ŚÔ9 ¨Áfflő

ý9D¸ĂÒ-Á›ő{ÄŰ’.ČĂ;\Řë›őáh-Áđ~{Breit-

Wigner Ú*.śĂßXˇŢ-Á{kóHa-tę]8ôŽHa-t.!ĂÉñff\

ěa~{˙--Á{›őÚ*^1.

7.1 ¨Áfflő–¸ÄŰ’

-Á{Ű’!`åÍŢαÂ�{śó"è.«ff-—ð,)źt(Rutherford) D¸ FñêÇ–ÞŔE{αÂ�,ú~ÝŔt,ŽÁ0šěŃnÇÆ�X{ŮaJÄśó,ă Ýnóθęθ + dθČ-{´GÚ* dP (θ) = nt 16 ( 2Ze^2 4πϵE )^2 · 2π sin θdθ sin^4 θ2

(7.1)

*ěO�2π sin θdθ,+Â�óÞcśóě§Ĳ{Á‹n,đ“ŔdΩ.1ČøÞ*,z tαÂ�óθ05\ăÁ‹ně{śó´GŔ dP (θ) dΩ = nt 16 ( 2Ze^2 4πϵE )^2 · 1 sin^4 θ2

(7.2)

*( 7.1)ę( 7.2)ýÍÖ{)źtśóÚ*{Üń,co*[33].ĎŢdP (θ)äŃÁèÞ ł,ùÁČŔ-Á,đ“Ŕdσ, \ăś,“*barnÝb^2. RdσèIĂztèI-Á,ŚÁ

¿-Á,“ŔσÝσ(W ),#ÞW ,+ę¡{–ÞŃˇ.

śøÞ�őXZř–Ôő"è{–0,-Á{ÏÄ`.,šŻ¸ŋr§êÞ�¸ ŋ. óhŸĞ˙-Ő{æÂ,Çě,Èąśó(fu�:fu�’a)"è.ÄŔÏÄ Â�Č-#Ř*~ùÙ«\Ĺè{ŋˇCã.-Á{«:ĘCTŇ,Ãco*ĘCř 1ý9~ÜĄ4Ńˇ-Á›ő{äú-#{Řë;śĂ{«Ő4|šF,ZÁ{¯sGÏÄÓ*{r őęĚc.

21barn=10�24cm2,ř–Ôőěđ~{\ă4nb, 1nb=10�9barn.

93

94 ŚÔ9 -Á›ő

û. ,őX0ÁY,øê!ðĽˇfflD{đffi*~Oči,ďĽˇfflDđ”�m”� {kóHa,]8ôŽHa--.YJfflDđ,ıŔé!ð-Á{ń-t,đŸĂk ó-t,]8ôŽ-t-.Ý9ê-t{-Á“Ŕσ̃(W ).,"è0ÁY,fiďìäqffi {–Þ?:ő.Ž{Ł,‚4óì´¡Ł(“ŔW )ŐčÅı¡{IY.ÃcY ńIY{#Þ“ŔW^′,IY<j“ŔG(W, W^′). ¡\őXę"èõ0{fflD, ˙-- Á,1›őŸ˝:

σ(W ) = ∞∫ 0 dW^′G(W, W^′)σ̃(W^′) (7.3)

k/"è–Þ{Očiõ,b–ÞIY{o*ÊâšèuĂvŔ;\,/đRŔř ĎIY G(W, W^′) = 1 √ 2πΔ exp[ −(W − W^′)^2

2Δ^2

] (7.4)

*ěΔŔ–ś,4Ãc–ÞIY{Ìˇkj.

k/őX-Á{Oč›iõ,‚%sŮ-Á{o*iĚì.đŸkó-tÌé-Á Ů¯k/[34],Yńk/,ĎÇo*Ěì{<jDÃc,õùt{õńOč~kj% Þ⃗xÃc.Ţ4-tĂ{-Á,1,+Ŕ

σ̃(W ) = ∫ d⃗xD(⃗x)σ̄(W, ⃗x) (7.5) Ùěσ̄(W, ⃗x)4Ãkó-t{ð)-Á.ŚđŸ]8ôŽÌé-ÁŮ¯k/,Yńk/ ,/,ÇO�δ(W )u‹ı,ý

Δσ̄(W, ⃗x) = δ(W )σ_0(W, ⃗x) (7.6)

Ùěσ0(W, ⃗x)¸4ÃôŽ-t{^ß-Á.˝Á¸Řë^ß-Á{Breit-Wignero *,ČĂßX-tŕ¸.

7.2 Breit-WignerÚ*

ðÕa�b’aŮ¯ìâÕX,"¡’a4/,ìě-ÕV §q,ý

a + b → V → X (7.7)

7.2. BREIT-WIGNERÚ* 95

¸’a-Á,,+Ŕ σ(a + b→V→X) = (2S_V + 1) (2S_a + 1)(2S_b + 1) · 16πm^4_V λ(m^2_V , m^2_a, m^2_b) · Γ(V→X) · Γ(V̄→ā + b̄) (s − m^2_V )^2 + m^2_V Γ(V→all) (7.8)

*ěSV �Sa�SbI/Ŕě-ÕðÕ{nÄÞ;mV �ma�mb 4Çć#a{§Þ.< jλ(x^2, y^2, z^2)¡BŔ

λ(x^2, y^2, z^2) = x^4 + y^4 + z^4 − 2x^2y^2 − 2x^2z^2 − 2y^2z^2 (7.9) = x^4 − 2(y^2 + z^2)x^2 + (y^2 − z^2)^2 (7.10) = [x^2 − (y + z)^2] · [x^2 − (y − z)^2] (7.11) = (x + y + z)(x + y − z)(x − y + z)(x − y − z) (7.12)

Γ(V → X)ÝΓ(V → all),+ě-ÕV p#tâÕX{IPÝÝp#tÄŃâÕ{

¿PÝ(Ś“ŔΓtÝ;“ŔΓ). ,Ç^¯V → ā+^¯b4,Ça + b → V {ffl,Ç;^¯V �ā�^¯b4

#aŢV �a�b{’Â�; Γ(^¯V → ā +^¯b)4^¯V p#tā�^¯bâÕ{IPÝ.s,+a�bø :{§eø¿–Þ{š0(s = E^2_{cm}).

éŢe^+e^−éå,Ů¯áhÕRòp#tìâÕf{,Ç,“Γ(R → f) ŔΓf .Ď Ţe^+�e^−ŘŔ’Â�,e^+�e^−ø:éåŮ¯{áhÕR Ŕ�ü{’Â�,O$e^+ +

e^− → R,Ç{ffl,ÇŔR → e^+ + e^−,ù$Γ(R̄ → ē^+ + ē^−)= Γ(R → e^+ + e^−),=ý

áhÕRp#Ŕđ�é{IPÝ, “ŔΓe.óř–éåě(éψ(2S),s∼ 3.68^2 GeV^2),Ů ¯{áhÕ§ÞM ≫ me+ ,me�,Êâ*( 7.10),z

λ(M^2, m^2_e+ , m^2_e�) ∼= M^4 (7.13)

ðÕe^+�e^−{nÄÞýđ�{�đSe+ = Se� =^1_2 .œáhÕ{nÄÞŔJ,Rˇ Ţe^+e^− éå{kjSĲ*( 7.8),z

σ_{BW} (s) ≡ σ(e^+ + e^− → R → f) =

4π(2J + 1)Γ_eΓ_f (s − M^2)^2 + M^2Γ^2

(7.14)

$ýÃUáh-Áđ~{Breit-WignerÚ*[35].éψ(2S),J = 1,ùŃ

σ_{BW} (s) =

12πΓ_eΓ_f (s − M^2)^2 + M^2Γ^2

(7.15)

Ńffi~W ,+§e–Þ,W =^√s;σBW (s)›“ŔσBW (W ). #ÞsęW @0"‚¡,Ñ iđ~.óáhXßs = M^2,*( 7.15)ÄŔ

σ_{BW} (M) =

12πΓ_eΓ_f M^2Γ^2

(7.16)

96 ŚÔ9 -Á›ő $ffiÜÇâÕf1�f2-ÁČˇ-ŢÙPÝÝI|ˇČˇ:

σ_{BW} (f_1) σ_{BW} (f_2) = Γ_{f1} Γ_{f2} = Γ_{f1} /Γ Γ_{f2} /Γ = B_{f1} B_{f2} (7.17)

7.3 kó¨t

ŔêřhŔ-Þáhkj,Ÿ§Þ�p#PÝ-,ŇřhŔßőðÕe^+e^−{”� kóéáh-Á{-tHa(kó-t).E.KuraevZV.Fadin˙ñ{Ĺè<j0ff, 1thŔßőYąkó-tŕ¸[36][37],ÙřÝPŢ0.1%. flâÆć{0ff,kó- Áσ̃,1,+Ŕ

σ̃(s) =

1∫^1∫

x_1+x_2≥2−ΔE/E dx_1dx_2 ∑ A=e^+ ,e� D^A_e�(x_1, s)D^Ā_e+ (x_2, s)σ̄_A¯_A(x_1x_2s) (7.18)

*ěΔEŔ–ÞI%G,?"¡ΔE ≪ E.D^A_e (x, s)4đ�IY<j,ÃUe^+e^−kó”

�Ă“ŻıÄÞŔx{ŰGIY. σ̄_A¯_A(x1x2s)4đ�tđ�óðÕéåžŽÞ,ó§

eø¿–Þš0Ŕx1x2s{<Y˝,#åĂì,Ç{-Á.

Ţ#èI#Þ,ZĲc#Þx,R*( 7.18)ŢUÄ

σ̃(s) = ε∫ 0 dxσ̄[s(1 − x)]F (x, s) (7.19) *ěèIÞ!εĎ´¡{,Çû¡.ýľÏÄ{,ÇεRŔ1, éat(ÝŃ)đ�{\\ –ÞÝŽŔ”�–Þ{<Y.¡B

x_1x_2 = 1 − x (7.20)

‚F (x, s)4ÃUkó”�Ì{<j,ÁŔkóO�(radiator),¡BŔ F (x, s) = 1∫ 1−x dz z · D^A_e�(z, s)D^Ā_e+ ( 1 − x z , s) (7.21)

*( 7.19)4e^+e^−éåě\”�ÇŰw˝Èń,Ç{Ê7u-Á,H*. ˝ÁûÏÄ*( 7.19)ěÈ1{«Ő,Msñ"èff\ě#",~{ĽÛčŚ*[38].D ¸F (x, s),1,HŔŸ˝o* F (x, s) = x^{t−1}t · [ ((K)) + 3 4 t + t^2( 9 32 − π^2 12 ) ]

7.3. kó-t 97 +x^t(−t − t^2 4 ) + x^{t+1}( t 2 − 3 8 t^2) + O(x^{t+1}t^2) (7.22)

*ě((K))ÁŔK-O�,ękó-t›ő{řÝˇFŃˇ,éý"è{řÝˇFu Ă,K-O�RŔ

((K)) = 1 + α π ( π^2 3 − 1 2 ) (7.23)

*( 7.22)ě‹Q{1ÑřŢx^{t+1}t^2,â«{1øjěÑ9t, t = 2α π (ln s m^2_e

− 1) (7.24)

ĎŢx < 1,t < 1,O$‹Q{Ñ4ř~BÞ.ěσ̄[s(1 − x)]RŔBreit-Wignero *σ̄BW [s(1 − x)],ý*( 7.15), QVř~1,*( 7.19)ÄŔ

σ̃(s) = 1∫ 0 12πΓ_eΓ_f dx [s(1 − x) − M^2]^2 + M^2Γ^2 · { x^{t−1}t [ ((K)) + 3 4 t + t^2( 9 32 − π^2 12 ) ] − x^t(t + t^2 4 ) + x^{t+1}( t 2 − 3 8 t^2) } (7.25)

Þ*Ś1,9x^{t−1}t{1,ĽÛ,è,ŘĽĳ~ˇø*(hν < 2ffi) ∞∫ 0 νx^{ν−1}dx x^2 + 2ax cos θ + a^2 = a^{ν−2} · πν sin[θ(1 − ν)]

sin θ sin πν

(7.26)

?>ø,1t∞{\I(Õ?*( 7.25){èI,0t1),zt 1∫ 0 tx^{t−1}dx [s(1 − x) − M^2]^2 + M^2Γ^2 = 1 s^2 · a^{t−2}ϕ(cos θ, t)

+ t s^2 · [ 1 t − 2 + 2(s − M^2) (t − 3)s + 3(s − M^2)^2 − M^2Γ^2 (t − 4)s^2 ] (7.27) Ùě a^2 = (1 −

M^2 s )^2 +

M^2Γ^2

s^2

(a > 0) (7.28)

cos θ = 1 a · ( M^2 s − 1) (7.29)

ϕ(cos θ, y) = πy sin[θ(1 − y)]

sin θ sin πy

(7.30)

98 ŚÔ9 -Á›ő ąŚŔFñ*( 7.25)ě9x^t1{èI 1∫ 0 x^tdx [s(1 − x) − M^2]^2 + M^2Γ^2 = 1 (t + 1)s^2

· a^{t−2}ϕ(cos θ, t + 1)

+ 1 s^2 · [ 1 t − 1 + 2(s − M^2) (t − 2)s + 3(s − M^2)^2 − M^2Γ^2 (t − 3)s^2 ] (7.31)

1ù9x^{t+1}1{èI 1∫ 0 x^{t+1}dx [s(1 − x) − M^2]^2 + M^2Γ^2 = 1 (t + 2)s^2

· a^{t−2}ϕ(cos θ, t + 2)

+ 1 s^2 · [ 1 t + 2(s − M^2) (t − 1)s + 3(s − M^2)^2 − M^2Γ^2 (t − 2)s^2 ] (7.32)

R*( 7.32)�( 7.31)�( 7.27)SÃ*( 7.25)Ń

σ̃_{SE}(s) =

12πΓ_eΓ_f s^2 · { (1 + δ)t · [ 1 t · a^{t−2}ϕ(cos θ, t) + 1 t − 2 + 2(s − M^2) (t − 3)s + 3(s − M^2)^2 − M^2Γ^2 (t − 4)s^2 ]

−t(1 + 1 4 )· [ 1 (t + 1)

· a^{t−2}ϕ(cos θ, t + 1) + { 1 t − 1 + 2(s − M^2) (t − 2)s + 3(s − M^2)^2 − M^2Γ^2 (t − 3)s^2 ]

+( t 2 − 3 8 t^2)· [ 1 (t + 2)

· a^{t−2}ϕ(cos θ, t + 2) + { 1 t + 2(s − M^2) (t − 1)s + 3(s − M^2)^2 − M^2Γ^2 (t − 2)s^2 ]} (7.33) Ùě δ = α π ( π^2 3 − 1 2 ) + 3 4 t + t^2( 9 32 − π^2 12 ) (7.34)

*( 7.33)ýŔ9kó-t{áh-Á{ĽÛčŚ*.

7.4. ]8ôŽO� 99

7.4 ]8ôŽO�

fflD*( 7.6)ě,+]8ôŽHa{]8ôŽO�δ(W ). ó]8ôŽO�{ÏÄ ě[39],”ˇfflDX3âÕÂ�(4�ę„�){K/, ŚˇfflDX3’aw^3 (sw�tw ùÙ#Ž1){ŃI.ä‹ŔĂ δ_{vac}(s) = δ^{lep}_{vac}(s) + δ^{had}_{vac} (s) (s w) (7.35) δ_{vac}(t) = δ^{lep}_{vac}(t) + δ^{had}_{vac} (t) (t w) (7.36) δ_{vac}(int) = √ 1 + δ_{vac}(s) · √ 1 + δ_{vac}(t) − 1 (#Ž1) (7.37) ∼= 1 2 (δ_{vac}(s) + δ_{vac}(t)) (δ_{vac}(s)�δ_{vac}(t) ŔBÞ) (7.38)

4�{]8ôŽO�,1§ZûIŔ δ^{lep}_{vac}(s) = δ^e_{vac}(s) + δ^μ_{vac}(s) + δ^τ_{vac}(s) (7.39) δ^{lep}_{vac}(t) = δ^e_{vac}(t) + δ^μ_{vac}(t) + δ^τ_{vac}(t) (7.40) *( 7.38)ě{È1δvac(s)�δvac(t)ęδvac(int)Ñ4–Þ{<j.ÊâĲX{›ő δ_{vac} = −2 · ReΠ(s) (s w) −2 · ReΠ(t) (t w) −ReΠ(s) − ReΠ(t) (sęt{Žõ) (7.41)

ÙěΠ(s, t)4Ãc]8ôŽHa{O�.˝Ábé4�ę„�Ü\I,ä‹fflĽ]8ô ŽO�{›ő.

7.4.1 4�“I–ôŽO�

♠ s > 4m^2_l ,m_l 44�§Þ(l = e, μ, τ )

ReΠ(s, m^2_l ) = α π [ 8 9 − a^2 3 + a · ( 1 2 − a^2 6 ) · ln b ] (7.42) *ě a = (1 −

4m^2_l s )^{12} , b = 1 − a 1 + a

(7.43)

3óř–#éXäÄęě,éŢðÕ�âÕþŔÜ‹{’a,Ç,đđf~s�t#Þ,Çć,+#aŢX 3’aąn(ÁŔsw’aętw’a){§eø–Þ{š0,{ŔbUûX#Þ.

100 ŚÔ9 -Á›ő ♠ s < 4m^2_l ReΠ(s, m^2_l ) = α π [ 8 9 + a^2 3 − 2a · ( 1 2 + a^2 6 ) · cot^{−1}(a) ] (7.44) *ě a = (

4m^2_l s − 1)^{12} (7.45)

♠ t < 0 ,t = −s · sin^{2 θ}_2 (θ:ôn), ùReΠ(t, m^2_l )4–ÞE_{cm}ZnÝθ{<j.

ReΠ(t, m^2_l ) = α π [ 8 9 − a^2 3 + a · ( 1 2 − a^2 6 ) · ln(−b) ] (7.46) *ě a = (1 −

4m^2_l t )^{12} , b = 1 − a 1 + a

(7.47)

7.4.2 `�“I–ôŽO� ♠ ésw ReΠ_h(s) = −3s α ∑ resonanaces Γ^0_e M · s − M^2 M^2Γ^2_{tot} + (s − M^2)^2

(áhÕ\I) − α 3π R(s_1) ln | | | | s − s_1 s_1 | | | | + s 4π^2α ∫_{s1} 4m^2ß

σ_h(s^′) − σ_h(s) s^′ − s ds^′

+ s · σ_h(s) 4π^2α ln | | | | s_1 − s 4m^2_π − s | | | | (ËŹÕ,ýR-Ł\I) (7.48) *ěáhÕ\I{FZÝiÈńáhÕ,đŸρ,ω,ϕ,J/ψ, ψ(2S),Υ--.ÙěR(s1)4s1^4 ß{R-Ł,ù*( 7.48) ě{Ś«1,Ŕ~σh(s1),+R(s1),UÄŔ − s_1 · σ_h(s_1) 4π^2α ln | | | | s − s_1 s_1 | | | | (7.49)

Ùěσh(s1),+ós = s1ß,e^+e^−éåŮ¯{„�âÕ{-Á.hs < 4m^2_πffiσh(s)-Ţ ^._♠ étw,R*( 7.48)ě{#ÞsęÄt,3ffiâÑs1{ŁX#ý,.

*( 7.48)ě{Ś1óáhXŐčs = M^2_{ψ(2S)}ß,<jqŔČÙŕffB4,> øψ(2S)�ü{k/,rÇReΠh(s){<jqŔ#z:đšě."«Þ,ÞcÈ]8ôŽ O�{<jqŔóůÃ)Ň«(3.67 GeV ∼ 3.71 GeV)ÑôŔšě,þ,*Ŕđjß ő._{4s1}

4LÚÝ–),ŢLBerends {ÇŞs1 = (9.5^2 + 10) GeV^2.

7.5. ˙--Á{›ő 101

7.5 ˙¨¨Á–fflő

"«"èě{˙--Áø~ÁßX{áh\Ii,ďÝi:áh\I,ýËŹ\I 1ùáh\IZËŹ\I{#Ž\I.O$˙--ÁaŤ,cŔ

σ^{obs}_h (W ) = σ^R_h (W )A^R_h + σ^C_h (W )A^C_h + σ^I_h(W )A^I_h (7.50) σ^{obs}_{ππJ/ψ}(W ) = σ^R_{ππJ/ψ}(W )A^R_{ππJ/ψ} (7.51) σ^{obs}_e (W ) = σ^R_e (W )A^R_e + σ^{QED}_e (W )A^{QED}_e + σ^I_e (W )A^I_e (7.52) σ^{obs}_μ (W ) = σ^R_μ (W )A^R_μ + σ^{QED}_μ (W )A^{QED}_μ + σ^I_μ(W )A^I_μ (7.53)

ÙěAf 4éa,Çe^+e^− → f(f = e, μ, h){"èzBÝ, C)ŞËŹ\I, R)Şá h\I, I)Ş#Ž\I.é„�âÕ, u�QCD{ËŹ\I{-Á#é‚Ó:đČ B,ŽõHaĞĆÙĞ,1Ů,1ČQ, ýσ^I_h(W ) ≈ 0.éŢe^+e^−âÕ,#Ž\I{zB ÝRŔA^I_e =^√A^R_e · A^{QED}e ;éŢμ^+μ^−âÕ,ąŚŔRA^I_μ =^√A^R_μ · A^{QED}μ .Ţ4˙-- Á{›őÚ*ŽŔ

σ^{obs}_h (W ) = σ^R_h (W )A^R_h + σ^C_h (W )A^C_h (7.54) σ^{obs}_{ππJ/ψ}(W ) = σ^R_{ππJ/ψ}(W )A^R_{ππJ/ψ} (7.55) σ^{obs}_e (W ) = σ^R_e (W )A^R_e + σ^{QED}_e (W )A^{QED}_e + σ^I_e (W ) √ A^R_e · A^{QED}e (7.56)

σ^{obs}_μ (W ) = σ^R_μ (W )A^R_μ + σ^{QED}_μ (W )A^{QED}_μ + σ^I_μ(W ) √ A^R_μ · A^{QED}μ (7.57)

,D,éŢψ(2S)áhkj{-Þ,Ľˇ-w6ÇzBÝ,ýA^R_h ,A^C_h , A^R_e ,A^{QED}_e ,A^R_μ ,A^{QED}_μ . ŃˇzBÝ{›ő-DŚ89.

¡\ÞcÈĄ{Ĺ*,ztff\ěR~t{›ő˙--Á{čŚĽÛ*.ıIX3

âÕIŚŸ’.˝ÁÚ*ě~t{đjÝ<j,¿Ÿa^2,cos θ, ϕ(cos θ, t),t,δ,δvac(s),δvac(t) --,Ù¡BkD*( 7.28),( 7.29),( 7.30), ( 7.24),( 7.34),( 7.35),( 7.36)--.

7.5.1 `�âÕ–¨ÁÚ*

♥ áh\I_{σR}

h (W ) =

12πΓ_hΓ^0_e W^4 (1 + δ_{vac}(s))· { (1 + δ)a^{t−2}ϕ(cos β, t) + (−t + 3 4 t^2)a^{t−1}ϕ(cos β, t + 1) } (7.58)

102 ŚÔ9 -Á›ő ♥ :áh\I

σ^C_h = R̃σ^0_μ(QED) = R̃ 4πα^2 3W^2 = R̃ 86.854554(nb) W^2(GeV^2)

(7.59)

*ě^~R4Qkó-t{RŁ,ý

R̃ = R · (1 + δ_{rad}) (7.60)

ÙěδradŔËŹK{kó-tO�. ♠ „�âÕ{¿-Á

σ^{obs}_h (W, θ) = A^R_h (θ)σ^R_h (W ) + A^C_h (θ)σ^C_h (W )

= A^R_h (θ)σ^R_h (W ) + A^C_h (θ) ·

R̃ · 86.854554(nb) W^2(GeV^2)

(7.61)

*ěA(θ)Ŋó(θ → π − θ)Á‹n)Ň«/,/¿ÇăĂ{„�/¿3\8-„�/ ¿{ˇG,ý„�zBÝ.

7.5.2 π^+π^−J/ψâÕ–¨ÁÚ*

éŢìÇ´¡{„�âÕ,đŸĂψ(2S) →π^+π^−J/ψ, YffiŘŃáh\I{-Á ?ó,˙--Á{›ővŔ;\ σ^{obs}_{ππJ/ψ}(W ) = A_{ππJ/ψ}(θ) · 12πΓ_{ππJ/ψ} Γ^0_e W^4 · (1 + δ_{vac}(s))· { (1 + δ)a^{t−2}ϕ(cos β, t) + (−t + 3 4 t^2)a^{t−1}ϕ(cos β, t + 1) } (7.62)

*ěAππJ/ψ(θ)Ŋó(θ → π − θ) Á‹n)Ň«/,/¿ÇăĂ{π^+π^−J/ψ/¿3\ 8-π^+π^−J/ψ/¿{ˇG,ýπ^+π^−J/ψBÝ.

7.5.3 μ^+μ^−âÕ–¨ÁÚ*

μ^+μ^−âÕ{˙-¿-ÁŔ

σ^{obs}_μ (W, θ) = A^R_μ (θ)σ^R_μ (W ) + A^{QED}_μ (θ)σ^C_μ (W ) + A^{Int}_μ (θ)σ^{Int}_μ (W ) (7.63)

7.5. ˙--Á{›ő 103

*ěA(θ)Ŋó(θ → π − θ)Á‹n)Ň«/,/¿ÇăĂ{μ^+μ^−âÕ/¿3\8 -μ^+μ^−âÕ/¿{ˇG,ýμ^+μ^−âÕ{zBÝ. fflDt"èff\{QEDšÑęőX ¡Ï{ŁČ-,–?óăŃ,ZĲ,nYńăŃ{kjη,R˙-¿-ÁŢUŔ

σ^{obs}_μ (W, θ) = A^R_μ (θ)σ^R_μ (W ) + η · A^C_μ (θ)σ^{QED}_μ (W ) + √ η · A^{Int}_μ (θ)σ^{Int}_μ (W ) (7.64) éμ^+μ^−âÕuĂ,áh\I(R)�ËŹ\I(QED)1ùáh\IZËŹ\I{#Ž \I(Int),Ñ4ésw‚Ó.ä‹{,H*Ÿ˝ σ^{obs}_μ (W, θ) = ∞∫ 0 dW^′G(W, W^′)σ̃(W^′) èIR«{σ̃(W )äŃŸ˝o*

σ̃(W ) = (1 + δ_{vac}(s))· { 4πα^2 3W^2 · ηA^C_μ (θ) · [ 1 + t 2 · ( 2lnX_f − ln(1 − X_f ) + 3 2 − X_f ) + α π ( π^2 3 − 1 2 ) ]

+C_1 · (1 + δ_v) · [ a^{t−2}ϕ(cos β, t) + t · ( X^{t−2}_f t − 2 + X^{t−3}_f t − 3 R_2 + X^{t−4}_f t − 4 R_3 )]

+ [ −t(1 + δ_v)C_2 + (−t − t^2 4 )C_1 ] · [ a^{t−1} 1 + t ϕ(cos β, t + 1) + X^{t−1}_f t − 1 + X^{t−2}_f t − 2 R_2 + X^{t−3}_f t − 3 R_3 ]

+ [ 1 2 ln X^2_f + 2aX_f cos β + a^2 a^2 − ctgθ · ( tg^{−1} X_f + a cos β a sin β − π 2 + β )] · [ (t + t^2 4 ) · C_2 + ( t 2 − 3 8 t^2) · C_1 ]} (7.65) *ě R_2 =

2(s − M^2) s = −2a cos β (7.66)

R_3 = a^2(4 cos^2 β − 1) (7.67) X_f = 1 − s_m s (7.68)

104 ŚÔ9 -Á›ő Ùěsm = 4E^2_{cut},Ecut4éŢμ{#ä–Þ,Ecut = mμffizt\-Á.˛iÜÇ ÞC1ZC2{¡BŸ˝

C_1 = [ 8πα · √ Γ^0_eΓ^0_μ M · (s − M^2) · √ ηA^{Int}_μ (θ) + 12π( Γ^0_eΓ^0_μ M^2 ) · s · A^R_μ (θ) ] / s^2(7.69)

C_2 = [ 8πα · √ Γ^0_eΓ^0_μ M · √ ηA^{Int}_μ (θ) + 12π( Γ^0_eΓ^0_μ M^2

) · A^R_μ (θ) ] / s (7.70)

*ě9^√Γ^0_eΓ^0_μ{1ŔŽõ1; 9Γ^0_eΓ^0_μ{1Ŕáh1.

7.5.4 e^+e^−âÕ–¨ÁÚ*

e^+e^−âÕ{˙-¿-ÁŔ

σ^{obs}_e (W, θ) = A^R_e (θ)σ^R_e (W ) + A^{QED}_e (θ)σ^C_e (W ) + A^{Int}_e (θ)σ^{Int}_e (W ) (7.71)

ĎŢe^+e^−âÕě{QED\I{-ÁóBnÝffi–ś,ù*ěA(θ)Ŋó(θ → π − θ)Á ‹n)Ň«/,/¿ÇăĂ{e^+e^−âÕ/¿ęŮ¯�ó¡)Ň«Ů¯{e^+e^−âÕ /¿{ˇG^5. ýA(θ)4¡)Ň«e^+e^−âÕ{zBÝ. Þ*ěÈ1-Á{ä‹o* Ÿ˝Äï ♥ áh\I

σ^R(W ) =

2πH^2 S (1 + δ_{vac}(s))· { T_{R0}(1 + δ)a^{t−2}ϕ(cos β, t) + [T_{R0}δ_1 + T_{R1}t(1 + δ)]a^{t−1} ϕ(cos β, t + 1) 1 + t } (7.72)

♥ QED\I σ^{QED}(W ) = 2πα^2 S · { C_{γ0}(1 + δ)x^t_0 + 1 1 + t

[C_{γ0}δ_1 + C_{γ1}t(1 + δ)]x^{t+1}_0 }

+σ^{QED}_{0,s} (W ) · δ_{vac}(s) + σ^{QED}_{0,t} (W ) · δ_{vac}(t) + σ^{QED}_{0,int} (W ) · δ_{vac}(s) + δ_{vac}(t) 2 (7.73)

5Ů¯�Ů¯/¿{)Ň| cos θp|(p : roduce)aŤLŢ/¿{Çă)Ň| cos θs|(s : selection).óýľ {/¿găÏÄě| cos θp| ≤ 0.80,| cos θs| ≤ 0.72.

7.5. ˙--Á{›ő 105

*ěσ^{QED}_{0,s} �σ^{QED}_{0,t} ęσ^{QED}_{0,int} I/4e^+e^−âÕQED^ß-Áěsw\I�tw\Ięsw Ztw{#Ž\I. ♥ Žõ\I_{σInt(W ) = 2παH} s √ (1 + δ_{vac}(s))(1 + δ_{vac}(t))· { C_{i0}(1 + δ) · s − M^2 S · a^{t−2}ϕ(cos β, t) + [ −C_{i0}t(1 + δ)s + C_{i0}δ(S − M^2) + C_{i1}t(1 + δ)(s − M^2) ] · 1 (1 + t)s

· a^{t−1}ϕ(cos β, t + 1) } (7.74)

e^+e^−âÕQED^ß-Á{›őÚ*Ÿ˝

σ^{QED}_0 (W ) = 2πα^2 S [ 8C_m 1 − C^2_m − 1 2 ln | | | | 1 + C_m 1 − C_m | | | | + C^m ( t w) − 1 2 ln | | | | 1 + C_m 1 − C_m | | | | + 3C^m ( sęt{Žõ)

+ 1 2 (C_m + 1 3 C^3_m) ] ( s w) (7.75) ÙěCm = | cos θmax|,θmax4/¿găffiGěnÝ{!LãŐ)Ň,ýŃ(−Cm <

cos θ < C_m).*( 7.74)ěÙÇkj{9BŔ

H = 3

Γ^0_e M , δ_1 = −t − t^2 4 , x_0 = 2C_m 1 + C_m

$iďŃ

T_{10} = 2 ( 1 + C_m 1 − C_m − 1 − C_m 1 + C_m ) T_{t0} = T_{10}+T_{20}+T_{30}

T_{20} = 2ln ( 1 − C_m 1 + C_m ) T_{i0} = T_{20}+4T_{30}+T_{40}

T_{30} = C_m T_{R0} = T_{30}+T_{40}+T_{50}

T_{40} = −C_m T_{t1} = T_{11}+T_{21}+T_{31}

T_{50} = 1 12 (6C_m +2C^3_m) T_{i1} = T_{21}+4T_{31}+T_{41}

106 ŚÔ9 -Á›ő

T_{11} = −4 1 − C_m 1 + C_m

T_{R1} = T_{31}+T_{41}+T_{51}

T_{21} = 2 ( 1 + ln 1 − C_m 1 + C_m ) C_{γ0} = T_{t0}+T_{i0}+T_{R0}

T_{31} = 1 2 [2C_m +C_m(1+C_m)−(1+C_m)] C_{γ1} = T_{t1} +T_{i1} +T_{R1}

T_{41} = 1 2 [−2C_m − 2C_m(1 + C_m) + (1 + C_m)^2] C_{i0} = 2T_{R0} + T_{i0}

T_{51} = 1 12 [6C_m + 2C^3_m + 3 2 (1 + C_m)(6C_m + 2C^3_m) − 3(1 + C_m)^3] C_{i1} = 2T_{R1} + T_{i1}