Ś´9 "è0Źœ›ęjâÜR

ŔêŃHŔŢÕψ(2S)p#PÝùI|ˇ-Þěãľ4{çY,BES"èÅFę ,–>BØŃ,˙řřÝ.O$éójâÜR˙ñê¡{ˇF.ý9^1 D¸/,ØŃï ›,LŮh¡ůÃ"èæĆ?%–êHt{-ÞřÝ.Ù’ó¡\fflĽÈ0ÁOč{~ ˙˝,Ż¡ñ-û{"è0Ź. !ĂŘë˝ó"jÜR<Y1ùśĂIÛÓ*{œ .. 2.1 ”è–ØŃï›

*Ŕï›,fflĽψ(2S)p#tjâÕ{-Á(XÝ9kó-t){–ÞèI(Area)^0_j :

(A_{rea})^0_j = ∫ σ^0_j (W )dW =

6π^2

M^2

Γ_eΓ_j

Γ_t = 1 k_1 f_j (j = e, μ, h) (2.1)

*ěσ^0_j (W )ŔBreit-Wigner áh-Á^2, k1=^{M 2}_{6π2} Ŕđj,fj¡BŔ f_j ≡ Γ_eΓ_j

Γ_t

(Γ_t : ψ(2S)p#¿PÝ) (2.2)

*( 2.1)4ÉøV-Þę,-Þ{ŋˇÚ*.0Á,-*Ŋffi/,fjęÈPÝΓj# É,ĎØŃ¨Ť¡F, ,ĎÈfj{ØŃFñΓj{ØŃ.˛0Á-*&ffi{(Area)^0_j ę’a -Áσj#Éø.*Ŕï›LŮĂŔ

(A_{rea})^0_j = k_2σ_j, (Ţ4f_j = k_1k_2σ_j) (2.3) ‚ σ_j = N_j L · ε_{Nj} (2.4)

1ý9~ÜĄ4ÊâÁ{¯sG{çů[27]VSS–0‚u;ŚőĄ4XF,Zý|ó")-Ó*{¿ Ĺ._2 ˇŢ-Á{›őÚ*kDŚ 79.ˇŢBreit-Wigneráh-Á{–ÞèIkDý9Ő9. 13

14 Ś«9 "è0Źœ›ęjâÜR *ěNj4ψ(2S)p#ŔjâÕ{˙-/¿j,εN_j 4æ-ìéψ(2S)p#ŔjâÕ/¿ {æ-HG,L4èIàÝ,YőÇÞ,Ď"èÝď´¸[Üffh¡.Yøu,ĎfjZ V-ÞΓj{ˇø1ùσję,-ÞNj, L, εN_j {ˇø,šĎ#Þ(Area)^0_j ,1zñΓj{Ø ŃęNj, L, εN_j {ØŃ{ˇø,,‚*ñØŃï›.˝ÁÅ§qIÛ.Ŕ0"åD,é -?#ÞX,RÙ#éØŃ“Ŕ

ζ_X = δX X Ý ζ^2_X =^{(δX)2}_{X 2} (2.5)

2.1.1 p#PÝęI—ˇ{ØŃï¿Ú*

/đĂŔ¿p#PÝΓt4„�p#PÝΓhę4�p#PÝΓκ(κ = e, μ, τ )ČZ,ý

Γ_t = Γ_h + Γ_e + Γ_μ + Γ_τ (2.6)

3ffif~4�Ê7Æő,?Õ?t§ÞHa,¸Ń:

Γ_e = Γ_μ, Γ_τ = 0.38847Γ_μ (2.7)

ĎÞc"¡Ĺ\*( 2.2),,FñÈV-Þęfj{ˇø^3 Ÿ˝:

Γ_t = 1f_μ · (f_h + λf_μ)^2 Γ_h = f^hf_μ · (f_h + λf_μ) Γ_π = f^πf_μ · (f_h + λf_μ) Γ_μ = f_h + λf_μ B_h =Γ^hΓ_t = f^hf_h+λf_μ B_π =Γ^πΓ_t = f^πf_h+λf_μ B_μ =

Γ_μ Γ_t = f_μ f_h+λf_μ

(2.8)

3ˇŢ*(2.8)Ńˇ#Þ{Msk˝C.Cě0U,+"¡ffiG.ęΓπŃˇ{Ú*ęΓhąŚ.

´` ıȷ

´` ıȷ_{Γe = Γμ, Γτ = 0.38847Γμ} ff� �´` ıȷ

Γ_t = Γ_h + Γ_e + Γ_μ + Γ_τ ff� � ´` ıȷ

´` ıȷ ´` ıȷ ´` ıȷ

?
?

               ?
               ?
      œ

                       ?
                       ?
           - -

           -

                     -

  œ

Γ_t =^{(fh +2.38847fμ)2} fμ

Γ_t =^Γ 2 μ fμ

Γ_t =^{Γe Γj}_{fj} f_j =^{ΓeΓj}_{Γt} (j = h, e, μ, τ)

f_h + 2.38847f_μ = Γ_μ f_h + f_e + f_μ + f_τ = Γ_e

fμ fh =^{Γμ}_{Γh}

Γ_h =^{fh}_{fμ} Γ_μ

Γ_h =^{fh(fh +2.38847fμ)} fμ

2.1. "è{ØŃï› 15

*ěλ = 2.38847,hŊ+„�âÕ,πŊπ^+π^−J/ψâÕ, μŊμ^+μ^−âÕ.ĎØŃ¨ŤÚ* ,Fñ

ζ^2_{Γt} = ( 11+λδ μ/h )^2· 4ζ^2_{fh} + ( 1−λδμ/h 1+λδμ/h )^2· ζ^{2fμ} ζ^2_{Γh} =( 1+ λ2 δμ/h 1+λδμ/h )^2· 4ζ^{2fh} + ( 1 1+λδμ/h )^2· ζ^{2fμ} ζ^2_{Γπ} =( 11+λδ μ/h )^2· ζ^2_{fh} + ( 11+λδ μ/h )^2· ζ^2_{fμ} + ζ^2_{fπ}

ζ^2_{Γμ} = ( 11+λδ μ/h )^2· ζ^2_{fh} + ( λδμ/h 1+λδμ/h )^2· ζ^{2fμ} ζ^2_{Bh} = ( λδμ/h 1+λδμ/h )^2· {ζ^{2fh} + ζ^{2fμ} } ζ^2_{Bπ} = ( 11+λδ μ/h )^2· ζ^2_{fh} + ( λδμ/h 1+λδμ/h )^2· ζ^{2fμ} + ζ^{2fπ} ζ^2_{Bμ} = ( 11+λδ μ/h )^2· {ζ^2_{fh} + ζ^2_{fμ} }

(2.9)

*ě.š¡B δ_{μ/h} ≡ f_μ f_h (2.10)

éŢψ(2S)uĂ^4, OΓt ≫ Γe,μ,τ ,ùΓt ≃ Γh, Ď$δμ/h =^{fμ}_{fh} =^{Γμ}_{Γh} =^{2.12}_{272} ≃ 0.00779.

*Ŕï›,ę1#ˇ,Rδμ/h@Ŕ0,ýδμ/h ∼ 0. š$ŁSĲ*( 2.9)Ń

ζ^2_{Γt} ∼= 4ζ^2_{fh} + ζ^2_{fμ} ζ^2_{Γh} ∼= 4ζ^2_{fh} + ζ^2_{fμ} ζ^2_{Γπ} ∼= ζ^2_{fh} + ζ^2_{fμ} + ζ^2_{fπ} ζ^2_{Γμ} ∼= ζ^2_{fh} ζ^2_{Bh} ∼= (0.02)^2 · (ζ^2_{fh} + ζ^2_{fμ} ) ζ^2_{Bπ} ∼= ζ^2_{fh} + ζ^2_{fπ} ζ^2_{Bμ} ∼= ζ^2_{fh} + ζ^2_{fμ}

(2.11)

ĎÞ*,1ztőŽĹX:

1. ¿PÝ{#éØŃę„�PÝ{#éØŃLŮ#-,ýŃ ζ_{Γt} ≃ ζ_{Γh} 4ÊâPDG2000, Γt = 277keV,Γe = Γμ = 2.12keV, Γμ/Γt = 0.0077 ≪ 1; Bh = 98.1%,ùΓh ≃

272 keV

16 Ś«9 "è0Źœ›ęjâÜR

2. „�I|ˇ{#éØŃęÙÇ#éØŃ#ˇŃjÞßÞ{ŃI, ý„�I|ˇ {ØŃζB_hˇÙÇØŃBÕÜÇÞß;

3. È1V-ÞØŃ!łŘęζf_h�ζf_π Zζf_μ #ˇ,›Ò4ĂŘęfh�fπZfμ#ˇ.O $Êâ*( 2.3),˝Áï›ěŘfflDσh�σπZσμ{ØŃHa.

2.1.2 �-¨Á{ØŃï¿Ú*

bé„�ęμ�âÕ-ûfflĽ*( 2.4).D¸fflDμ�âÕ{-ÁÚ*

σ_μ = N_μ L · ε_{Nμ} (2.12)

*ěLÝĎBnÝàÝ)-ìÜz,ÝĎLnÝBhaBha/¿őz,‚ęμ �{găÃ ˇ,ýL#éŢNμęεN_μÕÁ. bNμęεN_μ˙$Č-eů##ˇ.éŢìh¡{Üff ÜnuĂ,óő.<Y˝,ýÜnNęXwŔÜffêæ-ì{u–1ù/¿gă-Ã0 Á{,Ç,hgăffiG#Žffi, NμęεN_μ{#Žq\Ů,ˇŁ^{Nμ}_{εNμ} p¡,ýÜVq\# ˇ.hl"«<Y4NμęεN_μ {#Ž?óŃI,YÒ4ø:ØŃ{uÍČ.ØŃ{˛ uÍ4ÜffÜn{X3,YąØŃŚęgăffiGZå{Ãˇ.Ţ4i�lŔRεN_μI ŔÜ\I,ýœ

ε_{Nμ} = ϵ_N · ϵ_μ (2.13)

ÙěŚ\IϵNęμ/¿{găffiG#ˇ,śNμČ#Ž‚#Ž.Ś«\IϵμŘęÜnń ą#ˇ‚ęgăffiGÃˇ. "«ÞđđRNμęεN_μ*ŔÇr‹ufflD,ýœ

N^ϵ_μ = N_μ ϵ_N (2.14)

Yø*( 2.12)"ŢUŔ

σ_μ = N^ϵ_μ L · ϵ_μ (2.15)

*( 2.15)ę*( 2.12)o*#č,«:Ń/.ĎŢ*( 2.15)Ŋffiő1#ŘÕÁ,ÊâØŃ¨ Ť¡Fý,ztˇŢσμ{ØŃÚ*

ζ^2_{σμ} = ζ^2_N ϵ_μ + ζ^2_L + ζ^2_{ϵμ} (2.16)

2.1. "è{ØŃï› 17

ąŚŔ,1ztσπ{ØŃÚ*

ζ^2_{σπ} = ζ^2_N ϵ_π + ζ^2_L + ζ^2_{ϵπ} (2.17)

é„�âÕ

σ_h = N_h L · ε_{Nh} , N_h = N_h(obs) − N_h(bg) (2.18)

ÙěNh(obs),+găĂzt{„�j,‚Nh(bg),+Iňeí‹, τ^+τ^−„�âÕ1 ùÙÆJ/,őXïő?Ęz,/¿jě>ø{ýŐ. ąŚμ�’a-Á{ß X,RεN_hIŔÜ\I,œεN_h = ϵN · ϵh,?“ N^ϵ_h(obs) = N_h(obs) ϵ_N , N^ϵ_h(bg) = N_h(bg) ϵ_N (2.19) ¸Ń σ_h = N^ϵ_h(obs) − N^ϵ_h(bg) L · ε_h (2.20)

Ő4Fñ

ζ^2_{σh} = ( N_h(obs) N_h )^2 · ζ^2_N ϵ_{h(obs)} + ( N_h(bg) N_h )^2 · ζ^2_N ϵ_{h(bg)} + ζ^2_L + ζ^2_{ϵh} (2.21) fflDtóáhKNh(bg)vNhBiõ,ù‚^{Nh(bg)}_{Nh} ∼ 0, O$Nh ∼ Nh(obs),Ţ4čŚ ŔŃ ζ^2_{σh} = ζ^2_N ϵ_h + ζ^2_L + ζ^2_{ϵh} (2.22)

2.1.3 ¡ÏØŃï¿

Õ?tfięσi{"uˇø*(2.3),Ţ4Ńζ^2_{fκ} = ζ^2_{σκ} (κ = h, π, μ). Ĺ\(2.11)* ę(2.16)�(2.17)Z(2.22)ő*,,z

ζ_{Γh} = [4ζ^2_N ϵ_h + 4ζ^2_{ϵh} + ζ^2_N ϵ_μ + ζ^2_{ϵμ} + 5ζ^2_L]^{12} ζ_{Γπ} = [ζ^2_N ϵ_h + ζ^2_{ϵh} + ζ^2_N ϵ_μ + ζ^2_{ϵμ} + ζ^2_N ϵ_π + ζ^2_{ϵπ} + 3ζ^2_L]^{12} ζ_{Γμ} = [ζ^2_N ϵ_h + ζ^2_{ϵh} + ζ^2_L]^12 ζ_{Bπ} = [ζ^2_N ϵ_h + ζ^2_{ϵh} + ζ^2_N ϵ_π + ζ^2_{ϵπ} + 2ζ^2_L]^12 ζ_{Bμ} = [ζ^2_N ϵ_h + ζ^2_{ϵh} + ζ^2_N ϵ_μ + ζ^2_{ϵμ} + 2ζ^2_L]^12

1ù ζΓ_t^∼= ζΓ_h Z ζB_h^∼= (0.02 · ζB_μ)

(2.23)

18 Ś«9 "è0Źœ›ęjâÜR ˝Áfl’fflDŸ˝Ã1ØŃ:ζN ϵ_h�ζϵ_h �ζN ϵ_μ �ζϵ_μ ZζL.

♠ ζ_L ˇFàÝ{ØŃó3.3% &Ŋ; ♠ ζ_{ϵh} ÊâR-Łø{ÏÄÕŔ3% &Ŋ; ♠ ζ_{ϵπ} Êâ1Ă{šèÕŔ2% &Ŋ; ♠ ζ_{ϵμ} Êâ1Ă{šèÕŔ2% &Ŋ;

♥ $iζN ϵ_h ∼ 7% �ζN ϵ_π ∼ 9%ęζN ϵ_μ ∼ 5% .

ÞcÃ1ØŃ,ÙěζL�ζϵ_h �ζϵ_μ ő1ar‹uØŃ,‚ζN ϵ_h �ζN ϵ_μ Ü1¸ś–ÞŽ {X3‚I.M"ff\Éñ{4õÇŽ{r‹ØŃ,O$X–1ŽŽ{ØŃŔï,˝Ä ØŃ{FØï›.

"èůÃ{ø{4ŔêŢÕáhkj{řÝ,ÊâPDG2000{jŁ , 2.1 : ψ(2S)p#PÝù#ˇI|ˇ{#éØŃ(%) "èø #P Γt Γh Γμ Bh Bπ Bμ BES † 12.5 12.5 6.8 0.17 7.1 8.6 MARK I 75 24.6 25.0 14.3 0.31 12.9 17.2 DASP 79 28.2 16.7 32.3 E760 92,97 12.7 10.2 10.4 ⋆PDG00 00 11.2 8.5 0.31 9.0 34.0

Õ:† BES¡ÏHt{řÝ;⋆20001~È"èøĹ*{¡\Ł.

ζ_{Γh} ≃ 11.2% (2.24)

cůÃ"èæĆéŢ„�{ØŃ–êzčÝPŢYÇřÝ.Êâ*( 2.23) 1ùÞc{ ØŃˇF,Ń_√

4ζ^2_N ϵ_h + ζ^2_N ϵ_μ ≃ 0.05567 (2.25)

*Ŕ/Q{ï›,X4R

ζ_N ϵ_h ≃ 0.028 1ù ζ_N ϵ_μ ≃ 0.056 (2.26)

ĎŢπ^+π^−J/ψ›4„�âÕ,,1ĂŔ

ζ_N ϵ_π ≃ ζ_N ϵ_h (2.27)

2.1. "è{ØŃï› 19

flâÞÁÈ1ØŃŁ,,1Fñ:

ζ_{Γt} ≃ ζ_{Γh} ∼ 0.125 ζ_{Γπ} ∼ 0.098 ζ_{Γμ} ∼ 0.068 ζ_{Bh} ∼ 0.0017 ζ_{Bπ} ∼ 0.071 ζ_{Bμ} ∼ 0.086

(2.28)

*Ŕˇv,RBES"èø¡›Ht{ØŃřÝ(1#éØŃ{o*,H)ęÙÆ"èø

{#aĹ*1ùPDG2000{Ł?Éñ,ïŸ,2.1,1Ŕkffl^5.

C 2.1 : ůÃM"+?C

5ýĄŃˇØŃ¨Ť{Ú*�¡ő�¡F-,kDŚ 99ŚĄ{#ˇ\I."èØŃï›óØŃIÛ őXěaŢ-z�-Þ–ØŃI–ŕ¸. -z˙-ÞØŃ{I{,›ÁČŔØŃ¨Ť¡F{Ś« -Ö.ØŃ¨Ť¡F{Ś-Ö4ÊâĘz˙-Þ{řÝkjFñ-z˙-Ĺ*{řÝkj. ‚Ś «-ÖtP#’,Ç4Êâ.-{-z˙-Þ{ØŃ,FñĘz˙-Þ{ØŃÝ#a{\IØŃ,ý ĽûØŃ{I{ŕ¸.,‚Ŕ"èœ›˙ØflâZkffl.Í-{<Y,kŚ 99{Ńˇľȷ.

20 Ś«9 "è0Źœ›ęjâÜR

2.2 ”èœ›

2.2.1 "èŽ{ăR

âPDG96,ψ(2S){XŁLÕó3.69 GeV;.-fiďì–Þ#Ž{!BZ§Ŕ0.2

MeV.1XŁŔěe,1100ÇZ§ŔÌż§qůÃ,ýůÃ)Ň,3.67 GeV t3.71

GeV.óËŹKŋ,M"oçš~Sě,ùůÃŽ{-å,1ˇvPU; óáhKŋ,M

"oçB4ŕff,ùůÃŽ{-åaŤę,–Żů(1–Þ#Ž{!BZ§Ŕ!).3ffi fflDt"è,Çěfiďì,–?ó{–Þď#,ăRŸ˝20 ÇůÃ–ÞŽ: E_{beam} = 1.8350 1.8375 1.8390 1.8400 1.8410

1.8415 1.8420 1.8424 1.8428 1.8432

1.8436 1.8440 1.8445 1.8450 1.8455

1.8460 1.8475 1.8500 1.8525 1.8550

C 2.1+?uŔÑŻñ20Ç–ÞŽ{ůÃM".""Ëz{BËŽ4ő.<Y˝ů ÃM"{oç,XŁaó3.686GeVß.Ł"Ëz{Bőn,+–Þ5&ď#2MeVffi {M"{oç;ŽŹ"Ëz{B0L,+–Þ5Ŋď#2MeVffi{M"{oç.,Dó -[ń<o˝,áhX{ĹèÑ–aóůÃŽ{ůøK, ,‚âyêŃHŔ-¡M ",ïhŔÜRáhkj.

2.2.2 RjŒ-ï¿

ÊâÚ*

N = L · σ (2.29)

,-,óàÝ¡ffi,ŋ¡{-Áéaŋ¡{/¿j.O$aŤăR’a-Áŋ¡{, Ç*ó"Rjï›.ψ(2S)„�âÕ,ËŹKęáhK{’a-Á#ŃİO, ùX(* Ŕó"Rjï›;μ^+μ^−âÕ,D¸’a-ÁB,/¿jè;Ù’Ý9QEDęQCDÜń, Ç,‚%Üń,Ç{’a-Ááó#h,#ŽHa„ñ,sŮ-Á#ŽĚì;Ä1Ťâ Õ›X(*Ŕó"Rjï›.ˇv‚Ó,~e^+e^−âÕ*Ŕó"Rjïővő..ÆOó Ţe^+e^−âÕ’a-ÁL,/¿jõ;Ìˇ1QED,Ç(ýBhabha,Ç) ŔÌ,áhK{ ’a-ÁŘŃËŹK{ffIČ,#ŽHa=XÍ,*ŔčŚï›, ŘfflDËŹK {Bhabha,Ç."«Þ,óśĂ{IÛě,e^+e^−âÕR~*àÝ›ő.

2.2. "èœ› 21

ÊâØŃï›,àÝ-ÞaHt3.3%{řÝ,jâIÛQu{ø:ØŃěŔζ^{systematic}_L

∼ 2.3%,Ţ4ˇF:›ØŃŇHtζ^{statistic}_L ≤ 2.5%.ĎØŃIÛőX,- ζ^{statistic} L = 1 √ N_e+_e�

(2.30)

Ţ4_1 √ N_e+_e�

≤ 2.5% Ý N_e+_e� ≥ 1600 Ç/¿ (2.31)

Bhabha/¿{găHGÕ70% ∼ 80%,âEŔR70%,¸#a/¿jŔ

N_e+_e� 70% ∼ 2300 Ç/¿ (2.32)

/¿găÌˇa~7\1ó›jì{få,KtàŸ1ó›jìÞ{/¿Rú£ï,fi Čó"ØgF“{ă/¿,ŃH{P/¿GÕŔ60% ∼ 70%, RľŔR64%,Ţ4ó" /¿ÜRjaŔ_{2300} 64% ∼ 3600 Ç/¿ (2.33)

Êâ~${jâÜR<Y,fø3600Ç/ÕĽ6ÇõBffi.ŔêÏÄýŐďĽˇBø ¡{Iňeøý."èÄĽ{ffi-LŮŸ˝:

♣1ŽÇ–ÞŽ{-Þffi-Ďó"e^+e^−âÕ/¿jû¡, N^{online}_e+_e� ≥ 3600,YLŰĽˇ LÕ6.3ÇBffi{äqffi-.

♣2óEbeam = 1.835ZEbeam = 1.855ßÈ-Þ6Bffi&Ŋ{Iňe{jâ. ♣3rÇ,Ç E_{beam} = 1.835 (Separated beam) E_{beam} = 1.835 → 1.855 (ψ^′ scan) E_{beam} = 1.855 (Separated beam) \\äqffi-Ŕ(20 + 2) × 6.3 ≃ 138.6 BffiÕ5.8 –.Y4Rjffi-.

$iďŃ:Rjffi-.fiďì}ffiàÝq,Ŋj–F

L(t) = L_0 · e^{− tτ} (2.34)

Ž’ÕĲhàÝ\tÙÌffi(t ≃ 0.693τ )KńŋÕ.ěšþFŒŔ6 ∼ 7Bffi,¸Ž’ ÕĲ{RjffiÕŔ4 ∼ 5Bffi,ŽÇ–ÞŽÕĽ1.5 ’ÕĲ.e—ÕĲffi-Õ30Iĺ,˛ \řÿùÙÆv*Õ“10Iĺ,R20ÇŽÕĽ20ÇBffi.fflDt,–fi-1 ∼ 2ŽĽÌ –,\øùFùfiďìåìÏÄ~VÌ–,Yø:Rjffi-ˇ3~2–.

¡\RjZ:Rjffi-,\\"è,Ćó8–«qÄ.

22 Ś«9 "è0Źœ›ęjâÜR

2.3 jâÜRęÓ*Ş“

ůÃjâ4ĳ~BESIIÜR{^6.ůÃ,Çě§qêûŮ{)Ľ,ÌˇÓ*Ýi

1. ffi/Õ@őą/¿(„�μ�đ�){ó"-Á{#ŽJ3(ČÙ1„�{ ó"-Á{#ŽJ3ŔÌ),ÑŻñ-Áś–Þ#Ž{M"(kDC 2.2), â$ ùffiőrůÃŽ."è,Çě–ıůÃ{XŁŽ(3.689 GeV)ˇPDGŁ(3,686

GeV)ď#ê3 MeV,ğñê¡Ï{ď#)Ň(2 MeV).

C 2.2 : ó"-ÁM"

2. §qêõ’ó"Bhabha P/¿G|ÓůÃ,1"êĽ]"/¿{ÜRˇ¿, â $őró"/¿ÜRjÞ.Ď, 2.2-šþP/¿GŔ64.56 % ę¡ÏŮ.ùó "RjÞŚÑÆç.óäqçÕÛP{<Y˝,,17hõR. "«ŽÇ–ÞŽ ó"Bhabha/¿ÜRjL\Ió3600Ç1Þ.

6ˇŢBESII{Ńˇu–kŐ9Ś«\IðőÌ$.

2.3. jâÜRęÓ*Ş\ 23

3. –ÞŽEbeam = 1.84332 GeV{–ÞŁŕlĎ,beóŽEbeam = 1.8437 GeV ČĂ-Þ{.ÌˇfflDtŽEbeam = 1.8431 GeVęŽEbeam = 1.8437 GeV # åăL,‚$ffi.š§ĲáhK,ùV-Ž.

, 2.2 : ó"Bhabha P/¿GůÃ ĘÏ PBhabha/¿ ăBhabha/¿ P/¿G

5.15 148 52 74.0 % 5.16 68 45 60.2 % 5.17 55 35 61.1 % 5.18 35 35 70.0 % 5.20 49 36 57.6 %

óůÃ,Çě,fiďìu–ÛP,Ì$äq~ĳ,jâÜR<Yˇ¡ÏSSȷ.Ìˇ,ıó: 1. ůÃŽõ ,3.67 GeV Ű3.71 GeV ó$–Þã«á-26ÇŽ,øVjÞB,§Þ ˙ȷ{Ži,ďŃ24ÇÛP-ÞŽ,ˇ›Ź{V-Žõñ4Ç.

2. –ÞăŃB ŽÇ–ÞŽ{Ţ’ÕĲ«qÄ,ff¡êÜ’ÕĲRjQu{–Þ ăŃ. 3. Rjffi-á ĎŢÕĲ—„L,àÝře—ŋ¡,ŽÇ–ÞŽRjffi-LÕ Ŕ3t4ÇBffi,´Ć4¡›{Ì;őÞfiďìåìÏÄ{ÌĘ,\\"èá ›7–(1999#5Û15ĘŰ5Û21Ę),ˇ¡Ïè~–.

ó"jâÜR{-<,k, 2.3;LŮ<YŸ˝: ψ(2S)řûůÃ,Çěá“Rt đRUNR110Ç,ŃHRjffi-115.42Bffi(Õ4.8–),èIàÝ1149nb^{−1},“9/¿á ›2777560Ç(Õ3žy), Ùěó"„�đ�μ�jI/Ŕ160811�93268�4659.

äŢ$Śjâ,›Ź§qŸ˝ÊÇw^7{-Þ.

7Q∗{’a,Ç4Ě\,Ç,ä‹ŔĂ

e^+e� =⇒ hadronsS,Ÿ˝,Ç : e^+e� =⇒ μ^+μ�S,Ÿ˝,Ç: e^+e� =⇒ e^+e�S,Ÿ˝,Ç: e^+e� −→ hadrons → ψ(2S) → hadrons )_{e+e� −→ μ+μ�} → ψ(2S) → μ^+μ� )_{e+e� −→ e+e�} → ψ(2S) → e^+e� )

24 Ś«9 "è0Źœ›ęjâÜR

, 2.3 : ó"ůÃĹ*

-Þ–Þ(GeV ) ó"/¿j ó"šþ-Ánb^{�1} RUN R ¡- "- Ne+ e� NHadrons Nμ+ μ� σe+e� σHadrons σμ+μ� begin ∼ end 1.8350 1.8350 3664 1294 134 76.708 26.977 2.844 13196-13199 1.8350 1.8350 separated beam 13200-13205 1.8375 1.83743 3525 1273 100 75.174 27.040 2.105 13206-13208 1.8390 1.8390 3623 1350 116 79.972 29.821 2.562 13209-13211 1.8405 1.8405 3721 1342 110 81.667 29.838 2.415 13212-13217 1.8415 1.8415 3690 1455 92 84.213 33.569 2.070 13218-13221 1.8420�^1 1.8419 3195 1289 98 82.257 33.243 2.642 13222-13225 1.8425 1.84248 3664 1774 104 78.194 38.723 2.267 13226-13229 1.8428�^2 1.84286 1752 1246 52 81.880 58.890 2.500 13230-13231 1.8428 1.8429 3763 2709 131 84.428 61.365 2.850 13232-13235 1.8432 1.8431 3792 4107 137 80.289 86.977 2.927 13236-13239 1.8434 1.84332 3920 5930 122 84.168 127.34 2.716 13244-13247 1.8437 1.8437 3674 10606 216 84.485 248.05 5.179 13240-13243 1.8440 1.8440 3945 18698 374 83.609 399.18 7.497 13248-13251 1.8443 1.84425 3681 18876 350 88.780 452.390 8.631 13252-13255 1.8446 1.84464 3704 19615 381 90.541 476.742 9.288 13256-13259 1.8449 1.84483 3757 18995 388 87.553 442.976 8.649 13260-13263 1.8452 1.84522 3682 14739 322 84.225 338.622 7.373 13264-13267 1.8455 1.84557 3628 9251 220 83.672 210.068 4.890 13268-13271 1.8458 1.8458 3607 6752 191 82.123 153.533 4.408 13272-13275 1.8462 1.84612 3848 5033 210 77.223 100.658 4.044 13276-13280 1.8470 1.84693 3670 3156 135 76.793 66.902 2.953 13281-13284 1.8485 1.84845 4101 2580 120 80.232 49.975 2.612 13285-13289 1.8505 1.85043 3909 2149 133 76.290 41.948 2.459 13290-13294 1.8525�^3 1.85259 1228 612 33 77.652 38.700 2.087 13295 1.8525 1.85232 3939 1926 114 78.024 38.789 2.379 13296-13299 1.8550 1.85488 4040 1830 125 77.175 35.131 2.218 13300-13304 1.8550 1.85488 separated beam 13305-13309

∗1 VME Ńå,ŤŽbè0.8ÇRUN{Run-Summary ;

∗2 £e,śĂ{ÕĲEbeam QŃX3; ∗3 ĎŢåìÏÄ,ŤŽŘRêÇRUN.

2.3. jâÜRęÓ*Ş\ 25 e^+e^− → ψ(2S) → π^+π^−J/ψ e^+e^− → ψ(2S) → J/ψX e^+e^− =⇒ Hadrons^∗ e^+e^− =⇒ μ^+μ^{− ∗} e^+e^− =⇒ e^+e^{− ∗}

(2.35)

Ùě!Ăw,ψ(2S)p#te^+e^−{-Á3¿{e^+e^−âÕ-Á{ˇ¿vB,ù,~u ›őŽŽ{àÝ.éÞcÊÇw{IÛRIÜZ ŚZ,D¸§qŸ˝őÇw{/¿ă˙: e^+e^− =⇒ Hadrons e^+e^− =⇒ μ^+μ^− e^+e^− =⇒ e^+e^−

(2.36)

Ù’,a~-Á{őXÚ*§qff\,~’Fñ¿p#PÝΓt�„�p#PÝΓh Zμ� p#PÝΓμ;ČĂÊâ$őÇÞFñ„�I|ˇZμ�I|ˇ. Ś«Z,fl’~,Ç

e^+e^− → ψ(2S) → π^+π^−J/ψ (2.37) Z,Ç e^+e^− → ψ(2S) → J/ψX (2.38)

S›,Ç e^+e^− → ψ(2S) → Hadrons (2.39) §qff\,I/FñΓ^′_t ,Γπ+π�J/ψ ZΓ^′_μ 1ùΓ^{′′}_t ,ΓJ/ψX ZΓ^{′′}_μ.

ÊâÞcĹ*,1FñI|ˇ: B(π^+π^−J/ψ) = Γ_π+_π�_{J/ψ}

Γ_t , B(J/ψX) = Γ_{J/ψX} Γ_t

(2.40)

3ffi=,5èff\{Ůu,ýΓt�Γ^′_tęΓ^{′′}_t 1ùΓμ�Γ^′_μęΓ^{′′}_μaóØŃ)Ň«Ů.

26 Ś«9 "è0Źœ›ęjâÜR

Ő9:áh-Á–˘ÞèI

ýŐ9D¸ĂÒBreit-Wigneráh-Á{#éXX#o*ę:#éXX#o*{ ˇø^8, /,ßXRľȷě{đDo*UÄýľa~{o*.ČĂ›őáh-Á{–Þ èI.:#éXX#o*{–ÞèIˇv;\,#éXX#o*{–ÞèI¸õùĚ# <j{Ńˇ-#.

#éXX#o*{Breit-Wigneráh-ÁÚ*^9,1U* σ(W ) = σ_{max} · M^2Γ^2

(s − M^2)^2 + M^2Γ^2

(2.41)

Ùěσmax4!Lfuśó-Á,M4áhÕ{ěe§Þ, s(= W^2)4§eø–Þ{š 0.Õ?t_{(s − M 2)2 = (W + M)2(W − M)2 = 4M 2(W − M)2}

Þ*!ĂZ4fflDtéŢL§Þ$áh{<Y,*(2.41)ěI*{àȷóáhÕŐ čČL,ùRčŚW ∼ M,Ţ4*(2.41)I�Iñ3ffiø1O�4M^2,z σ(W ) = σ_{max} · Γ^2/4

(W − E)^2 + Γ^2/4

(2.42)

*(2.42)ýŔ:#éXX#o*{Breit-Wigneráh-ÁÚ*^9.

Ÿ*áhÕ/,iwoÄ,šĎjwp#,¸-ÁÚ*(2.42)Z(2.41) ĽˇÆ1O� f_{ij} = Γ_iΓ_j

Γ^2

(2.43)

áh-ÁÚ*ě{!Lfuśó-Áσmax,1,+Ŕ

σ_{max} = 4πλ(2l + 1) (2.44)

8Breit-Wignerá h - Á { : # é X X # o * ę # é X X # o * { ˇ ø { ó ľ ȷ[2]

D.H.Perkins(4th),page55-58 ě›ŃßX.

9 áhÕ-ÁÚ*,Êâ#8-èI(’a,Ç{äÄę\I)Ĺ\¨B�(’a,Ç{ÄÅę\I)z ñ.1Þ�ĲXě{Klein-Gordan0Ç(#éXX#o*)Ŕäú,¨B�1#éX–Þo*ñı,ý

¨B� ∼^1_{p2 + M 2 − iΓ/2}

Ď$zñ{4#éXX#o*{Breit-Wigneráh-ÁÚ*(kDľȷ[35]B.de Wit and

J.Smith).1Þ�Åęě{Shrödinger0Ç(:#éXX#o*)Ŕäú,¨B�1šŻ–Þo*

ñı,ý ¨B� ∼^1_{W − E − iΓ/2}

Ď$zñ{4:#éXX#o*{Breit-Wigneráh-ÁÚ*(kDľȷ[35]S.Weinberg).

Ő9:áh-Á{–ÞèI 27 ěĲóÂ�ÝéåÂ�QŃ�đ,œ#Ř*~Â�{–Þ�ÄÞ�§Þù�đI/ Ŕ(Ea, ⃗pa, ma, Sa)Z(Eb, ⃗pb, mb, Sb),¸*(2.44) a-tŔ σ_{max} = 4πλ(2l + 1) (2S_a + 1)(2S_b + 1)

(2.45) *ě λ = 1/p (2.46)

4Â�{yY[?E§,p4Â�{ÄÞ.-–ÞéåÂ� ⃗p_a = −⃗p_b ¡B_√

s ≡ E_a + E_b (§e–Þ) p ≡ |⃗p_a| = | − ⃗p_b| (ĲóÄÞ) ?ĳ~§–ˇø*_{E2 = p2 + m2}

,1Mñ

p^2 =

[s − (m_a + m_b)^2] · [s − (m_a − m_b)^2] 4s (2.47)

bétŃđ�éåŮ¯áhÕψ(2S){,ÇuĂ,ðÕŔe^+e^−, “ΓiŔΓe,?“p#¿ PÝΓŔΓt, ¸*(2.43)UŔ f_{ij} = Γ_eΓ_j Γ^2_t

(2.48)

đ�đŔ1/2,áhÕψ(2S){�đŔ1,ýl = 1,ù*(2.45)ÄŔ σ_{max} = 3π p^2

(2.49)

éŢL§Þ$áh{<Y,s ∼ M%s ≫ ma, mb,ùŃ

p^2 ≃ s · s 4s = s 4 ≃ M^2

4 ý p =^M_2 (2.50)

28 Ś«9 "è0Źœ›ęjâÜR Ţ4*(2.49)ÄŔ σ_{max} = 12π M^2

(2.51)

*(2.42)ę*(2.41)ŊffiÆ1O�*(2.48),?R*(2.51)QĲ,¸Ń

σ_{NR}(W ) = 3π M^2 · Γ_eΓ_j (W − M)^2 + Γ^2_t /4

(2.52) σ_{RL}(s) = 12π · Γ_eΓ_j (s − M^2)^2 + M^2Γ^2_t

(2.53)

ÞÜ*Ŕýľěa~{o*.σNRý:#éXX#o*{áh-Á;σRLý#éXX# o*{áh-Á.

˝ÁßXáh-Á{–ÞèI.:#éXX#o*{Breit-Wigner áh-Á{– ÞèIŔ A_{NR} = 3πΓ_eΓ_j M^2 ∫_∞ 0 dW (W − M)^2 + Γ^2_t /4

(2.54)

*Sęt=^{2(W −M )}_{Γt} ,Ń

A_{NR} = 6πΓ_eΓ_j M^2Γ_t ∫_∞ t_0 dt t^2 + 1

(2.55)

Ùět0=�^{2M}_{Γt} (éaŢW = 0). ò*Sęt = tan θ,?Õ?t

d tan θ = sec^2 θdθ = (1 + tan^2 θ)dθ Ń A_{NR} = 6πΓ_eΓ_j M^2Γ_t ∫_{π/2} arctan t0

dθ (2.56) = 6πΓ_eΓ_j M^2Γ_t · [ π 2 − arctan t_0] (2.57)

éŢL§Þ$áh{<Y,1ψ(2S)Ŕ¿,ÊâPDG2000,M=3686MeV,Γt <0.3MeV, ù^{2M}_{Γt} >12000, ,čŚ@Ŕ∞,$ffi

arctan t_0 = arctan(− 2M Γ_t

) = − arctan( 2M Γ_t

) (2.58)

= − arctan x|_{x→∞} = − π 2 (2.59)

Ő9:áh-Á{–ÞèI 29 Ţ4Ń A_{NR} = 6π^2Γ_eΓ_j M^2Γ_t

(2.60)

$ý:#éXX#o*{Breit-Wigneráh-Á{–ÞèI.

ıó›ő#éXX#o*{Breit-Wigneráh-Á{–ÞèI.Õ?ts = W^2,Ê â*(2.53)Ń A_{RL} = 12πΓ_eΓ_j

M^4 ∫_∞ 0 dW [(^W_M )^2 − 1]^2 + (^{Γt}_M )^2

(2.61)

*Sęx=^W_M ,?“δ=^{Γt}_M ,¸Ń

A_{RL} = 12πΓ_eΓ_j M^3 ∫_∞ 0 dx [x^2 − 1]^2 + δ^2

(2.62)

Õ?tèI<j4#Þx{S<j,Ţ4Ń ∫_∞ 0 dx [x^2 − 1]^2 + δ^2 = ∫_0 −∞ dx [x^2 − 1]^2 + δ^2

(2.63)

Yø*(2.62),1UÄŔ A_{RL} = 6πΓ_eΓ_j M^3

· I_δ (2.64)

*ě¡B

I_δ = ∫_∞ −∞ dx K(x) (2.65)

K(x) = [x^2 − 1]^2 + δ^2 (2.66)

›őèIŁIδĽˇa~Ě#<j{Ńˇ¡ő.D¸ˇ-w1ĚjŔ'Þ{úè<j{ ôŽ,=ý<jK(z){^Ž.Ŕ$RK(z)<jIĽO*

K(z) = (z^2 − 1 − iδ)(z^2 − 1 + iδ) (2.67) = (z − a)(z + a)(z − b)(z + b) (2.68)

Þ*.¡B

a^2 = 1 + iδ ę b^2 = 1 − iδ (2.69)

30 Ś«9 "è0Źœ›ęjâÜR ÊâĚ#<j{-#,,Ra^2UÄŸ˝o*

a^2 = r · (cos θ + i sin θ)

Ùě_{r = √1 + δ2, cos θ = 1} r , sin θ = δ r Ţ4_{a = √r · (cos θ} 2 + i sin θ 2 ) ĳ~ÌnÚ*,1Fñ cos θ 2 = √ 1 + cos θ 2 = √√ 1 + δ^2 + 1 2 √ 1 + δ^2 sin θ 2 = √ 1 − cos θ 2 = √√ 1 + δ^2 − 1 2 √ 1 + δ^2 Ä1Ń a = √√ 1 + δ^2 + 1 2 + i √√ 1 + δ^2 − 1 2 (2.70)

ąŚŔ,1Fñ b = √√ 1 + δ^2 + 1 2 − i √√ 1 + δ^2 − 1 2 (2.71)

K(z)<j{ŔÇÊþáŔIYóx − yèÄ{ĚšÁ{ŔÇ6!«,kDC2.3 ě

{(a).1R(R >^√r)ŔÌż,óÞÌšÁ*ËŇCRę"ű,−RŰR {ãËÄU» M",1$*ŔèI4ż,kDC2.3ě{(b).ĎC,-,óèI4żŇÄ{Kŋ«úè <jŘŃÜÇôŽ(aZ−b).ÊâĚ#<j{Ńˇ¡ő,Õ?t lim_{R→∞} ∫ C_R dz K(z) = 0 (2.72)

,-Ń_{∫ ∞} −∞ dx K(x) = lim_{R→∞}{ ∫_R −R dx K(x) + ∫ C_R dz K(z) } = 2πi ∑ Im z>0^{res[} 1 K(z) ] (2.73)

Ő9:áh-Á{–ÞèI 31 ý I_δ = ∫_∞ −∞ dx K(x) = 2πi ∑ Im z>0^{res[} 1 K(z) ] (2.74)

éŢ<j^1_{K(z)} ,ÙìÇ~ôŽzi {«jŔ res[ 1 K(z_i) ] = lim_{z→zi} [(z − z_i) · 1 K(z) ] (2.75) Ţ4

(a)ôŽIY (b)èI4ż C 2.3 : ôŽIYęèI4ż ∑ Im z>0^{res[} 1 K(z) ] = lim_{z→a}[(z − a) · 1 K(z) ] + lim_{z→(−b)}[(z + b) · 1 K(z) ] (2.76) = 1 (z + a)(z^2 − b^2)

|_{z=a} + 1 (z^2 − a^2)(z − b)

|_{z=−b} (2.77) = 1 2(a^2 − b^2) · ( 1 a + 1 b ) (2.78)

R*(2.69)ę*(2.70)�(2.71)SĲ*(2.78),z ∑ Im z>0^{res[} 1 K(z) ] = 1 2iδ · √√ 1 + δ^2 + 1 2 √ 1 + δ^2

(2.79)

32 Ś«9 "è0Źœ›ęjâÜR R*(2.79)SĲ*(2.74),Ń

I_δ = π δ · √√ 1 + δ^2 + 1 2 √ 1 + δ^2

(2.80)

Õ?tδ=^{Γt}_M ,éŢL§Þ$áh{<Y,1ψ(2S)Ŕ¿,ÊâPDG2000,M=3686MeV,

Γ_t=277keV, Ń Γ^tM ∼ 7.5 × 10^{−5},ù‚(1 + δ^2) ∼ 0,Ţ4

I_δ = π δ (2.81)

R*(2.81)SĲ*(2.64)Ń A_{RL} = 6π^2Γ_eΓ_j M^2Γ_t

(2.82)

*(2.82)ý#éXX#o*{Breit-Wigneráh-Á{–ÞèI.Ď*(2.60),-,$ Łę:#éXX#o*{Breit-Wigneráh-Á{–ÞèI#3.