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41 <\_^_gb_

Hiulu ih Z^jhgghc ki_dljhkdhibb aZ ihke_^g__ ^_kylbe_lb_ i_j_`b\Zxl k\h_ \lhjh_
jh`^_gb_1 JZa\blb_ wdki_jbf_glZevghc l_ogbdb k^_eZeh \hafh`guf \_klb wlb bkke_^h\Zgby
gZ dZq_kl\_ggh gh\hf mjh\g_ k bkihevah\Zgb_f k\_lhkbevguo mklZgh\hd/ jZ[hlZxsbo \
bgl_gkb\guo Z^jhgguo imqdZo/ iha\heyxsbo j_]bkljbjh\Zlv b b^_glbnbpbjh\Zlv dZd
aZjy`_ggu_/ lZd b g_cljZevgu_ \lhjbqgu_ qZklbpu b bamqZlv ijhp_kku k gZgh[Zjgufb
k_q_gbyfb1 Ihy\bebkv gh\u_ gZmqgu_ gZijZ\e_gby/ k\yaZggu_ k wdki_jbf_glZfb gZ
\klj_qguo e+e− 0 imqdZo +bamq_gb_ ]exhgh 0 h[h]Zs_gguo dZgZeh\ jZkiZ^Z ψ2- 0qZklbp b γγ-
khm^Zj_gbc,/ k \u^_e_gb_f ijhp_kkh\ \ dmehgh\kdhf ihe_ y^_j/ k ihbkdZfb gh\uo f_ahgh\ \
jj 0Zggb]beypbb gZ qbkluo Zglbijhlhgguo imqdZo LEAR. J_Zebamxlky ijh_dlu ϕ0nZ[jbd/
]^_ [m^ml ihemq_gu hq_gv qbklu_ b bgl_gkb\gu_ bklhqgbdb ρωϕ b−− / 0f_ahgh\/
h[jZamxsboky \ j_ahgZgkguo e+e− j_Zdpbyo ijb [hevrhc k\_lbfhklb1

Bkke_^h\Zgby ih Z^jhgghc ki_dljhkdhib ijb\_eb d h[gZjm`_gbx g_kdhevdbo khl gh\uo
qZklbp ² [Zjbhgh\ b f_ahgh\/ djZldh_ kijZ\hqgh_ hibkZgb_ dhlhjuo aZgbfZ_l k_cqZk
m\_kbkluc lhf >4 @1 KlZeh hq_\b^guf/ qlh \k_ wlb Z^jhgu m`_ g_ y\eyxlky we_f_glZjgufb
qZklbpZfb/ dZd wlh kqblZehkv dh]^Z0lh/ b qlh mjh\_gv we_f_glZjghklb e_`bl kms_kl\_ggh
]em[`_1 ;ueh hldjulh kms_kl\h\Zgb_ p\_lguo d\Zjdh\ b ]exhgh\/ b kha^ZgZ d\Zglh\Zy
ojhfh^bgZfbdZ/ hibku\ZxsZy \aZbfh^_ckl\by f_`^m wlbfb nmg^Zf_glZevgufb
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h[t_dlZfb1 HdZaZehkv/ qlh bf_ggh d\Zjdb y\eyxlky hkgh\gufb kljmdlmjgufb we_f_glZfb
Z^jhgghc fZl_jbb/ hij_^_eyxsbfb fgh]hh[jZab_ Z^jhggh]h fbjZ1 ;ueh mklZgh\e_gh/ qlh
\k_ ba\_klgu_ Z^jhgu ih^qbgyxlky SU(3)0kbkl_fZlbd_/ y\eyxs_cky hljZ`_gb_f bo hq_gv
ijhklh]h d\Zjdh\h]h kljh_gby= f_ahgu ij_^klZ\eyxl ba k_[y TT 0 kbkl_fu ba \Ze_glguo

d\Zjd0Zglbd\Zjdh\uo iZj/ Z [Zjbhgu khklhyl ba lj_o \Ze_glguo d\Zjdh\ ,+4+TTT, ∗ . Dhg_qgh/
wlb \Ze_glgu_ kljmdlmju hdjm`_gu \bjlmZevguf %fhj_f% d\Zjd0Zglbd\Zjdh\uo iZj b
]exhgh\/ gh bf_ggh \Ze_glgu_ nmg^Zf_glZevgu_ qZklbpu hij_^_eyxl hkgh\gu_ d\Zglh\u_
qbkeZ b kbkl_fZlbdm Z^jhgh\.

DZd ke_^m_l ba d\Zjdh\hc fh^_eb/ f_ahgu/ khklhysb_ ba e_]dbo u-, d-, V0d\Zjdh\/
]jmiibjmxlky \ ghg_lu k hij_^_e_ggufb agZq_gbyfb d\Zglh\uo qbk_e ² kibgZ J/ q_lghklb

/3 ,4+−= / aZjy^h\hc q_lghklb +^ey g_cljZevguo qe_gh\ ghg_lZ, 6/& +−= ,4+ ,G0q_lghklb
,&* ,4+−= 1 A^_kv S —kmffZjguc kibg d\Zjdh\/ L - hj[blZevguc fhf_gl TT - kbkl_fu (J =

S + L), I — bahlhibq_kdbc kibg f_ahgZ1 >ey TT 0f_ahgh\ \hafh`gu lhevdh hij_^_e_ggu_
dhf[bgZpbb d\Zglh\uo qbk_e=

44 ,4+/,4+beb/,4+/,4+ ++ −=−=−==−== ---- 3&3&beb3K
D\Zjdh\Zy fh^_ev ij_^kdZau\Z_l lZd`_/ qlh/ ihfbfh hj[blZevgh]h \ha[m`^_gby/ fh]ml

ijhbkoh^blv jZ^bZevgu_ \ha[m`^_gby TT 0 kbkl_fu/ l1_1 ^he`gu kms_kl\h\Zlv f_ahggu_
ghg_lu k h^gbfb b l_fb `_ agZq_gbyfb JPC, hlebqZxsb_ky ^jm] hl ^jm]Z agZq_gbyfb
d\Zglh\h]h qbkeZ i/ hij_^_eyxs_]h jZ^bZevgmx qZklv \hegh\hc nmgdpbb f_ahgh\1 >ey
hkgh\gh]h khklhygby wlh qbkeh i 4 +h[uqgh hgh g_ mdZau\Z_lky,/ Z jZ^bZevgh0\ha[m`^_ggu_
f_ahggu_ k_f_ckl\Z oZjZdl_jbamxlky agZq_gbyfb i  5/ 6 b l1^1 K jhklhf i jZkl_l fZkkZ
f_ahgZ1 I_j\uf jZ^bZevgh0\ha[m`^_gguf khklhygb_f/ h[gZjm`_gguf wdki_jbf_glZevgh/
y\beky ψ ′ 0f_ahg/ ij_^klZ\eyxsbc kh[hc (23S1) 0 khklhygb_ hqZjh\Zgghc d\Zjd0

Zglbd\Zjdh\hc iZju kk +hkgh\guf +43S1, beb ijhklh +3S1) - khklhygb_f kk 0kbkl_fu
y\ey_lky -2ψ0qZklbpZ,(2*)1 < gZklhys__ \j_fy h[gZjm`_gh m`_ g_kdhevdh jZ^bZevgh0
\ha[m`^_gguo khklhygbc1 Bo kms_kl\h\Zgb_ mkeh`gy_l kbkl_fZlbdm Z^jhgh\ b ^_eZ_l
hkh[_ggh g_h[oh^bfuf lsZl_evgh_ hij_^_e_gb_ bo d\Zglh\uo qbk_e1 >Zevg_crb_ ihbkdb b
bkke_^h\Zgby jZ^bZevgh0\ha[m`^_gguo f_ahgguo k_f_ckl\ y\eyxlky \Z`guf gZijZ\e_gb_f
\ kh\j_f_gghc Z^jhgghc ki_dljhkdhibb1

>h kbo ihj g_ ihemq_g _s_ hdhgqZl_evguc hl\_l gZ \hijhk/ \hagbdrbc _s_ gZ ihjh]_
"d\Zjdh\hc wju%= kms_kl\mxl eb \ ijbjh^_ Z^jhgu/ bf_xsb_ [he__ keh`gmx \Ze_glgmx
kljmdlmjm ² fgh]hd\Zjdh\u_ f_ahgu TTTT b [Zjbhgu TTTTT , beb ^b[Zjbhgu qqqqqq.K
jZa\blb_f DO> \hagbdeh _kl_kl\_ggh_ ij_^iheh`_gb_/ qlh b ]exhgu fh]ml b]jZlv jhev
nmg^Zf_glZevguo kljmdlmjguo we_f_glh\/ l1_1 qlh ^he`gu kms_kl\h\Zlv f_ahgu/ khklhysb_
ba h^gbo ]exhgh\ +hgb ihemqbeb gZa\Zgb_ ]ex[heh\ >5@,/ beb kf_rZggu_ Z^jhgu ba
\Ze_glguo d\Zjdh\ b ]exhgh\² lZd gZau\Z_fu_ ]b[jb^u JTT beb TTTJ >6@1 <k_ wlb gh\u_
lbiu qZklbp h[uqgh gZau\Zxlky wdahlbq_kdbfb Z^jhgZfb1 <k_ wdahlbq_kdb_ Z^jhggu_
khklhygby fh]ml [ulv jZa^_e_gu gZ 6 ]jmiiu=

41WdahlbdZ i_j\h]h jh^Z² khklhygby k y\gh wdahlbq_kdbfb agZq_gbyfb lZdbo hkgh\guo
d\Zglh\uo qbk_e/ dZd we_dljbq_kdbc aZjy^/ kljZgghklv/ bahlhibq_kdbc kibg +f_ahgu k

5=4 / beb 5=6 / beb 4>, ; [Zjbhgu k 5>4 / beb 5
6>, / beb S!3,1 LZdb_ qZklbpu

ijhklh g_ fh]ml bf_lv h[uqgmx d\Zjdh\mx kljmdlmjm lbiZ TT beb qqq b h[yaZl_evgh
^he`gu [ulv wdahlbq_kdbfb fgh]hd\Zjdh\ufb khklhygbyfb1

51WdahlbdZ \lhjh]h jh^Z ² wlh qZklbpu/ bf_xsb_ wdahlbq_kdb_
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khq_lZgby lZdbo d\Zglh\uo qbk_e/ dZd kibg J/ q_lghklv J b aZjy^h\Zy q_lghklv K/ dhlhjuo g_
fh`_l [ulv m Z^jhgh\ k h[uqghc d\Zjdh\hc kljmdlmjhc1 DZd m`_ ]h\hjbehkv \ur_/ m
h[uqguo TT 0f_ahgh\ \hafh`gu ebrv hij_^_e_ggu_ khq_lZgby d\Zglh\uo qbk_e

4,4+/,4+ +−−== -- beb3K / Z lZd`_ 4,4+/,4+ +−=−= -- 3& 1 G_ fh`_l [ulv TT 0khklhygbc k
-- 3b& ,4+,4+ 4 −=−= + beb k J=3 b K  ²4 +_keb J 3/ lh S=L=0 beb 4/ b K .4,1 LZdbf

h[jZahf/ wdahlbq_kdbfb gZ[hjZfb d\Zglh\uo qbk_e f_ahgh\ y\eyxlky dhf[bgZpbb
+−−++−−−−+= 6/5/4/3/33&- b l1^1 LZdbfb agZq_gbyfb JPC fh]ml h[eZ^Zlv \k_ \b^u

wdahlbq_kdbo f_ahgh\² dZd fgh]hd\Zjdh\u_ khklhygby/ lZd b ]b[jb^u b ]ex[heu(3*).
3. WdahlbdZ lj_lv_]h jh^Z  — Z^jhggu_ khklhygby kh kdjulhc wdahlbdhc

(djbilhwdahlbq_kdb_ Z^jhgu,1 M lZdbo qZklbp g_l \g_rgbo wdahlbq_kdbo ijbagZdh\/ b bo
keh`gh_ \gmlj_gg__ kljh_gb_ fh`_l [ulv mklZgh\e_gh ebrv dhk\_gguf h[jZahf/ ih dZdbf0
lh ki_pbnbq_kdbf hkh[_gghklyf \ bo oZjZdl_jbklbdZo1 D wdahlbd_ lj_lv_]h jh^Z lZd`_ fh]ml
ijbgZ^e_`Zlv wdahlbq_kdb_ Z^jhgu \k_o \b^h\1

Ihbkdb wdahlbq_kdbo khklhygbc aZgbfZxl hkh[h_ f_klh \ jZ[hlZo ih gZgh[Zjghc
Z^jhgghc ki_dljhkdhibb ihke_^gbo e_l1 GZb[he__ ljm^ghc aZ^Zq_c ij_^klZ\ey_lky a^_kv
b^_glbnbdZpby djbilhwdahlbq_kdbo Z^jhgh\/ lZd dZd h[ wdahlbq_kdhc \Ze_glghc kljmdlmj_
wlbo qZklbp fh`gh km^blv ebrv ih dhk\_gguf ^bgZfbq_kdbf ijbagZdZf ² lZdbf dZd
g_h[uqgu_ dZgZeu bo jZkiZ^Z/ ZghfZevgh0fZeu_ rbjbgu/ ZghfZevgu_ ijhp_kku h[jZah\Zgby
b l1^1 Wdki_jbf_glZevgu_ mklZgh\db ^ey bamq_gby wdahlbq_kdbo Z^jhgh\ ^he`gu hlebqZlvky
[hevrbf Zdk_ilZgkhf b \ukhdhc qm\kl\bl_evghklvx/ lZd dZd k_q_gby khhl\_lkl\mxsbo
j_Zdpbc dZd ijZ\beh g_\_ebdb1

Mki_o wdki_jbf_glh\ ih ihbkdZf wdahlbq_kdbo Z^jhgh\ \h fgh]hf hij_^_ey_lky
m^Zqguf \u[hjhf Z^jhgguo ijhp_kkh\/ \ dhlhjuo ba dZq_kl\_gguo khh[jZ`_gbc fh`gh
h`b^Zlv [he__ q_ldh]h ijhy\e_gby wdahlbq_kdbo khklhygbc1 >ey gZ^_`gh]h \u^_e_gby
kb]gZeZ gZ^ nhghf bkke_^m_fuc ijhp_kk ^he`_g bf_lv dZd fh`gh [he__ yjdmx kb]gZlmjm1
>ey bamq_gby ki_dljh\ wnn_dlb\guo fZkk l_o beb bguo Z^jhgguo kbkl_f/ dZd ijZ\beh/
\u[bjZxlky wdkdexab\gu_ beb ihemwdkdexab\gu_ j_Zdpbb bo h[jZah\Zgby1 Ohly k_q_gby
wdkdexab\guo j_Zdpbc ijb \ukhdbo wg_j]byo h[uqgh fZeu ih kjZ\g_gbx k k_q_gbyfb
khhl\_lkl\mxsbo bgdexab\guo ijhp_kkh\/ h^gZdh nhgh\u_ mkeh\by ^ey ihbkdh\ gh\uo
j_ahgZgkh\ \ wdkdexab\guo dZgZeZo hdZau\Zxlky ]hjZa^h [he__ qbklufb1 Wlh k\yaZgh ij_`^_
\k_]h k [hevrbf dhf[bgZlhjguf nhghf \ bgdexab\guo j_Zdpbyo/ \hagbdZxs_f \ ki_dljZo
wnn_dlb\guo fZkk ^ey bkke_^m_fuo Z^jhgguo kbkl_f ijb i_j_[hj_ dhf[bgZpbc \k_o
\lhjbqguo qZklbp ba0aZ \deZ^Z eh`guo dhf[bgZpbc1 Dhf[bgZlhjguc nhg kbevgh aZljm^gy_l
\u^_e_gb_ j_ahgZgkguo kb]gZeh\1 < wdkdexab\guo b ihemwdkdexab\guo ijhp_kkZo k
h]jZgbq_gghc fgh`_kl\_gghklvx wlhl nhg eb[h kh\k_f hlkmlkl\m_l/ eb[h kbevgh mf_gvr_g1
G_kfhljy gZ keh`ghklb ihbkdh\ djbilhwdahlbq_kdbo qZklbp/ h dhlhjuo ]h\hjbehkv \ur_/
bf_ggh a^_kv \ ihke_^gb_ ]h^u ^hklb]gml agZqbl_evguc ijh]j_kk/ b ihy\behkv g_kdhevdh
hq_gv k_jv_aguo ij_l_g^_glh\ gZ jhev wdahlbq_kdbo Z^jhgh\ +kf1/ gZijbf_j/ fZl_jbZeu
dhgn_j_gpbc ih Z^jhgghc ki_dljhkdhibb/ ijh\h^b\rboky \ D?D +4<;:, >7@/ BNL (1988) [5],
Ajaccio +4<;<, >9@ b K_gl0=hZj0gZ0J_cg_ +4<<3,/ Z lZd`_ h[ahju >:²45@/ ]^_ kmffbjmxlky
khhl\_lkl\mxsb_ j_amevlZlu,1 GZb[he__ [eZ]hijbylgu_ mkeh\by ^ey \u^_e_gby wdahlbq_kdbo
Z^jhgguo khklhygbc ih hlghr_gbx d h[uqguf ( TT )0f_ahgZf b (TTT,09DSbhgZf j_Zebamxlky
ijb ZgZeba_ ijhp_kkh\/ h[h]Zs_gguo \deZ^hf ]exhgh\/ Z lZd`_ ^ey j_Zdpbc/ \ dhlhjuo
h[jZah\Zgb_ h[uqguo qZklbp ih^Z\e_gh \ kbem dZdbo0lh ^bgZfbq_kdbo
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hkh[_gghkl_c bkke_^m_fuo y\e_gbc +gZijbf_j/ ba0aZ aZij_lZ ih ijZ\bem OZI, ba0aZ hl[hjZ ih
i_j_^Zgghfm bfimevkm/ ba0aZ mkeh\bc h[f_gZ \ W0dZgZe_ b l1^1,1 Fgh]b_ ijbf_ju ih^h[guo
ijhp_kkh\ ijb\h^ylky \ >44@1

Ihbkdb djbilhwdahlbq_kdbo khklhygbc l_kgh i_j_ie_lZxlky k hiulZfb/ \ dhlhjuo
mlhqgy_lky kljmdlmjZ k_f_ckl\Z h[uqguo f_ahgh\ b [Zjbhgh\ +\ lhf qbke_ b jZ^bZevgh0
\ha[m`^_gguo khklhygbc,1 QZklh [_a lZdh]h mlhqg_gby \hijhk h[ bgl_jij_lZpbb gh\uo
j_ahgZgkh\ g_ fh`_l [ulv h^ghagZqgh j_r_g/ lZd dZd wdahlbq_kdb_ qZklbpu ^he`gu [ulv
%ebrgbfb% khklhygbyfb/ g_ mdeZ^u\Zxsbfbky \ ko_fu h[uqguo f_ahgguo ghg_lh\1

GZb[he__ yjdb_ b ^jZfZlbq_kdb_ kh[ulby \ Z^jhgghc ki_dljhkdhibb jZau]ju\Zxlky
k_cqZk \ h[eZklb fZkk 4²5 =w</ ]^_ aZ ihke_^gb_ ]h^u [ueh hldjulh g_kdhevdh khklhygbc/
dhlhju_/ ih0\b^bfhfm/ y\eyxlky qZklbpZfb gh\h]h lbiZ ² wdahlbq_kdbfb Z^jhgZfb/
bf_xsbfb keh`gmx \Ze_glgmx p\_lh\mx kljmdlmjm1 ;hevrhc bgl_j_k ij_^klZ\eyxl lZd`_
hiulu ih bkke_^h\Zgbx j_^dbo jZkiZ^h\ klZg^Zjlguo TT 0f_ahgh\/ ih ^Zevg_cr_fm

jZa\blbx kbkl_fZlbdb Z^jhgh\ b ihbkdZf jZ^bZevgh0\ha[m`^_gguo TT 0f_ahgh\ \ wlhc
h[eZklb fZkk1

< gZr_c kljZg_ bkke_^h\Zgby ih Z^jhgghc ki_dljhkdhibb gZ mkdhjbl_eyo k
nbdkbjh\Zggufb fbr_gbyfb k_cqZk jZa\b\Zxlky \ hkgh\ghf gZ :3 =w< mkdhjbl_e_ \ BN<W
ijb ijhf_`mlhqguo wg_j]byo +63²73 =w<,/ ]^_ [ue ihemq_g jy^ yjdbo b bgl_j_kguo
j_amevlZlh\ +kf1/ gZijbf_j/ h[ahju >44/ 46/ 47@,1 D kh`Ze_gbx/ gZ mkdhjbl_eyo gbadbo
wg_j]bc +BLWN/ HBYB, ihke_ ij_`gbo mki_oh\ +h[gZjm`_gb_ −+→→ HH93 bγπω
jZkiZ^h\, wlZ h[eZklv jZa\b\Z_lky l_i_jv y\gh g_^hklZlhqgufb l_fiZfb1 F_`^m l_f
bkke_^h\Zgby f_ahgh\ b [Zjbhgh\ k fZkkZfb ≤2 =w< fh]ml k mki_ohf ijh\h^blvky b ijb
fZeuo wg_j]byo +≤10 =w<,/ ]^_ k_q_gby wdkdexab\guo ijhp_kkh\ agZqbl_evgh ij_\urZxl
k_q_gby khhl\_lkl\mxsbo j_Zdpbc ijb k_jimoh\kdbo wg_j]byo1 >ey kjZ\g_gby klhbl
hlf_lblv/ qlh \ eZ[hjZlhjbb BNL b D?D wdki_jbf_glu ijb wg_j]byo 8² ; =w< jZa\b\Zxlky
^hklZlhqgh bgl_gkb\gh1

Dhg_qgh/ ijb gbadbo wg_j]byo wdki_jbf_glZevgu_ ljm^ghklb/ dZd ijZ\beh/ \hajZklZxl1
Lj_[h\Zgby/ ij_^ty\ey_fu_ d ZiiZjZlmj_/ klZgh\ylky [he__ keh`gufb ih kjZ\g_gbx k
hiulZfb ijb i_j\bqguo wg_j]byo 63 ² 73 =w</ ]^_ dheebfZpby \lhjbqguo qZklbp \i_j_^ b
kjZ\gbl_evgh \ukhdb_ ^himklbfu_ ihjh]b ih bo wg_j]bb/ ^_eZxl mklZgh\dm [he__ ijhklhc b
dhfiZdlghc1 < hiulZo ijb gbadbo wg_j]byo ^he`gZ [ulv m\_ebq_gZ Zi_jlmjZ fZ]gblgh]h
ki_dljhf_ljZ mklZgh\db1 Ke_^m_l kms_kl\_ggh kgbablv ihjh]b ih wg_j]bb nhlhgh\ b
aZjy`_gguo qZklbp1 Ijb wlhf \ γ0ki_dljhf_ljZo fh]ml bkihevah\Zlvky kpbglbeeypbhggu_
kq_lqbdb ba djbklZeeh\ CsI, NaI, BGO, BaF2, beb ^Z`_ [he__ ijhklu_ b [uklju_ kbkl_fu \
\b^_ ki_pbZevguo kwg^\bq_c ba ieZklbq_kdbo kpbglbeeylhjh\ b k\bgpZ1 < dZq_kl\_
b^_glbnbdZlhjh\ aZjy`_gguo qZklbp fh]ml ijbf_gylvky ]Zah\u_ q_j_gdh\kdb_ kq_lqbdb
\ukhdh]h ^Z\e_gby/ l\_j^hl_evgu_ rbjhdhZi_jlmjgu_ fgh]hdZgZevgu_ ki_dljhf_lju ^ey
baf_j_gbc dhe_p q_j_idh\kdh]h baemq_gby +ihemqb\rb_ gZa\Zgb_ ^_l_dlhjh\ lbiZ RICH), Z
lZd`_ kbkl_fu ^ey baf_j_gbc \j_f_gb ijhe_lZ k ij_^_evguf \j_f_gguf jZaj_r_gb_f1 Ijb
j_]bkljZpbb fxhgguo iZj \ we_dljhfZ]gblguo jZkiZ^Zo lbiZ γµµη −+→ ke_^m_l
ijbf_gylv kbkl_fm ijh[_`guo ^_l_dlhjh\/ j_]bkljbjh\Zlv hklZgh\db fxhgh\ b
b^_glbnbpbjh\Zlv fxhgu ih H→µ jZkiZ^m +wlh ij_`^_ \k_]h hlghkblky d −µ ).
Mf_gvr_gb_ wnn_dlb\ghklb j_]bkljZpbb Z^jhgguo jZkiZ^h\ ijb gbadbo wg_j]byo hkh[_ggh
g_ijbylgh/ lZd dZd ijb g_iheghc wnn_dlb\ghklb ihke_^gyy fh`_l ^h\hevgh kbevgh f_gylvky
k jhklhf wnn_dlb\ghc fZkku j_]bkljbjm_fhc kbkl_fu qZklbp1 LZdh_ baf_g_gb_
wnn_dlb\ghklb ijb\h^bl d bkdZ`_gbx khhl\_lkl\mxsbo fZkkh\uo ki_dljh\
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Ihwlhfm g_h[oh^bfZ lsZl_evgZy dZeb[jh\dZ mklZgh\db k ihfhsvx ba\_klguo ijhp_kkh\1
Ohly \k_ wlh aZljm^gy_l hiulu ih Z^jhgghc ki_dljhkdhibb ijb gbadbo wg_j]byo/
kms_kl\_ggh_ m\_ebq_gb_ \uoh^h\ bkke_^m_fuo qZklbp \ wdkdexab\guo ijhp_kkZo k fZeuf
dhf[bgZlhjguf nhghf ^_eZ_l kha^Zgb_ [he__ keh`guo mklZgh\hd \iheg_ hijZ\^Zgguf1

GZklhysZy klZlvy g_ y\ey_lky kbkl_fZlbq_kdbf h[ahjhf Z^jhgghc ki_dljhkdhibb \
h[eZklb fZeuo wg_j]bc b bf__l g_ kh\k_f h[uqgmx nhjfm1 HgZ ij_^klZ\ey_l kh[hc
jZkrbj_ggh_ baeh`_gb_ ijb]eZr_ggh]h ^hdeZ^Z/ k^_eZggh]h Z\lhjhf gZ <k_khxaghc
dhgn_j_gpbb HYN :G KKKJ ih nmg^Zf_glZevguf \aZbfh^_ckl\byf we_f_glZjguo qZklbp \
ghy[j_ 4<<3 ]1/ Z lZd`_ e_dpbb/ ijhqblZgghc bf gZ Rdhe_ nbabdb BLWN +fZjl 4<<4 ]1,1
Hkgh\gZy p_ev wlbo \uklmie_gbc aZdexqZeZkv \ lhf/ qlh[u ijb\e_qv \gbfZgb_ nbabdh\/
jZ[hlZxsbo gZ Z^jhgguo mkdhjbl_eyo ijb fZeuo wg_j]byo +b \ i_j\mx hq_j_^v
wdki_jbf_glZlhjh\ BLWN b HBYB, d g_dhlhjuf bgl_j_kguf b fZehbkke_^h\Zgguf
ijh[e_fZf Z^jhgghc ki_dljhkdhibb/ dhlhju_ gZbemqrbf h[jZahf fh]ml j_rZlvky \ hiulZo
gZ imqdZo qZklbp k wg_j]b_c \ g_kdhevdh =w<1 K wlbf k\yaZgu g_dhlhju_ hkh[_gghklb klZlvb
b __ dhgdj_lgZy gZijZ\e_gghklv gZ h[km`^_gb_ hl^_evguo ijh[e_f/ hljZ`Zxsbo ebqgu_
ijbkljZklby Z\lhjZ1 Bo \u[hj g_ ij_l_g^m_l gZ iheghlm b fh`_l [ulv kms_kl\_ggh
jZkrbj_g1

51 ;ZjbhggZy ki_dljhkdhiby \ ijyfhf dZgZe_

J_qv b^_l h j_ahgZgkguo j_Zdpbyo k h[jZah\Zgb_f [Zjbhgguo khklhygbc \ ijyfhf
dZgZe_ +jbk1 4,/ l1_1/ \hh[s_ ]h\hjy/ ohjhrh ba\_klguo ijhp_kkZo/ dhlhju_ bkke_^h\Zebkv m`_
g_kdhevdh ^_kylbe_lbc/ gZqbgZy k i_j\uo hiulh\ ih oj0jZkk_ygbx ]jmiiu N_jfb/
ijb\_^rbo d hldjulbx i_j\h]h Z^jhggh]h j_ahgZgkZ² ∆+456;,0bah[Zju1

Fgh]hqbke_ggu_ wdki_jbf_glu ih bkke_^h\Zgbx mijm]h]h jZkk_ygby/ i_j_aZjy^db b
iheyjbaZpbhgguo y\e_gbc \ πρ- b D-j0\aZbfh^_ckl\byo iha\hebeb ihemqblv h[rbjgu_
^Zggu_ h k\hckl\Zo wlbo ijhp_kkh\/ ijh\_klb ^_lZevguc nZah\uc ZgZeba b h[gZjm`blv
g_kdhevdh ^_kyldh\ [Zjbhgguo khklhygbc lbiZ N(I 425, b ∆(I  625,/ Z lZd`_ Λ*( I  3, b
∑*( I  4, +kh kljZgghklvx S = 0 4, >4@/ ijhy\eyxsboky dZd V0dZgZevgu_ j_ahgZgku +kf1 jbk1 4/Z
b [,1 Hlebqbl_evghc hkh[_gghklvx \k_o wlbo [Zjbhgh\ y\ey_lky kbevgZy k\yav k mijm]bfb
dZgZeZfb (BR(B→Nπ) beb BR(Y→K- N) > 5 0 43(, b h[mkeh\e_ggu_ wlbf [hevrb_
j_ahgZgkgu_ k_q_gby1 < kZfhf ^_e_/ [j_cl0\b]g_jh\kdh_ j_ahgZgkgh_ k_q_gb_ \ ijyfhf
dZgZe_ bf__l ba\_klguc \b^

a^_kv J - kibg j_ahgZgkZ/ s1 b s2 —kibgu khm^Zjyxsboky qZklbp/ k — bo bfimevk/ BRin b
BRout - hlghkbl_evgu_ \_jhylghklb ^ey \oh^gh]h b \uoh^gh]h jZkiZ^guo dZgZeh\1 Ihwlhfm
j_ahgZgkgu_ k_q_gby ^ey \k_o ba\_klguo [Zjbhgh\/ ijhy\eyxsboky \ mijm]hf jZkk_ygbb/
hp_gb\Zxlky dZd

?keb kms_kl\mxl khklhygby/ keZ[h k\yaZggu_ k mijm]bf dZgZehf/ lh bo h[gZjm`_gb_
ijb ZgZeba_ mijm]bo ijhp_kkh\ klZgh\blky g_\hafh`guf ba0aZ \ukhdh]h
mjh\gy g_j_ahgZgkgh]h nhgZ1 LZd/ ^ey djbilhwdahlbq_kdbo [Zjbhgh\ kh
kdjulhc kljZgghklvx <ϕ = ( VTTTV ) jZkiZ^ <ϕ→πN ih^Z\e_g ijZ\behf OZI



8 E1 =1 E:G>K;?J= >L1 495

Jbk1 41 >bZ]jZffZ h[jZah\Zgby [Zjbhgguo j_ahgZgkh\ \ ijyfhf dZgZe_/ Z ² ;Zjbhgu \ mijm]hf
πρ0jZkk_ygbb1 [ ² ;Zjbhgu \ mijm]hf D-j0jZkk_ygbb1 \ ² Wdahlbq_kdbc [Zjbhg kh kdjulhc
kljZgghklvx \ j_Zdpbyo π-p→ϕn, K+Y* -

b hp_gb\Z_lky dZd BR(Bϕ→πj, a 43-31 >ey lZdbo [Zjbhgh\ \ mijm]hf πp0jZkk_ygbb
σj_a~10-31÷10-32 kf2/ b hgb g_ fh]ml gZ[ex^Zlvky \ wlhf ijhp_kk_1 K ^jm]hc klhjhgu/
ohjhrb_ i_jki_dlb\u ^ey ihbkdh\ j_ahgZgkgh]h h[jZah\Zgby djbilhwdahlbq_kdbo
[Zjbhgh\ <ϕ kh kdjulhc kljZgghklvx fh]ml hldjulvky ijb ij_pbabhgghf kdZgbjh\Zgbb
ih wg_j]bb k_q_gbc jy^Z wdkdexab\guo ijhp_kkh\
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+kf1 jbk1 4/\,1 Hkh[uc bgl_j_k ij_^klZ\eyxl ^ey wlhc p_eb j_Zdpbb +6, ² +8,/ aZij_s_ggu_
ijZ\behf hl[hjZ OZI. < kZfhf ^_e_/ g_j_ahgZgkgu_ ijhp_kku wlh]h lbiZ fh]ml [ulv
ih^Z\e_gu ijZ\behf 2=, kbevg__/ q_f ijhp_kku h[jZah\Zgby fgh]hd\Zjdh\uo Z^jhgh\
kh keh`ghc \gmlj_gg_c p\_lh\hc kljmdlmjhc1 Ihwlhfm nhgh\u_ mkeh\by ^ey \u^_e_gby
wdahlbq_kdbo j_ahgZgkh\ <ϕ \ ijyfhf dZgZe_ +6, ² +8, fh]ml hdZaZlvky agZqbl_evgh
[he__ [eZ]hijbylgufb/ q_f ^ey h[uqguo j_Zdpbc k [hevrbfb k_q_gbyfb +kf1
h[km`^_gb_ wlh]h \hijhkZ \ h[ahj_ >44@,1 Kms_kl\mxsb_ wdki_jbf_glZevgu_ ^Zggu_
^ey +6, +kf1 >48@, ijb\_^_gu gZ jbk1 5/ ba dhlhjh]h ykgh/ qlh ^ey ihbkdh\
<ϕ 0[Zjblhgh\ lhqghklv khhl\_lkl\mxsbo baf_j_gbc ^he`gZ [ulv j_adh

m\_ebq_gZ1 >ey [Zjbhgh\ kh kdjulhc kljZgghklvx h`b^Z_lky agZq_gb_ khhl\_lkl\mxs_c
\_jhylghklb jZkiZ^Z BR(Bϕ→ϕi, ! 0,05 0 3/41 Hlkx^Z b ba +4, j_ahgZgkgh_ k_q_gb_ \ +6,
^he`gh khklZ\eylv σ(3)+<ϕ)j_a≥10-29-10-30 kf2.

Ijhklu_ hp_gdb/ hkgh\Zggu_ gZ ^Zgguo jbk1 5/ ihdZau\Zxl/ qlh ^ey kdZgbjh\Zgby
h[eZklb wnn_dlb\guo fZkk 5/3 ? F+ϕi, ? 3,5 =w< +4/9≤ρπ eZ[≤6,0 =w<2k, k rZ]hf ∆m ≈ 30 Fw</
l1_1 ^ey baf_j_gby k_q_gbc +6, \ 83 lhqdZo kh klZlbklbdhc ≥ (3 - 4)⋅103 kh[ulbc \ dZ`^hc lhqd_
g_h[oh^bfh \j_fy baf_j_gbc ≥ 483 qZkh\ gZ mkdhjbl_e_ BLWN1 Ijb wlhf ij_^iheZ]Z_lky/
qlh bgl_gkb\ghklv imqdZ π-0f_ahgh\ khklZ\ey_l 4/8⋅106 π-2pbde, lhesbgZ \h^hjh^ghc fbr_gb
8 ]2kf2 +ih djZcg_c f_j_ ^ey baf_j_gbc ijb Jπ > 4 =w<2k,/ k\_lbfhklv wdki_jbf_glZ 9⋅103 fd[-

1q-1 wnn_dlb\ghklv j_]bkljZpbb jZkiZ^Z ϕ→D+D-εϕ ≈ 3/581 Qm\kl\bl_evghklv d ihbkdZf madbo
j_ahgZgkh\ \ ijyfhf dZgZe_ +6, += ≤≤≤≤ 30 Fw<, \ lZdhf hiul_ [m^_l khklZ\eylv σ+<ϕ) ≈ 1-
0,025 fd[ ^ey fZkk 5/3 ≤ m(Bϕ) ≤ 3,5 =w<(4* )1 HgZ gZ 6 ² 7 ihjy^dZ ij_\urZ_l
qm\kl\bl_evghklv hiulh\ ih ihbkdZf [Zjbhgguo j_ahgZgkh\ \ ijyfhf dZgZe_ \ ijhp_kkZo
mijm]h]h πρ0jZkk_ygby b i_j_aZjy^db1 Ihwlhfm fh`gh jZkkqblu\Zlv gZ h[gZjm`_gb_
wdahlbq_kdbo khklhygbc <ϕ/ ^ey dhlhjuo BR(Bϕ→π-ρ) > 10-3 ÷ 10-4/ qlh ij_^klZ\ey_lky \iheg_
^hklZlhqguf/ _keb ijbgylv \h \gbfZgb_ kl_i_gv \hafh`gh]h ih^Z\e_gby jZkiZ^Z <ϕ→ρπ-

ijZ\behf hl[hjZ 2=,1
J_Zdpby +7, ^he`gZ bamqZlvky h^gh\j_f_ggh k +6,1 >ey __ b^_glbnbdZpbb

Jbk1 51 Kh\hdmighklv ^Zgguo ^ey
k_q_gbc j_Zdpbb π-ρ→ϕn ijb
fZeuo wg_j]byo >48@
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fh`_l [ulv bkihevah\ZgZ ki_pbZevgZy hojZggZy kbkl_fZ/ jZkiheh`_ggZy \hdjm] \h^hjh^ghc
fbr_gb mklZgh\db1 G_h[oh^bfh lZd`_ ijh\_klb baf_j_gb_ g_^hklZxs_c fZkku ^ey qZklbpu
hl^Zqb1

Ihfbfh ijhp_kkh\ +6,² +<, ij_^klZ\ey_l bgl_j_k lZd`_ kdZgbjh\Zgb_ k_q_gbc j_Zdpbc

b khhl\_lkl\mxsbo ijhp_kkh\ k ∆+4565,0bah[Zjhc1 Bkke_^h\Zgb_ +43, kh\f_klgh k +6,
kms_kl\_ggh ^ey bgl_jij_lZpbb j_amevlZlh\ baf_j_gbc k_q_gbc wlh]h ihke_^g_]h ijhp_kkZ k
lhqdb aj_gby ijZ\beZ OZI. >Zggu_ +44, fh]ml [ulv bkihevah\Zgu ^ey ihbkdh\ ]b[jb^guo
[Zjbhgh\ BG = qqqg,jZkiZ^Zxsboky ih dZgZem <G→η′n, dhlhjuc fh`_l bf_lv \ wlhf kemqZ_
ZghfZevgh [hevrhc [j_gqbg]1 Ke_^m_l hlf_lblv/ qlh g_dhlhjh_ mdZaZgb_ gZ \hafh`gh_
kms_kl\h\Zgb_ hq_gv madh]h [ZjbhgZ k lZdbf jZkiZ^hf [ueh ihemq_gh \ jZ[hlZo >49@1

Ij_^iheZ]Z_lky/ qlh \ wdki_jbf_glZo ih kdZgbjh\Zgbx k_q_gbc wdkdexab\guo j_Zdpbc
[m^_l bkihevah\ZgZ mgb\_jkZevgZy mklZgh\dZ/ \dexqZxsZy \ k_[y rbjhdhZi_jlmjguc
fZ]gblguc ki_dljhf_lj k ijhihjpbhgZevgufb b ^j_cnh\ufb dZf_jZfb/ γ0ki_dljhf_lj
]h^hkdhibq_kdh]h lbiZ/ kbkl_fm b^_glbnbdZpbb \lhjbqguo qZklbp1 K ihfhsvx lZdhc
mklZgh\db/ h^gh\j_f_ggh kh kdZgbjh\Zgb_f k_q_gbc +6, b +7,/ fh]ml [ulv ihemq_gu ^Zggu_ b
ih ijhp_kkZf +9,/ +:,/ +<,² +44,1 A^_kv hkgh\gu_ h]jZgbq_gby k\yaZgu k ihlhdhf ljb]]_jguo
kh[ulbc1 Wlh gZdeZ^u\Z_l `_kldb_ lj_[h\Zgby gZ kbkl_fm hl[hjZ ^Zgguo/ dhlhjZy ^he`gZ
bf_lv \hafh`ghklv j_]bkljbjh\Zlv ≥ 103 kh[ulbc2pbde/ Z lZd`_ gZ fgh]hmjh\g_\mx kbkl_fm
ljb]]_jguo kb]gZeh\1 LZd dZd \_ebqbgZ k_q_gbc ^jm]bo j_Zdpbc agZqbl_evgh [hevr_/ q_f ^ey
+6, b +7,/ lh a^_kv \hafh`_g jy^ wdki_jbf_glZevguo j_r_gbc +jZa^_evgu_ wdkihabpbb/
j_]bkljZpby g_cljhgh\ hl^Zqb/ jZ[hlZ k %jZa[Z\e_ggufb% ljb]]_jgufb kb]gZeZfb b l1^1,1

Ke_^m_l hlf_lblv/ qlh djhf_ ]eh[Zevgh]h kdZgbjh\Zgby ih wg_j]byf/ lj_[mxs_]h
kjZ\gbl_evgh [hevrh]h \j_f_gb ^ey baf_j_gbc/ \hafh`gh b kdZgbjh\Zgb_ \ h]jZgbq_gghf
^bZiZahg_ fZkk \ ijyfhf dZgZe_ ^ey hij_^_e_gguo j_Zdpbc ² lZf/ ]^_ m`_ _klv dZdb_0lh
mdZaZgby gZ kms_kl\h\Zgb_ bgl_j_kguo h[t_dlh\ k ZghfZevgufb k\hckl\Zfb1 Ijb\_^_f
g_dhlhju_ ijbf_ju lZdbo ijhp_kkh\=

Z, J_Zdpby +:, \ h[eZklb fZkk madh]h Nϕ(1960)-[ZjbhgZ/ gZ[ex^Z\r_]hky \ hiulZo gZ
ki_dljhf_lj_ ;BK05 \ ijhp_kk_ ^bnjZdpbhggh]h h[jZah\Zgby
n+N → +−∗∑→+ .111 ,46;8+,4<93+/,4<93+ 33

ϕϕ ijb ≈Q( 40 =w< >4:@1 KdZgbjh\Zgb_
+:, ^he`gh hkms_kl\eylvky \ ^bZiZahg_ bfimevkh\ 4/5 ≤ Jπ- ≤ 1,8 =w<2k +4/;;: ≤ m
(∑*+46;8,D, ≤ 2,071 =w<,1

[, J_Zdpby ϕΛ→→− ,V+TTVVS. . ibhgu/ ∑ ..  + ibhgu/ .ËK . ibhgu \
h[eZklb fZkk R+64:3,0madh]h j_ahgZgkZ k = ? 53 Fw</ gZ[ex^Z\r_]hky \ ijhp_kkZo
lbiZ h[jZlgh]h jZkk_ygby \ D- 0imqdZo >4;@1 KdZgbjh\Zgb_ ke_^m_l
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ijh\h^blv \ h[eZklb 7/8 ≤ JD- ≤ 5,2 =w<2k (3,058 ≤ m(YKK - + nπ) ≤ 3,270 =w<,1
\, J_Zdpby +44, \ h[eZklb \[ebab ihjh]Z/ ]^_ _klv mdZaZgb_ gZ \hafh`gh_ kms_kl\h\Zgb_

madh]h [Zjbhggh]h j_ahgZgkZ k fZkkhc 4;;</6Fw< b = ? 5Fw< >16].
Ijb ijh\_^_gbb nZah\h]h ZgZebaZ ^ey j_Zdpbc +6, ² +43, [hevrmx jhev fh]ml ku]jZlv

m]eh\u_ dhjj_eypbb \ dZkdZ^guo jZkiZ^Zo \lhjbqguo qZklbp +gZijbf_j/ \ ϕ→D+D- beb
∑*(1385)→Λπ; Λ→ρπ-).

61 Ihbkdb wdahlbq_kdbo f_ahgh\ \ ijhp_kkZo k [Zjbhgguf h[f_ghf

< k\yab k bkke_^h\Zgbyfb j_ahgZgkguo khklhygbc m`_ g_ jZa \ukdZau\Zebkv
khh[jZ`_gby h lhf/ qlh \ha[m`^_gby \gmlj_ggbo kl_i_g_c k\h[h^u/ ijb dhlhjuo
nhjfbjmxlky wdahlbq_kdb_ d\Zjdh\u_ b d\Zjd0]exhggu_ kbkl_fu/ [m^ml [he__ wnn_dlb\gh
ijhbkoh^blv \ ijhp_kkZo k [hevrbfb i_j_^Zggufb bfimevkZfb b/ \ qZklghklb/ \ j_Zdpbyo
lbiZ h[jZlgh]h jZkk_ygby/ h[mkeh\e_gguo [Zjbhgguf h[f_ghf +kf1/ gZijbf_j >4< ² 54@ b
h[ahj >44@,1 H`b^Z_lky/ qlh \ ih^h[guo ijhp_kkZo h[jZah\Zgb_ wdahlbq_kdbo khklhygbc
fh`_l oZjZdl_jbah\Zlvky k_q_gbyfb/ kjZ\gbfufb k k_q_gbyfb jh`^_gby h[uqguo qZklbp1 <
dZq_kl\_ ijbf_jZ lZdhc j_Zdpbb h[jZlgh]h jZkk_ygby gZ jbk1 6 ijb\_^_gZ ^bZ]jZffZ
h[jZah\Zgby ]b[jb^gh]h f_ahgZ G   ( JTT ) \ ijhp_kk_ π-ρ→nfH +kf1 >AZ@,1

;ueh \uiheg_gh g_kdhevdh wdki_jbf_glh\/ \ dhlhjuo bkdZebkv wdahlbq_kdb_ f_ahggu_   

khklhygby \ j_Zdpbyo k [Zjbhgguf h[f_ghf π+ρ→ΛfS
++, π-n→ρfX

- -, (ρf π-)( VSS ) a^_kv
h[hagZq_gby jf b l1^1 bkihevamxlky ^ey [ukljuo qZklbp/ \ue_lZxsbo \i_j_^ \ e1k1d1/ a ps —

^ey f_^e_gguo qZklbp1 Ihemq_gu \_jogb_ ij_^_eu ^ey k_q_gbc wlbo ijhp_kkh\/ e_`Zsb_ gZ
mjh\g_ hl g_kdhevdbo g[ ^h a 483 g[1

Ihemq_gu lZd`_ ^Zggu_ h[ h[jZlghf jh`^_gbb jy^Z ba\_klguo f_ahgguo khklhygbc b h[
mijm]hf h[jZlghf jZkk_ygbb ±π 0f_ahgh\ b π00i_j_aZjy^d_ k [Zjbhgguf h[f_ghf1

Rbjhdhfm jZa\blbx jZ[hl ih ihbkdZf h[jZah\Zgby f_ahgh\ \hh[s_ b \ i_j\mx hq_j_^v
wdahlbq_kdbo f_ahgh\ \ j_Zdpbyo h[jZlgh]h jZkk_ygby \ ibhgguo imqdZo f_rZxl ljm^ghklb
wdki_jbf_glZevgh]h oZjZdl_jZ1 >_eh \ lhf/ qlh \ wlbo ijhp_kkZo f_ahgu e_lyl gZaZ^ \ k1p1f1
+jbk1 6,/ Z ihlhfm \ e1k1d1 bo ijh^mdlu jZkiZ^Z bf_xl fy]dbc bfimevkguc ki_dlj b rbjhdh_
m]eh\h_ jZkij_^_e_gb_1 < wdki_jbf_glZo gZ fZ]gblguo ki_dljhf_ljZo wnn_dlb\ghklv
j_]bkljZpbb b b^_glbnbdZpbb wlbo f_ahgh\/ dZd ijZ\beh/ g_\_ebdZ1

<k_ wlb ljm^ghklb fh`gh mkljZgblv/ _keb bkke_^h\Zlv h[jZah\Zgb_ f_ahgguo j_ahgZgkh\
\ ijhp_kkZo [Zjbhggh]h h[f_gZ +gmdehggh]h b ∆0bah[Zjgh]h, \ ijhlhgguo j_Zdpbyo >54 @=

Jbk1 61 >bZ]jZffZ h[jZah\Zgby
]b[jb^gh]h f_ahgZ \ π-ρ -
\aZbfh^_ckl\byo k [Zjbhgguf
h[f_ghf
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+jbk1 7,1 < qZklghklb/ h[jZah\Zgb_ ]b[jb^gh]h f_ahgZ G   ( JTT ) \ j_Zdpbyo +46, b +47,
ihdZaZgh gZ ^bZ]jZff_ jbk1 81

< wlhf kemqZ_ h[jZamxsb_ky f_ahgu e_lyl \i_j_^ b fh]ml [ulv kjZ\gbl_evgh e_]dh
aZj_]bkljbjh\Zgu \ rbjhdhZi_jlmjghf fZ]gblghf ki_dljhf_lj_1 B^_glbnbdZpby jZkiZ^guo
aZjy`_gguo qZklbp fh`_l [ulv hkms_kl\e_gZ k ihfhsvx q_j_gdh\kdbo ^_l_dlhjh\1 Ijb
bkke_^h\Zgbyo j_Zdpbc +45,² +48, hiulu ke_^m_l ijh\h^blv ijb g_ hq_gv [hevrbo wg_j]byo
ijhlhgh\/ lZd dZd k_q_gby wdkdexab\guo ijhp_kkh\ k [Zjbhgguf h[f_ghf [ukljh iZ^Zxl k
jhklhf i_j\bqghc wg_j]bb1 Wg_j]by ijhlhgh\ mkdhjbl_ey BLWN +?p =10 =w<, ij_^klZ\ey_lky
a^_kv hilbfZevghc1
>ey ghjfbjh\db k_q_gbc ijhp_kkh\ +46, fh]ml [ulv bkihevah\Zgu ^Zggu_ h j_Zdpbyo

lZd`_ b^msbo k [Zjbhgguf h[f_ghf1 Khhl\_lkl\mxsb_ k_q_gby baf_j_gu \ wdki_jbf_glZo
ijb bfimevk_ 54/4 =w<2k b khklZ\eyxl 8/4418/4,GSS+ ±=→ +πσ  g[ b σ(pp→dp+)= 15,9 ± 2,4

g[ >55@1 Ijbf_jgh lZdmx `_ \_ebqbgm bf_xl k_q_gby ijhp_kkh\ jj→dA2 +jbk1 9,1 >ey
j_Zdpbb +49, _klv lZd`_ ^Zggu_ ijb Jj ≤ 5 =w<2k= σ(jj→dπ+)5 =w<2k=3,4±0,2 fd[1Fh`gh ]jm[h
hp_gblv/ qlh ^ey Jj≈ 10 =w<2k σ(jj → dπ+) ~ 100 — 200 g[1 Ih0\b^bfhfm/ ijbf_jgh lZdb_ `_
k_q_gby ^he`gu [ulv b ^ey j_Zdpbb jj →dA2

+, dA1
+, dp+.

?keb mq_klv/ qlh nZdlhj kebiZgby j b n \ ^_cljhg ijb\h^bl d mf_gvr_gbx k_q_gbc [he__
q_f gZ ihjy^hd/ lh fh`gh ijbclb d aZdexq_gbx/ qlh h`b^Z_fu_ k_q_gby ^ey j_Zdpbc k
[Zjbhgguf h[f_ghf lbi +45, ² +48, ijb Jj = 10 =w<2k fh]ml khklZ\eylv g_kdhevdh fd[ ^ey
h[jZah\Zgby f_ahgh\ h[uqgh]h lbiZ1 Ihwlhfm ihbkdb wdahlbq_kdbo f_ahgh\ \ j_Zdpbyo k
[Zjbhgguf h[f_ghf +45,² +48, ij_^klZ\eyxlky \_kvfZ i_jki_dlb\gufb1

Hlf_lbf/ qlh bkke_^h\Zgb_ j_Zdpbc lbiZ +48, k h[f_ghf bah[Zjhc

Jbk1 71 >bZ]jZffZ ^ey wdkdexab\guo
ijhlhgguo j_Zdpbc +45, ² +48, k
[Zjbhgguf h[f_ghf

Jbk1 81 >bZ]jZffZ h[jZah\Zgby ]b[jb^gh]h f_ahgZ
\ S10\aZbfh^_ckl\byo k [Zjbhgguf h[f_ghf
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∆++ hldju\Z_l gh\u_ \hafh`ghklb ^ey
ihbkdh\ aZjy`_gguo qe_gh\
wdahlbq_kdbo bah\_dlhjguo f_ahgguo
ljbie_lh\1 Fu ijhbeexkljbjm_f wlb
\hafh`ghklb gZ ijbf_j_ K+47;3,0
f_ahgZ/ y\eyxs_]hky k_jv_aguf
dZg^b^Zlhf \ wdahlbq_kdb_ Z^jhgu1
G_cljZevgh_ khklhygb_/
ijbgZ^e_`Zs__ d wlhfm wdahlbq_kdhfm
fmevlbie_lm/ K+47;3,� [ueh
h[gZjm`_gh \ wdki_jbf_gl_ gZ
mklZgh\d_ %E_ilhg0N% >56@ \ aZjy^h\h0
h[f_gghc j_Zdpbb

K+47;3,0f_ahg oZjZdl_jbamxlky
ke_^mxsbfb hkgh\gufb iZjZf_ljZfb=
MC = 1480 ± 40 Fw</ =k= 130 ± 60 Fw</
JPC = 1-  -, IG = 1+1 Ijb bfimevk_ jπ =
32,5 =w<2k k_q_gb_ j_Zdpbb +4;, jZ\gh
40 ± 15 g[1 Wdahlbq_kdZy ijbjh^Z K+47;3,0f_ahgZ/ ih0\b^bfhfm/ ijhy\ey_lky \ _]h kbevghc
k\yab k ϕπ0dZgZehf1 KZfh_ _kl_kl\_ggh_ h[tykg_gb_ k\hckl\ wlh]h Z^jhgZ fh`_l [ulv
ihemq_gh \ fh^_eb/ \ dhlhjhc hg ij_^klZ\ey_l kh[hc eb[h fgh]hd\Zjdh\uc f_ahg

52V,VGGXX+&+47;3, −= ,  eb[h ]b[jb^gh_ khklhygb_ 5,J2GGXX+&+47;3, −=

[23 — 58@1 < k\yab k [hevrhc \Z`ghklvx ijh[e_fu kms_kl\h\Zgby wdahlbq_kdbo f_ahgh\
ij_^klZ\eyxl agZqbl_evguc bgl_j_k ihbkdb aZjy`_gguo iZjlg_jh\ K+47;3,0f_ahgZ1
J_amevlZlu/ ihemq_ggu_ gZ mklZgh\d_ KB=F: >59@/ mdZau\Zxl gZ \hafh`gh_ ijhy\e_gb_
K(1480)- 0f_ahgZ \ bgdexab\ghc j_Zdpbb π - + j→ϕπ -Dϕ→µ+ µ -1 <u^_e_gb_ ϕ0f_ahgh\ ih bo
j_^dbf jZkiZ^Zf ϕ→µ+ µ - k\yaZgh k ljm^ghklyfb b^_glbnbdZpbc Z^jhgguo dZgZeh\ jZkiZ^Z
ϕ \ bgdexab\guo ijhp_kkZo ba0aZ [hevrh]h dhf[bgZlhjgh]h nhgZ1

Hq_\b^gh/ qlh gm`gu [he__ lhqgu_ ^Zggu_ h K +47;3,0f_ahgZo/ dhlhju_ \ ijbgpbi_
fh]eb [u [ulv ihemq_gu \ wdkdexab\guo ijhp_kkZo

Ih ZgZeh]bb k h[jZah\Zgb_f j- 0f_ahgh\ \ π -j→j -j/ \ j_Zdpbb +4<,/ ih0\b^bfhfm/
[m^_l bf_lv f_klh HJ?0^hfbgZglghklv/ lZd dZd ^bnjZdpbhgguc f_oZgbaf a^_kv
g_\hafh`_g ba0aZ aZij_lZ ih G0q_lghklb1

K_q_gby j_Zdpbc +4;, b +4<, ^he`gu [ulv h^gh]h ihjy^dZ b m[u\Zlv k wg_j]b_c
dZd ? -2. Ihwlhfm nhgh\Zy kblmZpby ^ey +4<, [m^_l agZqbl_evgh om^r_c/ q_f ^ey
(18), lZd dZd 2=,0jZaj_r_gguc nhgh\uc ijhp_kk π-j→+D+K-π-)j
bf__l ^bnjZdpbhgguc oZjZdl_j b g_ m[u\Z_l k wg_j]b_c

Jbk1 91 Ki_dlj ^_cljhgh\ \ j_Zdpbb k [Zjbhgguf
h[f_ghf j . j → d . O ijb i_j\bqghf bfimevk_
pp= 45/8=w<2k b m]e_ \ue_lZ ^ey ^_cljhgZ α = 40
fjZ^ +\ e1k1d1,1 Lhqdb² nhg hl kl_ghd \h^hjh^ghc
fbr_gb >55]
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? +\ ijhlb\hiheh`ghklv aZjy^h\h0h[f_gghfm ijhp_kkm π -j→+D+D- π0)n/ hij_^_eyxs_fm nhg
^ey +4;,,1 H`b^Z_fuc nhg hkh[_ggh \_ebd ijb j_]bkljZpbb jZkiZ^Z ϕ→D+D- +^ey wg_j]bb
~ 30 =w< hg ij_\urZ_l nhg ^ey +4;, ihqlb gZ ^\Z ihjy^dZ \_ebqbgu,1 >ey jZkiZ^Z ϕ→DS

0KL
0

nhg mf_gvrZ_lky \ g_kdhevdh jZa ba0aZ nbdkbjh\Zgghc aZjy^h\hc q_lghklb DS
0KL

00iZju +K  
²4,/ h^gZdh lh`_ y\ey_lky \_kvfZ agZqbl_evguf1

Ijb bkihevah\Zgbb j_Zdpbc +48, k ∆++0h[f_ghf ihbkdZ K+47;3,0f_ahgh\ [m^_l
hkms_kl\eylvky \ j_Zdpbb k ^\hcguf aZjy^h\uf h[f_ghf

Nhgh\u_ mkeh\by ijb lZdhc ^\hcghc i_j_aZjy^d_ fh]ml [ulv ]hjZa^h emqrbfb/ q_f \
+4<,1 ;hevrhc bgl_j_k ij_^klZ\eyxl lZd`_ bkke_^h\Zgby ijhp_kkh\ h[jZah\Zgby khklhygbc
ηπ, η′π, ηη, η′η, ηω  >5: ² 5<@ b jy^Z ^jm]bo kbkl_f/ m^h[guo ^ey \u^_e_gby wdahlbq_kdbo
f_ahgh\/ \ ijhlhgguo j_Zdpbyo +46, ² +48, k [Zjbhgguf h[f_ghf1 G_ ke_^m_l aZ[u\Zlv b h
ihbkdZo ^\Z`^u aZjy`_gguo f_ahgh\ k y\ghc wdahlbdhc \ j_Zdpbb +45,/ gZijbf_j \ kbkl_f_
j+j+, ^ey dhlhjhc ihemq_gu bgl_j_kgu_ ij_^kdZaZgby +ijb bamq_gbb γγ→j+j-/ j0j0> kf1 >63@ b
h[ahj >64@,1 G_dhlhjhc fh^bnbdZpb_c j_Zdpbb +45, y\ey_lky ijhp_kk h[jZah\Zgby

wdahlbq_kdh]h f_ahgZ +++
→≡ SðËXX,VG+8 >65@ +<0h[f_g,=

H^gZdh ^ey wlbo ijhp_kkh\ g_h[oh^bfZ g_kdhevdh [hevrZy wg_j]by ijhlhgh\/ lZd dZd ^ey gbo
?j ihjh] = 13,6(14,7) =w<1

LZdbf h[jZahf/ bkke_^h\Zgby ijhlhgguo j_Zdpbc k [Zjbhgguf h[f_ghf gZ mkdhjbl_eyo
k g_[hevrbfb wg_j]byfb lbiZ BLWN/ HBYB/ D?D/ BNL hldju\Zxl rbjhdb_ \hafh`ghklb
^ey ihbkdZ wdahlbq_kdbo f_ahgguo khklhygbc1

71 H[jZah\Zgb_ wdahlbq_kdbo khklhygbc \ j_Zdpbyo HJ?

DZd ba\_klgh/ jy^ g_^Z\gh h[gZjm`_gguo f_ahgh\/ y\eyxsboky dZg^b^ZlZfb \
wdahlbq_kdb_ khklhygby/ h[jZamxlky \ wdkdexab\guo d\Zab^\moqZklbqguo aZjy^h\h0
h[f_gguo j_Zdpbyo π-j→F0n/ \ dhlhjuo ^hfbgbjm_l h^ghibhgguc h[f_g +K+47;3,0f_ahg
[23], G+48<3,0f_ahg >66 @/ gT(2010), gT′(2300), gT′′+5673,0f_ahgu >67@b ^j1,1 K_q_gby lZdbo
j_Zdpbc [ukljh mf_gvrZxlky k jhklhf i_j\bqghc wg_j]bb +dZd a ?π 

-2). Ihwlhfm hiulu \
ibhgguo imqdZo k bfimevkhf g_kdhevdh =w<2k ij_^klZ\eyxlky \_kvfZ i_jki_dlb\gufb ^ey
^_lZevgh]h bamq_gby k\hckl\ wlbo khklhygbc b ihbkdh\ gh\uo wdahlbqkdbo f_ahgh\1 >ey
mki_rghc j_ZebaZpbb lZdhc ijh]jZffu/ dZd m`_ ]h\hjbehkv \h <\_^_gbb/ gZ^h h[_ki_qblv
^hklZlhqgh \ukhdmx wnn_dlb\ghklv j_]bkljZpbb b b^_glbnbdZpbb ijh^mdlh\ jZkiZ^Z
bkke_^m_fuo khklhygbc1

< dZq_kl\_ ijbf_jZ jZkkfhljbf \hafh`ghklb bkke_^h\Zgby K+47;3,0f_ahgZ ijb
gbadbo wg_j]byo1 < hiulZo gZ imqd_ π-0f_ahgh\ k Jπ = 5 =w<2k
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fh`gh aZj_]bkljbjh\Zlv 5/8⋅104 kh[ulbc j_Zdpbb +4;, aZ 583 qZkh\ jZ[hlu mkdhjbl_ey BLWN
+lZ[e1 ,, ijb bgl_gkb\ghklb ibhgh\ a 436 π2pbde b wnn_dlb\ghklb j_]bkljZpbb +4;, ε≈ 0,10.
LZdZy klZlbklbdZ iha\hebl ijh\_klb iZjpbZevgh0\hegh\hc ZgZeba wlh]h ijhp_kkZ/ Z lZd`_
hkms_kl\blv qm\kl\bl_evgu_ ihbkdb jZkiZ^h\ K(1480)→ωπ0, K* . , K+K-π0, pη b l1^1/ hq_gv
kms_kl\_gguo ^ey bgl_jij_lZpbb ijbjh^u K+47;3,0f_ahgZ1

Ij_pbabhggu_ hiulu ih bamq_gbx h[jZah\Zgby K+47;3,0f_ahgZ \ j_Zdpbb i_j_aZjy^db
+4;,/ b^ms_c \ hkgh\ghf q_j_a f_oZgbaf h^ghibhggh]h h[f_gZ/ iha\hebl +ihke_ lsZl_evgh]h
bamq_gby \deZ^Z HJ?, hij_^_eblv ijhba\_^_gb_ [j_gqbg]h\ DC = BR(C(1480)
→ππ,<5+K+47;3,→ϕπ). :gZeba ^Zgguo >56 @ ih j_Zdpbb +4;, ijb bfimevk_ 65 =w<2k iha\hebe
ihemqblv ]jm[mx hp_gdm DC=  BR(C(1480)→ππ)BR(C(1480)→ϕπ)≈ (1-3)-10-3 (=jm^pbg/
OZ^`bfbjyg/ qZklgu_ khh[s_gby> kf1 >58@,1 ;he__ lhqgu_ ^Zggu_/ dhlhju_ fh]ml [ulv
ihemq_gu \ gh\uo hiulZo ijb fZeuo wg_j]byo/ Z lZd`_/ fh`_l [ulv/ b ijb bamq_gbb j_Zdpbb
+4<,/ ij_^klZ\eyxlky a^_kv hq_gv \Z`gufb1 >_lZevgh_ bamq_gb_ \_jhylghkl_c jZaebqguo
dZgZeh\ jZkiZ^Z K+47;3,0f_ahgZ +\ lhf qbke_ b baf_j_gb_ DC) b kjZ\g_gb_ wlbo j_amevlZlh\ k
ZgZeh]bqgufb ^Zggufb ^ey p1′+4783,0f_ahgZ iha\hebl bkke_^h\Zlv ijbjh^m wlbo \_dlhjguo
khklhygbc b hdhgqZl_evgh hij_^_eblv/ bf_xlky eb a^_kv ^\Z [ebadbo ih fZkk_/ gh jZaguo
f_ahgZ/ k jZaguf \Ze_glguf khklZ\hf/ beb fu bf__f ^_eh k ijhy\e_gbyfb h^gh]h b lh]h `_
khklhygby +qlh ij_^klZ\ey_lky k_cqZk fZeh\_jhylguf,1 H[km`^_gb_ wlhc K( 1480)/ p1′(1450)
ijh[e_fu kf1 \ >57/ 58/ 68² 37].

LZd dZd d\Zglh\u_ qbkeZ K+47;3,0f_ahgZ JPC = 1- - kh\iZ^Zxl k d\Zglh\ufb qbkeZfb
nhlhgZ/ ij_^klZ\eyxl agZqbl_evguc bgl_j_k ihbkdb h[jZah\Zgby wlhc qZklbpu \
we_dljhfZ]gblguo ijhp_kkZo1 < wdki_jbf_gl_ gZ Ω-ki_dljhf_lj_ aZj_]bkljbjh\Zgh a 58
kh[ulbc j_Zdpbb γp→(ϕπ0)p \ ^bZiZahg_ wg_j]bc 53 ? ?γ<  70 =w< b gZ[ex^_g g_dhlhjuc
ba[ulhd kh[ulbc \ h[eZklb F~ 1,5 =w< >6;@1 Ba ^Zgguo >6;@ fh`gh ihemqblv k_q_gb_
nhlhjh`^_gby σ(γp→ C(1480)p)BR(C(1480)→ϕπ0) = 3 ± 1,5 g[ +[he__ lhqgh/ \_jogbc ij_^_e
^ey wlh]h k_q_gby ≤ 6 g[> <8(0gZy ^hklh\_jghklv,1

Nhlhjh`^_gb_ \_dlhjguo f_ahgh\ fh`_l ijhbkoh^blv dZd ihkj_^kl\hf ^bnjZdpbhggh]h
f_oZgbafZ +k_q_gb_ wlh]h ijhp_kkZ ihqlb g_ aZ\bkbl hl wg_j]bb,/ lZd b q_j_a h^ghibhgguc
h[f_g1 K_q_gb_ ihke_^g_]h ijhp_kkZ bf__l \b^

+G1G1 :qZkh\/ qZklgh_ khh[s_gb_> kf1 >58@,+5*).

Hlkx^Z e_]dh hp_gblv/ qlh \ hiulZo ijb ?γ≈ 5 =w< k qm\kl\bl_evghklvx ~ 3 g[g/ fh`gh
aZj_]bkljbjh\Zlv K+47;3)→ϕπ0/ _keb \_jhylghklv BR(C(1480)→ϕπ0) > 3/43/ b hp_gblv wlm
\_jhylghklv1 AZf_lbf/ qlh agZq_gb_ BR(C(1480)→ϕπ0) hq_gv \Z`gh ^ey bgl_jij_lZpbb
ijbjh^u K+47;3,0f_ahgZ1 ?keb wlZ \_jhylghklv ^hklZlhqgh \_ebdZ +≥8(,/ lh wdahlbq_kdZy
ijbjh^Z K +47;3,0f_ahgZ klZgh\blky g_khfg_gghc +kf1 >54/ 6:@,1





�4@ :G>JHGG:Y KI?DLJHKDHIBY 17

81 Bkke_^h\Zgby jZ^bZpbhgguo jZkiZ^h\ e_]dbo f_ahgh\

Bkke_^h\Zgby we_dljhfZ]gblguo jZkiZ^h\ Z^jhgh\ b]jZxl \Z`gmx jhev \ nbabd_
we_f_glZjguo qZklbp1 Wlb ijhp_kku/ hij_^_ey_fu_ \aZbfh^_ckl\b_f j_Zevguo b
\bjlmZevguo nhlhgh\ k we_dljbq_kdbfb aZjy^Zfb d\Zjdh\uo ihe_c/ iha\heyxl ihemqblv
mgbdZevgmx bgnhjfZpbx h oZjZdl_j_ jZaebqguo d\Zjdh\uo dhgnb]mjZpbc \ Z^jhgZo/ h
f_oZgbafZo kf_rb\Zgby/ h[ we_dljhfZ]gblghc kljmdlmj_ kbevgh\aZbfh^_ckl\mxsbo qZklbp
b h jy^_ bo n_ghf_gheh]bq_kdbo oZjZdl_jbklbd ² lZdbo/ dZd fZ]gblgu_ fhf_glu/
nhjfnZdlhju/ iheyjbam_fhklv b l1^1 AZ ihke_^gb_ ]h^u a^_kv [ueb ^hklb]gmlu
agZqbl_evgu_ mki_ob1

>ey bkke_^h\Zgby jZ^bZpbhgguo jZkiZ^h\ :→< . γ fh]ml [ulv bkihevah\Zgu dZd
ijyfu_ f_lh^u/ ijb dhlhjuo qZklbpZ : jh`^Z_lky \ Z^jhgguo beb we_dljhfZ]gblguo
\aZbfh^_ckl\byo/ b jZkiZ^ :→< . γ j_]bkljbjm_lky g_ihkj_^kl\_ggh \ wdki_jbf_glZevghc
mklZgh\d_/ lZd b dhk\_ggu_ kihkh[u1 LZdbf dhk\_gguf kihkh[hf y\ey_lky/ gZijbf_j/
\u^_e_gb_ ijhp_kkZ <.(Z, :,→A+(Z,A) gZ \bjlmZevguo +%ihqlb j_Zevguo%, nhlhgZo \
dmehgh\kdhf ihe_ y^jZ +=/ :,1 K_q_gb_ wlh]h dmehgh\kdh]h ijhp_kkZ ijhihjpbhgZevgh
jZ^bZpbhgghc rbjbg_ =+:→Bγ).

Ijb ijyfhc j_]bkljZpbb jZkiZ^h\ :→< . γ beb [he__ keh`guo we_dljhfZ]gblguo
ijhp_kkh\ g_h[oh^bfh ih^Z\blv nhg hl jZkiZ^h\ π0→2γ/ ijb dhlhjuo h^bg ba nhlhgh\
l_jy_lky1 LZdZy kblmZpby bf__l f_klh/ gZijbf_j/ ijb \u^_e_gbb η→π+ π- γ gZ^ nhghf hl

beb ijb ihbkdZo ω→π+ π- γ \ mkeh\byo nhgZ hl hkgh\gh]h jZkiZ^Z

+a^_kv \kx^m (γ, hagZqZ_l ihl_jygguc nhlhg,1 >ey gZ^_`gh]h \u^_e_gby j_^dbo
jZ^bZpbhgguo jZkiZ^h\ g_h[oh^bfZ ihegZy j_]bkljZpby \k_o \lhjbqguo qZklbp +dZd
aZjy`_gguo/ lZd b nhlhgh\,/ baf_j_gb_ bo bfimevkh\ b \hkklZgh\e_gb_ wnn_dlb\guo fZkk k
ij_^_evgh \hafh`guf jZaj_r_gb_f1 >ey fZdkbfZevgh]h ih^Z\e_gby nhgZ hl ihl_jygguo
nhlhgh\ wdki_jbf_glZevgZy mklZgh\dZ ^he`gZ \dexqZlv \ k_[y hojZggmx kbkl_fm ba
kq_lqbdh\ k gbadbf ihjh]hf j_]bkljZpbb nhlhgh\/ i_j_dju\Zxsmx \hafh`gh [hevrbc
Zdk_ilZgk1 QZklvx wlhc kbkl_fu kem`bl b ]h^hkdhibq_kdbc γ0ki_dljhf_lj/ j_]bkljbjmxsbc
nhlhgu \ jZ[hq_f Zdk_ilZgk_ mklZgh\db +hl[hj kh[ulbc k h^bghqgufb nhlhgZfb b l1^1,1
Ke_^m_l hlf_lblv/ qlh nhg hl kh[ulbc k ihl_jyggufb nhlhgZfb g_ ^Z_l madbc ibd ijb
agZq_gbb fZkku bkke_^m_fhc qZklbpu1 < dZq_kl\_ ijbf_jZ ijb\_^_f ihemq_gguc \ jZ[hl_
>6< @ ki_dlj wnn_dlb\guo fZkk (π+ π- γ) kh[ulbc/ bkihevah\Zgguo ijb ihbkdZo ijhp_kkZ
π- p→ωn, ω→π+ π- γ gZ mklZgh\d_ %E_ilhg0N% +jbk1 :,1 < wlbo hiulZo [ue ihemq_g \_jogbc
ij_^_e BR(ω→π+ π- γ) < 4⋅10-3 +<8(0gZy ^hklh\_jghklv,1 Wlh ihdZau\Z_l/ qlh ihbkdb
jZ^bZpbhgguo jZkiZ^h\ fh]ml ijh\h^blvky \iehlv ^h \_jhylghkl_c ≤ 4 ( hl \_jhylghklb
nhgh\uo ijhp_kkh\1
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>jm]hc wnn_dlb\guc f_lh^ ih^Z\e_gby ijhp_kkh\ k ihl_jyggufb nhlhgZfb/
g_h[oh^bfh]h ^ey \u^_e_gby jZ^bZpbhgguo jZkiZ^h\ Z^jhgh\/ hkgh\Zg gZ dbg_fZlbq_kdhf
i_j_hij_^_e_gbb kh[ulbc b lj_[m_l ^ey k\h_]h ijbf_g_gby g_aZ\bkbfh]h hij_^_e_gby
gZijZ\e_gby \ue_lZ jZkiZ^Zxs_cky qZklbpu1 < wlhf kemqZ_ kh[ulby k ihl_jyggufb
nhlhgZfb fh]ml ijb\h^blv d g_kdhfi_gkbjh\Zgghc dhfihg_gl_ kmffZjgh]h ihi_j_qgh]h
bfimevkZ aZj_]bkljbjh\Zgguo ijh^mdlh\ jZkiZ^Z bkke_^m_fhc qZklbpu ih hlghr_gbx d
wlhfm gZijZ\e_gbx1 Khhl\_lkl\mxsbc nhg fh`_l [ulv kbevgh mf_gvr_g h[j_aZgb_f ih
g_kdhfi_gkbjh\Zgghc dhfihg_gl_ pT. Ijbf_jhf mki_rgh]h ijbf_g_gby dbg_fZlbq_kdh]h
f_lh^Z ih^Z\e_gby nhgZ y\ey_lky wdki_jbf_gl ih ihbkdZf jZkiZ^Z γππω −+→ gZ
mklZgh\d_ ASTERIX \ j_Zdpbb Zggb]beypbb hklZgZ\eb\Zxsboky Zglbijhlhgh\

γππωπωπ −+−+ →→ /SS >73@/ \ dhlhjhc gZijZ\e_gb_ \ue_lZ ω ohjhrh hij_^_ey_lky ba
dbg_fZlbdb j_Zdpbb Zggb]beypbb1

< wlbo baf_j_gbyo [ue ihemq_g \_jogbc ij_^_e BR( γππω −+→ ) < 3⋅10-3 +<8(0gZy
^hklh\_jghklv,/ ijbq_f dbg_fZlbq_kdb_ h[j_aZgby iha\hebeb ih^Z\blv nhg [he__ q_f \ 53
jZa1

Bkihevah\Zgb_ wlh]h dbg_fZlbq_kdh]h f_lh^Z hdZau\Z_lky g_\hafh`guf ijb ihbkdZo
jZ^bZpbhgguo jZkiZ^h\ F→ Z^jhgu + γ \ j_Zdpbyo i_j_aZjy^db π- + p→M + n/ _keb g_
j_]bkljbjm_lky g_cljhg hl^Zqb/ b g_l g_aZ\bkbfh]h f_lh^Z hij_^_e_gby bklbggh]h
gZijZ\e_gby \ue_lZ f_ahgZ F1 Wlm ljm^ghklv \ ijbgpbi_ fh`gh h[hclb/ _keb
j_]bkljbjh\Zlv g_cljhg n beb bamqZlv j_Zdpbx π-p→M∆0, ∆0→pπ-. H^gZdh ijb wlhf kbevgh
mkeh`gy_lky wdki_jbf_glZevgZy ZiiZjZlmjZ b kgb`Z_lky k\_lhkbeZ hiulZ1 Ihwlhfm ^ey
j_Zdpbb i_j_aZjy^db [he__ i_jki_dlb\guf y\ey_lky fZdkbfZevgh_ m\_ebq_gb_
wnn_dlb\ghklb hojZgghc kbkl_fu mklZgh\db1

>Zggu_ h fgh]bo jZ^bZpbhgguo jZkiZ^Zo [ueb ihemq_gu aZ ihke_^gb_ ]h^u \ hiulZo k
Z^jhggufb imqdZfb/ ijb bkke_^h\Zgbb ω-, p-, b ϕ- 0jZkiZ^h\ \ j_ahgZgkguo j_Zdpbyo gZ
\klj_qguo imqdZo _+_-→p, ω, ϕ→ jZ^bZpbhggu_ jZkiZ^u/ \ hiulZo ih h[jZah\Zgbx f_ahgh\
\ dmehgh\kdhf ihe_ y^_j b \ γγ0khm^Zj_gbyo (_+_-→_+_-γγ→_+_-M/ l1_1 γγ→M)1 J_amevlZlu wlbo
bkke_^h\Zgbc jZkkfhlj_gu \ h[ahjZo >47/ 74² 76@1

Jbk1 :1 Ki_dlj wnn_dlb\guo
fZkk π+ π- γ 0 kh[ulbc ba
h[eZklb %eh`gh]h ω0ibdZ% ^ey
kh[ulbc/ h[mkeh\e_gguo \
hkgh\ghf ijhp_kkhf π- j→ωn,
ω→π+ π- π0, π0 →2γ k h^gbf
ihl_jygguf nhlhghf +^Zggu_
"E_ilhg0n%> kf1 >6<@,1 Klj_edhc
ihdZaZgh h`b^Z_fh_ iheh`_gb_
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< k\yab k [eb`Zcrbfb i_jki_dlb\Zfb bkke_^h\Zgbc jZ^bZpbhgguo b we_dljhfZ]gblguo
jZkiZ^h\ e_]dbo f_ahgh\ \ hiulZo gZ bgl_gkb\guo Z^jhgguo imqdZo gbadbo wg_j]bc b gZ ϕ-
nZ[jbdZo k \ukhdhc k\_lbfhklvx/ jZkkfhljbf g_dhlhju_ ba kms_kl\mxsbo a^_kv ijh[e_f
[he__ ih^jh[gh1 < dZq_kl\_ hlijZ\ghc lhqdb ^ey h[km`^_gby ij_^iheZ]Z_fuo hiulh\ ijb
gbadbo wg_j]byo fu [m^_f \ hkgh\ghf bkihevah\Zlv j_amevlZlu bkke_^h\Zgbc jy^Z
we_dljhfZ]gblguo ijhp_kkh\/ ihemq_ggu_ gZ mklZgh\dZo %E_ilhg0=% b %E_ilhg0N% gZ
K_jimoh\kdhf mkdhjbl_e_ ijb wg_j]byo π-0f_ahgh\ 58 ² 65 =w<2k/ ij_^klZ\e_ggu_ \ lZ[e1 ,,
b gb`_ gZ jbk1 :/ ;/ 43 ² 4: +kf1 >6</ 84@ b h[ahju >47/ 58@/ ]^_ kh^_j`Zlky kkuedb gZ
hjb]bgZevgu_ jZ[hlu,1 < wlbo b ^jm]bo wdki_jbf_glZo [ueZ/ \ qZklghklb/
ijh^_fhgkljbjh\ZgZ \hafh`ghklv ijyfh]h bamq_gby j_^dbo jZ^bZpbhgguo jZkiZ^h\
f_ahgh\/ h[jZamxsboky \ Z^jhgguo imqdZo/ ijb agZq_gbyo khhl\_lkl\mxsbo [j_gqbg]h\
5⋅10-3 ÷ 10-5 +\ aZ\bkbfhklb hl nhgh\uo mkeh\bc hiulh\,1

5 . 1 . J Z k i Z ^ u \ _ d l h j g u o b i k _ \ ^ h k d Z e y j g u o f _ a h g h \ 1

JZ^bZpbhggu_ jZkiZ^u \_dlhjguo b ik_\^hkdZeyjguo f_ahgh\

ij_^klZ\eyxl kh[hc ijhkl_crb_ we_dljhfZ]gblgu_ ijhp_kku/ h[mkeh\e_ggu_ fZ]gblgufb
i_j_oh^Zfb/ b \ kms_kl\_gghc kl_i_gb hij_^_eyxlky fZ]gblgufb fhf_glZfb d\Zjdh\1
JZ^bZpbhggu_ rbjbgu ^ey +56, b +57, bf_xl \b^

a^_kv D ² wg_j]by nhlhgZ + 9
5
3

5
9 52,+ 000. −=γ , ^ey +56, beb 3

5
9

5
3 52,+ 000. −=γ

^ey +57,,/ µVP ² wnn_dlb\guc fZ]gblguc fhf_gl VP-i_j_oh^Z/ hij_^_ey_fuc fZ]gblgufb
fhf_glZfb d\Zjdh\/ dhwnnbpb_glZfb ^ey kmi_jihabpbb jZaebqguo iZj TT \ \hegh\uo
nmgdpbyo f_ahgh\ 9 b J b bgl_]jZehf i_j_djulby IVP1 < lZ[e1 ,,, ij_^klZ\e_gu hkgh\gu_
j_amevlZlu bkke_^h\Zgbc wlbo jZkiZ^h\ +kf1 >4/ 47/ 74 ² 77@ b kkuedb lZf, b bo
khihklZ\e_gb_ k g_dhlhjufb l_hj_lbq_kdbfb hp_gdZfb >78@1 DZd \b^gh ba lZ[ebpu/ wlb
l_hj_lbq_kdb_ hp_gdb ^h\hevgh kbevgh jZaebqZxlky f_`^m kh[hc1 H^gZdh h`b^Z_lky/ qlh \
[eb`Zcrb_ ]h^u jZkq_lu \ DO> gZ j_r_ldZo iha\heyl kms_kl\_ggh ih\ukblv lhqghklv
l_hj_lbq_kdbo ij_^kdZaZgbc ^ey jZkiZ^h\ +56, b +57, b ^h\_klb __ ^h ~ 5% >7:@1 Ihwlhfm
ij_pbabhggh_ bamq_gb_ jZkiZ^h\ +56, b +57, ij_^klZ\ey_lky hq_gv k\h_\j_f_gguf b \Z`guf1

I_jki_dlb\u bkke_^h\Zgby jZ^bZpbhgguo jZkiZ^h\ g_dhlhjuo g_cljZevguo f_ahgh\ \
wdki_jbf_glZo/ \ dhlhjuo bklhqgbdZfb wlbo f_ahgh\ kem`Zl j_Zdpbb i_j_aZjy^db π-j →Fn
ijb bfimevkZo Pπ≈ 3 — 5 =w<2k fh]ml [ulv hp_g_gu ba ^Zgguo lZ[e1 ,/ ]^_
ijb\h^ylky wnn_dlb\gu_ ihlhdb f_ahgh\/ h[jZamxsboky gZ fbr_gb mklZgh\db aZ
4333 qZkh\ baf_j_gbc gZ mkdhjbl_e_1 Wlb ihlhdb khklZ\eyxl= Nω=(1-3)⋅109ω,
Nη=(0,5-0,9)⋅109η, Nη′=(1,5-3)⋅108η′, Nϕ=(0,6-3)⋅107ϕ, Nf1(1285)=(3-6)⋅108f1(1285), Na2=(2-5)⋅109a2
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>ey lh]h qlh[u kjZ\gblv \hafh`ghklb hiulh\ ih ihbkdZf j_^dbo f_ahgguo jZkiZ^h\ \
wdki_jbf_glZo gZ Z^jhgguo imqdZo fZeuo wg_j]bc k \hafh`ghklyfb ϕ0nZ[jbdb kh
k\_lbfhklvx 4332 - 1033 kf –2k-1/ hp_gbf j_ahgZgkgu_ k_q_gby h[jZah\Zgby \_dlhjguo f_ahgh\
\ ijyfhf dZgZe_1 J_ahgZgkgu_ k_q_gby bf_xl \b^

Hlkx^Z b ba ^Zgguo >4@ ke_^m_l/ qlh σϕ=4,5⋅10-30 kf2, σω=1,7⋅10 –30 kf2, σj=0,6⋅10 –30 kf21 AZ
4333 qZkh\ baf_j_gbc gZ ϕ0nZ[jbd_ wnn_dlb\gu_ ihlhdb \_dlhjguo f_ahgh\ [m^ml
khklZ\eylv Nϕ = 1,6(109 - 1010)ϕ, Nω  [+438 – 109)ω, Np = 2(108 – 109)j0. JZkiZ^ ϕ→ηγ fh`_l
kem`blv ^ey ϕ0nZ[jbdb bklhqgbdhf f_q_guo η0f_ahgh\/ ijbq_f Nη = 1,3⋅10 -2 Nϕ =
2(107-108)η.

LZdbf h[jZahf/ \ hiulZo gZ ϕ0nZ[jbd_ ke_^m_l h`b^Zlv agZqbl_evguo ij_bfms_kl\ ijb
bkke_^h\Zgbb j_^dbo jZkiZ^h\ ϕ0f_ahgh\1 Qm\kl\bl_evghklv hiulh\ k ω0f_ahgZfb
hdZau\Z_lky ijbf_jgh lZdZy `_/ Z k η0f_ahgZfb ² gZ ihjy^hd om^rZy ih kjZ\g_gbx k
hiulZfb gZ Z^jhgguo imqdZo1 Ijb ieZgbjh\Zgbb wdki_jbf_glh\ ih j_^dbf jZkiZ^Zf +b
hkh[_ggh ² ih j_^dbf jZkiZ^Zf ϕ0f_ahgh\, ke_^m_l bf_lv \ \b^m/ qlh hiulu gZ ϕ0nZ[jbd_
'$N1( (NjZkdZlb, fh]ml gZqZlvky \ 4<<8 ]1 +ijb k\_lbfhklb L = 1032 kf-2 k-1).

Ihke_^gb_ ljb dhehgdb lZ[e1 ,,, kh^_j`Zl bgnhjfZpbx h \hafh`ghc klZlbklbd_ ^ey
g_dhlhjuo jZ^bZpbhgguo jZkiZ^h\ lbiZ +56, b +57,/ dhlhjZy fh`_l [ulv ihemq_gZ \ hiulZo
gZ Z^jhgguo mkdhjbl_eyo k fZeufb wg_j]byfb b gZ \klj_qguo e+e-0imqdZo1 WlZ klZlbklbdZ
[m^_l \iheg_ ^hklZlhqghc ^ey kbevgh]h m\_ebq_gby lhqghklb baf_j_gbc jZ^bZpbhgguo
rbjbg khhl\_lkl\mxsbo jZkiZ^h\/ dhlhjZy [m^_l m`_ hij_^_eylvky kbkl_fZlbq_kdbfb
ih]j_rghklyfb1 Hkh[uc bgl_j_k ij_^klZ\eyxl ihbkdb _s_ g_ gZ[ex^Z\r_]hky jZkiZ^Z
ϕ→η′γ.

5 . 21 G_ d h l h j u _ ^ j m ] b _ j Z ^ b Z p b h g gu _ j Z k i Z ^ u 1 <Z`gmx jhev ^ey
\uykg_gby ijbjh^u ba\_klguo kdZeyjguo khklhygbc δ2Z0+<;3, b S*/a0+<:8, fh]ml ku]jZlv
bkke_^h\Zgby jZ^bZpbhgguo jZkiZ^h\ ϕ→γ(δ/a0(980)) b ϕ→γ(S*/fo(975)). <_jhylghklb wlbo
ijhp_kkh\ kbevgh aZ\bkyl hl lh]h/ y\eyxlky eb kdZeyjgu_ f_ahgu h[uqgufb f_ahgZfb ( TT ),

4 d\Zjdh\ufb khklhygbyfb lbiZ 52V,VGGX+X − b 52V,VGGX+X + beb .. -fhe_dmeZfb >7;
² 83@1 G_dhlhju_ hp_gdb ^ey bf_xsboky lml \hafh`ghkl_c ij_^klZ\e_gu \ lZ[e1 ,91

JZkkfhljbf l_i_jv jZ^bZpbhggu_ jZkiZ^u ZdkbZevgh0\_dlhjguo f_ahgh\ b \
qZklghklb jZkiZ^u

< hiulZo gZ mklZgh\d_ %E_ilhg0N% ijb bamq_gbb j_Zdpbc π -j→ϕγn, ϕ→K+K- b π-j→jγn;
p→π+π- [ue \u^_e_g ijhp_kk
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l1 _1 h[gZjm`_g jZkiZ^ +5:, +jbk1 ;,/ baf_j_gZ
_]h hlghkbl_evgZy \_jhylghklv b mklZgh\e_gh
\_jog__ h]jZgbq_gb_ ^ey [j_gqbg]Z jZkiZ^Z
+5;, >6</ 84/ 85@ +kf1 lZ[e1 ,9,1 Ihke_^gbc
jZkiZ^ aZj_]bkljbjh\Zg ijb bkke_^h\Zgbb
ki_dljZ fZkk jγ kbkl_fu \ J/ψ→γ(γp) gZ
mklZgh\d_ MARK III >85@1 Ihemq_ggZy \ wlhf
hiul_ \_jhylghklv +5;, kbevgh ij_\urZ_l
ij_^kdZaZgby [hevrbgkl\Z l_hj_lbq_kdbo
fh^_e_c b lj_[m_l ^Zevg_crbo bkke_^h\Zgbc1
< hiulZo gZ Z^jhgguo imqdZo gbadbo wg_j]bc
ijb bamq_gbb j_Zdpbb +5<, b ZgZeh]bqguo
ijhp_kkh\ ^ey jγ b ωγ kbkl_fu fh`gh [m^_l
kms_kl\_ggh m\_ebqblv klZlbklbdm
jZ^bZpbhgguo jZkiZ^h\ D/f1+45;8,0f_ahgh\/
bamqblv kljmdlmjm ZdkbZevgh]h f_ahggh]h
ghg_lZ b hij_^_eblv m]he kf_rb\Zgby \ wlhf
ghg_l_/ dhlhjuc/ ih0\b^bfhfm/ aZf_lgh
hlebqZ_lky hl b^_Zevgh]h +lZ[e1 ,9,1 Hq_gv
bgl_j_kghc aZ^Zq_c y\eyxlky ihbkdb
jZ^bZpbhgguo jZkiZ^h\ E(1420) →ϕγ b
f1′(1530)→ϕγ. ;he__ ih^jh[gh_ h[km`^_gb_
wlbo \hijhkh\ ijh\h^blky \ >58/ 84 ].

5.3. We_dljhfZ]gblgu_ e_ilhggu_
jZkiZ^u b kljmdlmjZ e_]dbo f_ahgh\
>47@1 >ey dhg\_jkbhgguo jZkiZ^h\ f_ahgh\

ijbf_jZfb dhlhjuo y\eyxlky ijhp_kku −+−+−+ →→→ µµπωγµµηγπ 33 //HH b ^j1/
\_jhylghklv h[jZah\Zgby e_ilhgghc iZju k hij_^_e_gguf agZq_gb_f wnn_dlb\ghc fZkku

−+ OOP  — ijhihjpbhgZevgZ \_jhylghklb bkimkdZgby \bjlmZevgh]h nhlhgZ k

\j_f_gbih^h[guf 70bfimevkhf/ ^ey dhlhjh]h 55
−+= OOPT . <_jhylghklv bkimkdZgby lZdh]h

nhlhgZ h[mkeh\e_gZ ^bgZfbq_kdhc we_dljhfZ]gblghc kljmdlmjhc/ \hagbdZxs_c \ \_jrbg_
i_j_oh^Z :→<1 WlZ we_dljhfZ]gblgZy kljmdlmjZ/ h[mkeh\e_ggZy h[eZdhf \bjlmZevguo
khklhygbc \ h[eZklb i_j_oh^Z/ oZjZdl_jbam_lky k\hbf ki_pbnbq_kdbf nhjfnZdlhjhf/
ihemqb\rbf gZa\Zgb_ i_j_oh^gh]h nhjfnZdlhjZ1 GZ jbk1 < ijb\h^ylky ^bZ]jZffu
ijhp_kkh\/ \ dhlhjuo hij_^_eyxlky wlb nhjfnZdlhju1

>Zggu_ h[ we_dljhfZ]gblghc kljmdlmj_ h[eZklb i_j_oh^Z :→< fh`gh ihemqblv/ bamqZy
aZ\bkbfhklv \_jhylghklb jZkiZ^Z :→< . +l+ l-, hl \_ebqbgu d\Z^jZlZ wnn_dlb\ghc fZkku
e_ilhgghc iZju 55

−+= OOPT / l1_1 ijb ZgZeba_ ki_dljZ fZkk e_ilhgguo iZj(6*).

?keb [u qZklbpu : b < y\eyebkv [_kkljmdlmjgufb h[t_dlZfb/ lh fh`gh [ueh [u k
[hevrhc lhqghklvx jZkkqblZlv ki_dlj fZkk e_ilhgguo iZj

Jbk1 ;1 Ki_dlj wnn_dlb\guo fZkk D+K-γ-
kbkl_fu \ j_Zdpbb π-p→(ϕγ)i ihke_ \k_o
g_h[oh^bfuo hl[hjh\1 Klj_edZfb ihdZaZgu
lZ[ebqgu_ agZq_gby fZkk D/f1+45;8,0f_ahgZ
b ?+4753,0f_ahgZ1 Rljboh\Zy djb\Zy b
rdZeZ kijZ\Z ² Zdk_ilZgk mklZgh\db
+^Zggu_ %E_ilhg0N%/ kf1 >6<@,
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(d=2dq2)DW> k ihfhsvx f_lh^h\ d\Zglh\hc we_dljh^bgZfbdb1 Keh`gZy kljmdlmjZ qZklbp
f_gy_l wlhl ki_dlj/ \ dhlhjuc l_i_jv \ghkbl \deZ^ i_j_oh^guc nhjfnZdlhj=

KjZ\gb\Zy baf_j_gguc ki_dlj e_ilhgguo iZj \ jZkiZ^Zo +63, k jZkq_lZfb ih DW> ^ey
lhq_qguo qZklbp/ fh`gh wdki_jbf_glZevgh hij_^_eblv d\Z^jZl i_j_oh^gh]h nhjfnZdlhjZ

55
$% ,+TI \h \j_f_gbih^h[ghc h[eZklb i_j_^Zgguo bfimevkh\1 H[uqgh bkihevam_lky

ghjfbjh\Zgguc nhjfnZdlhj

+]^_ FAB(0)  4,/ hij_^_ey_fuc ijb ghjfbjh\d_ ki_dljZ e_ilhgguo iZj \ +63, gZ rbjbgm
khhl\_lkl\mxs_]h jZ^bZpbhggh]h jZkiZ^Z

Bkke_^h\Zgby i_j_oh^guo nhjfnZdlhjh\ \ jZkiZ^Zo η→µ+µ-γ, η′→µ+µ-γ b ω→π0µ+µ-

ijh\_^_gu \ wdki_jbf_glZo gZ mklZgh\d_ %E_ilhg0=% +kf1 h[ahj >47@ b ijb\_^_ggu_ lZf
kkuedb gZ hjb]bgZevgu_ jZ[hlu,1 < wlbo jZ[hlZo bklhqgbdZfb η-, ω- b η′0f_ahgh\ y\eyebkv
j_Zdpbb i_j_aZjy^db Q,>+S ωηηπ ′→−  ijb bfimevk_ 58 b 65 =w<1 Ihegh_ qbkeh η0f_ahgh\/
h[jZamxsboky \ j_Zdpbb i_j_aZjy^db/ khklZ\eyeh 5⋅107/ Z η′- b ω0f_ahgh\
~ 1071 Khhl\_lkl\mxsb_ j_amevlZlu ij_^klZ\e_gu \ lZ[e1 ,, b gZ jbk1 43 ² 4:1
< wdki_jbf_glZo gZ mklZgh\d_ %E_ilhg0=% \i_j\u_ [ueh ihdZaZgh/ qlh

Jbk1 <1 I_j_oh^gu_ nhjfnZdlhju f_ahgh\1 Z ² >bZ]jZffu jZkiZ^h\ :→Bl+l- b J→l+l-γ. [ ²
>bZ]jZffZ ^ey ijhp_kkZ h[jZah\Zgby ik_\^hkdZeyjgh]h f_ahgZ \ γγ-0\aZbfh^_ckl\byo k \bjlmZevguf
f_q_guf nhlhghf +l1_1 \ j_Zdpbb e+e-→e+e-γγ*→ e+e-P. \² Ij_^klZ\e_gb_ i_j_oh^gh]h nhjfnZdlhjZ \
fh^_eb \_dlhjghc ^hfbgZglghklb (VDM)
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gZdehg i_j_oh^guo nhjfnZdlhjh\ ijb q2→3 ohjhrh kh]eZkm_lky k ij_^kdZaZgbyfb fh^_eb
\_dlhjghc ^hfbgZglghklb +kf1 jbk1 47²4:,1 Wlb j_amevlZlu [ueb ih^l\_j`^_gu ^Zggufb/
ihemq_ggufb gZ \klj_qguo _+_- imqdZo ^ey ijhp_kkh\ k f_q_gufb \bjlmZevgufb nhlhgZfb \
h[eZklb ijhkljZgkl\_ggh0ih^h[guo bfimevkh\ +kf1 ^bZ]jZffm jbk1 <, >86@1

< hiulZo gZ mkdhjbl_e_ SATURNE +KZde_, gZqZlZ rbjhdZy ijh]jZffZ bkke_^h\Zgbc
j_^dbo e_ilhgguo jZkiZ^h\ η0f_ahgh\ gZ lZd gZau\Z_fhc "η-nZ[jbd_%1 < wlbo hiulZo \
dZq_kl\_ bklhqgbdZ f_q_guo η0f_ahgh\ bkihevam_lky j_Zdpby

ç+HGS 6 +→+ (34)

gZ `b^dh^_cl_jb_\hc fbr_gb \[ebab ihjh]Z/ ]^_ k_q_gb_ wlh]h ijhp_kkZ hdZaZehkv
^hklZlhqgh \_ebdh/ Z nhg fZe >87@1 >ey \u^_e_gby y^_j hl^Zqb 3G_ b b^_glbnbdZpbb η-
f_ahgZ k ihfhsvx ij_pbabhggh]h baf_j_gby g_^hklZxs_c fZkku \ j_Zdpbb j . d → 3G_ . O0

bkihevam_lky nhdmkbjmxsbc fZ]gblguc ki_dljhf_lj b baf_j_gb_ \j_f_gb ijhe_lZ1 Ijb
bkihevah\Zgbb imqdZ ijhlhgh\ k bgl_gkb\ghklvx 4312 j2k kdhjhklv kq_lZ η0f_ahgh\ ^he`gZ
khklZ\eylv 435 k-1/ beb a 4310 η2kmldb1

< gZklhys__ \j_fy \ hiulZo gZ %η0nZ[jbd_% ijh\h^blky bamq_gb_ jZkiZ^Z η→µ+µ-,
^ey b^_glbnbdZpbb dhlhjh]h bkihevamxlky ^\Z ijh[_`guo fxhgguo l_e_kdhiZ
b baf_j_gb_ g_^hklZxs_c fZkku η \ j_Zdpbb +67,1 :i_jlmjZ

Jbk1 431 Ki_dlj fZkk µ+µ-γ 0kbkl_fu \ j_Zdpbb
π- j→(µ+µ-γ)n ijb ?γ >1,5 =w<1 Ibd khhl\_lkl\m_l
jZkiZ^m η→µ+µ-γ. Klj_edZ ² lZ[ebqgh_ agZq_gb_
fZkku η0f_ahgZ1 LhgdZy ]bklh]jZffZ ² \k_
kh[ulby1 @bjgZy ]bklh]jZffZ ² kh[ulby k

5
µµP ? 3/57 =w<2/ bkihevah\Zggu_ ^ey

hij_^_e_gby i_j_oh^gh]h nhjfnZdlhjZ η0f_ahgZ1
N —qbkeh kh[ulbc gZ fZkkh\uc bgl_j\Ze 53Fw<

Jbk1 441 Ki_dlj fZkk µ+µ-γ 0kbkl_fu \
j_Zdpbb π -j→(µ+µ-γ)n \ h[eZklb \ur_ lη.
Klj_edhc mdZaZgh lZ[ebqgh_ agZq_gb_
fZkku η*0f_ahgZ1 N — qbkeh kh[ulbc gZ
fZkkh\uc bgl_j\Ze 73 Fw<
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^ey j_]bkljZpbb jZkiZ^Z η→µ+µ- khklZ\ey_l ε ≈ 6/;(/ b kdhjhklv kq_lZ ^ey wlh]h jZkiZ^Z
[m^_l khklZ\eylv a 463 kh[ulbc2kmldb1 < ^Zevg_cr_f ijh[_`gu_ ki_dljhf_lju ^ey
j_]bkljZpbb fxhgh\ [m^ml aZf_g_gu ^\mfy fZ]gblgufb ki_dljhf_ljZfb1 Wlh ^Zkl
\hafh`ghklv b^_glbnbpbjh\Zlv jZkiZ^u η→µ+µ-γ b η→π0µ+µ- f_lh^hf ^\hcghc
g_^hklZxs_c fZkku/ \u^_eyy ^ey ijhp_kkZ η→µ+µ-O0 kh[ulby k m+O0,  3 +nhlhgu, b
m(X0) ≈ 3πP 1 Ij_^iheZ]Z_lky ijh\_^_gb_ ij_pbabhgguo baf_j_gbc i_j_oh^gh]h
nhjfnZdlhjZ η0f_ahgZ \ jZkiZ^_ η→µ+µ-γ kh klZlbklbdhc/ ij_\urZxs_c gZ ^\Z ihjy^dZ
klZlbklbdm wdki_jbf_glh\ gZ mklZgh\d_ %E_ilhg0=%1 Qm\kl\bl_evghklv ihbkdh\ jZkiZ^Z
η→π0µ+µ- [m^_l khklZ\eylv ≤ 5-10-81 ;he__ ih^jh[gh ijh]jZffZ ^Zevg_crbo bkke_^h\Zgbc
j_^dbo jZkiZ^h\ η0f_ahgh\ gZ %η0nZ[jbd_% mkdhjbl_ey SATURNEh[km`^Z_lky \ >87@1

< lZ[e1 9 jZkkfhlj_gu i_jki_dlb\u bkke_^h\Zgby dhg\_jkbhgguo jZkiZ^h\ lbiZ
J→1+1-γ b 9→Jl+l- ^ey η-, η′-, ω-, ϕ-f_ahgh\ b g_dhlhjuo ^jm]bo j_^dbo we_dljhfZ]gblguo
jZkiZ^h\ \ hiulZo gZ Z^jhgguo imqdZo fZeuo wg_j]bc +kf1 ^Zggu_ lZ[e1 ,,/
Z lZd`_ \ hiulZo gZ ϕ0nZ[jbdZo >88@ b gZ η0nZ[jbd_

Jbk1 451 Ki_dlj fZkk µ+µ-π00kbkl_fu \ j_Zdpbb
π-j→(π0µ+µ-n) ^ey kh[ulbc k 5

µµP ? 3/7=w<2

+bkihevah\Zgguo aZl_f ^ey baf_j_gby
i_j_oh^gh]h nhjfnZdlhjZ,1 Ibd
khhl\_lkl\m_l jZkiZ^m ω→π0µ+µ-. Klj_edhc
ihdZaZgh lZ[ebqgh_ agZq_gb_ fZkku ω-f_ah0
gZ1 N— qbkeh kh[ulbc gZ fZkkh\uc bgl_j\Ze
40 Fw<1 <g_rgyy b \gmlj_gyy ]bklh]jZffZ
khhl\_lkl\mxl ihjh]Zf ih wg_j]bb γ0d\Zglh\/
jZ\guf =w<4,+ ihjh] =γ( b 4/7 =w<

khhl\_lkl\_ggh +k jhklhf ihjh],+ γ(
memqrZebkv nhgh\u_ mkeh\by hiulZ,

Jbk1 461 Ki_dlj fZkk µ+µ-0iZj \ j_Zdpbb
π-j→(µ+µ-)n. Klj_edhc mdZaZgh
lZ[ebqgh_ agZq_gb_ fZkku η0f_ahgZ1
Rljboh\Zy djb\Zy ² j_amevlZl
nblbjh\Zgby nhgZ1 N — qbkeh kh[ulbc
gZ fZkkh\uc bgl_j\Ze 53 Fw<1
AZrljboh\Zgguc ibd khhl\_lkl\m_l
η→µ+µ-  jZkiZ^m1
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KZde_1 Ohly fxhggu_ dhg\_jkbhggu_ jZkiZ^u h[eZ^Zxl jy^hf ij_bfms_kl\ ^ey bamq_gby
i_j_oh^guo nhjfnZdlhjh\ +kf1 h[km`^_gb_ wlh]h \hijhkZ \ >47@,/ \ hiulZo ijb fZeuo
wg_j]byo [hevrhc bgl_j_k fh]ml ij_^klZ\eylv lZd`_ khhl\_lkl\mxsb_ jZkiZ^u k
we_dljhgZfb +gZijbf_j/ γηπω −+−+ →→ __/__3 b l1^1,1 G_kfhljy gZ hkeh`g_gby/
k\yaZggu_ k g_h[oh^bfhklvx mq_lZ jZ^bZpbhgguo ihijZ\hd/ we_dljhggu_ dhg\_jkbhggu_
jZkiZ^u fh]ml bf_lv ij_bfms_kl\Z ih kjZ\g_gbx k fxhggufb dhg\_jkbhggufb jZkiZ^Zfb
ba0aZ ljm^ghkl_c k b^_glbnbdZpb_c fy]dbo fxhgh\1

DZd ihdZau\Zxl ^Zggu_/ ijb\_^_ggu_ \ lZ[e1 9/ \h \k_o jZkkfhlj_gguo wdki_jbf_glZo/
fh`_l [ulv ihemq_gZ [hevrZy klZlbklbdZ kh[ulbc we_dljhfZ]gblguo dhg\_jkbhgguo
jZkiZ^h\ g_h[oh^bfZy ^ey lsZl_evgh]h bamq_gby i_j_oh^guo nhjfnZdlhjh\ g_cljZevguo
f_ahgh\1 Wlb hiulu iha\heyl kms_kl\_ggh jZkrbjblv bkke_^h\Zgby we_dljhfZ]gblghc
kljmdlmju f_ahgh\/ ijh\h^b\rb_ky [he__ 43 e_l gZaZ^ gZ mklZgh\d_ %E_ilhg0=% \ BN<W1

Jbk1 471 Baf_j_gb_ we_dljhfZ]gblgh]h i_j_oh^gh]h
nhjfnZdlhjZ Fη(q

2) η-f_ahgZ \ jZkiZ^_ η→µ+µ-γ.
Lhqdb ² wdki_jbf_glZevgu_ agZq_gby ^ey

55 ,+T)η 1 KiehrgZy djb\Zy ² j_amevlZl

nblbjh\Zgby wdki_jbf_glZevguo ^Zgguo ihexkghc
aZ\bkbfhklvx 555 ,24+ −Λ− ηT. / ]^_ ηΛ  = 0,72 ±

0,09 =w</ Z dhwnnbpb_gl D mqblu\Z_l ih]j_rghklv \
Z[khexlghc ghjfbjh\d_ j_amevlZlh\ baf_j_gbc

5

η) 1 Rljboh\Zy djb\Zy ² ij_^kdZaZgb_/

hkgh\Zggh_ gZ fh^_eb \_dlhjghc ^hfbgZglghklb
(VDM)

Jbk1 481 Baf_j_gb_ we_dljhfZ]gblgh]h
i_j_oh^gh]h nhjfnZdlhjZ η'0f_ahgZ +\
jZkiZ^_ η→µ+µ-γ). Lhqdb= 1 —
wdi_jbf_glZevgu_ agZq_gby d\Z^jZlZ

nhjfnZdlhjZ 
55 ,+T)η′ , 2 ² lh `_/ gh k

fZdkbfZevghc ihijZ\dhc gZ 53(0guc nhg
ih^ ibdhf η→µ+µ-γ gZ jbk1 44 +\
ij_^iheh`_gbb/ qlh \_kv nhg e_`bl \
h[eZklb fZkk S0f_ahgZ,1 KiehrgZy djb\Zy ²
ij_^kdZaZgby fh^_eb \_dlhjghc
^hfbgZglghklb (VDM). Rljboh\Zy djb\Zy²
ij_^kdZaZgby/ hkgh\Zggu_ gZ g_ehdZevghc
d\Zjdh\hc fh^_eb >93@ (NQM)
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91 Ihbkdb gZjmr_gbc bahlhibq_kdhc bg\ZjbZglghklb
< hiulZo gZ mkdhjbl_e_ BLWN \hafh`gu lZd`_ bkke_^h\Zgby jy^Z y\e_gbc/ k\yaZgguo k

gZjmr_gb_f bahlhibq_kdhc bg\ZjbZglghklb1 Wlb gZjmr_gby \ i_j\mx hq_j_^v h[mkeh\e_gu
kbevgufb \aZbfh^_ckl\byfb b ijhy\eyxlky \ jZaebqbb lhdh\uo fZkk u0 b G0d\Zjdh\ +mu2ld

e_`bl \ ij_^_eZo 3/6 ² 3/9,1 G_dhlhjuc \deZ^ \ gZjmr_gb_ bahlhibq_kdhc bg\ZjbZglghklb
\ghkyl lZd`_ we_dljhfZ]gblgu_ ijhp_kku1 Ohly gZ d\Zjdh\hf mjh\g_ kl_i_gv gZjmr_gby
bahlhibq_kdhc bg\ZjbZglghklb hij_^_ey_lky khhlghr_gb_f (md — mu)/md ~ O+4,/ \ Z^jhgghc
nbabd_ wlb gZjmr_gby kbevgh mf_gvrZxlky b klZgh\ylky ihjy^dZ (md — mu)/m (a^_kv m —
dhgklblm_glgZy fZkkZ u0 beb G0d\ZjdZ,1 < g_dhlhjuo kemqZyo/ h^gZdh/ fh`gh h`b^Zlv
[hevrbo gZjmr_gbc bahlhibq_kdhc bg\ZjbZglghklb/ gZijbf_j/ ijb kf_rb\Zgbb [ebadbo ih
fZkk_ g_cljZevguo bah\_dlhjgh]h b bahkdZeyjgh]h khklhygbc f_ahggh]h ghg_lZ >89@1

< kZfhf ^_e_/ _keb bf__l f_klh bahlhibq_kdZy bg\ZjbZglghklv/ lh \ f_ahgghf

ghg_l_ _klv khklhygby
,+:3

3,
3
4, 5,2GGX+X0b5,2GGX+X0

∗

== +=−= .

JZ\guc \deZ^ XX - b GG 0iZj \ \hegh\u_ nmgdpbb 3
3=,0 b

Jbk1 491 I_j_oh^guc nhjfnZdlhj ^ey ωπ0-
\_jrbgu1 Lhqdb² wdki_jbf_glZevgu_ agZq_gby

553 ,+T)ωπ 1 Djb\Zy 1 —j_amevlZl nblbjh\Zgby

wdki_jbf_glZevguo ^Zgguo ihexkghc
aZ\bkbfhklvx 

555 ,@2+4> −Λ− ωT. .

Dhwnnbpb_gl D mqblu\Z_l g_hij_^_e_gghklv \
Z[khexlghc ghjfbjh\d_ wdki_jbf_glZevguo
\_ebqbg> ωΛ == 0,65 ± 0,03 =w<1 Djb\Zy 5 ²
ij_^kdZaZgb_ fh^_eb k fh^bnbpbjh\Zgguf p-
ijhiZ]Zlhjhf >94@1 Djb\Zy 3 \uqbke_gZ ih
fh^_eb \_dlhjghc ^hfbgZglghklb (VDM).
Djb\Zy 4 —ij_^kdZaZgb_ g_ehdZevghc d\Zjdh\hc
fh^_eb >93@

Jbk1 4:1 Kh\hdmighklv wdki_jbf_glZevguo
^Zgguo +ih ]h^Zf, ih gZdehgZf
we_dljhfZ]gblguo i_j_oh^guo
nhjfnZdlhjh\ g_cljZevguo f_ahgh\

,=w<+,G2G+ 5
3

5
5

−
≈T

T) 1 Lhqdb 4 ²

jZkiZ^ π0→_+_-γ, 5² jZkiZ^ η→_+_-γ, 3 —
jZkiZ^ η→µ+µ-γ, 4 — jZkiZ^ η′→µ+µ-γ, 5
— jZkiZ^ ω→π0µ+µ-. Kkuedb gZ
hjb]bgZevgu_ jZ[hlu kf1 \ h[ahj_ >47@1
Rljboh\Zy ebgby ² ij_^kdZaZgb_ fh^_eb
\_dlhjghc ^hfbgZglghklb ^ey gZdehgZ
nhjfnZdlhjZ η0f_ahgZ 3

5
5,G2G+
≈T

T)  =

4/; =w<-2 +9'00ij_^kdZaZgby ^ey
hklZevguo gZdehgh\ [ebadb> kf1 lZ[e1 ,,,
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3
4=,0 ijb\h^yl d lhfm/ qlh fZljbqgu_ we_f_glu jZkiZ^h\ F→K+K- b F→D0D0+F 3

3/4=,0 )

hdZau\Zxlky h^bgZdh\ufb +^ey rbjbg =+F→K+K-) b =+F→D0D0, gZ^h mq_klv g_[hevrh_
jZaebqb_ \ khhl\_lkl\mxsbo nZah\uo h[t_fZo,1 Ijb gZjmr_gbb bahlhibq_kdhc
bg\ZjbZglghklb ijhbkoh^bl kf_rb\Zgb_ 3

3=,0  b 3
4=,0 1 Ijb wlhf \hagbdZxl ^\Z nbabq_kdbo

khklhygby F0
G b F0

L +[he__ ly`_eh_ b [he__ e_]dh_ ih fZkk_, k d\Zjdh\uf khklZ\hf FH,

52,GGXX+0/ ED += . >ey khklhygby FL bf__l f_klh m\_ebq_gb_ ^heb [he__ e_]dbo XX -

d\Zjdh\/ Z ^ey khklhygby FH ² ij_h[eZ^Zgb_ ^heb GG -d\Zj0dh\/ l1_1 ^ey FL Z ! 4 b b ? 4/ Z
^ey FH Z ? 4/ b > 41 Ihwlhfm ^ey .. 0jZkiZ^h\ wlbo f_ahgh\ bf_xl f_klh khhlghr_gby

< qZklghklb/ dZd ihdZaZgh \ >89@/ ^ey l_gahjgh]h f_ahggh]h ghg_lZ bf__l f_klh
agZqbl_evgh_ gZjmr_gb_ bahlhibq_kdhc bg\ZjbZglghklb \ dZhgguo jZkiZ^Zo f2

0(1270)- b
a2

0+4653,0f_ahgh\

?keb [u bahlhibq_kdbc kibg khojZgyeky/ lh qbke_ggu_ fgh`bl_eb \ ijZ\hc qZklb
khhlghr_gbc +69,/ +6:, khklZ\beb [u 4/38 b 4/39/ qlh h[mkeh\e_gh dbg_fZlbq_kdbfb
nZdlhjZfb += a ps/ ]^_ j ² bfimevk jZkiZ^guo qZklbp,1 LZdbf h[jZahf/ ij_^kdZau\Zxlky
agZqbl_evgu_ gZjmr_gby bahlhibq_kdhc bg\ZjbZglghklb \ jZkiZ^Zo a2

0 b f2
00f_ahgh\ +a53-

58(, >89@1 Wlh g_ ijhlb\hj_qbl wdki_jbf_glZevguf ^Zgguf/ kh]eZkgh dhlhjuf

wdki
333

5wdki*
3
5 ,..3/68,=+I+4/9;,..=+I →±=→ −+ +hp_gdZ >89@ ba ^Zgguo >8:@,1 H^gZdh

ke_^m_l bf_lv \ \b^m/ qlh baf_j_gby ^ey f2
0→K+K- b 333

5 ..I → ijh\h^bebkv \ jZaguo
hiulZo b fh]ml kh^_j`Zlv ^hihegbl_evgu_ kbkl_fZlbq_kdb_ hrb[db1 Ihwlhfm hq_gv \Z`gh
\uihegblv lZdb_ baf_j_gby gZ h^ghc mklZgh\d_/ h[jZlb\ hkh[h_ \gbfZgb_ gZ
kbkl_fZlbq_kdb_ ih]j_rghklb1 LZd dZd jZkiZ^u F→K+K- b F→KS

0KS
0, K0

S→π+π- bf_xl
jZagmx lhiheh]bx ^ey mf_gvr_gby kbkl_fZlbdb/ [ueh [u p_e_khh[jZagh ijh\_klb
h^gh\j_f_ggh baf_j_gby k f2

0(1270)-b Z2
0+4653,0f_ahgZfb/ ^ey dhlhjuo wnn_dlu gZjmr_gby

bahlhibq_kdhc bg\ZjbZglghklb bf_xl jZagu_ agZdb1 Lh]^Z g_khojZg_gb_ bahkibgZ ijhy\blky
\ hlebqbb hlghr_gby

hl _^bgbpu +ba +69, b +6:, h`b^Z_fh_ agZq_gb_ R = 1,5(8*)

;ebahklv fZkk 3
5

3
5 DbI −− f_ahgh\ b fZeu_ agZq_gby \_jhylghkl_c jZkiZ^Z
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f2
0 b D2

0 ih D0f_ahgguf dZgZeZf hkeh`gyxl wlb baf_j_gby1 >ey jZa^_e_gby \deZ^h\ f2
0 b D2

0

fh`gh ^hihegbl_evgh bkihevah\Zlv jZagu_ f_oZgbafu h[jZah\Zgby f_ahgh\ \ j_Zdpbyo/

>ey ijhp_kkZ +6;, ^hfbgbjm_l h^ghibhgguc h[f_g/ ijb\h^ysbc d hq_gv madhfm W0
jZkij_^_e_gbx kh[ulbc1 >ey j_Zdpbb +6<, HJ?0f_oZgbaf aZij_s_g/ b W0jZkij_^_e_gb_ bf__l
[he__ rbjhdbc oZjZdl_j1 Ihwlhfm/ \\h^y hl[hj kh[ulbc k t′ < 0,05 (=w<2k)2/ fh`gh kbevgh
ih^Z\blv \deZ^ ijhp_kkZ +6<, ih hlghr_gbx d +6;,1 K ^jm]hc klhjhgu hl[hj kh[ulbc k t′ >
0,25 — 0,40 (=w<2k)2 kbevgh ih^Z\ey_l \deZ^ HJ?0ijhp_kkZ +6;, b h[h]ZsZ_l klZlbklbdm
\deZ^hf +6<,1 Hq_gv [hevrZy klZlbklbdZ kh[ulbc k f2

0 b D2
0 0f_ahgZfb/ dhlhjZy fh`_l [ulv

ihemq_gZ ijb bkke_^h\Zgbb +6;, b +6<, +kf1 lZ[e1 ,, ^_eZ_l lZdb_ baf_j_gby \iheg_
\hafh`gufb +ijb bfimevk_ 8 =w<2k fh`gh aZj_]bkljbjh\Zlv ~ 106 jZkiZ^h\ f2

0 → .. beb
a2

0→ .. aZ a 433 qZkh\ baf_j_gbc, (9* ).
Fh`gh ijh\h^blv ijh\_jdm khhlghr_gby +6:, b \ mkeh\byo/ dh]^Z bf__l f_klh

h[jZah\Zgb_ lhevdh qZklbp k I 3 +gZijbf_j/ \ j_Zdpbb dd→4He+f2
0). H^gZdh lZdb_ hiulu

ij_^klZ\eyxlky ]hjZa^h [he__ keh`gufb1
<uau\Zxl bgl_j_k lZd`_ bkke_^h\Zgby bahlhibq_kdb0aZij_s_gguo jZkiZ^h\ η′→3π.

JZkiZ^ η′→3π0 [ue h[gZjm`_g jZg__ \ hiulZo gZ mklZgh\d_ =:FK05333 >8;@1 ?]h \_jhylghklv
BR(η′→3π0) = (1,6 ± 0,4)⋅10-31 JZkiZ^ η′→π+π-π0 ^h kbo ihj g_ gZ[ex^Zeky ba0aZ [hevrh]h
nhgZ jπ kh[ulbc \ h[eZklb fZkk η*0f_ahgZ1 MklZgh\e_g lhevdh \_jogbc ij_^_e BR(η′→π+π-π0)
< 5⋅10-2 [1].

Ijb \u^_e_gbb j_Zdpbb Q,<6;+j ηπ ′→− \[ebab ihjh]Z \ hiulZo k ij_pbabhgguf
g_cljhgguf ki_dljhf_ljhf ih \j_f_gb ijhe_lZ/ iha\heyxsbf aZj_]bkljbjh\Zlv η' 0f_ahg
f_lh^hf g_^hklZxsbo fZkk/ fh`gh ihemqblv hq_gv \ukhdh_ jZaj_r_gb_ ih fZkk_
(σ ~ = 0,05 Fw<> kf1 >8<@,1 LZdh_ jZaj_r_gb_ iha\hebl kbevgh mf_gvrblv g_j_ahgZgkguc nhg
hl jπ beb 3π/ baf_jblv h^gh\j_f_ggh BR(η′→π+π-π0) b BR(η′→3π0, b gZclb hlghr_gb_ wlbo
jZkiZ^guo \_jhylghkl_c/ qlh ij_^klZ\ey_l agZqbl_evguc bgl_j_k ^ey bamq_gby f_oZgbafh\
gZjmr_gby bahlhibq_kdhc bg\ZjbZglghklb b hij_^_e_gby hlghr_gby lhdh\uo fZkk u0 b G0
d\Zjdh\1

:1 AZdexq_gb_

< l_q_gb_ [eb`Zcrbo 8 ² 43 e_l ij_pbabhggu_ bkke_^h\Zgby \ h[eZklb Z^jhgghc
ki_dljhkdhibb [m^ml rbjhdh jZa\b\Zlvky \ jZaebqguo eZ[hjZlhjbyo1 Nbabdb BLWN b HBYB
fh]ml \g_klb \Z`guc \deZ^ \ wlm h[eZklv/ _keb kha^Z^ml ohjhrb_ mklZgh\db ^ey lZdbo
hiulh\ b k^_eZxl wlh dZd fh`gh kdhj_c1

IJBF?Q:GBY
(1) A^_kv b \ ^Zevg_cr_f bkihevamxlky ke_^mxsb_ h[hagZq_gby= q ² e_]db_ u-, d-, V0d\Zjdb +beb

X0/ G0d\Zjdb/ _keb V0d\Zjdb mdZau\Zxlky ki_pbZevgh,/ g — ]exhgu1
(2) A^_kv bkihevamxlky h[uqgu_ ki_dljhkdhibq_kdb_ h[hagZq_gby ^ey qT0kbkl_fu= (n(2S+l)LJ);

khklhygby k L  3 h[hagZqZxlky dZd S,k L   4² dZd J/ k L  5² dZd '/ b l1^1
(3) >ey JJ0]ex[heh\ kj_^b i_j_qbke_gguo \ur_ wdahlbq_kdbo gZ[hjh\ fh`_l j_Zebah0
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\Zlvky lhevdh JPC=1- +; ^ey JJJ0]ex[heh\ \k_ wlb khklhygby \hafh`gu1
(4) A^_kv mdZaZgu ij_^_eu ^ey j_ahgZgkguo k_q_gbc gZ mjh\g_ 3σ hl g_j_ahgZgkgh]h nhgZ/

hij_^_ey_fh]h ba ^Zgguo jbk1 51
(5) Wlh ijb[eb`_gb_ kijZ\_^eb\h ^ey BR(C→ωπ0) < BR(C→ϕπ0,/ dZd wlh b h`b^Z_lky ^ey 70d\Zjdh\h]h

wdahlbq_kdh]h f_ahgZ1 Wdki_jbf_glZevgu_ ^Zggu_ ijb\_eb d f_g__ kbevghfm h]jZgbq_gbx BR(C→ωπ0) <
2BR(C→ϕπ0, >56@1 Ihwlhfm ^ey ihegh]h ZgZebaZ gm`gh/ \hh[s_ ]h\hjy/ ijh\_klb h^gh\j_f_ggh_ bamq_gb_
ijhp_kkh\

(6) >ey g_cljZevguo f_ahgh\ : b < h^ghnhlhggu_ i_j_oh^u +63, \hafh`gu/ _keb aZjy^h\u_ q_lghklb :
b < bf_xl ijhlb\hiheh`guc agZd1

(7) >ey ijhklhlu fu ij_^iheZ]Z_f/ qlh bf__l f_klh b^_Zevgh_ kf_rb\Zgb_1 H^gZdh/ wlh ij_^iheh`_gb_

g_ y\ey_lky kms_kl\_gguf= ijbf_kv VV -d\Zjdh\ \ 3
30 =, ijZdlbq_kdb g_ f_gy_l ihemq_ggu_ gb`_

j_amevlZlu1
(8) <hafh`gh lZd`_ hldZeb[jh\Zlv mklZgh\dm ^ey wlbo lhiheh]bc ih jZkiZ^Zf f2′ (1525)→K+K-, 

33.. ,
\hkihevah\Z\rbkv j_Zdpb_c D-p→f2′(1525)2Λ(f2′(1525)≈ss jZkiZ^Z_lky k h^bgZdh\hc \_jhylghklvx ih
dZgZeZf D+D-a b D�D0).

(9) :gZeba wdki_jbf_glZevguo ^Zgguo >8:@ ihdZau\Z_l/ qlh jZa^_e_gb_ \deZ^h\ f2
0 b D2

0 0f_ahgh\ \
hiulZo \ jZaguo h[eZklyo t fh`_l [ulv hkms_kl\e_gh ih djZcg_c f_j_ ijb bamq_gbb jZkiZ^h\ f2

0(1270)-
f_ahgh\ +baf_j_gby \ h[eZklb fZeuo W,1 >ey a2

0+4653,0f_ahgh\ kblmZpby y\ey_lky g_ klhev hij_^_e_gghc ba0
aZ \hafh`gh]h \deZ^Z wnn_dlh\ i_j_jZkk_ygby ^ey +6;, \ h[eZklb [hevrbo W1 Ijb \u^_e_gbb \deZ^Z f2

0+beb
a2

0,/ dhg_qgh/ ^he`_g bkihevah\Zlvky nZah\uc ZgZeba ^Zgguo +kf1/ gZijbf_j/ >8:@,1
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