ðőÌ$RŁ-Þě–ðÕkó¨t^�

Ğ0Ò ã5Ł ś”~ Ku) (ě))ęÓř–ÔőÏÄÄ ðő 100039)

!ˇ ,RŁ-Þ"è{nÝßXêe^+e^−Ŋå/,\”�ÇËŮ¯„�-Á{kó-t, I Ûê4ńŻn{›ő0Ź. óBEPC/BESÞäq{2 � 5GeV–K, X30ŹÉñ{kó-t O�(1 + δ){Ń/LÕ41 ¸ 2%, ‚Ž0Ź›őěĎŢÈńXh¡OčQu{¿ØŃÕ Ŕ2 ¸ 2.5%.

ˇE# „�/¿ -Á kó-t

1 ZÓ_{QEDsÄŋ\đjα(s)Zμ4�{’đffiÝaμ ùHiggsÂ�§Þff\{!,´Ł}

4é)ïÜn§qřh5è{´Çŋˇ0Á. ø~YJÞ{Xh¡uÌˇu�Ţ1-

5GeV–KRŁ{"è-ÞØŃ(řH15%). óBEPC/BESÞřřÝ-ÞRŁ4h~)

«ř–ÔőŐÄˇÕ{"è.

RŁ¡BŔe^+e^−Ŋå/,\”�ÇËŮ¯„�ęŮ¯μ^+μ^−{!Ď~-ÁČˇ R = σ^∘_{tot}(e^+e^− → γ^∗ → hadrons) σ^∘(e^+e^− → γ^∗ → μ^+μ^−)

. (1)

"èÞRŁ4/,˝*-Þ{ R = N^{obs}_{had} − N_{bg} σ^∘_{μμ} · L · ϵ_{had} · (1 + δ) . (2)

Ùě, N^{obs}_{had}4˙-t{-ă„�/¿j, NbgŔ“ŻýŐ/¿jÇL4jâ{èIàÝ,

ϵ_{had} Ŕ„�/¿{æ-HG^σ^∘_{μμ}ŔőXÞ›ő{μ^+μ^−{^~-Á σ^∘_{μμ} = 4πα^2 3s , (3)

�)ff�l)ęäŮýÏ1ø(19991480�19825116�19805009) ě))ęÓŋL1ø(KJ95T-03)Z ž—›ŹäŮýÏ α4řûĹèđj, sŔ§eø–Þš0. (1 + δ)Ŕkó-tO�Ç,+ř~FeynmanC ,Ç{àȷ, DC1. tŢâÕkó-tõù:Ğv„�Ž›ő, Ř–ztÜn#ˇ {Ĺ*. ĎŢR Ł-Þ{4\Þ„�,Ç¿-ÁÇĽˇéÈń,–{„�âÕF ZÇKLM¡FyÒ,âÕkó-t„ñŔ#>^{[1][2][3]}Çé-tŁ{àȷBŢ1%Çóø ~{"èřÝ˝,XčfflD.

C 1 : e^+e^−/,\”�ÇËŮ¯„�{FeynmanC. (a)!Ď~„�Ů¯,Ç; (b)ðÕ~Ůk ó; (c)ðÕe^+Ze^−�–; (d)ðÕžŽ-tù]8ôŽ. kó-tO�δýŔC(b)�(c)ù(d)Ä +{ř~,Ç{àȷ.

kó-tf~{4ĞvXčŚ›őÇÇøêę›ő{FeynmanC{~jO(α^n)Ń ˇÇďęÄf~{ŋrŽ˝bŃˇ. ó.–,{ľȷěÇX3*VÉñ{Ĺ*{,H* 4ŃŃ/{. ýľěXKő,őX{nÝVßXYJĹ*Ç‚Ř4,RŁ-Þ"è{a ~0ÁVfflĘÇć, ,kó-tO�{jŁÞVˇvX30ŹČ-{ŃIÇĹ\ÔőÞ {IÛÇÏĆ–ă˙Ùěń7~{0ŹÇéőX{ø:ØŃÉñÇï›.

2 kó-těę"è#ˇ{´Çŕ¸

2.1 ˇŢ„�¨Á{ÄufflD

hůćă˙êìńkó-t›ő0Ź(D˝Ą), ó›ő"è-ÁZkó-tffi, Ľˇ øŋIÛ{4#ˇ,Ç{^~-Á.

RŁ"è-Þe^+e^−ÇËŔËŹ„�ÕZáhÕ,Ç{^~\Þ-Á. „�Ů¯{^ ~-Áσ^∘(s)Z¿-Áσ^T (s) ,1,+ŔËŹ„�Õ-ÁZáhÕ-ÁČZ, ý σ^∘(s) = σ^∘_{con}(s) + σ^∘_{res}(s), (4) σ^T (s) = σ^T_{con}(s) + σ^T_{res}(s). (5)

Ùěσ^∘Zσ^T {ˇø¡BŔ_{σT = σ∘(1 + δ). (6)}

^~ËŹÕ„�Ů¯-Áσ^∘_{con}(s),~˝*›ő σ^∘_{con}(s) = R̃(s) · σ^∘_{μμ}(s), (7) R̃4øVáhÕàȷ{RŁ. ,„�Ů¯k^√s = 2mπt1.8GeV–K, ›őě^~RR"èff \Ł^~Rexp. óLŢ1.8 GeV–K, ĞvQCD {¡ÓřÝřŢø~{"èřÝ^{[4]}, %óØ Ń)Ň«RQCDę"è{^~Rexp#n,^~R RŔőX¡ÓŁRQCD.

BEPC–K?óTŇ{áhÕ, áhÕ-Á{ĹèuÌÒŔ‹ıókó-tO�

ě. ›őěfflDê19ÇáhÕ{àȷÇŸ

ρ, ω, ϕ, J/ψ, ψ’, Υ, Υ^′, · · · -,

Ùýn-Á,1,+Ŕ#éXBreit-Wignero*

σ^B_R (s) = 12πΓ^{ee}Γ^{had} (s − M^2)^2 + (MΓ^{tot})^2

, (RL) (8)

Ý:#éXo*

σ^B_R (s) = 3π s · Γ^{ee}Γ^{had} (W − M)^2 + (Γ^{tot}/2)^2 , (NRL) (9) Ÿ*ČQáhÕČ-{ŽõHa, ¿^~áh-ÁŔ σ^∘_{res}(s) = ∑ j σ^B_R (s). (10)

Ÿ*"è-ÞŽÏňáhXăÇ,1XˇeáhÕ-Á{ûŮĹè, Breit-Wigner-Á ,1-HŔ;ŽŔδ<j(øPáhÕρ-i)Ç

σ^B_R(s) ⇒ 12π^2 Γ^{ee}Γ^{had} Γ^{tot}M δ(s − M^2), (RL), (11) σ^B_R(s) ⇒ 6π^2 M^2 Γ^eΓ^{had} Γ^{tot} δ(W − M), (NRL). (12) éåå{e^+e^−e—–Þ?ó–śÇÙIY,,+ŔGaussiano*

G(W − W^′) = 1 √ 2πΔ exp [ − (W − W^′)^2 2Δ^2 ] , (13)

ÙěÇW =^√s = 2EŔû?ć«e^+e^−)Á§eø–ÞÇW^′ =^√s^′Ŕ"«{§e– ÞÇΔ ŔW –ś)ïăŃ. éŢBEPCÇ#é–śΔ/Eęe—–ÞŃˇÇÕŔΔ/E ∝

10^{−4}E(E1GeV Ŕ\ă). Ÿ*"èóáhXŐčRjÇáhÕ{-ÁÒĽfflD–śI

Y{k/. ŃHáh-Áσ̃resęBreit-Wigner o*Č-{ˇø,1~òèèI,+ σ̃_{res}(s) = +∞∫ −∞ dW^′σ_{res}(s^′)G(W − W^′). (14)

ÞÁòè,~Monte Carlo0ff›ő σ̃_{res}(s) = 1 N N∑ i=1 σ_{res}(s 0_i ), (15)

Ùě(s^0_1, s^0_2, · · · , s^0_N )4w¯–śIYG(W − W^′){Lśåøý.

"èÞÄ-Þt{„�Ů¯-Áσobs(s)ęÔő(őX)-Áσ(s)Č-{ˇøŔ

σ^∘_{obs}(s) = ϵ^∘ · σ^∘(s), (16) σ^T_{obs}(s) = ϵ̄ · σ^T (s), (17)

ÙěÇϵ^∘Zϵ̄I/4ŰŃZäŃðÕkóffi{„�/¿æ-HGÇ,~Monte Carlo0 ffï›ÇÇÝ9êæ-ìé„�/¿{ó"þ–´ň",H´ŋOZgăHG.

2.2 PáhÕfflPÝ˘Þ#ˇu

óBEPC–K, ψ(3770), ψ(4040), ψ(4140) Zψ(4410),*4PáhÕ, Çćp# ŔÜ‹âÕ. ø~{"èŰ–h¡ÙÄŃ,–{p#w. Ÿ*Eichten^{[5]}ŋ\wÜn{¡ Ó4th{, ¸Ń(ÝiđVá¡Õ)

ψ(3770) ⇒ DD̄; ψ(4040) ⇒ DD̄, D^∗D̄^∗, DD̄^∗ , D̄D^∗, D_sD̄_s; ψ(4140) ⇒ DD̄, D^∗D̄^∗, DD̄^∗ , D̄D^∗, D_sD̄_s, D_sD̄^∗_s , D̄_sD^∗; ψ(4415) ⇒ DD̄, D^∗D̄^∗, DD̄^∗ , D̄D^∗, D_sD̄_s, D_sD̄^∗_s , D̄_sD^∗, D^∗_s D̄^∗_s . ĎÞ�Åę,-, PáhÕ{¿p#PÝęâÕÄÞZnÄÞÞ�jLŃˇ^{[6]}, IÛffiĽ ßXÄŃ,–{p#IE.éÄŃ,–{p#wFZzt,

Γ^{tot}(s) = ∑ ch Γ^{tot}_{ch} (s). (18)

éŽwďĽép#IEFZ

Γ^{tot}_{ch} (s) = Γ_R ∑ L z^{2L+1} B_L , (19)

Ùě, z ≡ rpch, r(≃ 2 ∼ 2.5Dš)Ŕ#Ř*~Ìż, ÙjŁéĹ*XÏą. O�ΓRĎff \"èjŁzt. pchŔâÕÂ�ÄÞ,

p^2_{ch} = λ^2(s, M^2_{D1} , M^2_{D2} )/4s = [s − (M_{D1} + M_{D2} )^2][s − (M_{D1} − M_{D2} )^2] 4s . (20)

–Þ#ˇ{vĎIE{<jBLŔ^{[7]}_B

0 = 1, B_1 = 1 + z^2, B_2 = 9 + 3z^2 + z^4, B_3 = 225 + 45z^2 + 6z^4 + z^6. (21)

p#IEtˇŢp^{2L+1}_{ch} , YHaÁŔňeăđ. hp#ÄÞXLffi(ŸóŮ¯kŐč), p#IE{PÝśL {›fi‚ůď>B.hìp#w,1/,´ńIE§qffi, Ä1 ĎIEàȷŔÌ.

2.3 áhÕ#Žu

óψ¸áhK, ËŹ„�Õęψp#wŰŃ#3{âÕ, ÇćČ-ŰŃ#Žu. ψ¸{ X3PáhÕ{Xă#Ř"č, -ÁŃÒ{ŋş, ‚%ÇćŃ#3{p#âÕ, O‚ ?óŽõHa. ψ¸Â�óÙáhK4čkŮ¯, #éXHaię, ,~:#éXuáh ÕBreit-Wignerhl

T_R =

±^1_2 √ Γ^{ee}Γ^{had} W − M + iΓ^{tot}/2 , (NRL). (22) ó#éXÞ�Åęě, ďafflD’Â�(#hŢäŃŃ–ß−W Õ){àȷ, (22)*iŐ4 M„t#éXuhl

T_R = ±M √ Γ^eΓ^{had} s − M^2 + iMΓ^{tot} , (RL). (23) ψ¸áhK{áhÕ¿-ÁŔ σ^∘_{res} = 4π(2J + 1) s | ∑ R T_R|^2. (24)

bŸ*ÜáhÕ{XăŃ|MR_1 − MR_2 |ÏLŢÇć{¿PÝČZΓ^{tot}_{R1} + Γ^{tot}_{R2} , Çć{Žõ Ha,1ČQ. C2,+ψ(4040), ψ(4140)Zψ(4415)őÇáhÕÃŽõRDDŁ, Žõ1 àȷùÝiŽõHa{RDDŁś–Þ{#ęˇø. ,DŽõHa4Ò{, ‚%&z^ ~-Á{ÅıXéÁu.

C 2 : őÇψ¸PáhÕ{ÃŽõ(ŽŹ"), Žõ1(Ł") ùÝiŽõ{RDDŁ("")ś–Þ{ #Žˇø. áhkjR�Â�jâ,(PDG).

2.4 đ”�ŕ¸

ðÕkó-t,IŔ"”�ZŁ”�kóÜą. "”�kó&zŮ¯âÕ„�{Ń H–Þ^√s^′X-Ţe^+e^−e—{§e–Þ^√s. hðÕe^+Ýe^−kó–ÞŔk ≡ Eγ/E{"”

�ffi_{s′ = s(1 − k). (25)}

Þ�đÄÅę(QED)őX.yÒÇéŢŰìh¡~O(α^n) {Ğv›őÇhfflDê ÄŃ#ˇ{FeynmanCÇQED4,ŋr{. WC{�i–ś,ú>øÇbŁ”�Z" ”�kó\I4yi–ś{. "”�kó{–śu�Ţ–ÞJŢ^{đ”�Ç‚Ł”� kó{–ś¸u�”�^§ÞZ^–Þ. ĽûYŕ¸{0ffČ4Ďč”�iB{§ ÞλÇ1âyőX{LorentzX#uù>øyi–ś1Ç3ffiăRì-?B{đ”�– )k0ŹIđkóZmkó{#8-. ó"èÞÇ–ÞJŢ^{đ”�4X,˙-{. ó ĞvXě, Ł”�Z"đ”�{kó-t4O�Ž{, ‚mkó-Á¸ŰŃO�Žu§. Ÿ*~σ^V Zσ^{SB}I/éaŢŁkóZđkó,Ç{-ÁÇ¸Ń^{[8]}

σ^{V SB} ≡ σ_∘ + σ^V + σ^{SB} = σ^∘(1 + δ^V + δ^{SB}), (26)

σ^H ≡ σ^{HB}, (27)

óσ^{V SB}ě9Ńλ{1Ñ#ŘŊ>ê. ó\”�kóčŚ˝, mkó-t{-Áσ^H,Ď”

�ÌIY^{[9]}_{∂σHB}

∂k = β k (1 − k + 1 2 k^2)σ^∘(s^′), (28)

èIzt

σ^H = ∫ k_m k_0 dk ∂σ^{HB} ∂k . (29)

Ùě,_{β = 2α} π [ln s m^2_e

− 1], (30)

ÇñıŢŽÇ~Ůkó{žnÞ, ,ÁŔ~ŮkóŃHŋ\đj. èIÞ!km,1ĎŃ H§e–ÞaLŢ„�Ů¯kh¡

k_m = 1 − 4m^2_π/s. (31)

lσ^{V SB}Zσ^HÑ4Ń!{ÇbÜVĚę|ŔZĲ{-?jk0Ńˇ. O‚ÇéŢh¡ ~{ĞvQCD{›őĹ*IÄćk0ŕ¸{hv^"«›őěk0{\őRŁ)Ň,, Ÿ˝Ü0Á{ˇFufflD: (1)Þ!: "èÞŘ–-Þt–Þk > k0{"”�Ç‚– Þk < k0{"”�kóę^~,ÇùŁ,Ç4X–KI{ÇY?Żøk0 ŰèaBŢæ -ìé”�–Þ{I%ý¸; (2)˝!:ĎŢhk0 → 0ffiŃσ^{SB} → −∞, O$k0{ăRa âyXŁòÔőˇFÇýσ^{SB} > 0.

,"è{nÝÇ,1šőXÞŹIđ”�Zm”�-?uęÇć4d–úæ-ìÄ ˙-#Éø. BESÄ–æ-t{”�!B–ÞŔ50 ∼ 80 MeV, #hŢăR0.01 < k0 <

0.05 , k_0Ěl,ó¡{)Ň«#Ž. ó~Monte Carlo0ffï›„�HGffi, /¿Ů¯

ŢL(54)*Z(27)*ŹI. éaŢσ^{V SB}{/¿úh*Ãkó/¿, ‚éaŢσ^H{/¿{

”�kóŢÌIY(28)*Ů¯. k0{-?u˝Ä„�HGùŃHkó-tO�{Xh¡ u. ĞvQED{›ő,ÒÇéŢđ”�(k < k0)kóÇř~C{àȷ4iŋˇ{. O $ÇÍřh{›őaÝi-?jø{đ”�kóC{àȷÇõđ”�-ÁäŃ¸>q Ŕ^{[10]}

σ^{S1S2S3···} = σ^∘ × [1 + β ln k_0 + 1 2 β^2 ln^2 k_0 + 1 3! β^3 ln^3 k_0 + · · ·]

= σ^∘ × exp(β ln k_0) = σ_0 × k^β_0 , (32)

ÙĹ*4đ”�-ÁäŃŊjŽu§ÇY#hŢó\”�~ŮkóÌIY∂σ^{HB}/∂kě ĘzZĲO�k^β‚ÄŔ_{∂σ} ∂k = k^β · ∂σ^{HB} ∂k , (33)

Ç{èIórÇK-[0, 1]4BÑ{ÇYÒ>øêőXÞ{k0ŕ¸.

2.5 ]8ôŽ

]8ôŽ{àȷ&”�¨B�#Ŕ −ig_{μν} q^2 ⇒ −ig_{μν} q^2[1 − Π(q^2)]

, (34)

›őŰα{¸>~, šŋrŽĂ#hŢ^~-ÁŢ#Ŕ σ^∘(s) ⇒ σ^∘(s) |1 − Π̂_2(s)|^2

. (35)

Ùě^^Π2(s) ≡ Π2(s) − Π2(0) 4Ń!{, Ù"\,~žśˇø,+

ReΠ̂_2(s) = s 4π^2α ∑ X ∞∫ s_{th} σ_{ee→X} (s^′)ds^′ s − s^′ − iϵ . (36)

éXFZ4OŔ]8ôŽDš�W,14X = e^+e^−, μ^+μ^−, τ^+τ^−, qq̄é. h^^Π2(s) 4 ÇBÞ, ,R0‚* 1 |1 − Π̂_2(s)|^2

= 1 + 2ReΠ̂_2(s) + · · · . (37)

O$]8ôŽO�,+ŔÈ#a-t1ČZ

δ_{vac} = −2ReΠ̂_2(s) = δ^{e+e} � vac + δ^{μ+μ} � vac + δ^{τ +τ} � vac + δ^{qq̄}_{vac} (38) Ž1{?B~ÙÞ˝),+. éŢ4�WÇžśèI,1ĽÛŔFñ(x = 4m^2_l /s)Ç δ^{l+l} �_{vac} (s) = 2α π f(x), (39)

Ùě, f(x) = − 5 9 − x 3 + √ 1 − x(2 + x) 6 log [ 1 + √ 1 − x 1 − √ 1 − x ] , (x ≤ 1), (40) f(x) = − 5 9 − x 3 + √ x − 1(2 + x) 3 tan^{−1} 1 1 − √ x − 1 , (x > 1). (41)

éG.W{›ő,ŃÜń0ffÕ (1)šqq̄-HŔ„�Õ #a{-tO�,1UÄËŹ„�ÕęáhÕàȷČZ δ^{qq̄}_{vac} ≡ δ^{had}_{vac} (s) = δ^{res}_{vac}(s) + δ^{con}_{vac} (s), (42) ÙěÇ δ^{res}_{vac}(s) = ∑ j 6Γ^{ee}_j αM_j · s [ s − M^2_j + (Γ^{tot}_j )^2 ] ( s − M^2_j )_2 + ( M_jΓ^{tot}_j )_2 (43)

δ^{con}_{vac} (s) = − 2αs 3π ∫_∞ 4m2_π 1 s^′ − s [R̃(s′) s^′ − R̃(s) s ] ds^′. (44)

(2)šqq̄-HŢï�ĎDš�é ›őěRøIG.§ÞÙG.đV, !ĂÆÞ„#Ř* ~-tO�1.2ZžO�3, δ^{qq̄}_{vac} = 1.2 · 3 · 2α π [ 4 9 f(x_u) + 1 9 f(x_d) + 4 9 f(x_c) + 1 9 f(x_b)], x_q = 4m^2_q/s. (45)

l, 0ff(1)Ý9êáhÕ{àȷ, ‚0ff(2)¸ŰŃáhHa. jŁ›ő,Ò, ~Þ cÜń0ffzt{Ĺ*ó:áhKizč. óáhKδ^{res}_{vac}(s)é*Ŕð)QĲÞ{áhk j(M, Γ^{ee}, Γ^{tot}){jŁiÏą. O$Z~ÙÇ"èÉñ{jŁØŃÌ*Ŕø:ØŃZĲ. ůćRf~õ’ff\şS{Íffu>BÙÇ"èŁØŃ{k/.

4�PÝ,+áhÕp#Ŕ4�é{IPÝ. ĽˇŊñ{4, áhÕÂ�,Ęzp# Ŕ„�, ‚p#Ŕ4�él^+l^−¸Ľ/,(Ł)”�ŋ\, O‚?ó]8ôŽHa. óőXI Ûěđ~!Ď~{4�PÝ(ýBreit-WignerÚ*ě{Γ^{ll}). ‚"èěÄ-Þ{4�IP ÝΓ^{ll}_{exp}{jŁ¸Ý9ê]8ôŽHa^{[3]}. ÇćČ-{ˇøŔ Γ^{ll}_{exp} = Γ^{ll} |1 − Π̂_2(s)|^2

. (46)

„�IPÝŰŃYø{ˇø, ýΓ^{had}_{exp} = Γ^{had}. O$, áhkj~"èŁffi, áhÕ{kó -těŰŃ]8ôŽ1. (54),10‚Ŕ σ^{V SB} = σ^∘_{con}(1 + δ_{vac} + δ_{vert}) + σ^∘_{res}(1 + δ_{vert}). (47) 3 kó-t{›ő0Ź

YřÄïÞ{4kó-t{őX,H*, ÙěÄ~{nR{9BęÞĄ#3. kótO�,Ď˝*¡Bzt_{1 + δ ≡ σT (s)/σ∘(s). (48)}

3.1 0ŹI

ó"èÞ„-f~{ßőðÕkó{0Ź4ĎG. BonneauZF. Martin^{[8]}ZĲ{Ç Ç–:ŔÉñe^+e^− éå/,ÇËwŮ¯-?âÕkó-t{ÄÚ*,

σ^T (s) = σ^∘(s)[1 + 2α π ( π^2 6 − 17 36 ) + β( 13 12 + ln k_0)] + σ^H(s). (49)

´¡,Ç(’aw){ä‹u§Ď#a{^~-Áσ^∘(s) ‹ı. m”�kó-Áσ^H{› őkD0Ç(29), ÙŻ\IéaĎŢ]8ôŽZ§ÞŋrŽžŽoçO�{kó-t ù~ŮkóěękÃˇ{\Iùđ”�kó{àȷ. e^+Ze^−�–CóŋrŽĂÃàȷ.

(51)*ě]8ôŽ-t1Ęz,FeynmanèI˝fiFñÇbŘ›őêe^+e^−WCÇ‚Č

Qêμ^+μ^−Çτ^+τ^−Zqq̄{àȷ. óBEPC–KÇμ^+μ^−Çτ^+τ^−WCàȷˇe^+e^−BzõÇ bqq̄W{àȷeX¿4iB(¿ŸóáhXŐč).

*(51)ě{đ”�kó1 β · ln k_0 = −β 1∫ k_0 dk k , (50)

a~(33)*, ý,ztÝiř~kóó«{,H*

σ^T (s) = σ^∘(s)[1 + 2α π ( π^2 6 − 17 36 ) + 13 12 β + δ_γ], (51) Ùě δ_γ = β km∫ 0 dk k k^β[(1 − k + k^2 2 ) σ^∘(s^′) σ^∘(s) − 1] + k^β_m − 1 (52)

4~Ůkó-tO�. l, ék{èI)Ň,14[0, km].

3.2 0ŹII

Yń0Ź4ĎF.A. BerendsZR.Kleiss^{[9]}Éñ{Ç.ŔLõjŃˇ{Monte CarloŮ ¯ìÄf~.›őtO(α^3)~{„�Ů¯-Á,+ÄÜ1ČZ

σ^T = σ^{V SB} + σ^H, (53)

Ùä‹,H*Ŕ_{σV SB = σ∘(s) · [1 + β ln(k0) + δAR], (54)} 9β ln k0{1u�đ”�kó{àȷ. δARŔŁ,Ç(WC)-t, ,1,+Ŕ^{[2]} δ_{AR} = δ_{vert} + δ^{ee}_{vac} + δ^{μμ}_{vac} + δ^{ττ}_{vac} + δ^{had}_{vac} , (55) ÙěÇžŽ-t_δ vert = 2α π ( 3 4 log s m^2_e

− 1 + π^2 6 ). (56)

mkó-Áσ^Hę0Ç(29)#3.

Ÿ*é(54)*ě{đkó1β ln k0 *ę0ŹI#3{ßő, ¸ztCrystal Ball"è

øóøï"è{kó-t›őěÄ~{,H*^{[12]}

σ^T (s) = σ^∘(s)(1 + δ_{vert} + δ_{vac} + δ_γ), (57) Ùě, δγę0ŹI#3, δvert + δvacý0ŹIIě{δAR. 3.3 0ŹIII

,Þ�ĲX{˙Ž, ðÕe^+Ze^−¿4Êś”�{–óZáB,Ç(ÌˇŒBnÝ 05), ýśŇIYø"ZŁ”�SS. Ÿ*ČQn5ÄÞ{k/, ,~e^+Ze^−IY< jDe+ (x1, s)´De�(x2, s)ÃUe^+Ze^−kó”�Ă“ŻıÄÞIjŔx1Zx2{ŰGIY.

ÊâQCD›ő{šèÇe^+e^−/,\”�ÇËŮ¯ìąâÕ,1*ęDrell-Yan, Ç#ąŚ. a~KLM¡őˇŢ§ÞZyi–śO�Ž{ÄuĹX, ¿-Á,,+ Ŕ^ß-Áęđ�ı5ÄÞIY<j{òè. Yń0ŹéŢ-?âÕ(¿Ÿe^+e^− ⇒

μ^+μ^−, τ^+τ^−, „�)Ñ47~{. ó¸>éjčŚ˝Ç,Ç{¿-Á,+Ŕ^[13^{][}14^{][}15^]

σ^T (s) = ∫ ∫ x_1+x_2>2

dx_1dx_2D_e+ (x_1, s)D_e�(x_2, s)σ̃^∘(x_1x_2s), (58)

ÙěÇ_{σ̃∘(s) = σ∘(s)}

|1 − Π̂_2(s)|^2

, (59)

σ_0(s)Ŕ,Ç{^ß-Á. ZĲ#Þx = 1 − x_1x_2, σ^T (s),1ŢUŔ

σ^T (s) = xmax∫

0 dx σ^∘(s^′)

|1 − Π̂_2(s^′)|^2 F (x, s), (60) F (x, s)ÁČŔkóO�ÇÇÝið)žŽÇõ”�kóùéÝŽγ → e^+e^−{-t. Ú

*ě{#ÞxÄ?XS,”�ÄQ`{–ÞIj, ŘhxiBffiÜVbčŚ#-, ‚ hx ∼ 1ffiÜVóα^2-tÞ4ăň{.

3.4 ŃHkó¨tO�

~cě(1 + δ)4kó-tO�{őXŁ, ‚"èě˙-t{ŃHŁ(1 + δobs)ę„� æ-HGŃˇ. O$, ,škó-tęæ-HG{ÆèåfflD. "è-Þ{„�-ÁŔ σ^T_{obs} = N_{had} L . (61)

,1œ.Ď1˝ÜńX3{Z¡ztRŁÕ

σ^T = σ^T_{obs} ϵ̄ ⇒ R = N_{had} σ^∘_{μμ}Lϵ̄ · (1 + δ) , (62)

ÝV_{σ∘} obs = σ^T_{obs} 1 + δ_{obs} ⇒ R = N_{had} σ^∘_{μμ}Lϵ(0)(1 + δ_{obs}) . (63)

ˇvÜ*aŃ_{ϵ̄(1 + δ) ≈ ϵ(0)(1 + δobs). (64)}

b/"Þ, jŁ›ő–ıÜVóØŃ)Ň«?X#-. ÆOóŢ"kó-t1ó"èÞ Iæ-HG{k/, ęČ#ˇ{„�^~-ÁahRŔ#a{^~˙--Á, ý σ^∘(s) ⇒ σ^∘_{obs}(s) ≡ ϵ(0)σ^∘(s), σ^∘(s^′) ⇒ σ^∘_{obs}(s) ≡ ϵ(k)σ^∘(s^′). (65) b”&fflDê"èOč, ęŁ,Ç-t#ˇ{^~-Á›XĽˇÆ1HG. Monte

CarloÉñ{Łkó,ÇHG-3ŢÃ(đ")kóHG, ÄŃϵ(0) > ϵ̄, ϵ(k). ,H

*ϵ̄(1 + δ)?ŻøŁ,Ç›äŃHGϵ̄, Yl4X\ő{. aŤšϵ̄{"kóHa Ĳtδě{~Ůkó1δγ ⇒ δγobs, O‚RŁ{"èÚ*ě{HGkóO�ÆèaR Ŕϵ(0)(1 + δobs). ŢL(65)*{›ę, ý,š0ŹIZII{őX-Á#Ä#a{˙--Á, ,Ď_{σTobs(s)} σ^∘_{obs}(s) ≡ 1 + δ_{obs} (66)

ztŃHkó-tO�. 0ŹIIIě{#ÞxX4kó”�Q`{–ÞIj, ıŃ{Monte

CarloěŰŃęČéa{ÜffÞ, ‚%"ZŁkó-tÑÝ9óO�F (x, s)/|1 − Π̂_2|^2ě,

X–60ŹIZII`øŹIŔÈń-t1ČZ. O$, 0ŹIIIŘ–ÉñőXŁ(1 + δ), ‚ X–zt"èÞŃH{˙-Ł(1 + δobs).

3.5 ˇŢâÕkó¨t

âÕkó-t?XŢ#ø:{§e–Þ, Ř1ÇO�{o*k/-Á{LB. éÄŃ„�âÕFZŊ>êąŚŢðÕkó-těåÌˇàȷ{éj1, “˝ Ç(1 + 3αQ^2/π^2){O�^{[3]}, Y4Ç:đzč1{Þ, ,1q\ČQ„�âÕ{kót. ˛0Á, ıóé„�Ĺè{êĽďi/Q, h~{RŁ-ÞěŰŃˇêFÙđffi -t. 4 jŁĹ*Z´ŽßX

ýľ,"è{nÝIÛêRŁ-Þě{kó-tŕ¸ZŔńú„-f~{›ő0Ź. kó-t4ó^~-Á{äúÞÄ*{“ĞB”-t. Ĺ\"èIÛthŔÉñ^~- Á4:đŋˇ{. óBEPC–K, ?óĚì{áhÕĹè, áhÕ{#ŽuZPΓ^{tot}(s) é–Þ{flvˇø-Oč§/,^~-Á{,H*‹ıŔkó-tO�ś–Þ{#Ž. š„�/¿ă˙zt{øýÝ9Èńř~,ÇŮ¯{„�. ę^~,Ç#ˇ, kóH a&z¿-Á{Ĺèu#ę, ›Ò4Ă, é¿-Á*kó-tR&Ä˙-t{áhĹè ÍŔÒ(ýX›ř, ÜX-{œ#ý). 1Ă{"èÉñ{áhkj?óvL{Xh¡ u, Ľˇ~BES{jâ*Qkó-t{\ÛşSff\(‚X46ËŹK,*ÅŽ›ő)z tBES"è{áhkj(M, Γ^e, Γ^{tot}), ~Ţ›őkó-tO�.

Ÿ*ŘfflDËŹ„�Õ, Èńkó-t0ŹÉñ:đzč{Ĺ*(#éŃ/ÕŔ1%), Çć{Ń/ÌˇóáhXŐč. J/ψZψ(3686)4¨$áhÕ, ψ(3770), ψ(4040),

ψ(4140)Zψ(4410) ,*4PáhÕ. õđ”�kóHaé¨$áhÕJ/ψZψ(3686)-

Á{àȷ4:đŋˇ{, af~ŊjŽ{~Ůkóo*, ď,f~ľȷ[11]{0Ź. đ”

�kóéPáhÕ-Á{k/iB, ,1ČQ. 0ŹIZIIóÆľȷě{o*ŘÝi\”
�kó, óvř{řÝÞ,~Ţ›őËŹKZ9őÇPáhÕ–K{kó-t, baffl

DtPáhÕ{¿PÝX4ę–ÞÃˇ{đj. 0ŹIZIIIéψ(3770)-Á›ő{jŁĹ *:đzč, DC3. CZCI/Éñê~~ÁÄßX{Ŕń0Ź›ő{kó-tO�ù Èń0ŹČ-{Ń/?1$*ŔőX{ø:ØŃ{ï›.

Ÿ*šÞcőńkó-t0ŹČ-{Ń/*ŔőX{ø:ØŃ{ï›, ¸óf~ #3{^~R(s)Zσ^∘_{res} {ffiG˝, (1 + δ){őXø:ØŃóËŹKÕ41%, ‚áhXŐč ÕŔ2 ∼ 2.5%. éŢŽńä‹0Ź, ,´Ç0Áï›ê(1 + δ)Zσ^T (s) {őXØŃ: (1)QĲ^~R(s)Ł{"èØŃÝQCDőX¡ÓRQCD{Xh¡u; (2)QĲáhkj{ØŃ; (3)ìJkó-t1{őXčŚØŃ;(4)Monte Carloï›{„�HGϵ(k){ØŃ; (5)j ŁèI{ØŃ. QĲáhkj(M, Γ^{ee}, Γ^{tot}){ØŃÌk/áhXŐč{kó-tO�. YÊ0Á{ØŃÕŔ2%. O$, ĎÈńØŃOčQu{¿ØŃÕŔ2 ∼ 2.5%. C,+È ńkó-t0Ź{(1 + δ)ŁZÇćŃŁ. ó1998#RŁ-Þ{–ÞŽÏňáhÕ, f~ ê0ŹI›őkó-t^{[16]}. ,C3{ˇvu, ~0ŹIu›ő6ψ(3770) YøX4iP {áhÕ›4ÇvP{čŚ.

C 3 : ~0ŹI(Ł")Z0ŹIV( "")›ő{ψ(3770){-Á, \ă4nb.

*Vą\Ç˛Ì´<cÌ´śœ´ÚÀ¯´ŕw´|H|´|š´ě¯´<HŢ´

|Ű}ù¡”w-3ŞéýÓ*˙ñ{ŃC{?DZOF.

kfflľȷ(References) kfflýî_{[1] Lee T D, Phys. Rev., 1964, 133:1549}

Kinoshita T, J. Math. Maths., 1962, 3:650 [2] Tsai Y S SLAC-PUB-3120, May 1983, (T/E) [3] Alexander J etal. Phys. Rev., 1988, D37:56-70

Alexander J etal. Nucl. Phys., 1989, B320:45-60 [4] Davier M, Höcker A, Phys. Lett., 1998, B435:427-440

Davier M, hep-ex/9912044 [5] Eichten E et al. Phys. Rev., 1980, D21:203-233 [6] Gao Chong Shou, Lectures on Particle Physics and Nuclear Physics. Beijing:

Higher Education Press, 1990. 101

(řâF, ”đÓ. Â�ÔőęXÔőY,. ðő: ř-sÿñÇö, 1990. 101)

[7] Blatt J M, Weisskopf V F, Theoretical Nuclear Physics, Wiley, New York, 1952: 361 [8] Bonneau G, Martin F, Nucl. Phys., 1971, B27:381-397 [9] Berends F A, Kleiss R, 1981, B178:141-150 [10] Peskin M E, Schroeder D V, An Introduction to Quantum Field Theory, Addison-Wesley Publishing Company, 1995: 202-208 [11] Jackson J D, Scharce D L, Nuc. Inst. Methods, 1975, 128:13-23 [12] Edwards C et al. SLAC-PUB-5160, 1990, (T/E) [13] Kureav E A, Fadin V S, Sov. Nucl. Phys., 1985 41:466-472 [14] Wu JiMin, High Energy Phys and Nuclear Phys. (in Chinese), 1992, 16:518-526

(Ç˛ÌÇř–ÔőęXÔőÇ1992, 16:518-526)

[15] Chen FengZhi etal. High Energy Phys and Nuclear Phys. (in Chinese), 1990, 14:585-594

(¡bŰ-Çř–ÔőęXÔőÇ1990, 14:585-594)

[16] Bai J Z etal. Phys. ReV. Lett., 2000, 84:594-597

Initial State Radiative Correction in R

Measurement at BES

Hu Haiming, Qi Xiangrong, Huang Guangshun, Zhao Zhengguo

(Institute of High Energy Physics, CAS, Beijing 100039, P.R.China)

Abstract Four typical schemes of the initial state radiative correction in e^+e^− collision through single photon annihilation were studied, and the numerical results were calculated in the energy region 0.3 −10 GeV. For the energy points we scanned with BESII at the energies between 2 − 5 GeV, the differences of the radiative correction factors (1 + δ) are about 1% ∼ 2%. The uncertainty of (1 + δ) is estimated to be about 2.5% for a certain scheme.

Key words hadronic event, cross section, radiative correction

C4. ~Ŕń0Ź›ő{„�-Ákó-tO�