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ijk �lmmnoplqrspts upsvwtt xovyzspp{| π�}sxlplq }snl~l} �t�ps}ont�sm�l� vs�lpmnv���tt j j j j j j j j j j j j j j j j j �
ij� �mrlqty ln�lvo ml�{nt� j j j j j j j j j j j j j j j j j j j j �
iji �{�lv }l~srt j j j j j j j j j j j j j j j j j j j j j j j j j j �
ij� �x}svspts ms�spt� j j j j j j j j j j j j j j j j j j j j j j j k�
ij� �x}svspts ms�spty �vl�smmo e+e− → 2π+2π−

q l�romnt φ�}sxlpplwl vsxlpopmoj j j j j j j j j j j j j j j j ��
ij� ��ro~ �lpo �vt ln�lvs �vl�smmlq e+e− → 2π+2π− � e+e− →

π+π−2π0 j j j j j j j j j j j j j j j j j j j j j j j j j j j j j ��
ij�jk �����lq{�� �lp j j j j j j j j j j j j j j j j j j j j ��
ij�j� �sxlpopmp{� �lp q �vl�smms e+e− → π+π−2π0 j j ik
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� k��� wl~o po �lrro�~svs �¡����¢ £k¤ �vlql~ynmy u�m�svt}spn{ ml
��svt�sm�t} ps�nvor¥p{} ~sns�nlvl} ¦��
§ £�� i¤� �ptqsvmor¥p{} ml�qvs}spp{} ~sns�nlvl} urs}spnovp{| �omnt� ~ry u�m�svt}spnlq po e+e−�lrro�~svo| �vt ptx�t| upsvwty|j �~pt} tx qozp{| po�voqrspt� tm�mrs~lqopt� m ~sns�nlvl} ��
 yqrysnmy tx��spts urs�nvlp��lxtnvlppl�
opptwtry�tt q �sn{vs π�}sxlpo q ~to�oxlps upsvwt� k�̈ ©k�� ªu�j �p�nsvsm � �vl�smmo} e+e− opptwtry�tt q 2π+2π−, π+π−2π0 q{xqop mrs�~�«¬t}t �vt�tpo}tj � ~to�oxlps upsvwt� k�� ªu� ms�spts �vl�smmlq
e+e− → 4π yqrysnmy ~l}tptv�«¬t} t l�vs~srysn o~vlpp{� q�ro~ q �l�ryvtxo�t« qo���}oj popts unlwl q�ro~o �lxqlrysn l�vs~srtn¥ o~vlp�p{� q�ro~ q opl}or¥p{� }owptnp{� }l}spn }«lpoj �voqpspts m vom��o~o}t τ �rs�nlpo� τ → h±ντ

� w~s h± ® mtmns}o psm�lr¥�t| π�}sxlplq�
�lxqlrysn �vlqsvtn¥ wt�lnsx� ml|vopspty qs�nlvplwl nl�o £�� �� �¤j �vl�
�smm{ e+e− → 4π yqry«nmy qozps��t} tmnl�pt�l} tp�lv}o�tt �vt
tx��sptt qlx��z~spp{| mlmnlypt� ρ�}sxlpoj � mllnqsnmnqtt m mlqvs}sp�p{}t ~opp{}t q l�romnt k©� ªu� m�¬smnq�«n ~qo qlx��z~spp{| mlmnly�pty ρ�}sxlpo¯ ρ′ trt ρ(1450), ρ′′ trt ρ(1700)

£�¤j ��vs~srspts �ovo}snvlq
unt| mlmnlypt� }lzpl po�nt q vo�lno| £�� �� k¨¤j �lx}lzpls m}s�tqopts
qlx��z~spp{| mlmnlypt� ρ�}sxlpo m u�xlnt�sm�t}t }sxlpo}t� po�vt}sv���| �qov�lq{}t }sxlpo}t� l�m�z~osnmy q vo�lno| £kk� k�¤j �o�zs� m�¬s�mnq�«n ��oxopty po port�ts mlmnlypty ρx(1300)

£ki¤� �lnlvls qlx}lzpl
ps yqrysnmy l�{�p{} �qov��opnt�qov�lq{} }sxlpl} £k�¤j �mmrs~�s}{s
�vl�smm{ ® lmplqpl� tmnl�pt� �lpo ~ry ~v�wt| �vl�smmlq q unl� l�ro�mnt upsvwt�� po�vt}sv� ~ry �vl�smmo e+e− → π+π−π0 £k�¤j
� �vs~{~�¬t| u�m�svt}spno| �l tx��spt« �vl�smmlq e+e− → 4π po

�lrro�~svo| �¡����¢ £k�� k�� k�� �¨� �k¤� °±² £��¤� ³°´µ¶ £�i¤ �{ro
~lmntwp�no mnonj nl�plmn¥ ∼ 5%� �vt mtmns}ont�sm�l� l�t��s ∼ 15%� o
voxrt�ts }sz~� u�m�svt}spno}t ~lmntwosn �¨·j�mmrs~lqopts unt| �vl�
�smmlq ~sns�nlvo}t plqlwl �l�lrspty ��
 t �¢
�� �lxqlrtn �}sp¥��tn¥ �o� mnontmnt�sm��«� no� t mtmns}ont�sm��« l�t��t tx}svspt�j

¸sr¥ ~oppl� vo�ln{ ® tx}svspts ms�spt� �vl�smmlq e+e− → 2π+2π− �
e+e− → π+π−2π0 ~sns�nlvl} ��
 q l�romnt upsvwt� k�̈ © k�� ªu�j
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� unl� vo�lns tm�lr¥xlqop{ ~opp{s u�m�svt}spnlq m ~sns�nlvl} ��
 �
�vlql~tq�t|my q k���©k��� wl~o|j � ~to�oxlps upsvwt� ¨���©k�i� ªu�
¦qps φ�}sxlpplwl vsxlpopmo§ �{rl �vlqs~spl i m�optvlqopty¯
��optvlqopts k ¦ÏÐ³°��¨k§¯ k��� wj tpnj mqsnt}lmn¥ Ñ ��¨ p�−1

��optvlqopts � ¦ÏÐ³°��¨�§¯ k��� wj tpnj mqsnt}lmn¥ Ñ ���¨ p�−1

��optvlqopts i ¦ÏÐ³°��¨k§¯ k��� wj tpnj mqsnt}lmn¥ Ñ ik�¨ p�−1

� l�romnt φ�}sxlpplwl vsxlpopmo �{rl �vloportxtvlqopl � m�optvl�qopty¯
��optvlqopts � ¦ÒÐ²��¨k§¯ k��� wj tpnj mqsnt}lmn¥ Ñ �k¨¨ p�−1

��optvlqopts � ¦ÒÐ²��¨�§¯ k��� wj tpnj mqsnt}lmn¥ Ñ ��¨¨ p�−1

�pnswvor¥poy mqsnt}lmn¥ mlmnoqtro ���¨ p�−1 q l�romnt upsvwt� ¨���©k�i� ªu� t ��¨¨ p�−1 q ~to�oxlps upsvwt� ¨���©k�̈ � ªu�j ��optvlqopty
�vlql~trtm¥ q voxp{| �lplq{| �mrlqty|� �lunl}� mvoqpspts qt~t}{|
ms�spt� q voxp{| m�optvlqopty| �lxqlrysn l�sptn¥ qrtypts �lpo �o�mnt�� q{�{q�t| tx ����o� po vsx�r¥non{ tx}svsptyj �vt po�lvs mno�ntmnt�t q m�optvlqopty| � t i tx}spyrtm¥ �mrlqty nvtwwsvo m �lnlv{}po�tvorom¥ mnontmnt�oj
oppls tx}spspts �{rl q{xqopl �lq{�spts} xo�wv�xl� q ~sns�nlvs �vt �qsrt�sptt upsvwtt ����lqj �sx�r¥non{ }l~s�rtvlqopty u��s�ntqplmnt vswtmnvo�tt ml�{nt� ~sns�nlvl} �l }snl~�¢lpns��ovrl �l�ox{qo«n� �nl voxrt�ty q u��s�ntqplmnt q voxp{| m�o�ptvlqopty| ps �vsq{�o«n �· ln xpo�spty u��s�ntqplmnt� �nl }plwl
}sp¥�s mtmns}ont�sm�t| l�t�l� q tx}svsptt ms�spttj �lunl}� ~ry qms|
m�optvlqopt� u��s�ntqplmn¥ m�tnorom¥ l~tpo�lql�� njsj ps xoqtmy¬s� ln
�mrlqt� nvtwwsvoj

Í ÓA@ÄBÔ <@AAÀÕ
�vl�s~�vo oportxo u�m�svt}spnor¥p{| ~opp{| mlmnlyro q mrs~�«¬s}j

�vlql~trom¥ vs�lpmnv���ty ml�{nt�� xovswtmnvtvlqopp{| q u�m�s�vt}spno| m ~sns�nlvl} ��
 j �s�lpmnv�tvlqopp{s ml�{nty vox�tqortm¥
po �romm{ ¦�lnl�t§j

�




ry ~or¥ps��swl oportxo tm�lr¥xlqorlm¥ � �rommo¯
kj 6 i t �lrss xovyzspp{}t �omnt�o}t� ml~svzo¬t� ml�{nty �vl�smmo

e+e− → 2π+2π− � lnl�vopp{s q �mrlqty|¯ mvo�lnor nvtwwsv xovy�zspp{| �omnt�Ö �ovo}snv × ¦vomnlypts ln lmt ����lq ~l nvs�o§
�oz~lwl tx nvs�lq }sp¥�s ¨�� m}Ö �ovo}snv Ø ¦�llv~tpono �rt�zo��s� � lmt ����lq nl��t nvs�o q~lr¥ unl� lmt§ �oz~lwl nvs�o
�~lqrsnqlvysn �mrlqt« −10 m} < Z < 10 m}Ö�j m � t �lrss xovyzspp{}t t i t �lrss ps�nvor¥p{}t �omnt�o}t� ml�~svzo¬t� ml�{nty �vl�smmo e+e− → π+π−2π0 � lnl�vopp{s q �mrl�qty|¯ mvo�lnor nvtwwsv xovyzspp{| �omnt�Ö �ovo}snv × �oz~lwl
tx nvs�lq }sp¥�s ¨�� m}Ö �ovo}snv Ø �oz~lwl nvs�o �~lqrsnqlvysn
�mrlqt« −10 m} < Z < 10 m}Ö

�vo�on{qopts nvtwwsvo xovyzspp{| �omnt� �vltm|l~tn� smrt q ~vs��l�q{| �o}svo| ��
 xovswtmnvtvlqop nvs� t xovswtmnvtvlqopl upsvwlq{�~srspts q �vtmnorro| �orlvt}snvo� �vsq{�o«¬ss �lvlwlqls xpo�sptsj
¢tpt}or¥p{� �lvlw po upsvwlq{~srspts q �vtmnorro| t}sr qsrt�tp�
�lvy~�o i¨ ¢u�j �x unt| �lnl�lq q{�tvortm¥ ml�{nty� �lnlv{s �~lqrs�nqlvyrt �mrlqty} ln�lvo� l�tmopp{} ~orssj

ons} �l~�tvorom¥ }l~sr¥� l�tm{qo«¬oy potr���t} l�voxl} u�m�s�vt}spnor¥p{s vom�vs~srspty �l tpqovtopnp{} }ommo} ~q�| t nvs| π�}sxlplqj ��vs~sryrtm¥ u��s�ntqplmnt vswtmnvo�tt �l }l~srtvlqopt«
}snl~l} ¢lpns��ovrlj �m�lr¥x�y �vl�s~�v� �l~wlp�t� �lnlvoy� q �omn�plmnt� ��tn{qosn vo~to�tlpp{s �l�voq�t £��¤� po|l~trlm¥ ms�spts �vl�
�smmlqj �vlql~trom¥ l�sp�o mtmns}ont�sm�l� l�t��tj

ÙÚÛ ÜÝÞÞßàáÝâãäáåä æáäçèåå éàçêëäááìí πîïäéÝáÝâ
ïäßÝðÝï ñåáäïàßåòäÞñÝó çäñÝáÞßçôñõåå

�lps�p{s mlmnlypty q l�lt| tx��os}{| �oporo| ml~svzon xovyzspp{s π�}sxlp{j ¡psvwt« xovyzspp{| π�}sxlplq psr¥xy tx}svtn¥ �orlvt}snvl}~sns�nlvo ��
 � �lm�lr¥��� q lnrt�ts ln urs�nvlplq� urs�nvl}owptnp{�
rtqsp¥ π�}sxlpo}t ps tp~��tv�snmy t upsvwlq{~srspts π�}sxlplq q �o�rlvt}snvs ps �vl�lv�tlpor¥pl t| upsvwttj �o� �o� q ~sns�nlvs ��
 ln�m�nmnq�sn }owptnpls �lrs� nl xpo� xovy~o π�}sxlplq ps vom�lxposnmyj
ry
l�vs~srspty upsvwt� xovyzspp{| π�}sxlplq tm�lr¥xlqorom¥ �vl�s~�vo
�tps}ont�sm�l� vs�lpmnv���tt� mlmnly¬oy q mrs~�«¬s}j �m�lr¥x�y �o�vo}snv{ �omnt�� tx}svspp{s q ~sns�nlvs� xo�tm{qo«nmy �sn{vs �voqps�pty mqyxt fj

¦öÑk���i��§� mllnqsnmnq�«¬ts xo�lpo} ml|vopspty upsvwtt t
�



t}��r¥moj �vt �mrlqty| fj
t¬snmy �mrlqp{� }tpt}�} ��p��tt¯

χ2 =
∑

i

[
(φi − φexp

i )2

σ2
φi

+
(θi − θexp

i )2

σ2
θi

+
(Ei − Eexp

i )2

σ2
Ei

], ¦k§

w~s φexp
i

© tx}svsppls xpo�spts �wro φ �omnt�{ ÷Ö
φi

© qov¥tv�s}oy �svs}sppoy� mllnqsnmnq�«¬oy �wr� φ �omnt�{ ÷Ö
θexp

i
® tx}svsppls xpo�spts �wro θ �omnt�{ ÷Ö

θi
© qov¥tv�s}oy �svs}sppoy� mllnqsnmnq�«¬oy �wr� θ �omnt�{ ÷Ö

Eexp
i

© upsvwlq{~srspts ÷�wl π�}sxlpoÖ
Ei

© qov¥tv�s}oy �svs}sppoy� mllnqsnmnq�«¬oy upsvwtt ÷�wl π�}sxlpoÖ
σx

® nl�plmn¥ tx}svspty mllnqsnmnq�«¬s� qsrt�tp{ øj
�lmrs~pt� �rsp q q{vozsptt ¦k§� �t�mtv�sn upsvwt« π�}sxlpo q�rt�xt upsvwlq{~srspty m nl�plmn¥« σE

j �srt�tpo σE = 1000
¢u� �l �l�vy~�� qsrt�tp{ ® vox�vlm upsvwlq{~srspty ~ry xovyzspp{| �tlplqj

�o�~spp{� �mrlqp{� }tpt}�} ��p��tt �lxqlrysn �nl�ptn¥ tx}svsp�p{s �ovo}snv{ �omnt�� o q nl} mr��os� �lw~o �ovo}snv{ ps tx}svsp{�
trt tx}svsp{ m l�sp¥ �rl|l� nl�plmn¥«� ~osn potr����« l�sp�� ~ry
unt| �ovo}snvlqj
�lw~o tx}svy«nmy ps qms �ovo}snv{ �omnt�� nl q vsx�r¥nons }tpt}t�xo�tt pstxqsmnp{s �ovo}snv{ }lw�n �{n¥ po�~sp{� smrt t| �lrt�smnql

}sp¥�s trt voqpl �lrt�smnq� xo�lplq ml|vopspty upsvwtt t t}��r¥moj
�o�� q �opors 2π+2π− �tmrl �voqpspt� mqyxt voqpl �tmr� pstxqsmnp{|
�ovo}snvlq� unl �vtql~tn � nl}�� �nl xpo�spts χ2 �rtx�l � p�r«j�om�vs�~srspts �l �ovo}snv� χ2 ~ry �tps}ont�sm�l� vs�lpmnv���tt �vl�smmo
e+e− → 2π+2π− �vtqs~spl po vtm�p�s k¦ù§j

�vt �tps}ont�sm�l� vs�lpmnv���tt �vl�smmo π+π−2π0 ��tn{qormy
nln �o�n� �nl ps�nvor¥p{s π�}sxlp{ vom�o~o«nmy po ~qo �lnlpoj �tmns�
}o �voqpspt� ml~svzoro ~l�lrptnsr¥p{s �mrlqty¯ tpqovtopnp{s }omm{
�oz~l� �ov{ �lnlplq voqp{ }omms ps�nvor¥plwl π�}sxlpo ¦mπ0

§j 
ry
q{�lvo �ov �lnlplq �vlql~trmy �svs�lv qms| qlx}lzp{| �l}�tpo�t� t
q{�tvorom¥ �l}�tpo�ty� ~ry �lnlvl� qsrt�tpo χ2 l�ox{qorom¥ pot}sp¥��s�j�om�vs~srspts �l �ovo}snv� χ2 ~ry �tps}ont�sm�l� vs�lpmnv���tt
�vl�smmo e+e− → π+π−2π0 �vtqs~spl po vtm�p�s k¦ú§j

�
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�tmj k¯ �om�vs~srspts �l �ovo}snv� χ2 �tps}ont�sm�l� vs�lpmnv���ttj
�l��t m l�t��o}t © u�m�svt}spnor¥p{s ~opp{s� wtmnlwvo}}o © }l~srt�vlqoptsj

ÙÚ� �ÞãÝâåê ÝßÝçà ÞÝìßåó

ry q{~srspty ml�{nt� �vl�smmo e+e− → 2π+2π− q u�m�svt}spno|ÏÐ³° q l�romnt upsvwt� ¨���©k�i� ªu� �{rt �vt}spsp{ mrs~�«¬ts
�mrlqty¯

kj �tmrl xovyzspp{| �omnt� ≥ 4 Ö �tmrl ps�nvor¥p{| �omnt� ≥ 0 Ö�j
χ2 �tps}ont�sm�l� vs�lpmnv���tt < 0, 3 Öij upsvwlq{~srspts q �orlvt}snvs� plv}tvlqoppls po upsvwt« ����lq
}sp¥�s ¨���Ö�j �ovo}snv × ~ry r«�l� xovyzsppl� �omnt�{ }sp¥�s ¨�� m}Ö�j pot}sp¥�t� �wlr φ }sz~� �omnt�o}t > 18◦ Ö�j �ovo}snv Ø ~ry r«�l� xovyzsppl� �omnt�{ }sp¥�s � m}Ö�j �lryvp{� �wlr �~lqrsnqlvysn �mrlqt« −0, 9 < cos θi < 0, 9 �
w~s i = 1, 2, 3, 4 ¦mllnqsnmnq�sn vswtmnvtv�s}{} �wro} q ~to�o�xlps 26◦ ÷ 154◦

§j
�mrlqty i���� �vs~poxpo�sp{ ~ry �l~oqrspty �lpo ln urs�nvl~tpo�

}t�sm�t| �vl�smmlq t �lpo ln �omnt�� q{�{q�t| tx ����oj �mrlqts �
�



�vs~poxpo�spl ~ry �}sp¥�spty mtmns}ont�sm�l� l�t��t q vsx�r¥nons
ps�lvvs�nplwl }l~srtvlqopty vswtmnvo�tt xovyzspp{| �omnt�� �l�oq��t| q l~p� t n�zs y�s��� ~vs��lql� �o}sv{j �mrlqts � �l~oqrysn �lp
ln urs�nvl~tpo}t�sm�t| �vl�smmlq �vt ptx�t| upsvwty|j �l~vl�pss m}j
wroq� ij�j �lmrs �vt}spspty unt| �mrlqt� ln�lvo q ~to�oxlps upsvwt�¨���©k�i� ªu� �{rl lnl�vopl i��i� ml�{ntyj

ry q{~srspty ml�{nt� �vl�smmo e+e− → π+π−2π0 �{rt �vt}spsp{

mrs~�«¬ts �mrlqty¯
kj �tmrl xovyzspp{| �omnt� voqpl � ¦�omnt�{ m nvs�o}t ps tx }smno

qmnvs�t ps ��tn{qo«nmy§Ö �tmrl ps�nvor¥p{| �omnt� �lr¥�s rt�l
voqpl �Ö�j �ovo}snv χ2 �tps}ont�sm�l� vs�lpmnv���tt ~ry ��| xovyzspp{|
π�}sxlplq t ��| ps�nvor¥p{| }sp¥�s i¨Öij �ovo}snv × ~ry r«�l� xovyzsppl� �omnt�{ }sp¥�s ¨�� m}Ö�j �vt upsvwtt q mtmns}s �spnvo }omm }sp¥�s k¨�� ¢u� nvs��snmy�
�nl�{ χ2 �tps}ont�sm�l� vs�lpmnv���tt �vl�smmo e+e− → 3π �{r
�lr¥�s �¨¨ t �wlr ln�rlpspty ln �lrrtpsovplmnt �lr¥�s 10◦

j
�mrlqts i �vs~poxpo�spl ~ry �l~oqrspty ml�{nt� ����lqlwl �lpoj�mrl�qts � �vs~poxpo�spl ~ry �l~oqrspty ml�{nt� ln vom�o~o e+e− → φ → 3πt �lpo ln �lrrtpsovp{| �vl�smmlqj �lmrs �vt}spspty unt| �mrlqt� ln��lvo q ~to�oxlps upsvwt� ¨���©k�i� ªu� �{rl lnl�vopl ����¨ ml�{ntyj

ÙÚÙ ÜìÝç ïÝðäãå
�vt opptwtry�tt urs�nvlp��lxtnvlppl� �ov{ q �sn{vs xovyzspp{| π�}sxlpo �vt upsvwtt q mtmns}s �spnvo }omm ����lq �lr¥�s }omm{ φ�}sxlpo
qlx}lzp{ mrs~�«¬ts �vl}sz�nl�p{s mlmnlypty¯

kj
a1(1260)π → ρππ�j
a1(1260)π → σππij
π(1300)π�j
σρ�j
a2(1320)π


ry �vl�smmo e+e− → π+π−2π0 �vt upsvwtt �lr¥�s }omm{ φ�}sxlpo
voxvs�sp{ mrs~�«¬ts �vl}sz�nl�p{s mlmnlypty¯

kj
ωπ�j
a1(1260)π → ρππ

�



ij
a1(1260)π → σππ�j
h1(1170)π�j
ρ+ρ−�j
π(1300)π�j
σρ�j
a2(1320)π


ry nlwl� �nl�{ �vlql~tn¥ mvoqpspts u�m�svt}spnor¥p{| vom�vs�~srspt� ps nlr¥�l m q{�s��oxopp{}t �vl}sz�nl�p{}t }s|optx}o}t�
pl t ��smn¥ qlx}lzp�« tpnsv�svsp�t« }sz~� pt}t� �{r tm�lr¥xlqop
mrs~�«¬t� �l~|l~ � }l~srtvlqopt« }onvt�p{| urs}spnlq �vl�smmlq
�sn{vs|��tlppl� opptwtry�ttj

�vlql~trlm¥ }l~srtvlqopts �vl�smmlq e+e− → 2π+2π− � e+e− →
π+π−2π0 }snl~l} ¢lpns��ovrl ~ry voqpl}svplwl vom�vs~srspty �l
rlvsp��tpqovtopnpl}� �oxlql}� l��s}�j 
ry �oz~lwl ml�{nty q{�tm�ryrtm¥ }onvt�p{s urs}spn{ �l �lv}�ro}� �vtqs~spp{} q £��� ��� i¨¤ ~ry
qms| q{�s�svs�tmrspp{| }s|optx}lqj ¢onvt�p{� urs}spn q{�tmryrmy
�o� m�}}o }onvt�p{| urs}spnlq ln~sr¥p{| �vl�smmlq m lnplmtnsr¥p{}t
qsmo}t t �oxo}t� l�vs~srys}{}t tx �vl�s~�v{ �l~wlp�tj �qo~von }l�~�ry }onvt�plwl urs}spno ��tn{qormy ql qms| }l~srtv�s}{| vom�vs~s�rspty| �o� qsm ml�{ntyj �l~vl�pss l �vl�s~�vs q{�tmrspty }onvt�plwl
urs}spno m}j �vtrlzspts �j
� vo�lno| £��� i¨� ik¤ �l�oxopl� �nl q �opors e+e− →

2π+2π− �vl}sz�nl�pls mlmnlypts l�tm{qosnmy �vl�smml} e+e− → a1π
� q

�opors e+e− → π+π−2π0 ® m�}}l� �vl�smmo e+e− → ωπ + a1π
j � vo}�o|

unt| }l~srs� �{rl �vlqs~spl mvoqpspts u�m�svt}spnor¥p{| t }l~srtvl�qopp{| vom�vs~srspt�j
�o vtm�p�s iji �vtqs~sp{ u�m�svt}spnor¥p{s t }l~srtvlqopp{s vom��vs~srspty �l tpqovtopnp{} }ommo} ��| π�}sxlplq q �opors e+e− →

2π+2π− j �ms �l}�tpo�tt� xo tm�r«�spts} �l}�tpo�t� m pot}spss upsv�wt�p{} π�}sxlpl}� q�r«�sp{ q vom�vs~srspts ¦no�t| �l}�tpo�t� ® i§j
�t~pl� �nl }l~srtvlqopts �l �oxlql}� l��s}� ps �lvvs�npl l�tm{qo�sn u�m�svt}spnor¥pls vom�vs~srspts� q nl qvs}y� �o� }l~srtvlqopts a1π�voqtr¥pl lnvozosn u�m�svt}spnor¥p�« mtn�o�t«j �rs~�sn xo}sntn¥�
�nl voxrt�ts u��s�ntqplmns� vswtmnvo�tt q unt| ��| }l~sry| mlmnoqry�sn �lvy~�o k¨·j �om�vs~srspty �l }omms ln~o�t pot}spss upsvwt�plwl
π�}sxlpo ¦vtmj i§ �l�ox{qo«n� �nl �o� }l~sr¥ rlvsp��tpqovtopnplwl �o�xlqlwl l��s}o� no� t }l~sr¥ a1π

|lvl�l l�tm{qo«n u�m�svt}spnor¥pls
vom�vs~srsptsj �s�lr¥�ls vommlwromlqopts ~ry }l~srt a1π

tm�sxosn� sm�
k¨
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e+e− → 2π+2π− ¦π�}sxlp m }tpt}or¥pl� upsvwts� ln�vl�sp§j ªtmnl�wvo}}o © }l~srtvlqopts� nl��t m l�t��o}t © u�m�svt}spnor¥p{s ~op�p{sj ¡psvwty © ki�¨ ¢u�j

rt ��smn¥ vom�o~ a1
�}sxlpo po σπ m k�·�� qsvlynplmn¥«j ¢l~sr¥ a1πno�zs |lvl�l l�tm{qosn �wrlq{s vom�vs~srspty ¦vtmj �§j

� �opors e+e− → π+π−2π0 � vom�vs~srspts �l tpqovtopnp{} }ommo}~q�| xovyzspp{| π�}sxlplq t l~plwl ps�nvor¥plwl ¦vtmj �§ �l�ox{qosn
port�ts �o� �vl}sz�nl�plwl mlmnlypts ωπ � no� t ml�{nt� qps l�romnt
�t�o ω�}sxlpo� �lnlv{s ps }lw�n �{n¥ l�tmop{ }l~srtvlqopts} �vl�smmo
e+e− → ωπ

j �om�vs~srspty �l tpqovtopnp{} }ommo} ps�nvor¥plwl t xo�
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q �vl�smms e+e− → π+π−2π0 ¦q{�tvosnmy �rtzo��oy }ommo � }omms ω}sxlpo§j ªtmnlwvo}}o © }l~srtvlqopts� nl��t m l�t��o}t © u�m�svt}sp�nor¥p{s ~opp{sj �nvsr�o}t �l�oxop{ wvopt�{ l�romns� k�� ¦m}j ns�mn§j

vyzspplwl π�}sxlplq q l�romnt tpqovtopnp{| }omm i
π qps �t�o ω�}sxlpo

¦vtmj �§ ml~svzon �t� q l�romnt ρ�}sxlpoj�porlwt�pls vom�vs~srspts �l
tpqovtopnp{} }ommo} xovyzspp{| π�}sxlplq no�lwl �t�o ps ml~svztn�
�nl wlqlvtn l nl}� �nl ml�{nty �ps ωπ

� �vl�smmo� q lmplqpl}� ml~svzon
xovyzspp{� t ps ml~svzon ps�nvor¥plwl ρ�}sxlplqj �o�oy �lp�tw�vo�
�ty |ovo�nsvpo ~ry �vl}sz�nl�plwl mlmnlypty a1π

j �oxrt�ts }l~srt�vlqopp{| t u�m�svt}spnor¥p{| m�s�nvlq tpqovtopnp{| }omm π�}sxlplq�
ps �vsq{�osn k¨· q i�| �oporo|� t ps }lzsn m�¬smnqsppl �lqrtyn¥ po
qsrt�tp� u��s�ntqplmnt vswtmnvo�tt ml�{nt�j3ovo�nsvp{� qt~ m�s�nvlq tpqovtopnp{| }omm π�}sxlplq ~ry ~v�wt|
}l~srs� �l�oxop po vtmj ���j 
ry l�vs~srspty qlx}lzplwl q�ro~o unt|
}l~srs� t l�sp�t }l~sr¥pl� xoqtmt}lmnt q u��s�ntqplmnt vswtmnvo�tt�
tm�lr¥xlqormy }snl~ �l~wlp�t m�s�nvlq tpqovtopnp{| }omm π�}sxlplq�
l�tmopp{� q �vtrlzsptt �j
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l�romnt tpqovtopnp{| }omm i

π qps �t�o ω�}sxlpoj ¢l~srtvlqopts ©
ωπ + a1π

q mllnpl�sptt� l�vs~srys}l} tx u�m�svt}spnoj ªtmnlwvo}}o
© }l~srtvlqopts� nl��t m l�t��o}t © u�m�svt}spnor¥p{s ~opp{sj
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π q�rtxt �t�o ω�}sxlpoj ¢l~srtvlqopts ©
ωπ + a1π

q mllnpl�sptt� l�vs~srys}l} tx u�m�svt}spnoj ªtmnlwvo}}o ©
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ÙÚ4 5éïäçäáåä Þäòäáåó
¡��s�ntqplmn¥ vswtmnvo�tt ml�{nt� �vl�smmo e+e− → 2π+2π− l�vs~s�ryrom¥ }snl~l} ¢lpns��ovrl q �vs~�lrlzsptt �vl}sz�nl�pl� ~tpo}t�
�t e+e− → a1π → ρππ

j �{�tmrsppoy u��s�ntqplmn¥ �l�oxopo po vtmj k¨j

oppoy u��s�ntqplmn¥ yqrysnmy }l~sr¥pl xoqtmt}l� qsrt�tpl� t xoqt�mtn �o� ln �ovo}snvlq a1

}sxlpo� no� t ln port�ty ~v�wt| vso��t� q
�vl}sz�nl�pl} mlmnlypttj ¢l~sr¥poy xoqtmt}lmn¥ u��s�ntqplmnt �vt�ql~tn � mtmns}ont�sm�l� l�t��s q ms�sptt ij�· ¦m}j vox~sr ij�§j�s�spts
�vl�smmo q nl��s m upsvwts� Ei

q{�tmryrlm¥ �l �lv}�rs¯

σ(Ei) =
Ni

εiLi(1 + δrad(Ei))
, ¦�§

w~s εi
© u��s�ntqplmn¥ vswtmnvo�tt �vt upsvwtt Ei

Ö Li
© tpnswvor¥poy

mqsnt}lmn¥� po�l�rsppoy �vt unl� upsvwtt q u�m�svt}spnsÖ δrad(Ei) ©vo~to�tlpp{s �l�voq�tj ���vl�mt}o�ty ms�spty lm�¬smnqryrom¥ m �l�
}l¬¥« �o�sno �vlwvo}} �l~wlp�t ms�spt�� voxvo�lnopp{| ~ry u�m�svt�
}spno ��
 £��¤j �srt�tpo vo~to�tlpp{| �l�voql� mlmnoqtro � © �·j
�lr��sppls ms�spts �vtqs~spl po vtmj kk� k� t q no�rt�s kj
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�o�rt�o k¯ �s�spts �vl�smmo e+e− → 2π+2π−

Â�¦§Ì¢¤² Ç¦Ê¦�¢¦² Ç¡±¡®̈ 6¢¹¬±²
Æ¾½ �¹ �¹
¶Íµ®µµ Ï®µ7 µ®ÅÏ¶Í8®Ïµ Ï®ÅÏ µ®µ¶
Ïµµ´®Íµ Ï®Å³ µ®ÏÅÏµµ¶®³Í Ï®8´ µ®Ï9
ÏµÏ9®³³ Ï®³Í µ®Ï³
ÏµÏ³®³Í Ï®³µ µ®ÏÅÏµÏ7®³³ Ï®7Í µ®ÏÅÏµÏÍ®³8 Ï®7Å µ®ÏÏ
ÏµÏ¶®³Å Ï®¶³ µ®Ïµ
ÏµÅµ®9Í Ï®7³ µ®ÏÅÏµÅÏ®³8 Ï®¶Å µ®Ï7
ÏµÅÅ®7³ Ï®7Å µ®Ï9
ÏµÅ7®78 Ï®¶Ï µ®Ï9
Ïµ´´®7Å Ï®ÍÍ µ®Ï7
Ïµ8µ®µµ Å®µ¶ µ®Ï9
Ïµ9µ®µµ Å®´7 µ®Ï9
Ïµ³µ®µµ Å®9Å µ®Ï´
Ïµ7µ®µµ ´®ÏÏ µ®´9
ÏµÍµ®µµ 8®³7 µ®ÏÍ
Ïµ¶µ®µµ ´®9Å µ®´Í
ÏÏµµ®µµ ´®¶Å µ®Ï¶
ÏÏÏµ®µµ 8®8Í µ®8´
ÏÏÅµ®µµ 8®¶´ µ®Å9ÏÏ´µ®µµ 9®89 µ®8´

:¿§¨¥¨ÁÓ¦�¢¦;Â�¦§Ì¢¤² Ç¦Ê¦�¢¦² Ç¡±¡®̈ 6¢¹¬±²
Æ¾½ �¹ �¹
ÏÏ8µ®µµ ³®µµ µ®ÅÍÏÏ9µ®µµ 7®´Å µ®³ÅÏÏ³µ®µµ 7®´´ µ®´µ
ÏÏÍµ®µµ Í®³µ µ®ÅÍÏÏ¶µ®µµ Í®³Í µ®8ÅÏÅµµ®µµ ÏÏ®97 µ®´ÅÏÅÏµ®µµ Ïµ®9Í µ®9Ï
ÏÅÅµ®µµ ÏÏ®³³ µ®´³
ÏÅ´µ®µµ Ïµ®Í8 µ®9ÅÏÅ8µ®µµ Ï´®´³ µ®´³
ÏÅ9µ®µµ Ï9®µ´ µ®9µ
ÏÅ³µ®µµ Ï´®7¶ µ®98
ÏÅ7µ®µµ Ï³®78 µ®8¶
ÏÅÍµ®µµ Ï³®³³ µ®9µ
ÏÅ¶µ®µµ Ï³®ÅÏ µ®89
Ï´µµ®µµ ÏÍ®´Å µ®9µ
Ï´Ïµ®µµ Ï7®´Í µ®9´
Ï´Åµ®µµ Ï7®ÅÍ µ®8¶
Ï´´µ®µµ ÏÍ®99 µ®89
Ï´8µ®µµ ÅÅ®Ï¶ µ®8³
Ï´9µ®µµ ÅÏ®³³ µ®9´
Ï´³µ®µµ Å´®¶¶ µ®´³
Ï´7µ®µµ Å´®Í³ µ®99
Ï´Íµ®µµ Å8®µ¶ µ®8µ

¡��s�ntqplmn¥ vswtmnvo�tt �vl�smmlq e+e− → a1π
� e+e− → ωπ q �o�pors e+e− → π+π−2π0 �vtqs~spo po vtm�p�o| ki¦ù§�ki¦ú§j 	mrt }{ �vs�ps�vswos} tpnsv�svsp�ts� unt| �vl}sz�nl�p{| mlmnlypt� }sz~� ml�l��

�nl yqrysnmy |lvl�t} �vt�rtzspts}q mtr� }orl� �tvtp{ ω�}sxlpo� nl q�ro~ �oz~lwl mlmnlypty }lzpl
l�vs~srtn¥ �l vom�vs~srspt« tpqovtopnpl� }omm{ i�| π�}sxlplq� �rt�zo��s� � }omms ω�}sxlpo ¦vtmj �§j 	mrt N1

© �lrt�smnql ml�{nt� q �t�s
ω�}sxlpo ¦l�romn¥ k§� N2

© qps swl ¦l�romn¥ �§� nl �lrt�smnql ml�{nt� ωπl�vs~srysnmy �o�¯
Nω =

βN1 − (1 − βN2)

α + β − 1
,

�¨
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�tmj k�¯ �s�spts �vl�smmo e+e− → π+π−2π0 � tx}svsppls q unl� vo�lns q
mvoqpsptt m ps�lnlv{}t ~v�wt}t u�m�svt}spno}tj

�lrt�smnql ml�{nt� a1π
¯

Na1
=

−(1 − α)N1 + αN2

α + β − 1
,

α © qsvlynplmn¥ ml�{nty} �vl�smmo ωπ �l�omn¥ q l�romn¥ kÖ β © qsvl�ynplmn¥ ml�{nty} �vl�smmo a1π
�l�omn¥ q l�romn¥ �j oqtmt}lmn¥ unt|

�lu��t�tspnlq ln upsvwtt �l�oxopo po vtm�p�o| k�j �{�tmryy �l �lv�
}�rs ¦�§ ms�spty ~ry �oz~lwl tx �vl�smmlq t m�ro~{qoy unt ms�spty� }{
�lr��os} vsx�r¥non� �vtqs~spp{� po vtmj k� t q no�rt�s �j �s�spts �vl�
�smmlq e+e− → ωπ t e+e− → π+π−2π0 m q{�nspp{} q�ro~l} ln �vl�smmo
e+e− → ωπ ¦�ps ωπ

�§ �l�oxopl po vtm�p�o| k�� k�j
	mrt nvo�nlqon¥ ml�{nty �ps ωπ

� �o� a1π
ml�{nty� nl }{ }lzs} lzt�~on¥� �nl lnpl�spts ms�spt� e+e− → 2π+2π− � e+e− → π+π−2π0 ��~sn

�rtx�l � � �vt q{ml�t| upsvwty| t qlxvomnon¥ �vt ptx�t| upsvwty|j ¡�m��svt}spnor¥pl tx}svsppls lnpl�spts ms�spt� �l�oxopl po vtm�p�s k�j

ÙÚ= 5éïäçäáåä Þäòäáåê >çÝõäÞÞà
e+e− → 2π+

2π−

â ÝãàÞßå
φîïäéÝááÝèÝ çäéÝáàáÞàÚ


ry �}sp¥�spty mnontmnt�sm�t| t mtmns}ont�sm�t| l�t�l� �vt upsv�wty| ∼ 1
ªu� �vt tx}svsptt ms�spty e+e− → 2π+2π− �{ro �vl�qs~spo l�vo�ln�o u�m�svt}spnlq ÒÐ²��¨k� ÒÐ²��¨� q l�romnt upsvwt�

��



�o�rt�o �¯ �s�spts �vl�smmo e+e− → π+π−2π0

Â�¦§Ì¢¤² Ç¦ÊÄ¦² �¹ ?6Ä¬±² Ç¦ÊÄ¦² �¹ ?6Ä¬±² Ç¦ÊÄ¦² �¹ ?6Ä¬±²
Æ¾½

e
+

e
−

→ 4π
�¹−1

e
+

e
−

→ ωπ
�¹−1 @�¦

ωπ
@ �¹−1

¶Íµ 9®9³ Ï®9Í Å®7Å µ®98 ´®Ï8 Ï®9Ï
ÏµÏ¶ Í®µ7 Ï®³9 7®9¶ Ï®Ï¶ Ï®´´ Ï®Å7Ïµ8µ ¶®Ï7 Ï®87 Í®7Ï µ®¶³ Ï®8´ Ï®ÅµÏµ9µ Ïµ®³³ Ï®´9 Ïµ®Í8 µ®¶9 Ï®µ´ Ï®µ9
Ïµ³µ ÏÏ®89 µ®79 ÏÏ®Í9 µ®99 µ®¶Å µ®97
Ïµ7µ Ïµ®Å³ Ï®Å9 ¶®³7 µ®Í9 Ï®³7 Ï®µµ
ÏµÍµ Ï´®³7 µ®³´ ÏÏ®¶7 µ®´¶ ´®µ8 µ®9ÅÏµ¶µ Ï´®µÏ Ï®´7 ÏÅ®Ï¶ µ®¶8 Å®ÏÍ Ï®µ¶
ÏÏµµ Ï8®8Ï µ®8Å Ï´®¶¶ µ®8Ï Ï®¶Í µ®ÅÏÏÏÏµ ÏÅ®µÅ µ®Í³ ÏÏ®Ï9 µ®ÍÅ Å®ÏÅ µ®89
ÏÏÅµ Ï9®³7 µ®98 Ï8®³8 µ®9Å Å®³7 µ®Å¶ÏÏ´µ Ï9®8Ï µ®ÍÍ Ï9®µ´ µ®Í7 Å®µ7 µ®8´
ÏÏ8µ Ï³®9µ µ®9Í Ï9®8Å µ®9³ Å®Íµ µ®´µ
ÏÏ9µ Ï9®7Í Ï®Ï³ Ï´®³³ Ï®µ7 ´®³8 µ®³7
ÏÏ³µ Ï7®´8 µ®9Í Ï9®9¶ µ®98 ´®8¶ µ®´´
ÏÏÍµ Ï¶®Ï8 µ®98 Ï³®99 µ®8¶ 8®88 µ®´ÅÏÅµµ Ï¶®98 µ®99 Ï³®Ï8 µ®8¶ 9®ÅÏ µ®´8
ÏÅÏµ Ï¶®´³ µ®¶Å Ï³®98 µ®Í´ 8®³7 µ®99
ÏÅÅµ Åµ®Ïµ µ®³8 Ï9®7¶ µ®99 ³®µÍ µ®8Ï
ÏÅ´µ Åµ®´8 Ï®µµ Ï9®³9 µ®ÍÍ ³®88 µ®³´
ÏÅ8µ ÅÅ®µ´ µ®³´ Ï³®Å¶ µ®98 7®97 µ®8Ï
ÏÅ9µ ÅÅ®´9 µ®Í9 Ï7®Ïµ µ®7´ 7®Ï7 µ®98
ÏÅ³µ ÅÅ®´´ µ®¶8 Ï7®9¶ µ®ÍÅ ³®7Ï µ®9¶
ÏÅ7µ Å8®³¶ µ®ÍÅ ÏÍ®Å¶ µ®7µ Í®89 µ®9´
ÏÅÍµ Å8®µ´ µ®Í´ Ï7®ÅÍ µ®7µ Í®³¶ µ®98
ÏÅ¶µ Å8®8³ µ®7³ Ï7®9Ï µ®³9 Í®¶Ï µ®8¶
Ï´µµ Å³®97 µ®Í´ Ï¶®8³ µ®7Å ¶®Å¶ µ®9´
Ï´Ïµ Å8®Å¶ µ®Í7 Ï³®³´ µ®78 ¶®9Å µ®9Í
Ï´Åµ Å9®¶Å µ®Í8 Ï7®8¶ µ®7µ Ïµ®8µ µ®9³
Ï´´µ Å³®´Ï µ®79 Ï7®8Ï µ®³Å Ïµ®Í9 µ®9µ
Ï´8µ Å7®Ï¶ µ®³´ Ï7®77 µ®9Ï ÏÏ®8Ï µ®88
Ï´9µ ÅÍ®ÍÏ µ®Í´ ÏÍ®ÏÏ µ®³¶ ÏÅ®7´ µ®97
Ï´³µ ÅÍ®´9 µ®98 ÏÍ®´´ µ®89 ÏÅ®µ7 µ®´³
Ï´7µ ÅÍ®¶¶ µ®ÍÏ ÏÍ®³9 µ®³7 ÏÅ®8´ µ®99
Ï´Íµ ÅÍ®Íµ µ®9Í ÏÍ®8³ µ®8¶ ÏÅ®8Ï µ®8µ
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�tmj k�¯ �npl�spts ms�spt� �vl�smmlq e+e− → a1π → 2π+2π− t e+e− →
a1π → π+π−2π0

¨���©k�̈ � ªu�j 
l�lrptnsr¥poy mnontmnt�o� l�lrl ��� ��−1 � po�voppoy q
unt| u�m�svt}spno|� �lxqlrysn ps nlr¥�l �r���tn¥ mnontmnt�sm��« nl��plmn¥� pl t tx��tn¥ mtmns}ont�sm�ts l�t��tj �vt}spyy �mrlqty ln�lvoi©� � mnontmnt�s� po�voppl� q unt| u�m�svt}spno|� �{rl xo}s�spl� �nl
vom�vs~srspty �l �lryvpl}� �wr� q }l~srtvlqoptt t u�m�svt}spns ps
mlwrom�«nmy q l�romnt }or{| �wrlq ¦m}j vtmj k�§j ¡nl voxrt�ts �qsrt��tqosnmy �vt }or{| upsvwty|j �l�qt~t}l}�� uno voxpt�o l��ympysnmy
port�ts} �lpo ln �vl�smmo �qopnlql� urs�nvl~tpo}t�t e+e− → 4e

j �l��{nty �A }lw�n t}tntvlqon¥ ml�{nty u��s�no nlr¥�l� smrt m�}}ovpls
upsvwlq{~srspts� plv}tvlqoppls po upsvwt« ����lq� }sp¥�s ¨���j ¡nl
qlx}lzpl� smrt nvs� t}ssn ps�lr¥�l� �wlr m lm¥« ����lq� �vt �lnlvl} lp
vswtmnvtv�snmy q �o}svs� pl ps vswtmnvtv�snmy �orlvt}snvl}� �nl� �vt�
}svpl� mllnqsnmnq�sn �wr� 20◦

j ¡no wt�lnsxo �l~nqsvz~osnmy vom�vs~srs�pty}t �l upsvwlq{~srspt« pot�lrss upsvwt�p{| �omnt�j �o�� u�m�svt�
}spnor¥pls vom�vs~srspts �l upsvwlq{~srspt« pot�lrss upsvwt�pl� �o�mnt�{ ~ry ml�{nt�� t}s«¬t| �omnt�{ m | cos θ| > 0, 9 � �vsq{�osn }l~srt�vlqoppls vom�vs~srspts q l�romnt �lr¥�t| upsvwlq{~srspt�� q nl qvs}y�
�o� oporlwt�p{s vom�vs~srspty ~ry ml�{nt� m −0, 9 < cos θi < 0, 9 |lvl��l mlwrom�«nmy ¦vtmj �¨§j
ry ln�lvo ml�{nt� q u�m�svt}spno| ÒÐ²��¨k�ÒÐ²��¨� �{rl tm�lr¥xlqopl ~l�lrptnsr¥pls �mrlqts −0, 9 < cos θi < 0, 9 �
w~s ÷Ñk���i��j 
ry �}sp¥�spty q�ro~o �lplq{| ml�{nt�� q lmplqpl} ln
�vl�smmo φ → KSKL

� �{rl qqs~spl �mrlqts po ��o�smnql� vs�lpmnv���
��
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�tt m l�¬s� nl��l� q{rsno ® χ2 < 100
j �tzs �vtqs~sp{ qms �mrlqty�

tm�lr¥x�s}{s ~ry ln�lvo ml�{nt� q u�m�svt}spno| ÒÐ²��¨k� ÒÐ²��¨�j
kj �tmrl xovyzspp{| �omnt� ≥ 4 Ö �tmrl ps�nvor¥p{| �omnt� ≥ 0 Ö
�j

χ2 ~ry �tps}ont�sm�l� vs�lpmnv���tt q �vs~�lrlzsptt �lps�plwl
mlmnlypty π+π−π+π− }sp¥�s ¨�ij

ij upsvwlq{~srspts q �orlvt}snvs� plv}tvlqoppls po upsvwt« ����
�lq� }sp¥�s ¨��Ö

�j pot}sp¥�t� �wlr }sz~� �omnt�o}t ∆φ > 18◦ Ö
�j �ovo}snv × ~ry r«�l� xovyzsppl� �omnt�{ }sp¥�s ¨�� m}Ö
�j �llv~tpono Ø ~ry r«�l� xovyzsppl� �omnt�{ }sp¥�s � m}Ö
�j �lmtp�m �lryvplwl �wro −0, 9 < cos θi < 0, 9 � w~s ÷Ñk���i�� ¦mllnqsn�mnq�sn vswtmnvtv�s}{} �wro} q ~to�oxlps 26◦ © 154◦

§
�j

χ2 ~ry vs�lpmnv���tt m l�¬s� nl��l� q{rsno }sp¥�s k¨¨j

�s�spts vswtmnvo�tt� �lr��sppls q �vtqs~spp{| q{�s �mrlqty| ln��lvo� �l�oxopl po vtmj �kj �x}svsppls ms�spts ml~svztn vsxlpopmp{�
�lp� q lmplqpl}� ln vom�o~o φ → KSKL

j �s�spts �vl�smmo e+e− →
2π+2π− �l�oxopl po vtmj ��j Clp ln �vl�smmo φ → KSKL

q{�tnormy�
tm�lr¥x�y xoqtmt}lmn¥ ms�spty KSKL

ln upsvwttj

ÙÚD Üñãàð EÝáà >çå ÝßÝçä >çÝõäÞÞÝâ
e+e− → 2π+

2π− F
e+e− → π+π−

2π0

�vt ln�lvs ml�{nt� �vl�smmlq e+e− → 2π+2π− � e+e− → π+π−2π0 � l~tp
tx lmplqp{| ql�vlmlq ® ql�vlm l port�tt �lpo q lnl�vopp{| ml�{nty|j
�lx}lzp{}t tmnl�pt�o}t �lpo yqry«nmy¯ �lp� mlx~oqos}{� �omnt�o�
}t� q{�{q�t}t tx ����o ¦�����lq{���lp§� vsxlpopmp{� �lp ln vom�o~o
φ�}sxlpo� psvsxlpopmp{� �lp ln �vl�smmlq �qopnlql� urs�nvl~tpo}t�t
t �vl�smmlq opptwtry�tt urs�nvlp��lxtnvlppl� �ov{ q o~vlp{j

cG�GC H���MTES]H ITH

ry l�vs~srspty q�ro~o �����lqlwl� �lpo }lzpl qlm�lr¥xlqon¥my ns}�
�nl vom�vs~srspts �l �llv~tpons q~lr¥ lmt ����lq q{rsnsq�t| �lplq{|

��
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�tmj �¨¯ �om�vs~srspts �l upsvwlq{~srspt« q �orlvt}snvs pot�lrss
upsvwt�pl� �omnt�{ q �vl�smms e+e− → 2π+2π− j ªtmnlwvo}}o ® }l~s�rtvlqopts� nl��t m l�t��o}t ® u�m�svt}spnor¥p{s ~opp{sj �vtqs~spo
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�tmj ��¯ �x}svsppls ms�spts �vl�smmo e+e− → 2π+2π− q mvoqpsptt m
vsx�r¥nono}t u�m�svt}spno �¢
��j

�omnt� voqpl}svpl� q nl qvs}y �o� vom�vs~srspts ml�{nt� tmmrs~�s}{|
�vl�smmlq t}ssn �t� q�rtxt p�ry ¦vtmj �i� ��§j
� �opors e+e− → 2π+2π− �vlql~trom¥ l�sp�o �lrt�smnqo �lplq{|

ml�{nt�� m�tnoy� �nl �vt xpo�spty| |Z| > 8 m} ml�{nty� q lmplqpl}�
yqry«nmy �����lq{}� �lpl} m ps�lr¥�l� ~l�oq�l� ml�{nt� u��s�no¯

N =
N1 − 4N2

1 − 4γ
, σN =

√
N1 + 16N2

1 − 4γ
,

Nbck = 4
N2 − γN1

1 − 4γ
, σNbck

= 4

√

N2 + γ2N1

1 − 4γ
,

w~s µ © �lrt�smnql ml�{nt� u��s�noÖ
Nbck

© �lrt�smnql ml�{nt� �lpoÖ
N1

© �lrt�smnql ml�{nt�� �l�oq�t| q l�romn¥ |Zi| < 8 m}� i = 1, 2, 3, 4
N2

© �lrt�smnql ml�{nt�� ~ry �lnlv{|� |lny �{ ~ry l~pl� �omnt�{�
|Zi| > 8 m}�
γ = (4.6± 0.1)10−3 ® lnpl�spts �tmro ml�{nt� N1/N2

~ry ml�{nt� �vl�
�smmo e+e− → 2π+2π− � �lr��sppls tx }l~srtvlqoptyj �{�tmrsppoy qs�rt�tpo �lpo ps �vsq{�osn¯

• ∼ 2% �vt 2E < 1100
¢u�

• ∼ 10% �vt 1100
¢u� < 2E < 1180

¢u�
• (5 ÷ 2)% �vt 1180

¢u� < 2E

��
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�tmj ��¯ �om�vs~srspty �l �llv~tpons Ø q~lr¥ lmt ����lq qnlvl� �o�mnt�{ ~ry u�m�svt}spnor¥pl lnl�vopp{| ml�{nt� ¦nl��t m l�t��o}t§ t
ml�{nt� }l~srtvlqopty ¦wtmnlwvo}}o§ q �vl�smms e+e− → π+π−2π0 j

ml mnontmnt�sm�l� nl�plmn¥« �lvy~�o ∼ 50%
j �tx�or¥p{� �vlm}lnv ml��{nt�� t}s«¬t| �lr¥�ls xpo�spts �vl~lr¥pl� �llv~tpon{ ~ry qsv�tp{

qxot}l~s�mnqty� �l�ox{qosn� �nl ~lry �lplq{| ml�{nt� ps �vsq{�osn��·j �o�t} l�voxl}� l�sp�o qlx}lzplwl q�ro~o �����lqlwl� �lpo q tx�
}svsppls ms�spts �vl�smmo e+e− → 2π+2π− mlmnoqtro �· ln qsrt�tp{
ms�spty ql qms} ~to�oxlps upsvwttj
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�tmj ��¯ �om�vs~srspts �l �wr� q{rsno pot}spss upsvwt�plwl �lnlpo q
�vl�smms e+e− → π+π−2π0 j �l��t m l�t��o}t © u�m�svt}spnor¥p{s
~opp{sj ªtmnlwvo}}o © }l~srtvlqoptsj

ry �vl�smmo e+e− → π+π−2π0 vom�vs~srspty �l �llv~tpons Ø nl��

�t q{rsno nvs�lq xovyzspp{| �omnt� �l�ox{qo«n lnm�nmnqts �lpo ln
�omnt�� q{rsnsq�t| tx ����oj �lx}lzp{� �lp ln porlzspty �lnlplq
po ml�{nts ~v�wlwl �txt�sm�lwl �vl�smmo� po�vt}sv e+e− → π+π−π0γ �
~lrzsp t}sn¥ vomn�¬ss �vt }or{| �wro| θ ¦�lryvp{� �wlr§ vom�vs~srs�pts �l �wr� q{rsno pot}spss upsvwt�plwl �lnlpo� �nl ps �l~nqsvz~osnmy
u�m�svt}spnor¥p{}t vom�vs~srspty}t ¦m}j vtmj ��§j
cG�GK OFgTHZHNHS] ITH E OPTPFNNF e+e− → π+π−2π0

� l�romnt ptx�t| upsvwt� q ms�sptt �vl�smmo e+e− → π+π−2π0 }lzsn
�vtm�nmnqlqon¥ vsxlpopmp{� �lp ln vom�o~lq φ�}sxlplqj �o� qt~pl tx
vtmj ��� �vt upsvwtt ����lq� mllnqsnmnq�«¬s� }omms φ�}sxlpo ¦k¨�¨ ¢u�§
ms�spts �vl�smmo e+e− → π+π−2π0 ps �vsq{�osn ms�spts q vy~l} rszo�¬t| nl��o|j �m�lr¥x�y upsvwsnt�sm��« xoqtmt}lmn¥ ms�spty �vl�smmo
e+e− → π+π−π0 � }lzpl l�sptn¥ q�ro~ vsxlpopmplwl �lpo q tx}svsp�pls ms�sptsj ��ro~ �lpo q tx}svsppls ms�spts �vt upsvwtt k¨�¨ ¢u� ps
�vsq{�osn �·j

ik
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ÙÚS TåÞßäïàßåòäÞñåä >ÝèçäUáÝÞßå
�vt l�sp�t mtmns}ont�sm�l� l�t��t q tx}svsppl} ms�sptt �{rt ��nsp{
mrs~�«¬ts tmnl�pt�t mtmns}ont�tj

�T\PFVHTNR� E ES�INYFHII IHRF\PZY�HT] NEFRIQTNRI l�vs~s�ryrom¥ �o� voxpt�o q l�vs~srsptt mqsnt}lmnt �l �vl�smmo} e+e− → e+e−t e+e− → γγ t ps �vsq{�osn i·j
VFZGFMEZRHTNR� QTGFYIPTEZHI� I [MNOFPIQFHRZ yqrysnmy

lmplqp{} tmnl�pt�l} mtmns}ont�sm�l� l�t��tj ¡nl psmllnqsnmnqts }l�zsn �{n¥ q{xqopl psnl�plmn¥« }l~srtvlqopty �vl�smmlq y~svplwl qxot�
}l~s�mnqty� �nl lml�sppl m�¬smnqsppl ~ry ptx�lupsvwsnt�p{| π�}sxlplq
t psnl�p{} }l~srtvlqopts} �vl�smmo vswtmnvo�tt xovyzspp{| �omnt�q ~vs��lql� �o}svsj 
ry l�vs~srspty q�ro~o q mtmns}ont�sm��« l�t��
�� qov¥tvlqortm¥ lwvopt�spty po �ovo}snv{ no�� �nl�{ u��s�ntqplmn¥
}spyrom¥ �vt}svpl q � voxoj 	mrt m�tnon¥� �nl mtmns}ont�sm�oy l�t��o
q l�vs~srsptt u��s�ntqplmnt t}ssn ps xoqtmy¬ss ln lwvopt�spty o��mlr«npls xpo�spts� nl ms�spts �vl�smmo ~lrzpl tx}spyn¥my �vt}svpl
po � mtmns}ont�sm�ts l�t��tj �sm¥ ~to�oxlp upsvwt� �{ro vox�tn po
~qs l�romnt� q{ml�lupsvwt�p�« ¦2E > 1150

§ ¢u� t ptx�lupsvwt�p�«
¦2E < 1150

§ ¢u�j 
ry �vl�smmo e+e− → 2π+2π− l�sp�o q�ro~o q mtmns�
}ont�sm��« l�t��� mlmnoqtro¯

• k¨· ¦2E < 1150
¢u�§

• �· ¦2E > 1150
¢u�§


ry �vl�smmo e+e− → π+π−2π0 ¯
• k�· ¦2E < 1150

¢u�§

• �· ¦2E > 1150
¢u�§

�PFHMZ QTGFY�HT] gZEINIQTNRI q tx}svspp{| ms�spty| nvs��sn
l�sp�t q�ro~o ps lmplqp{| �vl}sz�nl�p{| mlmnlypt� ¦h1(1170)π � ρ+ρ− �
π(1300)π � σρ � a2(1320)π

§j 
ry unlwl �{ro voxvo�lnopo �vl�s~�vo� l�t�moppoy q �vtrlzsptt �j �ov¥tvlqopts }omm{� �tvtp{ t �ovo}snvo Λ q
�lv}�o�nlvs a1

}sxlpo ¦Fa1
(s) = (1+M2

a1
/Λ)/(1+ s/Λ)

£��¤§ �vtql~yn �tx}spspt« u��s�ntqplmnt po i·� ��sn vom�o~o a1 → σπ m qsvlynplmn¥«k�· }l~t�t�tv�sn ms�spts po �·j �o�t} l�voxl}� l�sp�o mtmns}ont�s�m�l� l�t��t q ms�sptt� mqyxoppl� m }l~sr¥pl� xoqtmt}lmn¥« u��s�ntq�plmnt mlmnoqtro ij�·j

ry �vl�smmo e+e− → π+π−2π0 ��sn }l~sr¥pl� xoqtmt}lmnt �vtql�~tn � mtmns}ont�sm�l� l�t��s �·j 
ry ms�spty e+e− → ωπ ��sn nlwl�

ii



�nl �lv}��o�nlv ω�}sxlpo }lzsn lnrt�on¥my ln k� �vtql~tn � mtmns�
}ont�sm�l� l�t��s �·j ��sn qlx}lzplwl q�ro~o ~v�wt| mlmnlypt�� �nl
}l~t�t�tv�sn m�s�nv tpqovtopnp{| }omm nvs| π�}sxlplq� qs~sn � mtmns�
}ont�sm�l� l�t��s k�·j �s zs q�ro~{ ~ry �ps ωπ

� ml�{nt� mlmnoqry«n¯
��sn �lv}��o�nlvo ω�}sxlpo ® k¨·� qlx}lzp{� q�ro~ ~v�wt| mlmnly�pt� ¦psnl�pls l�tmopts m�s�nvo tpqovtopnp{| }omm nvs| π�}sxlplq§ ®�¨·¦2E > 1100

¢u�§j
�VIXM� OPI ES�INYFHII PZGIZPITHHSh OTOPZETM }lzpl l�s�ptn¥� tm�lr¥x�y voxrt�p{s }l~srt ~ry �l~wlp�t upsvwsnt�sm�l� xoqt�mt}lmnt ms�spty ¦~qo t nvt vsxlpopmo� voxrt�p{� ��sn upsvwsnt�sm�l�

xoqtmt}lmnt �tvtp{ vsxlpopmlq ln upsvwtt§j �vt q{�tmrsptt ms�spty
vo~to�tlppoy �l�voq�o mlmnoqtro qsrt�tp� �lvy~�o k¨·� �vt unl}� ml�lnqsnmnq�«¬oy l�t��o q ms�sptt ps �vsq{�osn i·j
��}}ovpoy mtmns}ont�sm�oy l�t��o 6 ��snl} qlx}lzplwl �vtm�n�mnqty �lpo mlmnoqtro¯

�vl�smm e+e− → 2π+2π−

• k�· �vt 2E < 1150
¢u�

• �· �vt 2E > 1150
¢u�

�vl�smm e+e− → π+π−2π0

• �¨· �vt 2E < 1150
¢u�

• k¨· �vt 2E > 1150
¢u�

�vl�smm e+e− → ωπ → π+π−2π0

• �¨· �vt 2E < 1150
¢u�

• k�· �vt 2E > 1150
¢u�

�vl�smm e+e− → π+π−2π0 m q{�nspp{} q�ro~l} ωπ ¦�ps ωπ
�§

• �¨· ql qms} ~to�oxlps upsvwtt

W XÃ¼Y?<=AB= >=ÔYÄZ¿@¿; 
�x}svspts ms�spt� �vl�smmlq e+e− → 2π+2π− e+e− → π+π−2π0 q ~to��oxlps upsvwt� k©� ªu� qozpl ~ry l�vs~srspty o~vlpplwl q�ro~o q �l�ryvtxo�t« qo���}o� l�vs~srspty �ovo}snvlq qlx��z~spp{| mlmnlypt�
ρ�}sxlpo� ~ry �vlqsv�t wt�lnsx{ ml|vopspty qs�nlvplwl nl�oj

i�



�s�spty �vl�smmo e+e− → 2π+2π− � tx}svsppls q unl� vo�lns� q
�vs~sro| l�t�l� mlq�o~osn m vsx�r¥nono}t �vs~{~�¬t| tx}svspt�� pl
rsztn mtmns}ont�sm�t q{�s ms�spty� tx}svspplwl ~sns�nlvl} �¢
��£��� i¨� ik¤j � ~to�oxlps upsvwtt k�i©k�� ªu� voxrt�ts ps �vsq{�osn
m�}}ovp�« mtmns}ont�sm��« l�t��� tx}svspt�j � l�romnt upsvwt� l�l�rl k ªu� vom|lz~spts m�¬smnqsppl �lr¥�s m�}}ovpl� mtmns}ont�sm�l�
l�t��t� �nl }lzsn wlqlvtn¥ l port�tt ps��nspp{| mtmns}ont�sm�t|
l�t�l�j �oxrt�ts }sz~� unt}t tx}svspty}t }lzsn mr�ztn¥ }svl� mt�mns}ont�sm�l� l�t��t �vt l�vs~srsptt ms�sptyj �rs~�sn ln}sntn¥� �nl
tx}svsppls ms�spts mro�l xoqtmtn ln }l~srt� �lm�lr¥�� ~ry mr��oy }l~s�rtvlqopty �l rlvsp��tpqovtopnpl}� �oxlql}� l��s}�� u��s�ntqplmn¥
lnrt�osnmy ln u��s�ntqplmnt� q{�tmrsppl� q mr��os }l~srt a1π

� ps �l�rss �s} po k¨·j
�s�spts e+e− → π+π−2π0 � tx}svsppls q ~oppl� vo�lns� mlwrom�sn�my m tx}svspts} ~sns�nlvo �¢
 q �vs~sro| mtmns}ont�sm�l� l�t��t�

|lny t �vl|l~tn mtmns}ont�sm�t q{�sj �x}svspts ms�spty e+e− → ωπ|lvl�l mlwrom�snmy m ~opp{}t� �lr��spp{}t ~sns�nlvl} ��
 q �opors
e+e− → ωπ → π0π0γ

£ii� i�¤ t m tx}svspts} ~sns�nlvo �¢
 � �nl wlql�vtn l }orl� mtmns}ont�sm�l� l�t��s tx}svspt�j �x}svsppls q ~oppl�
vo�lns �lrpls ms�spts �vl�smmo e+e− → π+π−2π0 rsztn mtmns}ont�sm�t
ptzs tx}svspt� ~sns�nlvo �
 £k�¤ t �svqlwl tx}svspty ~sns�nlvo ��[
£�k¤j� ~to�oxlps upsvwtt k�i©k�� ªu� voxrt�ts mlmnoqrysn �¨·j� l�lp�o�nsr¥pl� ���rt�o�tt ~sns�nlvo ��[ £�¨¤ ms�spts �vl|l~tn m�¬smnqsppl
ptzsj �svlynpl� �vt�tpl� no�t| ln�rlpspt� yqrysnmy }or{� nsrsmp{�
�wlr ~sns�nlvlq �vs~{~�¬t| �l�lrspt�� �nl �vtql~tn � �lr¥�l� l�t��s
q tx}svsppl} ms�sptt� smrt m�¬smnq�sn l�t��o q }l~srtvlqoptt tx��o�s}lwl �vl�smmoj
� mlzorspt«� tx�xo lwvopt�spplmnt upsvwsnt�sm�lwl ~to�oxlpo� tx}s�vsppls ms�spts ps }lzsn �{n¥ tm�lr¥xlqopl ~ry l�vs~srspty �ovo}snvlq

qlx��z~spp{| mlmnlypt� ρ�}sxlpo �sx �vtqrs�spty ~opp{| ~v�wt| t}s�«¬t|my u�m�svt}spnlqj �x}svspty q l�romnt q{�s k�� ªu� t}s«n �lr¥���« mnontmnt�sm��« t mtmns}ont�sm��« l�t���j �lunl}�� plq{s tx}svs�pty ms�spt� q unl� l�romnt upsvwt� qsm¥}o zsronsr¥p{j ¡nt tx}svspty
}lzpl ��~sn �vlqsmnt po �l}�rs�ms �¡����¨¨¨� mlx~oqos}l} q �[C ������ wj �lqlmt�tvm�� po }l~svptxtvlqoppl} ~sns�nlvs ��
��¨¨¨ £i�¤j

i�



\ ]@»Ä^_=AB=
� ~oppl� vo�lns �vlqs~sp oportx �vl�smmlq e+e− → 2π+2π− � e+e− →
π+π−2π0 q ~to�oxlps upsvwt� ¨����k�i� po lmplqs mnontmnt�t� po�voppl�
q u�m�svt}spns ��
 po �m�lvtnsrs �¡����¢j
�oxvo�lnop{ �vlwvo}}{ ~ry �tps}ont�sm�l� vs�lpmnv���tt t opo�rtxo �vl}sz�nl�p{| mlmnlypt� q �vl�smmo| e+e− → 4π

j �m�lr¥xlqopts
unt| �vlwvo}} �lxqlrtrl �vlqsmnt oportx �vl�smmlq opptwtry�tt q �l�ps�pl} mlmnlyptt 4π m ~sns�nlvl} ��
 j ¡nt �vlwvo}}{ }lw�n �{n¥
tm�lr¥xlqop{ ~ry oportxo �vl�smmlq 4π m ~sns�nlvl} ��
��¨¨¨ po �m�l�vtnsr¥pl} �l}�rs�ms �¡����¨¨¨� �lnlv{� mlx~osnmy q �[C �� ���j
�x}svspl ms�spts �vl�smmo e+e− → 2π+2π− ml mnontmnt�sm�l� nl�pl�mn¥« (10÷2)% t mtmns}ont�sm�l� nl�plmn¥« 12÷8

· q ~to�oxlps upsvwt�¨j��©kji� ªu�j �s�spts �vl�smmo }lplnlppl vomnsn m upsvwts� ln k�� p�
�vt upsvwtt k¨�¨ ¢u� ~l �� p� �vt upsvwtt ki�¨ ¢u�j �tps}ont�o �vl�
�smmo ps �vlntqlvs�tn ~l}tptvlqopt« �vl}sz�nl�plwl mlmnlypty a1π

j
�vlqs~spl tx}svspts ms�spty �vl�smmo e+e− → π+π−2π0 ml mnontmnt��sm�l� nl�plmn¥« (10÷2)% t mtmns}ont�sm�l� nl�plmn¥« 20÷10% q ~to��oxlps upsvwt� ¨j��©kji� ªu�j �s�spts �vl�smmo vomnsn ln � p� �vt upsv�wtt k¨¨¨ ¢uq ~l i¨ p� �vt upsvwtt ki�¨ ¢u�j �tps}ont�o �vl�smmo �~l�qrsnqlvtnsr¥pl l�tm{qosnmy �vl}sz�nl�p{}t mlmnlypty}t ¦ωπ + a1π

§j
�vlqs~spl tx}svspts ms�spty �vl�smmo e+e− → ωπ ml mnontmnt�sm�l�
nl�plmn¥« (10 ÷ 2)% t mtmns}ont�sm�l� nl�plmn¥« (20 ÷ 15)%

j
�sx�r¥non{ tx}svspt� ms�spt� }lw�n �{n¥ tm�lr¥xlqop{ ~ry vom�sno

o~vlppl� �lryvtxo�tt qo���}o� �vlqsv�t wt�lnsx{ ml|vopspty qs�nlv�plwl nl�o �vt mvoqpsptt m vom�o~o}t τ �rs�nlpo� ~ry l�vs~srspty �o�vo}snvlq ρ′, ρ′′ }sxlplqj �x}svspp{s ms�spty }lw�n �{n¥ tm�lr¥xlqop{
~ry vom�sno �lpo �vt tmmrs~lqoptt �vl�smmlq opptwtry�tt q l�romnt
upsvwt� ¨���©k�i� ªu�j

oppoy vo�lno q{�lrpspo �vt �l~~svz�s �lp~o �CC� wvopn ` ¨k�¨��k��i��o� C¸� ��pnswvo�ty� ` ���� C¸� ��pnswvo�ty�̀ �¨k¨¨

���s�pl�po��p{� �spnv q l�romnt tmmrs~lqopt� ��p~o}spnor¥p{|
mql�mnq }onsvtt�j

i�



a>BÄ;?=AB= b c>çäðäãäáåä >àçàïäßçÝâ
>çÝïäëôßÝòáìí ÞÝÞßÝêáåó

� �vl�smmo| e+e− → 4π qlx}lzp{ voxrt�p{s �vl}sz�nl�p{s ml�mnlyptyj 
ry l�vs~srspty q�ro~lq unt| mlmnlypt� �vt}spy«n }snl~
}o�mt}or¥plwl �voq~l�l~l�tyj � ~oppl} }snl~s }tpt}txtv�snmy rlwo�vt�}t�sm�oy ��p��ty �voq~l�l~l�ty L(A, P ) =

∑N

i=1 ln Φ(Pi, A)
£��¤j

~sm¥ A © qs�nlv �ovo}snvlq }l~srt� po�vt}sv� qs�nlv (R, φ) q }l~srt
M(a1 → ρπ) + ReiφM(a1 → σπ)

j
P � qs�nlv mlmnlypty� njsj tx}svspp{|

xpo�spt� upsvwtt t t}��r¥mlq qms| �tlplqj
Φ © �rlnplmn¥ qsvlynplmnt

xovswtmnvtvlqon¥ ml�{nts� �lnlvoy voqpo¯

Φ(A, P ) =
1

σ0

∫

f(P, P0)ε(P0)|M(P′,A)|∈
∑N

〉 d3√〉

∏N
〉 ∈ε〉

δ4(m∈
π −√∈

〉 ),

w~s σ0 = dN

i
|M(P′,A)|∈

N
� P0

© qs�nlv �ovo}snvlq ¦upsvwty� t}��r¥m§ �o�mnt�j
ε(P0) © u��s�ntqplmn¥ vswtmnvo�tt ~sns�nlvo ml�{nt� m qs�nl�vl} �ovo}snvlq P0

j
f(P, P0) © ��p��ty ln�rt�o ~sns�nlvo� njsj qsvlyn�plmn¥ vs�lpmnv�tvlqon¥ ml�{nts m qs�nlvl} �ovo}snvlq P0

� �o� ml�{nts
m qs�nlvl} �ovo}snvlq P

j |M(P′,A)|∈ © �qo~von }onvt�plwl urs}spnoj

ry �vo�nt�sm�l� vsortxo�tt ~opplwl }snl~o� psl�|l~t}l xpopts ��p��
�tt ln�rt�o ~sns�nlvoj ¡n� ��p��t« }lzpl vom�tnon¥ }snl~l} ¢lpns��ovrl� pl ~ry nlwl� �nl�{ m~sron¥ unl m nvs��s}l� nl�plmn¥«� psl�|l�~t}o lwvl}poy mnontmnt�o }l~srtvlqopty� �lm�lr¥�� |ovo�nsvp{� }om��no� tx}spspty unl� ��p��tt mvoqpt} m �tvtpl� ω�}sxlpo ~ry �vl�sm�mo e+e− → ωπ

j 	mrt |ovo�nsvpls voxvs�spts ~sns�nlvo }plwl }sp¥�s�
�s} |ovo�nsvp{� }om�no� tx}spspt� }onvt�plwl urs}spno� nl ~opp�«
��p��t« }lzpl m�tnon¥ δ���p��ts�� �o� t �{rl m~sropl q u�m�svt}sp�ns �¢
�� ~ry �vl�smmo e+e− → π+π−2π0 q l�romnt tpqovtopnp{| }omm
3π qps ω�}sxlpo £i¨¤j � u�m�svt}spns ��
 t}��r¥m{ xovyzspp{| �tlplq
qlmmnopoqrtqo«nmy }snl~l} �tps}ont�sm�l� vs�lpmnv���tt t nl�plmn¥
qlmmnoplqrspty ps �lxqlrysn �vt}spyn¥ q{�sl�tmopp{� }snl~� � nl}�
zs� mtn�o�ty �mrlzpysnmy port�ts} �l}�tponlvplwl �lpo� �lm�lr¥��
xpo�t �tlplq ps voxrt�o«nmyj �lunl}� �{r �vs~rlzsp mrs~�«¬t� }s�nl~j

ry l�vs~srspty �ovo}snvlq }l~srt tx u�m�svt}spnor¥p{| t }l~s�rtvlqopp{| ml�{nt� mnvltrom¥ e�}svpoy wtmnlwvo}}o �l e psxoqtmt}{}�ovo}snvo}j 
ry �vl�smmo e+e− → 2π+2π− eÑ�� �{rt q{�vop{ �o�vo}snv{¯ k§ tpqovtopnpoy }ommo ��| �tlplq� ��tn{qortm¥ qms qlx}lz�p{s �l}�tpo�tt xo tm�r«�spts} �l}�tpo�t� m pot}spss upsvwt�p{} π�

i�



}sxlpl}Ö �§ }ommo ln~o�t pot}spss upsvwt�plwl π�}sxlpoj 
ry �vl�smmo
e+e− → π+π−2π0 eÑi �{rt q{�vop{ �ovo}snv{¯ k§ tpqovtopnpoy }om�mo i�| π�}sxlplq� �rtzo��oy � }omms ω�}sxlpoÖ �§ tpqovtopnpoy }ommo
xovyzspp{| π�}sxlplqÖ i§ tpqovtopnpoy }ommo ps�nvor¥p{| π�}sxlplqj

¢tpt}txtvlqorom¥ ��p��ty £�¤

χ2 =
∑

i

[2(N th
i − Nexp

i ) + 2Nexp
i ln

Nexp
i

N th
i

],

w~s N th
i

© lzt~os}ls tx }l~srtvlqopty �lrt�smnql ml�{nt� q ÷�nl� y�s���s wtmnlwvo}}{� Nexp
i

© u�m�svt}spnor¥pl po�r«~os}ls �lrt�smnql ml��{nt� q nl� zs y�s��sj ∑
i

© lxpo�osn m�}}� �l qms} y�s��o} wtmnlwvo}�
}{j C�p��ty }tpt}txtvlqorom¥ �vlwvo}}l� Ï²µf²g £i�¤j �vtqs~spp{s
l�t��t �ovo}snvlq q{�tmrsp{ ~oppl� �vlwvo}}l� ~ry plv}tvlql�plwl
�o�nlvo� mllnqsnmnq�«¬swl l~pl}� mnop~ovnpl}� ln�rlpspt«j
�zt~os}ls �lrt�smnql ml�{nt� }l~srtvlqopty q{�tmryrlm¥ mrs~�«�¬t} l�voxl}j ¢onvt�p{� urs}spn �vl�smmo q �vs~�lrlzsptt psm�lr¥�t|

�vl}sz�nl�p{| mlmnlypt� q{�tmryrmy �o�
Me+e−→4π=

∞
M′

Me+e−→X′
+R∞e〉φ∞

∞
M∞

Me+e−→X∞

+R2e
iφ2

1

M2
Me+e−→X∈

+. . .,

w~s Ri, φi
© �tntv�s}oy o}�rtn�~o t �oxo �lu��t�tspno m �lnlv{}o}�rtn�~o ÷�wl �vl�smmo q|l~tn q �vl}sz�nl�pls mlmnlyptsj

Mi
© plv�

}tvlql�p{� �lu��t�tspn �vl�smmo ÷� �lnlv{� q{�tmrysnmy �l ml�{nt�y} }l~srtvlqopty� vom�vs~srspp{| �l rlvsp��tpqovtopnpl}� �oxlql}�
l��s}�� �o�

Mi =

√

√

√

√

1

N

N
∑

j=1

|Me+e−→X〉
(P|)|∈

∑

j
© lxpo�osn m�}}tvlqopts �l qms} ml�{nty} }l~srtvlqopty� �sx ��sno

�mrlqt� ln�lvoÖ µ © �lrpls �tmrl ml�{nt� }l~srtvlqoptyj �zt~os}ls
�lrt�smnql ml�{nt� }l~srtvlqopty plv}tvlqorlm¥ po �lrt�smnql lnl��vopp{| ml�{nt� q u�m�svt}spns¯

N th =
NsimNexp

∑

j |Me+e−→4π(P|)|∈
,

w~s ∑

j
© lxpo�osn m�}}tvlqopts �l qms} ml�{nty} }l~srtvlqopty� �~l�qrsnqlvy«¬t| �mrlqty} ln�lvoj

i�



:½B¼;» ÄB¿=>@¿Y>À
£k¤ hiji klmnoplq� ÷e Òrs6j st usrvwxsy se yxzw÷6w ùe{ {A|A6|sr tsr

°³Φ
µ¶� }rùw6ù|÷� ²|ù~z� ³yr÷~ ���� k���� yij

£�¤ �i�i ���������� �i�i ������� �i�i ���� � ��i� ��svt�sm�t� ps��nvor¥p{� ~sns�nlv� �vs�vtpn �[C ���k� ¦k���§j
£i¤ �iji h���p��� �i�i h�����ol�� ki�i  �m� �¡ ��i� ¢yxAr÷6ù~ eA£|rù~

{A|A6|sr tsr ¤¶ÒÒ��Ï 6s~~÷{Ar� µ£6~j ²ew|j ÏA|xj ³ ��� ¦�¨¨¨§ k���ki�j
£�¤ ¥�o¦§k� p̈�n� °A6ùz 6srrA~ù|÷sew st xAù©z ~Ay|sew ÷e e+e− →

lepton+lepton− � Òxzwj ×A©j °�¯ ¦k��k§ ���kj
£�¤ ªi i �̈��l�m� «i«i k�l�m�n� ¬÷tA|÷Aw ùe{ úrùe6x÷e® rù|÷sw st xAù©z~Ay|sew� Òxzwj ¬A||j ¯i� ¦k��k§ k¨i�k¨�j
£�¤ ki°i �n±��²�o� �iji °��o���ol�� e+e− ùee÷x÷~ù|÷se ÷e|s xù{rsew ùe{Aø6~£w÷©A |ù£ {A6ùzw� Òxzwj ¬A||j ¯��� ¦k��k§ �i����¨j
£�¤ ³�m¡n��� ´�¡� µm��¶i ×A©÷A· st Òùr|÷6~A Òxzw÷6wj gxA ¶£rsy÷ùe Òxzwj¸j ±� ©s~ji� µ k�� ¦k���§j
£�¤ hi i ¹��¦¦� hi ´�oo���n�� Ð÷®xAr ©A6|sr Awse w|ù|Aw yrs{£6A{ ÷eA~A6|rse � ysw÷|rse ùee÷x÷~ù|÷se� ØjÒxzwj ±�� ¦k���§ ������¨j
£�¤ jiji h���p��� hihi º�»���onl�� ×xs yr÷Aw ÷e ùeù~z¼÷e® e+e−ùee÷x÷~ù|÷se� Ï³×½ ²²²�¬³¢¢ ùe{ ³×¾f¢ {ù|ù� Òxzwj ×A©j °�� ¦k���§

���i����kj
£k¨¤ jiji h���p��� hihi º�»���onl��� ´e |xA ùwwAw� úrùe6x÷e® rù|÷sw�

ùe{ t£~~ ·÷{|xw st xAù©z rxs�yr÷A� rxs�yr÷A�yr÷A ùe{ sA®ù�yr÷A�sA®ù�yr÷A�yr÷A rAwseùe6Aw� Òxzwj ×A©j °�� ¦�¨¨¨§ kk��¨ij
£kk¤ hi ´�oo���n�� ¥�iki º���p�onl���� }s£r ¿£ùrv ùe{ xzúr÷{ ÷ø÷e® ÷e|xA ~÷®x| ¿£ùrv ©A6|sr wA6|sr� Øj Òxzwj ±�� ¦k��i§ ��k����j
£k�¤ hi ´�oo���n�� ¥�iki º���p�onl���� hi i ¹��¦¦� ³ 6ùe{÷{ù|A tsr ù ts£r¿£ùrv ©A6|sr AwseÀ Øj Òxzwj ±�¨ ¦k��i§ k���k��j
£ki¤ ´i hp¡�o� ji hÁ�Â n� ï  n�o» �¡ ��i� ¶©÷{Ae6A tsr

ρ1(1270)
yrs{£6|÷se ÷e|xA rAù6|÷se K−p → π+π−Λ

µ£6~j Òxzwj Òrs6j ¢£yy~j �k¦k��k§ k¨��kk¨j
£k�¤ hi ´�oo���n�� hi i ¹��¦¦� ²w |xArA ùe Aø6÷|ù|÷se st |xA rxs ù| kj���¾¶¤À� Òxzwj ¬A||j ¯��� ¦k��k§ ��¨���ij

i�



£k�¤ �iji h���p��� �i�i h�����ol�� ki�i  �m� �¡ ��i gxA yrs6Aww e+e− →
π+π−π0 ÷e |xA AeAr®z rùe®A 2E0 =

kj̈ �©kji� ¾A¤� Òxzwj ¬A||j ¯ ���
¦k���§ i���i�¨j

£k�¤ ÃiÃi hl�²�¡p�no� µihi hlp�o��� �i�i ho�p�lno �¡ ��i� ×A6Ae| rAw£~|wtrs ±Ï°�� {A|A6|sr ù| ¤¶ÒÒ��Ï� yrAyr÷e| ¯£{vAr ²µÒ ���kk ¦k���§j
£k�¤ ki°i ´��noplq� �i³i ´m�»�nono� �iki ´�Äm��no �¡ ��i� ¢£ùrz st

AøyAr÷Ae|w ·÷|x |xA eA£|rù~ {A|A6|sr ù| |xA
e+e−

w|srù®A r÷e® ¤¶ÒÒ��Ï� Òxzwj ×Ayj �¨� ¦k��k§ ���k�¨j
£k�¤ Åi�i  �ml��� °i i ��pp�m²�o� ³i�i ��m�Ä�� �¡ ��i� gxA ÷e©Aw|÷®ù|÷se st

£~|÷�y÷se 6rAù|÷se ·÷|x |xA 6rzs®Ae÷6 ù®eA|÷6 {A|A6|sr ù| |xA ¤¶ÒÒ��Ï w|srù®A r÷e®j ¢s© j̧ jµ£6~jÒxzwj J�� ��� ¦k���§j
£k�¤ Åi�i º�m±�±»�� �i¥�i Å�����l� �i�i ³�l�¡�p��� �¡ ��i� ¢|£{z st

e+e− → π+π−π+π− rAù6|÷se ù| �¶ £y |s kj� ¾A¤j ¸¶gÒ ¬A||j ��
¦k���§ �k���k�j

£�¨¤ Åi�i º�m±�±»�� �i¥�i Å�����l� �i�i ³�l�¡�p��� �¡ ��i� ¢|£{z st |xArAù6|÷se e+e− → π+π−π0π0 ù| �¶ £y |s kj� ¾A¤� ¸¶gÒ ¬A||j �i ¦k���§
yj��ij

£�k¤ Åi�i º�m±�±»�� �i¥�i Å�����l� �ihi kn±�m�� �¡ ��i� Òrs{£6|÷se st ts£ry÷sew ÷e e+e− 6s~~÷w÷sew úA~s· kj� ¾A¤� �vs�vtpn �[C �� ��� �����
¦k���§j

£��¤ ´i  np����� µi  �p�¡¡�� hi ¹�p¡m� �¡ ��i� °Ï� rAw£~|w se e+e−ùee÷x÷~ù|÷se ÷e|s £~|÷xù{rsew ÷e |xA ki�¨©��¨¨ ÏA¤ Aer®z rùe®A�yrAyr÷e| ¬³¬ �¨�i� ¦k��¨§j
£�i¤ ¹i  ���n� µi ´� Æ�m»n� µi ³�op� �¡ ��i� ÏAùw£rAAe| st xù{rse÷6Aø6~£w÷©A 6rsww�wA6|÷sew ÷e e+e− ùee÷x÷~ù|÷se trs kj�� ¾A¤ |s �j�¨ ¾A¤�µ£6~jÒxzwj ¯ k�� ¦k��k§ yjikj
£��¤ �i�i ��Ç���� È i�i ������ �i�i É�������� � ��i� �o�sn �vlwvo}}o��vl�mt}o�tt ms�spt� q u�m�svt}spns ��
 � �vs�vtpn �[C ����� ���k¨i ¦k���§j
£��¤ Êi�i È�Ë��� ¡�m�svt}spnor¥pls tx��spts �vl�smmlq e+e− →

e+e−γ, e+e− → e+e−γγ t �lpqsvmtlpp{| vom�o~lq φ → ηe+e−, η →
e+e−γ ~tmmsvno�ty po mltm�opts ��spl� mns�spt �op~t~ono �txt�l�
}ons}ont�sm�t| po��� �lqlmt�tvm�� �¨¨¨j

�¨



£��¤ �o�l�tnsr¥pls �lr¥�l Ì¡�j �o�l�ts }onsvtor{j� �vs�vtpn �[C
�i���� k��ij

£��¤ ÍiÉi Î�ÏÐ���� �mplq{ �tps}ont�t vsxlpopmlq� ��o��o�� ¢lm�qo�k��¨ wj
£��¤ ÃiÃi hl�²�¡p�no �i�i ho�p�lno� �i hm¶�¦��p �¡ ��i� a1(1260)π{s÷eùe6A ÷e |xA yrs6Aww e+e− → 4π ù| AeAr®÷Aw kj̈ �©kji� ¾A¤� yrAyr÷e|¯£{vAr ²µÒ ����i ¦k���§j
£��¤ hi�i  �o±�m� ki°i �n±��²�o� hi°i �n�p¡�no� ji°i Ã��¡� ´e |xA rs~A st

a1(1260) Awse ÷e |xA
τ → 4πντ

{A6ùz� yrAyr÷e| ¯£{vAr ²µÒ �����
¦k���§j

£i¨¤ �i�i Ñ��Ò� ��x��spts �vl�smmo e+e− → 4π q l�romnt upsvwt� kj̈ �©kji� ªu� m ~sns�nlvl} �¢
���� ~tmmsvno�ty po mltm�opts ��spl�
mns�spt �j�j�}jpj� �lqlmt�tvm�� k���j

£ik¤ ÃiÃi hl�²�¡p�no �i�i ho�p�lno� �i hm¶�¦��p �¡ ��i� a1(1260)π{s÷eùe6A ÷e |xA yrs6Aww e+e− → 4π ù| AeAr®÷Aw kj̈ �©kji� ¾A¤�Òxzwj¬A|| j̄ ���¯i����¨��k���j
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