p_{s = 3:55 GeV}Őč–_RŁ¨Þ_�

ã5Ł Ğ0Ò ŕcŢ ś”~ ¡T� Ğ œ ã c ŕ Ů Ę˛Ê ě¯¸ xŞŃ ś ş Ku)

(ě))ęÓř–ÔőÏÄÄ ðő 100039)

!ˇ ĳ~ðőÌ$(BES)óps = 3.55 GeVŐčÜR{¿èIàÝÕŔ5pb^{−1}{"èj âÇ-Þêe^+e^−ÇŰ„�Ů¯-Áęμ�éŮ¯-Á{ˇŁ(ýRŁ), Ù-ÞØŃˇÙÇ" èø.–,{$–K{ØŃ>BÕ50%^

ˇE# RŁ „�/¿ æ-HG kó-t àÝ

1 ZÓ_{RŁ¡BŔe+e−éåš\”�ÇŰŮ¯„�{¿-Áęμ+μ−Ů¯{!Ď~-Á} Čˇ:_{R = σ0had(e+e− → hadrons)} σ^0_{μμ}(e^+e^− → μ^+μ^−)

, (1)

Ùěμ^+μ^−Ů¯-Á,1ĎQEDőX

σ^0(e^+e^− → μ^+μ^−) = 4πα^2/3s (2)

řh›őÉñ^O$RŁ"«ÞÒ4ée^+e^−ÇŰš\”�Ů¯„�-Á{-Þ^ ,„�Ů¯ktZ^0–), -ŐÞŃŐõ"èø§q,RŁ-Þ^{[1]}^b4, Ď– K(^√s < 5 GeV)R{"è-ÞŁ{óÕ20#~Éñ^{[2−8]}, ‚%ó$–K"è-Þ {šþØŃřH15%1Þ^{[9]}, óY–K, RŁ{řÝé)ïÜn{QEDsÄř ûĹèđjαQED(s){Ţ§Zμ4�{’đffiÝaμ = (g − 2)/2{Ľ:åøŋˇ* ~^αQED(s){sÄu�Ţ4�ZG.{]8ôŽàȷ, Ùě4�\I,1iPŔ

�)ff�l)ęäŮýÏ1ø(19991480�19825116�19805009), ě))ęÓŋLù�/|Ñ1 ø(KJ95T-03)Zž—›ŹäŮýÏ1ø 1

›ő, b4G.(„�){àȷ, ĎŢĎ–K{:Ğv´uX–q\/,QCD ›ő ñu, Ňfl"ÌŊ6{žśőX, /,e^+e^−ÇŰt„�âÕ{"èjâ(ýRŁ){ èIzt^αQED(M^2_Z){Xh¡uŚÌk/)ïÜn¡Ó{Higgs Â�{§Þ^ø ~αQED(M^2_Z ){Xh¡u{50%u�Ţ2-5 GeV–KRŁ{"èØŃ^{[10]}^ "èÞzt{μ4�{’đffiÝ{-ÞřÝSSĎŢőXŁ{›őřÝ^ ¡ ›BNL-E821"èø,RÙ-ÞřÝ˙řtęø~őX›ő#h{yš^aμ {)ï Ün¡Ó{Xh¡uÌˇuÍŢ„�]8ôŽ{àȷ, Ùě20%{Xh¡uu� Ţ2-5 GeV–K{RŁ{ØŃ^{[10]}, O$êĽ„�éaμ{àȷ§‚æ-4d?ócÔ ő4iŃˇ{^

óðőtŃđ�éåå(BEPC)Þ{Â�æ-ì–ðőÌ$(BES)^{[11]} Ţ1991# ŐŰ1992#ðó^√s=3.55 GeV Őč12ÇůÃ–ÞŽÞÜRjâ, Ù¿èIàÝÕ Ŕ5pb^{−1}^ýÓ*-ûÃcêéYJjâ{IÛ, Ýi„�øý{flăÇýŐ{\ øÇ„�æ-HG{ï›ÇèIàÝ{-Þ1ùkó-t{›ő-^

2 RŁ¨Þě{/¿IÛ

"èě, RŁ4/,˝*›őzt{: R = N_{obs} − N_{bg} σ^∘_{μμ} · L · ε_{had} · ε_{trg} · (1 + δ) . (3)

*ě, NobsŔ˙-t{„�/¿j; NbgŔŒĲ{ÈńýŐ/¿j; ε̄hadŔ„�/¿{ æ-HG, εtrgŔ„�/¿{þ–HG^{[12]}, (1 + δ)Ŕkó-tO�, L4jâ¿èIà Ý, σ^0_{μμ}4Ď(2)*›ő{e^+e^− → μ^+μ^−{!Ď~-Á^

RŁ-Þě, ĽˇflăñĎ\”�ÇŰŮ¯âÕŔ„�{ÄŃ/¿, bĎŢ„�/ ¿ÝiŐõ.-{ÝŹ-{’awâÕÇŰŃi8SS{äÄę_À´u,ňÇùf ~\øff>øÄŃ,–{ýŐ^D¸, ůćé/¿ě{ŽÊżì§qgă, éQđż ì{ă˙ffiGŔ:

(1) ônθw¯: | cos θ| ≤ 0.8; (2) óÌď#?ěP{Zđ"ff\;

(3) żìåŽåéåŽ{åňw¯: Vr ≤ 1.5cm, |VZ | ≤ 15cm; (4) Â�<qffi-: 2 ns < T OF < 8 ns.

éěużì{ă˙ffiGŔ:

(1) ó1ó›jìě{ônw¯: | cos θ| ≤ 0.75 ; (2) ó1ó›jìěĳè{!B–ÞLŢ60 MeV ; (3) ęQđżìın≥ 12^∘.

lĂé/¿øýŢQđżìjIÄÜą: éŢżìjNchrg ≥ 3{/¿, ě –ÄÞw¯ffiG: P |pi| + P |E^γ_i | ≥ 0.5Ebeam¸ĂŔ4P{„�-ăV^‚é ŢNchrg ≤ 2{/¿, L\Iu�Ţęe—#ˇ{ýŐÇľż"/¿1ùQEDý Ő^ľż"/¿ęe^+e^−éåŮ¯{/¿żì{ÌˇŃ/óŢ“9{ffi-åŽZăŸ åŽX3, ,/,Â�<qffi-ˇøu\ø(ŸC1)^ęe—-í‹#ˇ{ýŐ, Ÿe —3í‹I�Z¸ı#Ř*~ýŐ´3Zkó-HaQu{ýŐ, ,1~/¿žŽ ăŸ(C2)Z–ÄÞ~ĂXéÁffiG^{[13]} u\ø^$i, éŢ4�éýŐ, Ÿe^+e^−(γ),

μ^+μ^−(γ), τ^+τ^− /¿, ,ĳ~Ù_Àu§ZäÄę´Ž, ŔÏBESÈ�æ-ìŸ1

ó›jì, Ìď#?Zμ�›jìfåu\ø^Ÿ*§eø–Þóτ^+τ^−k1Þ, Ê śτ^±p#{ěĞ�˝ÄvL{–ÄÞ£», ,¡B˙-t{ÀnÄÞę!L,–£ »–Þ{ˇŁ^{[14]}u\øτ p#ýŐ^˛iďŃv”�,ÇýŐ, ĎŢÜÇśóđ�Œ e—05–ó‚X–ú˙-ÇÇćQ`L\I–ÄÞ, ,1~–ÄÞšoffiGŃHŔ >ø^

C1 QđÂ�{<qffi-IYùăgffiG

éŢš,1Þ/¿ă˙ffiGĂm«{ÔőýŐ, f~Monte Carlo 0ffÜff)ñ ïő?fi1>ø^éă˙ñu{„�øý, ďĽˇš,\/¿ůÃfi1hĂ^Êâ/ ¿ă˙ffiG´ýŐ>ø?Ĺ\\/¿ůÃ{Ĺ*, ï›/¿ă˙{¿ØŃŔ∼ 5%^

C2 żìžŽ{VZ (cm)´Vr(cm) IYùăgffiG

3 RŁ¨Þě„�æ¨HG

æ-HGε¡BŔ„�/¿úæ-ìæ-t?%/,ÄŃ{„�/¿găffiG{ ´G, /đĎ˝*,+ ε = N^{obs}_{MC} N^{gen}_{MC} . (4)

*ě, N^{gen}_{MC}4Monte CarloÜffŮ¯{„�/¿¿jÇN^{obs}_{MC}4ÜffŮ¯{?š,„

�/¿găĂ{„�/¿j^/,ď´¸[Üff0ffÉñ{„�æ-HGĽˇŔÏ

Ţ\7{„�/¿Ů¯�uzt, ùÇflvŢÄf~Ün{,"u^ ĳ~BESóτ §Þ-ÞěÄÜR{L„�/¿øý(ğ,4yÇ)ÇRÙÈńÃ c„�/¿{´nIY(Ÿõŋj´nÄÞ´OÝ´EÝ´àÝ-) ęLUNDÜ nJETSET74ÜffŮ¯{øý#ˇvÇûŮÏÄê^√s = 3.55GeV –ÞŐč„� /¿Ů¯u§Ç/,NőŢ#ÜnťðkjùèjÔő?BÒh{ÏąkjÇŢ ÕJETSETóBEPC–K{qŔ^{[15]}, &ÙóĎ–ËŹK–êÍPŔę"èn\(C3), ,‚ÍŔ,"Ŕ›őñ„�/¿æ-HG^fflDêÝiÜnę]"jâ{ŃI, X3 kj{ăR1ù/¿ă˙Qu{ØŃ, „�/¿æ-HG{¿ØŃŔ∼ 3%^

C3 kjőrĂ{LUNDÜn("")ę"èjâ(Rk)IYˇv^(a)õŋj; (b)E Ý; (c)OÝ; (d)nÄÞ.

4 RŁě{àÝ¨Þ

RŁ-Þ4ée^+e^−ÇŰŮ¯„�’a-Á{ýé-Þ, O$ˇFïhŔ›őñÜ Rjâ{èIàÝ^~ŢLnÝàÝ›ő{Bhabhaśóę„�/¿äŃ#3{æ- ,ÇÇ‚%/¿´nBñÇˇøòţŐ4ÇĎ$Éñ{àÝŁÍ–’a]t{Ôő ,Ç^ óň"jâIÛěõf~LnÝBhabha/¿u›őàÝ, Ù,H*Ŕ L = N^{obs}_{ee} σ_{ee} · ϵ_{ee} · ϵ_{trg} , (5)

Ùě, N^{obs}_{ee} ŔÄIÛ{jâěflăñ{Bhabha/¿jÇσeeŔBhabhaśó’a-Á, ,ĎőXřh›őÇϵeeŔBhabha/¿{æ-HG, ϵtrgŔBhabha/¿{þ–HG^ Ìˇf~7\1ó›jìZÌď#?dE/dxfå§qBhabha/¿{ă˙, ›őêj â{èIàÝ^fflD1ÞÈńØŃuÍ, ŸBhabha /¿ă˙{ØŃ∼ 2.5%, þ–H G{ØŃ∼ 3.7%, 1ù-Á›őØŃ< 1%-Oč, ztàÝ{¿ØŃÕŔ4.5%^ tŃđ�éååÞÇ~*àÝ-Þ{Ôő,Ç4őXÞ–řh›ő{, Ÿ1˝ő ńQED,ÇÕe^+e^− → e^+e^−(γ)Çe^+e^− → μ^+μ^−(γ)Ze^+e^− → γγ(γ) ^Y3Ç,Ç {IÛ#ŘÕÁ, ÙàÝ-Þ,1#Ř5è, őV{Ĺ*óØŃ)Ň«4n\{^{[16]}^

5 RŁě{kó-t

RŁ-Þě, „�-Áσ0ŘÝi!Ď~O(α^2) Feynman C{àȷ, ‚"èÞ-Þ t{σ^{obs}_{had}9Ńu�ř~đffi*~{àȷ^«VˇøŔ: σ^{obs}_{had} = σ0(1 + δ), 1 + δŔkó -tO�, Ç,čŚŔ,+Ŕ δ = δ_{vert} + δ^e_{vac} + δ^μ_{vac} + δ^τ_{vac} + δ^{had}_{vac} + δ_{γobs} (6) Ùě, δvertŔðÕžŽ-tÇδγobsŔ~Ůkó-tÇδvacŔ]8ôŽ-t^ÏÄ?ffl ĽêŔń!Żn{kó-tőX›ő0Ź: Berends & Kleiss^{[17]}, Kuraev & Fadin

[18], Bonneau & Martin [19] ùCrystal Ball "èøÄf~{0ff[20]^ÏňáhX

ß(ŸJ/ψ´ψ^′-), Ŕń0ŹÄÉñ{kó-tŁ{ØŃŔ1 ∼ 2%(ŸC4)^Êâő X›ő?fflDtBES"è-Þ„�-Á{HGOč, ztó^√s = 3.55GeV{kótO�1 + δ = 1.121^ÙØŃÝi: QĲRŁ{"èØŃ(ÝĞvQCD őX¡ÓR{ Xh¡u)´Monte Carloï›{æ-HGϵ(k){ØŃ1ùìJ-t1ZjŁèI{ ØŃ, kó-t{¿ØŃÕŔ3%^

6 RŁĹ*ęßX

äŢBESó^√s = 3.55GeVŐč12Ç–ÞŽÜR{"èjâÇš,�ûIÛ›ő, ÈŽRŁ{-ÞĹ*Ÿ,1Ä+^

C5Éñ12Ç–ÞŽ{RŁ, Ù¿ØŃŔ∼ 8.5%^C6Éñ1 - 5 GeV–K\IRŁ {-ÞĹ*^"eŽŔýÓ*Éñ{šþĹ*, 8eŽS,.–,{RŁĹ*^X˙ ñ, BES{-ÞĹ*v.–,{$–K{RŁ{řÝ˙řêõ^

BEPC/BESqÄ˛ßŢ˝Ă{ÇŋL1¸Ò4ó2 - 5 GeV–K§qRŁř

h-Þ^BEPC/BES4ø~ŊäqóŤ–K{fiďì/æ-ì, O$BESóŤ– K§qřřÝ{RŁ-Þ"è, It)«ř–ÔőŐ{„-ˇÕ^{[10]}^1998#˝Ì #BES.šó2.6´3.2´3.4´3.55´4.6Z5.0 GeV-6Ç–ÞŽÞRj?.RzðZ Ĺ*^{[21−23]}^ø~cSRŁûŮůÃùÔőIÛÓ*tóŢ›ŹŔ§q^

*Vą\\‹BEPCäq|ÊÄ){CÅ^ýľÄf~{3.55GeVŐč{"èjâ4

óBES\*ø\‹ÄÊ{á3CÅ˝ÜR{, ´/ą\Ôő?{<HŢ´|š´»đÌó ýÓ*qÄ,ÇěŃC{ßX^

C4 1Bonneau & Martin 0ŹŔ)ïę˛i3ń0Ź#ˇzt{„�-Ákó-t O�{#éŃŁ(F>ßŔáhÕXă)

C5 BESó3.55GeVŐč12Ç–ÞŽ{RŁĹ*

,1 BESó^√s = 3.55GeVŐčRŁĹ*

# E_{cm}/GeV N_{had} L/nb^{−1} Eff.(%) 1 + δ R± :›ØŃ±ø:ØŃ 1 3.54418 2091 188.51 60.00 1.121 2.48 ± 0.05 ± 0.20 2 3.55190 2487 223.80 59.12 1.121 2.53 ± 0.05 ± 0.20 3 3.55290 7134 672.55 59.14 1.121 2.40 ± 0.03 ± 0.19 4 3.55314 2728 259.70 58.90 1.121 2.40 ± 0.04 ± 0.20 5 3.55324 10367 971.89 59.26 1.121 2.42 ± 0.02 ± 0.20 6 3.55350 3344 311.13 58.52 1.121 2.47 ± 0.04 ± 0.21 7 3.55396 3055 283.63 59.08 1.121 2.46 ± 0.04 ± 0.20 8 3.55698 2724 260.22 58.82 1.121 2.40 ± 0.04 ± 0.20 9 3.56198 2157 197.70 58.92 1.121 2.50 ± 0.05 ± 0.21 10 3.56838 2223 200.18 59.22 1.121 2.53 ± 0.05 ± 0.20 11 3.57910 2346 216.42 59.34 1.121 2.49 ± 0.05 ± 0.20 12 3.59902 4388 434.92 60.54 1.121 2.30 ± 0.03 ± 0.20

šþŁ ∼ 3.55000 - - - - 2.45 ± 0.04 ± 0.20

k ffl ľ ȷ

[1] Caso C et al. European Phys. Journal 1998, C3:1

[2] F. Ceradini et al. Phys. Lett. 1973, B47:80

B. Batoli et al. Phys. Rev. 1972, D6:2374 M. Bernardini et al. Phys. Lett. 1974, B51:200

[3] G. Cosme et al. Phys. Lett.1972, B40:685

[4] M. Kurdadze et al. Phys. Lett. 1972, B42:515

[5] A. Litke et al. Phys. Rev. Lett. 1973, 30: 1189

[6] A. Blondel, plenary talk at ICHEP’96, Warsaw

[7] B. Pietrzyk, Rad. Corr. Conf., Cracow 1996

[8] M. Davier, A. Hoeker, LAL 97-85

[9] H. Burkhardt, B, Pietrzyk, Phys. Lett. 1995, B356:398-403

[10] A.Blondel, plenary talk at ICHEP’96, Warsaw B. Pietrzyk, Rad. Corr. Conf. Cracow,1996 M.Davier and A. Hocker, Phys. Lett. 1997, B419

C6 1- 5 GeV–KBESùÙÇ"èø{RŁĹ*

[11] Bai J Z et al. Nucl. Instrum. Methods 1994, A344:319 [12] Yu Zhongqiang. High Energy Physics and Nuclear Physics(in Chinese),1995,23:1062

(ŕğ„-, ř–ÔőęXÔő, 1995,23:1062)

[13] Zhu Y S et al. Phys. Lett., 1995, B355:374-380 [14] Bai J Z et al. Phys. Rev. 1996, D53:20 [15] Qi X R,Chen J C et al. High Energy Physics and Nuclear Physics (in Chinese),1999,23:1-9

(ã5Ł´¡T´-, ř–ÔőęXÔő, 1999,23:1-9)

[16] Huang G S et al. High Energy Physics and Nuclear Physics (in Chinese)

(ś”~-, ř–ÔőęXÔő, .zB)

[17] F.A.Berends and R. Kleiss, Nucl. Phys. 1981, B178:141 [18] E.A.Kuraev et al., Sov. J. Nucl. Phys. 1985, 41:3 [19] G.Bonneau and F. Martin, Nucl. Phys. 1971, B27:387 [20] C.Edwards et al. SLAC-PUB-5160, 1990 (T/E) [21] Zhao Z G. Talk given at ICHEP’98, Vancorver, Canada

[22] D. Kong, Talk given at DPF99 at Los Angeles, California, Jan. 5-9, 1999;hepph/9903521

[23] Qi X R. Talk given at XXXIVth Rencontres de Moriond Mar. 13-20, 1999, Les Arcs, Savoie, France

R Measurement Around ps = 3:55 GeV

Qi Xiangrong Hu Haiming Li Xinhua Huang Guangshun Chen Jiangchuan Hu Tao Ju Xin Li Jin Mao Zepu Xue Shengtian Zheng Zhipeng Zhou Li Zhao Zhengguo

(Institute of High Energy Physics, CAS, Beijing 100039)

Abstract Using the date collected with Beijing Spectrometer (BES), we have measured the total cross section for e^+e^− annihilation into hadronic final states around center-of-mass energy 3.55 GeV. The values of R, σ(e^+e^− → hadrons)/σ(e^+e^− → μ^+μ^−), are determined.

Key words R value, hadronic events, detection efficiency, radiative correction, luminosity