ψ(2S) ! γη^′ùγη kóp#,Ç–ÏÄ^∗

BES “*ø

!� ĳ~óðőtŃéååÞðőÌ$fø{3.79 × 10^6ψ(2S)/¿ÏÄ êψ(2S) kóp#Ŕ%Þ-^)ÞâÕ{,Ç^D’-zψ(2S) → γη^′p#I |ˇŔ(1.59 ± 0.32 ± 0.21) × 10^{−4} ?¡ñψ(2S) → γη{c{I|ˇÞ! Ŕ0.9 × 10^{−4}(90%ŸfÝ)^–ıψ(2S) → γη^′#éŢJ/ψ#ap#I|ˇ {ˇŁÒÿŻ, Ł’êĞvQCDőX¡Ï{”15%–¸”^ę„BIœM1Œ ûÜnïőŁ#ˇ, ψ(2S) → γη^′ p#I|ˇ-ÞŁřñÇjÞß1Þ^

�E# ψ(2S) kóp# I|ˇ ÿŻ

1 ZÓ

ňG.Sč(1˝;ÁňSč), *Ŕt’ňG.øÄ{eŘÕ, 4ÏÄ„#Ř* ~!;\{ø:Č, b4|ćéÙp#u§{Ă#ŰŸĚÎ4iXSSI{^ ŢL!Ď~{ĞvÞ�žÄÅęőX(PQCD)[1], J/ψÝψ(2S)p#tőÇa

�(ggg)1ù4�é{IPÝþtˇŢ^ŽE<j{š0Ł^"¡a�{„�Ž

,Çóψ(2S)–ÞßęóJ/ψ–Þß#3, ¸ψ(2S)#éŢJ/ψ„�p#GČ ˇaw¯ B(ψ(2S) → h) B(J/ψ → h) = B(ψ(2S) → ggg) B(J/ψ → ggg) = B(ψ(2S) → e^+e�) B(J/ψ → e^+e�) = (14.6 ± 2.2)% (1)

∗)ff�l)ęäŮýÏ; ě))ęÓŋLäúÏÄ1ø

ÁŔ”15%–¸”; *ěhŔ:ň„�âÕ, ψ(2S)ęJ/ψ{e^+e^− p#I| ˇf~ê1996 #Â�jâ,[2]Éñ{jŁ^1^MARK II \*øD¸-Þ ?ˇvêψ(2S)ęJ/ψ{ěŽ„�p#G[3], –ıóL\Ip#âÕw¯1 Þ–¸{<Y˝?óÜÇ¿i, ýψ(2S)p#ě%Þ-^)ÞŘ�(VP) â ÕρπZK^{⋆¯}K + c.c.#éŢJ/ψ{éap#wÒÿŻ^YÇ’đı6ľȷÞ /đÁŔρπ&˙^!čBES\*ø˙Ľtψ(2S)p#t%Þ-<ÞŘ�(VT)â Õωf2, ρa2ZK^{⋆0¯}K^{⋆0}_2 + c.c. #éŢJ/ψ {éap#w›,ıñąŚ{’đ ÿŻqŔ[4][5], Y–ıŔňSč{őXę"èÏÄ˙ñêc{1¸^ Êâ!Ď~PQCDőX[1], J/ψÝψ(2S) p#t”�ZÜa�(γgg){I PÝ›atˇŢ^ŽE<j{š0Ł, O$ψ(2S) #éŢJ/ψ{kóp#GČ ˇahZ„p#{<Yøw¯15%ˇø^ó˙Ľtψ(2S)„p#ě’đ,ı {<Y˝, §Z‚0Ńˇψ(2S)kóp#{ÏÄ, D¸fflĽVPZVTâÕ{< Y(”�*%ÞÂ�), Ã&4Ń?B{^

!čCLEO"èçsêóBŘ�p#B → η^′Xs(XsŔÝ9ÇÛIG.

{„�ø:)ěη^′\ÞŮ¯I|ˇIđL{˙ĽĹ*^{[6]}^óø~˙ñ{Ľ:0 Źě, øêäŢcÔő{fflDi, ›ŃvŔđ–{Ľ:0Ź, ¿Ÿ: η^′ Ř�/ ,QCDű%’đęa�„ŋ\sŮη^′ûŃňÄI{ñı, η^′ęηcČ-{Œ\ů &B → η^′Xsz1š,/đdCyš{b → c p#§q[7]^Yńη^′ − ηc(2S) Œ\¸.úOF*ŔOZIćŃ{ňSčkóp#Ÿψ(2S) → γηùγη^′,Ç{ ÌˇåŻ, Ď$¡Óψ(2S) → γη^′{p#I|ČˇŔ(1.9 ± 0.8) × 10^{−4}[8] ^ę$#’, ~uĽ:ρπ&˙{„BIœM1ŒûÜn[9], äŢ\Â�äÕęż 5í–ÕČ-X–¯Œ\{"œ, ¸ÉñêBÇjÞß{p#I|ˇ¡ÏŁ^ ,"èÞ-ÞYÇp#I|ˇ{h#jŁRŃÏŢéψ(2S)p#{Èń,–å Ż*ñg/^

Þ�jŔJ^{P C} = 1^{−−}{-?ňSčψ(nS){γη^′ùγηp#GČˇR, ó> ø#8-O�Ă, U* R = B(ψ(nS) → γη^′) B(ψ(nS) → γη) ( p_η p_η′ )^3, (2)

¡Ïa#hŢ^)ÞňŋÕù\ÕŘ�η − η^′Œ\nθp[10], ÍÊ(Ŕaę 3ffi›ùη − η^′Œ\ZSU(3)żðHa{a�ÝjÃ#ˇ[11], ‚ęż5Þ� jnÃˇ( *ěpη(pη′ ),+ψ(nS) ůŐøěη(η^′){ÄÞ)^ĳ~J/ψI|ˇ- Þjâ[2]¡zη − η^′{Œ\nŔ|θp| = 22^∘ ± 1^∘ ± 4^∘(Ś1ØŃŔ"è ØŃ, Ś«1ŔőXØŃ)^YÇĹ*ę/,ÙÇ,Ç-¡{jŁ[12]4Ů {^ψ(2S) → γη^′ùγηp#I|ˇ-ÞĹ*˙Øêé*(2){ˇø§qŮu

1ůćÆff[4]f~ê1992#Â�jâ,{jŁ, ztˇŁŔ(14 ± 2)%, ”Á*“14%˘¸”�

5è{Eż^

ęJ/ψ<YoÄ‚ÒéL{4, ψ(2S)kóp#Ŕ:ňŘ�{"èjâ ŰŸďibı; BĲÂ�jâ,{İŃèjp#w{I|ˇÞ!-ÞĹ *, ÙěVPwψ(2S) → γη′ I|ˇÞ!{jâ4`Ţ70#S--z{, ‚ψ(2S) → γη¸Ź”DŃt*jâ–,^ýľçsðőÌ$ˇŢψ(2S)k óp#{˙-Ĺ*: D’h¡êψ(2S) → γη′ p#w{I|ˇ, ďÉñ êψ(2S) → γηp#wc{I|ˇÞ!, ?ÒYJĹ*{Ôő9B§qêß X^ 2 /¿ă�ęIÛ

IÛäŢðőÌ$[13]1993#Ű1995#Ï-óðőtŃđ�éååÞÜR {ψ(2S) jâøý, \›(3.79±0.01±0.31)×10^6 ψ(2S)/¿j^ψ(2S) → γη′ -Þ4/,ψ(2S) → γη′ , η′ → γρ^0, ρ^0 → π^+π^−Zψ(2S) → γη′ , η′ → π^+π^−η, η → γγÜÇp#Ó§q{, I/éaŢπ^+π^−γγZπ^+π^−γγγâ

Õ; ψ(2S) → γη-Þ4/,ψ(2S) → γη, η → π^+π^−π^0,π^0 → γγp#Ó §q{, éaŢπ^+π^−γγγâÕ^

óIÛěflăÝ9é¿đVŔ^{PQđżì1ùŰè2ÇÝ3Çěużì {/¿^ˇFQđżìiPŔff\ŢÆŽóéåŽŐč{Zđ", ÙnÄÞL Ţ80MeV/c^ˇF*Ŕ”�-ăV{ěużìó7\1ó›jìěŰèóÜĂ «Ńő’âě?äŃLŢ60MeV {ĳè–Þ^3ffiˇFQđżìù-ă”�{ żìó"è?øě{ônθ!Ŕ|cosθ| < 0.8^ďĳ~7\1ó›jìěř–1 ó{–Þfå1ùμ›jìě{âěfåI/yĂ?Vøđ�Zμ�/¿^ 1˝I/§ZŚcψ(2S) → γη^′ùψ(2S) → γη{IÛ<Y^ 2.1 ψ(2S) → γη′ óf~η′ → γρÜ*§qIÛffiÇˇFéđu#’{żìÇÙ<nBŢ130^∘ , 1ùŰè2Ç-ă”�, Çćň‚!č{Qđżì10^∘1Þ^éŢÄÝ9{ÜQ đżì{¿–ÞBŢ2.1GeV {/¿ÇŢLψ(2S) → π^+π^−γγ{"œ*Ŕ ÄÞÕe{äÄęff\Ç?ˇFff\{χ^2 ŁBŢ15^ăRMπ+ π− óρ{§ÞÞ ˝0.15GeV )Ň1«1ùÜ”�Č-<nLŢ110^∘ {/¿*π^+π^−γX#§Þ ÌÇŸC1Ä+^ó#hŢη′(958) §ÞßDt$X^CěM"øf~û¡§Þ

Figure 1: ψ(2S) → π^+π�γγâÕě{π^+π�γX#§ÞÌ. CěM”ŔýŐ+η0ff\Ĺ*.

ŔM = 0.958GeV {řĎIYfiÞő’õ1*ýŐ<jff\{Ĺ*^X {PÝęĎMonte CarloÜffÉñη′{§ÞI%#hÇ+êη′{$á hÕ(Γ ∼ 0.2MeV )u§^XÞ/¿jŔ28.1 ± 7.2Ç^fflDtßÉp #ψ(2S) →ěuÂ�+J/ψÇJ/ψ → γη′Ýπ^0ρ^0,–óη′§Þß˝Ä" XÇf~Monte CarloÜffï›êĎ$Ů¯{ýŐ›jŔ1.4 ± 0.5Ç^ Ŕêh¡æ-HGÇŢLψ(2S) → γη′ p#Å1 + cos^2θnIY1ùη′ → γρp#ęZđÝEpρ → π^+π^−p#Åþá#8-IYŮ¯/¿ÇéÙóæ- ìě{,ı§qMonte CarloÜff^Ď$zñHGϵγρ = 0.17 ± 0.02Ç$ß ØŃÝiMonte Carlo/¿øý{:›uZÜffÇŞ{Xh¡u^Ţ4ÇÊ âη′XÞÀ/¿jÇψ(2S)/¿¿jùæ-HG›őztψ(2S) → γη′ p# I|ˇŔ

B(ψ(2S) → γη′) = (1.36 ± 0.37 ± 0.20) × 10^{−4} (3)

›őffif~êÂ�jâ,[2]Éñ{η′ → γρ^0p#I|ˇŁ^*ěØŃfl ’Ŕ:›ØŃùø:ØŃÇĂVÌˇu�ψ(2S)/¿j, æ-HG1ùη^′ →

γρ^0p#I|ˇ{Xh¡u^

óf~η′ → π^+π^−ηÜ*§qIÛffiÇˇFéäŃ#’đV{Qđż ìÇÙ<nBŢ70^∘Ç1ùŰè3Ç-ă”�ÇÇćň‚!č{QđżìL Ţ5^∘^éŢÄÝ9{ÜQđżì{¿–ÞBŢ1.2GeV {/¿ÇŢLψ(2S) →

π^+π^−γγγ{"œ*ŔÄÞÕe{äÄęff\Ç?ˇFχ^2 < 12^RM_{γγ} óM_{η′}±

0.03GeV )Ň«{”�éyĂŔ-ăηŘ�^ăRM_π+_π− < 0.42GeV {/¿

*π^+π^−ηX#§ÞIYÇŸC2Ä+^ó#aŢη′(958) §Þß,

Figure 2: ψ(2S) → π^+π�γγγâÕě{π^+π�ηX#§ÞÌ. CěM”ŔýŐ+η0ff\Ĺ*.

~§Þû¡ŔM = 0.958GeV {řĎIYfiÞõ1*ýŐ<jff\zt ÇBXÇ#a/¿jŔ16.8 ± 4.9Ç(ff\ffi!¡M = 2Mπ + MηkŁ1˝ /¿jŔ0)^˛,ψ(2S) → J/ψ{ßÉp#f~Monte CarloÜffïő ýŐ/¿Ŕ0.35 ± 0.03Ç^Monte CarloÜffďh¡æ-HGŔϵπ+π−η = 0.13 ± 0.02Çf~Â�jâ,[2]Éñ{η′ → π^+π^−η, η → γγßÉp#Æè

I|ˇŁÇztψ(2S) → γη′ p#I|ˇŔ

B(ψ(2S) → γη′) = (2.00 ± 0.59 ± 0.29) × 10^{−4} (4)

ˇv(3)*ę(4)*,1DtÇÜńη′p#Ü*-z{ψ(2S) → γη′ p#I| ˇŁóØŃ)Ň«4Ů{^\?ÜÇĹ*Éñ

B(ψ(2S) → γη′) = (1.54 ± 0.31 ± 0.20) × 10^{−4} (5)

*ěØŃfl’Ŕ:›ØŃùø:ØŃ^ 2.2 ψ(2S) → γη IÛf~êη → π^+π^−π^0p#Ü*ÇO‚ęÞcη′ → π^+π^−ηÇη → γγä Ń#3âÕψ(2S) → π^+π^−γγγ^Ŕ$ÇˇFéđu#’{żìÇÙ¿– ÞBŢ1.7GeV Ç1ùŰè3Ç-ă”�ÇÇćę!č{QđżìČ-{ınL Ţ5^∘^Äă/¿ŢLψ(2S) → π^+π^−γγγ{"œ*ŔÄÞÕe{äÄęff

Figure 3: ψ(2S) → π^+π�γγγâÕě{π^+π�π^0X#§ÞÌ. CěM”ŔýŐ+ηff\Ĺ*.

\Ç?ˇFχ^2 < 12^RMγγ w¯Mπ0 ±0.025GeV {”�éyĂŔ-ăπ^0”

�^ăRMπ+π− < 0.42GeV {/¿*π^+π^−π^0X#§ÞIYÇztC3. ,

C,1tó#aŢη(547)ùω(780){§ÞßŃÍuXL{›„^~M =

0.547GeV {řĎIYfiÞõ1*ýŐ<j(›ùM = 2M_π± + M_π0 ßk?\

øω^0§ÞK)ff\zt#aŢη{/¿jŔ4.1 ± 2.4Ç^Monte CarloÜffh ¡æ-HGŔ0.09 ± 0.01^ŸÞÄz{ψ(2S) → γηfRäŃLÕ2σ{Í u^ó90%ŸfyšÞÇ4.1Ç/¿#aŔBŢ7.2Ç/¿ÇO‚Éñψ(2S) → γηp#I|ˇÞ!Ŕ

B(ψ(2S) → γη) < 0.9 × 10^{−4}, (90% C.L.) (6)

Ÿ*RY4.1Ç/¿ÄηŘ�{]"fRÇ›ùη → π^+π^−π^0{p#I| ˇ[2] Ç¸ztψ(2S) → γηp#I|ˇŔ

B(ψ(2S) → γη) = (0.53 ± 0.31 ± 0.08) × 10^{−4} (7)

*ěØŃfl’Ŕ:›ØŃùø:ØŃ^

3 Ĺ*ßX

, 1ïñêýľ-Þzt{ψ(2S) → γη^′ùγη p#I|ˇĹ*^,ě3ffiï ÞÂ�jâ,[2]Éñ{J/ψéap#I|ˇjâ1ùψ(2S)ęJ/ψ#ap#I

Table 1: ψ(2S) → γη0ùγηp#I|�¨ÞĹ*ęJ/ψ#ajâ{�v

p#w B(ψ(2S)), ×10^{�4} B(J/ψ), ×10^{�3} B(ψ(2S))/B(J/ψ), %

γη0 1.54 ± 0.31 ± 0.20 4.31 ± 0.30 3.6 ± 0.9

γη < 0.9 (90%CL) 0.86 ± 0.08 < 10

|ˇ{ˇŁ^

Ď,,D, ýÓ*h¡Ŕ˙Ľtêψ(2S)kóp#wγη^′, D’ÉñêI |ˇŁ; ˛Çkóp#wγη¸3ñÍuXL{ì6, ýľŢLâE{ß őÉñê90%ŸfÝ˝{I|ˇÞ!Ł^ψ(2S) → γη^′I|ˇŁęÂ�j â,[2]§Ïf~{I|ˇÞ!1.1 × 10^{−3}(90%CL)#ˇ, \ĎêRčÇ jÞß^Õ?tψ(2S)kóp#ě{VPÜ*γη^′ęψ(2S)„p#ě{VPÜ* ŸρπZK^∗K + c.c.-3ø,ıñêÿŻqŔ, bÿŻÇÝÒX3^

ψ(2S) → γη^′p#I|ˇ{-ÞĹ*ďé.ŃÜńőX›ő0Ź*ñ5

è^ŸýľZÓě˙t{, Ľ:ρπ&˙{„BIœM1ŒûÜnäŢ\Â�ä Õęż5í–ÕČ-X–¯Œ\{"œ, Rψ(2S) → γη^′,ÇęIœM1Œ ûψ(2S) → γηcÉøåu, ¡ÓB(ψ(2S) → γη^′)/B(J/ψ → γη^′) = 0.002, $ŁBŢýľ-ÞĹ*HÇjÞß1Þ^ę$#éL, ľȷ[8]{›ő

fflDêη^′ − ηc(2S) Œ\{ŋˇàȷ, ztęýľ-ÞjŁŃøvPŮ{Ĺ *(kZÓ\I)^

ŰŢψ(2S) → γη, ýÓ*éÙp#I|ˇ{-Þ˘ÏÝuSSŹHt

¯1g/YÇp#w{,ı4d’đ{ÇÝ, ŃˇføÍLjâøý–Ź

‚0ÏÄ^b4, J/ψ → γη#éŢJ/ψ → γη^′ p#{ÿŻ,ı[14]u óψ(2S){<Y˝43ø?ó{^ĳ~ýľÉñ{ψ(2S) → γη^′1ùγη{I |ˇjâïőŒ\n| θp |= 28^{∘+7∘}_{−10}∘ , óØŃ)Ň«ęJ/ψ#aI|ˇjâ- ÞŒ\nÄz{Ĺ*4Ů{^

ą\ðőtŃđ�éåå1ùř–ÔőÏÄÄ›őěeÓ*|Ê{|ÑęÐ Ï^ą\K”HsG{ßXZ[˛Æ¸¯éÓ*{ˇe^

References

[1] Appelquist T., Politzer H.D. Phys. Rev. Lett., 1975, 34:43;

Appelquist T., et al. Phys. Rev. Lett., 1975, 34:363;

Chanowitz M. Phys. Rev., 1975, D12:918;

Brodsky S.J. et al. Phys. Lett., 1978, 73B:203; Koller K., Walsh T. Nucl. Phys., 1978, B140:449.

[2] Particle Data Group. Phys. Rev., 1996, D54:1.

[3] Franklin M.E.B. et al. Phys. Rev. Lett., 1983, 51:11.

[4] Bai J. Z. et al. (BES Collaboration). High Energy Physics and Nuclear Physics (in Chinese), 1995, 19(1):93.

(ÿţČ-(BES\*ø), ř–ÔőęXÔő, 1995, 19(1):93)

[5] Bai J. Z. et al. (BES Collaboration). High Energy Physics and Nuclear Physics (in Chinese), 1997, 21(1):89.

(ÿţČ-(BES\*ø), ř–ÔőęXÔő, 1997, 21(1):89)

[6] Kim P. (CLEO Collaboration). Talk at FCNC 97, Feb. 1997, Santa Monica, Colifornia.

[7] Yuan F., Chao K-T. Phys. Rev., 1997, D56:2495;

Halpern I., Zhitnitsky A. Phys. Rev. 1997, D56:7247; Phys. Rev. Lett., 1998, 80:438;

Shuryak E., Zhitnitsky A. Phys. Rev., 1997, D57:2001.

[8] Chao K-T. Nucl. Phys. 1989, B317:597; Nucl. Phys. 1990, B335:101.

[9] Pinsky S.S. Phys. Lett., 1990, B236:479.

[10] Cahn R.N., Chanowitz M.S. Phys. Lett., 1975, B59:277;

Walsh T.F. Lett. Nuovo Cimento, 1975, 14:290; Fritzsch H., Jachson J.D. Phys. Lett., 1997, B66:365.

[11] Chao K-T. Phys. Rev. 1989, D39:1353.

[12] Gilman F.J., Kauffman R., Phys. Rev., 1987, D36:2761.

[13] Bai J. Z. et al. (BES Collaboration). Nucl. Instr. Meth., 1994, A344:319.

[14] Bloom E.D., Peck C.W. Ann. Rev. Nucl. Part. Sci., 1983, 33:143.

Radiative decays of the ψ(2S) into γη0 and γη

BES Collaboration

Abstract Radiative decays of the ψ(2S) into γη^′ and γη have

been studied with a data sample of 3.79 × 10^6 ψ(2S) events produced by the BES experiment at the BEPC e^+e^− storage ring. The branching fraction for ψ(2S) → γη^′ is for the first time measured to be (1.59±0.32 ±0.21)× 10^{−4} ; a new upper limit on ψ(2S) → γη is set to be 0.9 × 10^{−4} (90% C.L.). The ψ(2S) → γη^′ result is found to be more than an order of magnitude above the prediction of Pinsky model which relates the process to the hindered M1 decays. The ratio of ψ(2S) to J/ψ branching fractions for γη^′ is significantly lower than the P QCD expection.

Key words ψ(2S), radiative decay, branching fraction, sup-

pression