDN>?L=N_>EI L@=gDHA>?=I� ?: GOL?IO^K?F uDLD>DH >AFDB?N?M_ BHA π0 ? MHDgDB>EP uDLD>Q GDMN= <=^D HE�g?@ANAM_ KDIg?>AC?O M >A?N;<b?I χ2 2 kDMN= @=KD>ML@;KC?? DMLAHANDM_L@? MHDgDB>EF uDLD>AQ ?>HA@?A>L>AO IAMMA BH;F IO^K?F uDLD>DH ?M�GDN_:DHANAM_ BNO DLgD@A MDgEL?P ηγ 2e



�?M2 Z� �AMG@=B=N=>?O GD GA@AI=L@AI DLgD@A� χ2, ωi/Ei, Mγγ
TLD<K? �`KMG=@?I=>LAN_>E= MDgEL?OQ ^?MLD^@AIIA � IDB=N?@DHA>?=V2

�MNDH?O DLgD@A gEN? MN=B;hl?=�
• Nphot = 7 � LDN_KD c uDLD>DH H MDgEL??�
• χ2 < 7 � FD@Db== KA<=MLHD @=KD>ML@;KC??�
• 0.8 < ωi/Ei < 1.5 � DL>Db=>?= HDMMLA>DHN=>>DP `>=@^?? K ?:I=@=>�>DP BNO KAJBD^D uDLD>A�
• 50 < Mγγ < 200 � ?>HA@?A>L>AO IAMMA MHDgDB>D^D uDLD>A ?: GOL?IO^K?F ? HLD@D^D uDLD>A GD `>=@^?? N=J?L DL [f BD Yff ]`�2juu=KL?H>DML_ @=^?ML@AC?? G@? `L?F ;MNDH?OF HEb= Xfdf ]`� MD�MLAH?NA≈ 8.4%2�A �?M2 Z GDKA:A>E @AMG@=B=N=>?O GD GA@AI=L@AI DLgD@ABNO `KMG=@?I=>LAN_>EF MDgEL?P >A φ I=:D>= ? IDB=N?@DHA>?O2 �@AH>=�>?= G@DH=B=>D >A φ I=:D>=Q L2 K2 G@? HEMDK?F `>=@^?OF <?MND MDgEL?PIAND2
�: @?M;>KA H?B>DQ <LD IDB=N?@DHA>?= ;BDHN=LHD@?L=N_>D DG?MEHA=L@AMG@=B=N=>?O H DgNAMLOF Dg@=:A>?P2
NO DC=>K? M?ML=IAL?<=MKDP Db?g�K? gEN G@DH=B=> A>AN?: >A φ I=:D>= M `L?I? ;MNDH?OI? DLgD@AQ ? gENDGDN;<=>D M=<=>?= >A d~ >?J=Q <=I MD MLA>BA@L>EI? ;MNDH?OI?2 �AK?IDg@A:DIQ M?ML=IAL?<=MKAO Db?gKA `L?F ;MNDH?P DLgD@A DC=>?HA=LMO H d~2� ?LD^=Q G@? 2Ebeam > 1300

]`� gEND DLDg@A>D L@? MDgEL?O2 �A�?M2 [ GDKA:A>D BH;I=@>D= @AMG@=B=N=>?= IAMME DLBA<? MAID^D J=MLKD^DuDLD>A H :AH?M?IDML? DL Mγγ
BNO `L?F MDgEL?P ? IDB=N?@DHA>?O G@D�C=MMA e+e− → ηγ 2

Xf



�?M2 [� ]AMMA DLBA<? MAID^D J=MLKD^D uDLD>A H :AH?M?IDML? DL ?>HA@?�A>L>DP IAMME BH;F MHDgDB>EF uDLD>DHQ LD<K? � IDB=N?@DHA>?= G@DC=MMA
e+e− → ηγ Q :H=:BD<K? � IDB=N?@DHA>?= G@DC=MMA e+e− → ωπ0π0 Q L@=�;^DN_>?K? � `KMG=@?I=>LAN_>E= MDgEL?O G@? 2Ebeam > 1300

]`�2
� `LDP DgNAML? `>=@^?P DM>DH>EI? uD>DHEI? G@DC=MMAI? OHNOhLMO�

e+e− → ωπ0 , ω → π0γ ,
TUV

e+e− → ωπ0π0, ω → π0γ .
TZV

�=<=>?= G@DC=MMA TUV MDMLAHNO=L GD@OBKA 1− 1.5 >gQ DB>AKD `LDL G@D�C=MM ?I==L H KD>=<>DI MDMLDO>?? GOL_ uDLD>DH ? FD@DbD GDBAHNO=LMO;MNDH?=I >A I?>?IAN_>D= <?MND uDLD>DH2k@DC=MM TZV ?I==L H KD>=<>DI MDMLDO>?? M=I_ uDLD>DHQ b=ML_ ?: KD�LD@EF MDMLAHNOhL L@? π0 2 �AK?I Dg@A:DIQ `LDL G@DC=MM g;B=L FD@DbD@=KD>ML@;?@DHAL_MO ? =^D IDJ>D DLB=NOL_Q LDN_KD ?MGDN_:;O @A:N?<?OH B?>AI?K= G@DC=MMDH e+e− → ηγ ? e+e− → ωπ0π0, ω → π0γ 2 �=<=>?=G@DC=MMA TZV IDJ>D HE<?MN?L_ MN=B;hl?I Dg@A:DI�
σ(e+e− → ωπ0π0, ω → π0γ) =

1

2
σ(e+e− → ωπ+π−) · B(ω → π0γ) .

T[V
�=<=>?= G@DC=MMA e+e− → ωπ+π− H B?AGA:D>= `>=@^?P 1300 − 1400

]`�
XX



MDMLAHNO=L 0.2 − 0.5 >g WXZ\2 �AK?I Dg@A:DIQ M=<=>?= G@DC=MMA TZV MDMLAH�NO=L 0.01 − 0.02 >gQ <LD M@AH>?ID M DJ?BA=IEI M=<=>?=I e+e− → ηγ 2
@;^?I? HD:IDJ>EI? ?MLD<>?KAI? uD>DHEF MDgEL?P ID^;L OHNOL_�MO G@DC=MME @AB?AC?D>>D^D HD:H@Al=>?O >A φ I=:D> M BAN_>=Pb?I @AM�GABDI φ → ηγ ? G@DC=MM e+e− → K0
SK0

Lπ0 Q DB>AKD ?F M=<=>?= IANDQ ? D>?LAKJ= ID^;L :>A<?L=N_>D GDBAHNOL_MO K?>=IAL?<=MK?2�A �?M2 [ MDgEL?O G@DC=MMA e+e− → ηγ ^@;GG?@;hLMO H DgNAML?
Mrecoil = Mη

Q Mγγ = Mπ0
Q H LD H@=IO KAK MDgEL?O G@DC=MMDH TUV ? TZV@AMG@=B=N=>E H b?@DKDP DgNAML?2 �AK?I Dg@A:DIQ HKNAB ?:H=ML>EF uD�>DHEF G@DC=MMDH H DgNAML_ M?^>ANA ηγ DC=>?HA=LMO GD IDB=N?@DHA>?h Hf2X MDgEL?OQ ? H=@DOL>DML_ LD^DQ <LD BHA >AgNhBA=IEF MDgEL?O OHNOhLMOuD>DHEI?Q MDMLAHNO=L f2[~2

­ �qr676®6896 9 ¯qqr�op9s¯°9± p6²689±

NO DG@=B=N=>?O GA@AI=L@DHQ DG?MEHAhl?F M=<=>?= G@DC=MMAQ `>=@^=L?�<=MKAO :AH?M?IDML_ >AgNhBA=ID^D <?MNA MDgEL?P AGG@DKM?I?@DHANAM_MN=B;hl?I Dg@A:DI�

N th
ηγ = L(s) · σ̃(s) · ε(s) · B(η → 3π0) · B(π0 → γγ)3 ,

TaV
^B= N th � DJ?BA=ID= <?MND MDgEL?PQ L � ?>L=^@AN MH=L?IDML? H LD<K= MKHAB@ALDI GDN>DP `>=@^?? s Q σ̃ � H?B?ID= M=<=>?= G@DC=MMA e+e− → ηγ Q
ε � `uu=KL?H>DML_ DLgD@AQ B(η → 3π0) = 32.24 ± 0.29% ? B(π0 → γγ) =
98.798±0.032% � DL>DM?L=N_>E= H=@DOL>DML? @AMGABDH η → 3π0 ? π0 → γγMDDLH=LMH=>>D2�b?gK? H M=<=>?? DG@=B=NON?M_ ?: MLAL?ML?<=MKDP Db?g�K? Nηγ

? Db?gK? DG@=B=N=>?O MH=L?IDML?2 k@? GDB^D>K= LAKJ= ;<?LE�HAN?M_ @A:g@DM `>=@^?P H G;<K= ? Db?gKA DG@=B=N=>?O `>=@^?? G;<KA2�AB?AC?D>>AO GDG@AHKA HE<?MNONAM_ H MDDLH=LMLH?? M @AgDLDP WX[\ ?;<?LEHANAM_ H G@DC=MM= GDB^D>K?� σ̃(s) OHNO=LMO MH=@LKDP gD@>DHMKD^DM=<=>?O M @AB?AC?D>>DP GDG@AHKDP� σ̃(s) = σ(s) · (1 + δ)2 �AH?M?IDML_`uu=KL?H>DML? DL `>=@^?? @AB?AC?D>>D^D uDLD>A DG@=B=NONAM_ ?: ID�B=N?@DHA>?O2kDN;<=>>D= GD uD@I;N= TaV M=<=>?= G@DC=MMA e+e− → ηγ ? @AB?A�C?D>>AO GDG@AHKA BNO HM=F `>=@^=L?<=MK?F LD<=K G@?H=B=>E H LAgN?�CAF XQ Y2 kDMN=B>?= GOL_ LD<=K OHNOhLMO Dg³=B?>=>?=I HM=P MLAL?ML?K?G@? 2Ebeam > 1080
]`�Q Dg@AgDLA>>DP M G@?I=>=>?=I gDN== J=MLK?F;MNDH?P DLgD@A TMI2 @A:B=N U2UV2 � DgNAMLOF `>=@^?P aff�aaf ]`H ? Xfaf�XYef ]`� >= gEND :A@=^?ML@?@DHA>D MDgEL?P ηγ Q GD`LDI; G@?HDB?LMO

XY



H=@F>?P G@=B=N >A ;@DH>= ef~ w´2 �DgEL?O H DgNAML? `>=@^?P XfY[�XXff ]`� H DM>DH>DI DG@=B=NOhLMO HD:H@Al=>?=I >A φQ GD`LDI; Db?gKAM=<=>?O :B=M_ BDMLALD<>D H=N?KA2iD@>DHMKD= M=<=>?= G@DC=MMA :AG?MEHANDM_ MN=B;hl?I Dg@A:DI�
σ(s) =

4πα2F (s)

s3/2
·
∣

∣

∣
Cη + i

∑

V =ρ,ω,φ,ρ′

gV ηγ

gV
· m2

V eiϕV

m2
V − s − i

√
sΓV (s)

∣

∣

∣

2

,
TcV

^B= F (s) � uAKLD@Q DG?MEHAhl?P `>=@^=L?<=MK;h :AH?M?IDML_ uA:DHD^DDg³=IA KD>=<>D^D MDMLDO>?OQ F (s) = p3 = [(s − m2
η)/2

√
s]3 � ΓV (s) � GDN�>AO b?@?>A H=KLD@>D^D I=:D>A� ϕV � DL>DM?L=N_>AO uA:A I=:D>A� gV ηγ �KD>MLA>LA MHO:? H=KLD@>D^D I=:D>A M KD>=<>EI MDMLDO>?=I ηγ � gV � KD>�MLA>LA MHO:? I=:D>A M uDLD>DIQ KDLD@AO HE@AJA=LMO <=@=: `N=KL@D>>;hb?@?>; I=:D>A G@? s = m2

V
MN=B;hl?I Dg@A:DI�

Γ(V → e+e−) =
4παmV

3g2
V

.
TdV

�D>MLA>L; MHO:? gV ηγ
IDJ>D MHO:AL_ M b?@?>DP @AMGABA G@? s = m2

V
�

Γ(V → ηγ) =
g2

V ηγ

12π
F (m2

V ) .
TeV

�IGN?L;BA Cη
DG?MEHA=L HKNAB DL >=@=:D>AM>EF G@DI=J;LD<>EF MD�MLDO>?PQ == H=N?<?>A DG@=B=NO=LMO KD>K@=L>DP IDB=N_hQ KAK DG?MA>D >?�J=2
NO DG?MA>?O AIGN?L;BE ρ I=:D>A ?MGDN_:DHANAM_ IDB=N_ µ;>A@?MA�

�AK;@A? WXa\Q IAMMA ? b?@?>A gEN? :Au?KM?@DHA>E ?: ?:I=@=>?OQ G@D�H=B=>>D^D >A �]
�Y WXc\2 � :AH?M?IDML? b?@?>E ω ? φ I=:D>DH DL `>=@�^?? ;<?LEHAN?M_ DM>DH>E= IDBE @AMGABA� π+π−π0 ? π0γ BNO ω Q KSKL
Q

K+K− Q π+π−π0 ? ηγ BNO φ2

XU



�AgN?CA X� j>=@^?OQ ?>L=^@AN_>AO MH=L?IDML_Q `uu=KL?H>DML_Q <?MNDDLDg@A>>EF MDgEL?PQ @AB?AC?D>>AO GDG@AHKA ? gD@>DHMKD= M=<=>?= G@D�C=MMA e+e− → ηγ

E Q ]`� L Q >g−1 ε N δ σ Q >gaff [c2U f2XdY f �f2X[c < 0.84aUf XXd f2Xec f �f2XZX < 0.37aaf YZX f2YXX f �f2XUU < 0.17aef YfX f2YYZ X �f2XYe 0.08+0.10
−0.06cYf ZUf f2YUc e �f2XY[ 0.32 ± 0.11c[f YXa f2YZe c �f2XXa 0.47 ± 0.18caf YXX f2Y[U [ �f2XXZ 0.34 ± 0.15caZ Zf2c f2Y[[ X �f2XX[ 0.35+0.46
−0.25ccf XXY f2Y[c Y �f2XYa 0.26+0.23
−0.14ccZ Yff f2Y[e XZ �f2XZe 1.02 ± 0.27ccd YfZ f2Yaf YY �f2Xde 1.64 ± 0.35cdf Xee f2YaX YU �f2YfZ 1.79 ± 0.37cdX YaY f2YaX UX �f2YfZ 1.84 ± 0.33cdY aZa f2YaY XfU �f2Xec 2.45 ± 0.24cdU YdY f2YaY Zd �f2XdX 2.56 ± 0.37cdZ UZ[ f2YaY [Z �f2X[d 2.28 ± 0.31cd[ YfZ f2YaU YZ �f2XUU 1.66 ± 0.34cda Xe[ f2YaU UU �f2Xfc 2.31 ± 0.40cef X[U f2YaZ Xf �f2fUY 0.82 ± 0.26ceZ XdU f2Yaa XZ f2fff 0.92 ± 0.25dff Yad f2Yad XU f2fXZ 0.57 ± 0.16dXf Y[U f2YcY Xf f2fXc 0.46 ± 0.15dYf UfU f2Yc[ d f2fXc 0.30 ± 0.11dZf aXd f2YdY Ya f2fXZ 0.47 ± 0.09ddf Ud[ f2YeZ XU �f2ffX 0.37 ± 0.10eYf Zcf f2Uf[ Xf �f2fU[ 0.23 ± 0.07eZf UUa f2UXf d �f2f[Y 0.26 ± 0.09

XZ



�AgN?CA Y� j>=@^?OQ ?>L=^@AN_>AO MH=L?IDML_Q `uu=KL?H>DML_Q <?MNDDLDg@A>>EF MDgEL?PQ @AB?AC?D>>AO GDG@AHKA ? gD@>DHMKD= M=<=>?= G@D�C=MMA e+e− → ηγ

E Q ]`� L Q >g−1 ε N δ σ Q >ge[f YUY f2UXU U �f2faZ 0.14 ± 0.08e[d Y[c f2UX[ c �f2fc[ 0.30 ± 0.11ecf Y[a f2UXd [ �f2fe[ 0.23 ± 0.20edZ ZfU f2UYX Xd �f2XY[ 0.50 ± 0.17XffZ Zae f2UY[ a[ �f2XeX 1.70 ± 0.28XfXf2U Zda f2UYa XYc �f2YYa 3.32 ± 0.35XfX[2c ZZY f2UYc [UZ �f2Yae 15.97± 0.88XfXa2cd XfZf f2UYd Xeed �f2Ycd 25.64± 0.80XfXc2dY X[dd f2UYd ZYcd �f2YdY 36.71± 0.90XfXd2ad X[Zf f2UYd [ccU �f2Yc[ 52.14± 0.93XfXe2ae XZ[a f2UYd [[fe �f2YZf 50.10± 0.96XfYf2[d eYZ f2UYd YdYa �f2XdU 36.45± 1.02XfYX2[X Zcc f2UYd e[[ �f2Xfa 21.49± 0.97XfYY2cZ Zf[ f2UYe [Xa f2ffe 12.09± 0.72XfYc2d [Uf f2UUf YXY f2[cc 2.45 ± 0.39XfUU2c [Yf f2UUX ed X2ZYZ 0.75 ± 0.28XfUe2a [dY f2UUY aa Y2[fU 0.31 ± 0.22XfZe2c Z[Y f2UUZ U[ [2fc[ 0.12+0.21
−0.12Xfaf [ae f2UU[ YZ d2[[Y 0.04+0.17
−0.04XXff deU f2fdZ U Xa2Xd 0.01+0.08
−0.01XXaf XY[f f2fdZ f Z2[Uf < 0.07XYYZ eXa f2fdZ f f2XUa < 0.08XYef XacY f2fdZ f �f2XUf < 0.06XU[Z Xccc f2fdZ Y �f2XZe 0.05+0.04
−0.03

X[



Γφ(s) = Γφ ·
(

BK+K−

m2
φFK+K−(s)

s · FK+K−(m2
φ)

+ BKSKL

m2
φFKSKL

(s)

s · FKSKL
(m2

φ)

+B3π

√
sF3π(s)

mφF3π(m2
φ)

+ Bηγ
Fηγ(s)

Fηγ(m2
φ)

)

,

Γω(s) = Γω ·
(

B3π

√
sF3π(s)

mωF3π(m2
ω)

+ Bπ0γ

Fπ0γ(s)

Fπ0γ(m2
ω)

)

,

^B= FKK̄(s) = (s/4 − m2
K)3/2 Q FXγ(s) = (

√
s(1 − m2

X/s))3 Q A BNO HE<?MN=�>?O F3π(s) ?MGDN_:DHANDM_ G@=BGDNDJ=>?=Q <LD @AMGABE φ ? ω >A π+π−π0?B;L <=@=: G@DI=J;LD<>D= MDMLDO>?= ρπ 2 �AH?M?IDML_ b?@?>E ρ′ DL `>=@�^?? HE<?MNONDM_ H G@=BGDNDJ=>?? =^D @AMGABA LDN_KD >A a1(1260)π ? ωπM af~ ? Zf~ H=@DOL>DMLOI? MDDLH=LMLH=>>D WXd\2
NO AGG@DKM?IAC?? `>=@^=L?<=MKDP :AH?M?IDML? M=<=>?O ;BDg>EIGA@AI=L@DI OHNOhLMO H=N?<?>A σ(e+e− → V → ηγ) � GDN>D= M=<=>?=H IAKM?I;I= MDDLH=LMLH;hl=^D @=:D>A>MA g=: ;<=LA DMLAN_>EF HKNABDH�
σ(e+e− → V → ηγ) =

12πBV →e+e−BV →ηγ

m2
V

.
TXfV

� ;<=LDI `LD^D HE@AJ=>?O ? TcV IDJ>D :AG?MAL_ M=<=>?= G@DC=MMA KAK�
σηγ(s) =

Fηγ(s)

s3/2
·
∣

∣

∣

√
4πα2Cη +

∑

V =ρ,ω,φ,ρ′

AV

∣

∣

∣

2

,
TXXV

AV =

√

σV ηγ
m3

V

F (m2
V )

· mV ΓV eiϕV

m2
V − s − i

√
sΓV (s)

.

� ?LD^=Q ?: AGG@DKM?IAC?? `KMG=@?I=>LAN_>EF BA>>EF GDN;<AhLMO :>A�<=>?O M=<=>?P G@DC=MMDH e+e− → V → ηγ Q V = ρ, ω, φ2 �F Db?gK?HKNh<AhL LDN_KD `KMG=@?I=>LAN_>;h Db?gK; ? HD:IDJ>E= IDB=N_>E=>=DG@=B=N=>>DML?2kDB^D>KA `KMG=@?I=>LAN_>EF BA>>EF HE@AJ=>?OI? TaV ? TXXV G@DHD�B?NAM_ M ?MGDN_:DHA>?=I I=LDBA IAKM?IAN_>D^D G@AHBDGDBDg?O2 �;>K�C?O G@AHBDGDBDg?O >AgNhBA=ID^D <?MNA MDgEL?P DG?MEHANAM_ @AMG@=B=�N=>?=I k;AMMD>A2� G@DC=MM= AGG@DKM?IAC?? LAKJ= ;<?LEHAN?M_ Db?gKA?:I=@=>?O `>=@^?? ? @A:g@DM `>=@^?? H G;<K=2 kD?MK I?>?I;IA ND^A@?u�I?<=MKDP u;>KC?? G@AHBDGDBDg?O DM;l=MLHNONMO M GDIDl_h G@D^@AIIE¶y·Sy¸2 
NO DG?MA>?O `>=@^=L?<=MKD^D GDH=B=>?O M=<=>?O ?MGDN_:DHA�N?M_ L@? IDB=N?�
Xa



• ]DB=N_ H=KLD@>DP BDI?>A>L>DML? M ;<=LDI @AMGABDH ρ Q ω ? φ I=:D�>DH H KD>=<>D= MDMLDO>?= ηγ 2
• ]DB=N_ H=KLD@>DP BDI?>A>L>DML? M ;<=LDI @AMGABDH ρ Q ω Q φ ? ρ′I=:D>DH H MDMLDO>?= ηγ 2
• ]DB=N_Q G@=BMLAHNOhlAO ?: M=gO @AMb?@=>?= ]�
 ? B=LAN_>D DG?�MA>>AO H @AgDL= W[\2 � `LDP IDB=N? H uD@I;N; TXXV H BDGDN>=>?= KAIGN?L;BAI H=KLD@>EF I=:D>DH HKNh<=> >=@=:D>A>M>EP HKNAB G=L�N=HEF B?A^@AIIQ ?N? A>DIAN_>EP HKNAB2

¹�� º¢»��  ¼���¢��¢½ »¢¡������¢��� ¾ρ, ω, φ¿
� IDB=N? H=KLD@>DP BDI?>A>L>DML? T]�
V M=<=>?= G@DC=MMA e+e− → ηγDG@=B=NO=LMO LDN_KD HKNABAI? H=KLD@>EF I=:D>DHQ MN=BDHAL=N_>DQ :>A�<=>?= Cη

H uD@I;N= TcV @AH>D f2kA@AI=L@AI? GDB^D>K? gEN?�
• σρ

Q σω
Q σφ � M=<=>?O H G?KAF @=:D>A>MDH�

• Mφ
� IAMMA φ I=:D>A2

�=DG@=B=N=>>DML_ H uA:AF H=KLD@>EF I=:D>DH gENA ;ML@A>=>A HEgD@DIuA:E ρ I=:D>A ϕρ = 0◦ 2 �>A<=>?O uA: ω ? φ I=:D>DH gEN? HEg@A>E
ϕω = ϕρ

Q ϕφ = ϕρ + 180◦ MD^NAM>D G@=BMKA:A>?OI KHA@KDHDP IDB=N?2�MLAN_>E= GA@AI=L@E gEN? :Au?KM?@DHA>E GD LAgN?<>EI :>A<=>?OI Wa\2� @=:;N_LAL= AGG@DKM?IAC?? gEN? GDN;<=>E MN=B;hl?= :>A<=>?O GA�@AI=L@DH�
Bρ→e+e− · Bρ→ηγ = (1.51 ± 0.18 ± 0.10) · 10−8,

TXYV
Bω→e+e− · Bω→ηγ = (3.62 ± 0.52 ± 0.22) · 10−8,

Bφ→e+e− · Bφ→ηγ = (3.837 ± 0.041± 0.158) · 10−6,

Mφ = (1019.42± 0.04)
]`�,

χ2/n.d.f. = 40.9/47.

�APB=>>D= :>A<=>?= Mφ = (1019.42± 0.04)
]`� FD@DbD MD^NAM;=LMO M LA�gN?<>EI :>A<=>?=I Mφ = (1019.413±0.008)
]`� Wa\Q <LD MH?B=L=N_MLH;=LD G@AH?N_>DI DG@=B=N=>?? `>=@^?? G;<KDH H `KMG=@?I=>L=2�AKJ= G@DHDB?NAM_ AGG@DKM?IAC?O MD MHDgDB>DP uA:DP ρ − φ ?>L=@�u=@=>C??2 iEN? GDN;<=>E @=:;N_LALEQ MD^NAM;hl?=MO M GDB^D>KDP G@?

ϕφ = ϕρ + 180◦ Q KA<=MLHD GDB^D>K? χ2 M;l=MLH=>>D >= ;N;<b?NDM_2

Xc



iENA G@DH=B=>A AGG@DKM?IAC?O MD MHDgDB>DP uA:DP ρ − ω ?>L=@u=�@=>C??Q H @=:;N_LAL= GDN;<=>D BHA NDKAN_>EF I?>?I;IA�
Bρ→e+e− · Bρ→ηγ = (1.50 ± 0.18 ± 0.10) · 10−8,

TXUV
Bω→e+e− · Bω→ηγ = (3.60 ± 0.54 ± 0.22) · 10−8,

Bφ→e+e− · Bφ→ηγ = (3.837 ± 0.041± 0.158) · 10−6,

Mφ = (1019.42± 0.04)
]`�,

ϕρ−ω = (−2 ± 12)◦ ,

χ2/n.d.f. = 40.8/47.

Bρ→e+e− · Bρ→ηγ = (2.55 ± 0.23 ± 0.17) · 10−8,
TXZV

Bω→e+e− · Bω→ηγ = (23.9 ± 1.1 ± 1.4) · 10−8,

Bφ→e+e− · Bφ→ηγ = (3.840 ± 0.041± 0.158) · 10−6,

Mφ = (1019.43± 0.04)
]`�,

ϕρ−ω = (162 ± 4)◦ ,

χ2/n.d.f. = 40.2/47.

�LAL?ML?K? OH>D >= BDMLALD<>D BNO LD^DQ <LDgE @A:B=N?L_ KD>ML@;K�L?H>;h ? B=ML@;KL?H>;h ?>L=@u=@=>C?h2 kD`LDI; gEN HEg@A> HA@?�A>L M KD>ML@;KL?H>DP ?>L=@u=@=>C?=PQ <LD MDDLH=LMLH;=L G@=BMKA:A>?OIKHA@KDHDP IDB=N?2
¹�� º¢»��  ¼���¢��¢½ »¢¡������¢��� � ÀÁ��¢¡���Â�»� ρ′ → ηγ
� `LDP IDB=N? gEN BDgAHN=> HKNAB ρ′ I=:D>A M u?KM?@DHA>>EI? IAMMDP? b?@?>DPTMρ′ = 1450

]`�Q Γρ′ = 310
]`�V2 �HDgDB>EI? GA@AI=L@AI?H `LDP IDB=N? gEN?� σρ

Q σω
Q σφ

Q σρ′ � :>A<=>?O M=<=>?P H G?K= MDDLH=L�MLH;hl=^D @=:D>A>MAQ Mφ � IAMMA φ I=:D>A2� @=:;N_LAL= AGG@DKM?IAC?? gEN? GDN;<=>E MN=B;hl?= @=:;N_LALE�
Bρ→e+e− · Bρ→ηγ = (1.61 ± 0.20 ± 0.11) · 10−8,

TX[V
Bω→e+e− · Bω→ηγ = (3.41 ± 0.52 ± 0.21) · 10−8,

Bφ→e+e− · Bφ→ηγ = (3.850± 0.041 ± 0.159) · 10−6,

Bρ′→e+e− · Bρ′→ηγ = (3.7+2.9
−2.0) · 10−9,

Mφ = (1019.40± 0.04)
]`� ,

χ2/n.d.f. = 36.4/46 .Xd



]DJ>D :AI=L?L_Q <LD `LA IDB=N_ >=MKDN_KD N;<b= DG?MEHA=L M=<=>?=2kDN;<=>>E= σρ
? σω

DLN?<AhLMO G@?I=@>D >A [�c~ DL @=:;N_LALDH H ID�B=N? H=KLD@>DP BDI?>A>L>DML?Q H LD H@=IO KAK BNO σφ
@A:>?CA I=>_b=X~ TMI2 @A:B=N Z2XV2

¹�� Ã�¢¡�� �¬½ ¼���»
� `LDP IDB=N? H uD@I;N; TXXV HKNh<A=LMO >=@=:D>A>M>EP HKNABQ H=N?<?�>A KDLD@D^D DG@=B=NO=LMO AIGN?L;BDP Cη

Q MHO:A>>DP M b?@?>DP @AMGABA
η → γγ MN=B;hl?I Dg@A:DI W[\�

Cη = −
√

16

3α

Γη→γγ

m3
η

.
TXaV

� DgNAML? φ I=:D>A H=N?<?>A `LD^D HKNABA M@AH>?IA M M;IIA@>EI HKNA�BDI ρ ? ω I=:D>AI?2 �AI=L?IQ <LD H `LDP IDB=N? GDOHNO=LMO HD:IDJ>DML_DG@=B=N?L_ AgMDNhL>E= uA:E H=KLD@>EF I=:D>DHQ L2 K2 uA:A AIGN?L;BE
Cη

u?KM?@DHA>A uD@I;NDP TXaV2
�HDgDB>EI? GA@AI=L@AI? H `LDP IDB=N? gEN?� σρ

Q σω
Q σφ

Q Mφ
Q ALAKJ= uA:A ϕρ 2 �=N?<?>A A>DIAN?? gENA :Au?KM?@DHA>A GD uD@I;�N= TXaV M ;<=LDI :>A<=>?O BH;FuDLD>>DP b?@?>E @AMGABA η I=:D>AT

Γη→γγ = 0.46± 0.04 K`� Wa\VQ DMLAN_>E= uA:E gEN? ;MLA>DHN=>E H MDDL�H=LMLH?? M G@=BMKA:A>?OI? KHA@KDHDP IDB=N?� ϕω = ϕρ
Q ϕφ = ϕρ + 180◦ 2iEN? GDN;<=>E MN=B;hl?= @=:;N_LALE�

Bρ→e+e− · Bρ→ηγ = (2.04 ± 0.25 ± 0.13) · 10−8,
TXcV

Bω→e+e− · Bω→ηγ = (3.47 ± 0.60 ± 0.21) · 10−8,

Bφ→e+e− · Bφ→ηγ = (3.710 ± 0.045± 0.153) · 10−6,

Mφ = (1019.40± 0.04)
]`� ,

ϕρ = (162 ± 15)◦ ,

χ2/n.d.f. = 38.6/46 .

jLA IDB=N_ >=MKDN_KD N;<b= DG?MEHA=L M=<=>?=2 �B>AKD == H@OB N? HD:�IDJ>D G@?I=>OL_ G@? gDN_b?F `>=@^?OF2�A �?M2 a G@?H=B=>D M=<=>?= e+e− → ηγ HgN?:? ω ? φ I=:D>DH ? HDHM=I BDML;G>DI B?AGA:D>= `>=@^?PQ A LAKJ= =^D AGG@DKM?IAC?? H L@=F?MGDN_:DHAHb?FMO IDB=NOF2

Xe



�?M2 a� �=<=>?= e+e− → ηγ M AGG@DKM?IAC?OI?� MGNDb>AO K@?HAO � ID�B=N_ H=KLD@>DP BDI?>A>L>DML?Q G;>KL?@>AO � IDB=N_ H=KLD@>DP BDI?�>A>L>DML? M ;<=LDI ρ′ → ηγ Q LD<=<>AO � IDB=N_ M A>DIAN_>EI <N=>DI2
Yf



¹�¹ Ä����¡���Á����� ¢Å����

NO G@DH=@K? ;MLDP<?HDML? @=:;N_LALA ? DC=>K? M?ML=IAL?<=MKDP Db?g�K? G@DHDB?NMO BDGDN>?L=N_>EP A>AN?: BA>>EF H DgNAML? φ I=:D>A� ;H=�N?<?HAN?M_ I?>?IAN_>AO `>=@^?O BD ECsI > 30

]`�Q EBGO > 40
]`�? I?>?IAN_>EP ;^DN BD |θph − π/2| < 1.05 � ?:I=>ON?M_ ;MNDH?O >AIAKM?IAN_>EP χ2 @=KD>ML@;KC?? M XY BD d ? XaQ >A ^@A>?CE ωi/Ei

M
0.7 < ωi/Ei < 1.9 BD 0.8 < ωi/Ei < 1.6 2 �:I=>=>?O H M=<=>?? >= G@=HE�bAN? [~ BNO ρ Q ω ? U2[~ BNO φ2 �=<=>?= φ → ηγ DG@=B=NONDM_ LAKJ=DLB=N_>D GD L@=I MKA>?@DHA>?OIQ @=:;N_LALE MLAL?ML?<=MK? >= G@DL?HD�@=<?N? B@;^ B@;^;Q @A:>?CA I=JB; >?I? >= G@=HEbANA Y~2� @=:;N_LAL= G@DH=B=>>D^D @AMMIDL@=>?O M?ML=IAL?<=MKAO Db?gKADC=>?HA=LMO MN=B;hl?I Dg@A:DI�

• Db?gKA H IDB=N?@DHA>?? @AMG@=B=N=>?PQ GD KDLD@EI DLg?@AN?M_MDgEL?O � [~ >?J= e[f ]`�Q U2[~ � >A φ I=:D>=Q d~ � HEb=Xfaf ]`��
• HEgD@ u;>KC?? BNO DG?MA>?O MG=KL@A uDLD>A DLBA<? H A>AN?:= >A

φ I=:D>= � X~�
• DG@=B=N=>?= ?>L=^@ANA MH=L?IDML? � U~ >?J= e[f ]`�Q X~ � >A φI=:D>=Q Y~ � HEb= Xfaf ]`��
• ;<=L `uu=KL?H>DML? >=PL@AN_>D^D L@?^^=@A � X~�
• ;<=L @AB?AC?D>>EF GDG@AHDK � X~ BNO φQ ω ? U~ BNO ρ �
• Db?gKA H Bη→3π0 � f2e ~Q
• Db?gKA H Γφ→e+e− � Y2c~ BNO φQ Y2c~ BNO ω ? X2a~ BNO ρ 2

�N=B;=L :AI=L?L_Q <LD GDMN=B>OO Db?gKA HFDB?L LDN_KD H DL>DM?L=N_�>;h H=@DOL>DML_ @AMGABA B(V → ηγ) ? >= HFDB?L H ?:I=@O=IE= M=<=>?O
σ(V → ηγ)2�;IIA@>AO M?ML=IAL?<=MKAO Db?gKA MDMLAH?NA�

• B(ρ → ηγ) � a2e~Q
• B(ω → ηγ) � a2a~Q
• B(φ → ηγ) � Z2e~2

Æ ��pÇÈ76896 r6ÉÇ®Êt¯t�5
ËDLO GDN;<=>>D= M=<=>?= ρ′ → ηγ DLN?<A=LMO DL >;NO HM=^D >A X2d Db?gK?Q>AgNhBA=IE= MDgEL?O G@? 2Ebeam > 1300

]`� >=N_:O Dg_OM>?L_ uD>D�HEI? G@DC=MMAI?2 �A L=K;l?P IDI=>L >= M;l=MLH;=L ?:I=@=>?P M=<=>?O
YX



e+e− → ηγ HEb= X2Z µ`�Q DB>AKD IDJ>D GDGELAL_MO G@=BMKA:AL_ =^D ?:?:I=@=>>D^D M=<=>?O G@DC=MMA e+e− → ηπ+π− WXZ\2 jLDL G@DC=MM ?B=L<=@=: G@DI=J;LD<>D= MDMLDO>?= ηρ Q <LD GD:HDNO=L :AG?MAL_�
σηγ(s) = σηρ(s) ·

4πα

f2
ρ

· Fηγ(s)

Fηρ(s)
,

TXdV
^B= fρ � KD>MLA>LA MHO:? ρ I=:D>A M uDLD>DIQ MHO:A>>AO M b?@?>DP @AM�GABA ρ → e+e− � Γρee = 4πmρα

2/3f2
ρ
� FηX(s) � uAKLD@Q DG?MEHAhl?P`>=@^=L?<=MK;h :AH?M?IDML_ uA:DHD^D Dg³=IA KD>=<>D^D MDMLDO>?O ηX 2kDN;<=>>D= LAK?I Dg@A:DI :>A<=>?= σηγ(1350

]`�) = 0.022 ± 0.004 >gH G@=BGDNDJ=>?? ϕρ′ = ϕρ
Q >= G@DL?HD@=<?L ?:I=@=>>DI; M=<=>?h

σηγ(1350
]`�) = 0.051+0.044

−0.028
>g2kD`LDI; IE M<?LA=I >Ab= ?:I=@=>?= ;KA:EHA=L >A M;l=MLHDHA�>?= @AMGABA ρ′ → ηγ 2 kDMKDN_K; ?:I=@=>?= M=<=>?O HEGDN>=>D >?J=XUdf ]`�Q IE >= IDJ=I DG@=B=N?L_ GA@AI=L@E ρ′ 2 �D HD:IDJ>D G@DBDN�J?L_ M=<=>?= H DgNAML_ `>=@^?P XUff�YZ[f ]`� GD ?:I=@=>?OI M=<=>?O

e+e− → ηπ+π− Ì¶Y WXe\ ? �]
�Y WXZ\Q ?MGDN_:;O TXdV2 iENA G@DH=B=>AMDHI=ML>AO AGG@DKM?IAC?O M=<=>?O ?: >Ab=^D ?:I=@=>?O ? GDN;<=>>D^DKAK DG?MA>D HEb=Q MD MHDgDB>EI? IAMMDP ? b?@?>DP ρ′ I=:D>A2 � @=:;N_�LAL= GDN;<?N?M_ MN=B;hl?= :>A<=>?O�
Bρ→e+e− · Bρ→ηγ = (1.52 ± 0.17 ± 0.10) · 10−8 ,

TXeV
Bω→e+e− · Bω→ηγ = (3.60 ± 0.51 ± 0.22) · 10−8 ,

Bφ→e+e− · Bφ→ηγ = (3.849± 0.040 ± 0.159) · 10−6 ,

Bρ′→e+e− · Bρ′→ηγ = (10.0 ± 2.2) · 10−9 ,

mφ = 1019.40± 0.04 ± 0.05
]`� ,

mρ′ = 1497± 14
]`� ,

Γρ′ = 226 ± 44
]`� ,

χ2/ Í2Î2Ï2 = 68.9 / 71 .�>A<=>?= KA<=MLHA GDB^D>K? χ2/ n.d.f. Q HE<?MN=>>D^D LDN_KD GD >Ab?ILD<KAI G@AKL?<=MK? >= DLN?<A=LMO DL GDN;<=>>D^D H TX[V2�A �?M2 c G@?H=B=>D M=<=>?= e+e− → ηγ G@? `>=@^?? HEb= XYff ]`�HI=ML= M GDB^D>KDP2�>AN?:?@;O @=:;N_LALEQ G@=BMLAHN=>>E= H TXYVQ TX[V ? TXeVQ IDJ>D :A�I=L?L_Q <LD IDB=N_>AO :AH?M?IDML_ H DL>DM?L=N_>EF H=@DOL>DMLOF @AM�GABA MDMLAHNO=L DKDND [~ BNO ρ ? ω Q H LD H@=IO KAK BNO @AMGABA φ → ηγD>A I=>== X~2 �AKJ= IDJ>D :AKNh<?L_Q <LD IDB=N_ H=KLD@>DP BDI?�>A>L>DML? M ;<=LDI @AMGABA ρ′ → ηγ N;<b= DG?MEHA=L BA>>E= HD HM=I?:;<A=IDI B?AGA:D>= `>=@^?P2
YY


