Ŕĺśĳňă ć ĘİŠŤ, šőň 83, ćżŕ. 2, ś. 57 { 59 © 2006 č. 25 £ŋćăř£

Ŋőćă£ ťőřňşńĺřőćłă ćłńăďă ăďřőŋőć ć ăŋőňăńĳŋżľ ňăčŋĺšŋżľ ňőňěŋš ň¿őŋă

đ. Ň. Ążśšřĺűłĺľ^{1)}, İ. Ă. Łşřăěć^{1)}, Ă. Ć. Ąőčďăŋ^+, Ť. Ć. Ĺčŋăšőć^+, Č. Ć. Ťěďőšőćĺů^{1) +}

Őąžěďĺŋěŋŋżľ ĺŋśšĺšşš £ďěřŋżţ ĺśśńěďőćăŋĺľ, 141980 Ďşąŋă, Ňőśłőćśłă£ őąń., Řőśśĺ£

Ĺŋśšĺšşš £ďěřŋőľ ťĺğĺłĺ ĺňěŋĺ Ąşďłěřă Śĺąĺřśłőčő őšď. ŘĂŊ, 630090 Ŋőćőśĺąĺřśł, Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 15 ďěłăąř£ 2005 č.

Ŕřěďńőęěŋ ŋőćżľ ćĺď ćłńăďă ăďřőŋőć ć ăŋőňăńĳŋżľ ňăčŋĺšŋżľ ňőňěŋš ň¿őŋă, őśŋőćăŋŋżľ ŋă śőčńăÿěŋĺĺ ő ťőřňě śěůěŋĺ£ őďŋőťőšőŋŋőľ ăŋŋĺčĺń£űĺĺ ńěŕšőŋŋőľ ŕăřż ć ăďřőŋż, ŕřěďşśňăšřĺćă¿źěň ćłń¿ůěŋĺě ć ŋěčő ¡ťťěłšőć ŕőń£řĺğăűĺĺ ćăłşşňă ńěŕšőŋăňĺ. Ťőřňşńă ďń£ ăďřőŋŋőčő ćłńăďă śőďěřęĺš śćěřšłş ¡łśŕěřĺňěŋšăńĳŋő ĺğňěřĺňőčő śěůěŋĺ£ ăŋŋĺčĺń£űĺĺ ć ăďřőŋż ś ŋěłőšőřőľ śšăŋďăřšŋőľ ťşŋłűĺěľ. Ŋăÿě ğăňěůăŋĺě łăśăěšś£ řăďĺăűĺőŋŋőľ ŕőŕřăćłĺ ł ¡šőľ ťşŋłűĺĺ. Ŕřěďńőęěŋă łőŋłřěšŋă£ ťőřňă ¡šőľ ŕőŕřăćłĺ. Ňż ŕőłăğżćăěň, ůšő ĺśŕőńĳğőćăŋĺě ŋőćőľ ťşŋłűĺĺ ŕőğćőńĺš śőłřăšĺšĳ ŋěőŕřěďěńěŋŋőśšĺ ćő ćłńăďăţ šăłőčő šĺŕă ğă śůěš řăďĺăűĺőŋŋżţ ŕőŕřăćőł ďő şřőćŋ£ δah/ah ∼ 10�^4.

PACS: 13.40.−f

Ăŋőňăńĳŋżľ ňăčŋĺšŋżľ ňőňěŋš ň¿őŋă a_μ £ćń£- ěšś£ ńăąőřăšőřĺěľ ďń£ ĺśśńěďőćăŋĺ£ ŋőćőľ ťĺğĺłĺ ćŋě śšăŋďăřšŋőľ ňőďěńĺ (ŚŇ) (śň. řăąőšş [1] ĺ śśżńłĺ ć ŋěľ). Őďŋăłő ŕřěęďě ůěň ďěńăšĳ ćżćőďż őšŋőśĺšěńĳŋő ŋőćőľ ťĺğĺłĺ ŋěőąţőďĺňő őűěŋĺšĳ şřőćěŋĳ šőůŋőśšĺ şůěšă ćłńăďă ăďřőŋőć, ŕőśłőńĳłş őŋ £ćń£ěšś£ ďőňĺŋĺřş¿źĺň. Ŕřĺ ¡šőň ćăęŋżň £ćń£ěšś£ őűěŋłă šěőřěšĺůěśłĺţ ĺ ¡łśŕěřĺňěŋšăńĳŋżţ ďőŕşźěŋĺľ.

Ňőšĺćăűĺ£ ŋăÿěľ řăąőšż { ŕřěďńőęĺšĳ ąőńěě ěśšěśšćěŋŋş¿ ťőřňş şůěšă ¡ťťěłšă ŕőń£řĺğăűĺĺ ćăłşşňă ăďřőŋăňĺ, şůĺšżćă£ šăłęě ĺ řăďĺăűĺőŋŋżě ŕőŕřăćłĺ ł ŋěňş.

Ćłńăď ć ăŋőňăńĳŋżľ ňăčŋĺšŋżľ ňőňěŋš ň¿őŋă, řăśśůĺšżćăěňżľ ć řăňłăţ ŚŇ, ŕřěďśšăćń£ěšś£ ć ćĺďě śşňňż šřěţ śńăčăěňżţ: a_μ = a^{QED}_μ + a^{EW}_μ + a^{hadr}_μ . Őążůŋő śůĺšăěšś£, ůšő ůăśšĳ a^{hadr}_μ śőďěřęĺš šőńĳłő ¡ťťěłšż ŕőń£řĺğăűĺĺ ćăłşşňă ăďřőŋăňĺ (ňż ŋě řăśśňăšřĺćăěň ğďěśĳ ăďřőŋŋżě ćłńăďż šĺŕă řăśśě£ŋĺ£ śćěšă ŋă śćěšě) ĺ ŕřěďśšăćń£ěšś£ ć ćĺďě (śň. ŋăŕřĺňěř, [2, 3]):

a^{hadr}_μ = 1 3 (α π )_2^∞∫

4m2_ß ds s R(s) [ K^{(1)}(s) + α π K^{(2)}(s) ] . (1)

§ďřő K^{(1)}(s) ĺňěěš ćĺď

K^{(1)}(s) = 1∫ 0 dx x^2(1 − x) x^2 + ρ(1 − x) , ρ = s M^2

, (2)

1)e-mail: bystr@theor.jinr.ru, kuraev@theor.jinr.ru, G.V.Fedotovich@inp.nsk.su

čďě M { ňăśśă ň¿őŋă ĺ R(s) = σ^e +_e�_{→hadr} 0 (s) σ^e+^e�^{→μ}+^μ�(s)

= 12π Im_h˝(s), σ^e +_e�_{→μ}+_μ�

(s) = 4πα^2 3s , (3)

ćěńĺůĺŋă Im_h˝(s) őąőğŋăůăěš ňŋĺňş¿ ůăśšĳ őŕěřăšőřă ŕőń£řĺğăűĺĺ ćăłşşňă ˝(s), őšćěůă¿źş¿ ăďřőŋŋőňş ŕřőňěęşšőůŋőňş śőśšő£ŋĺ¿.

Ŋěőąţőďĺňő ğăňěšĺšĳ, ůšő ćěńĺůĺŋă σ^e +_e�_{→hadr} 0 (s), łőšőřă£ ćţőďĺš ć R(s), £ćń£ěšś£ ŋěśłőńĳłő ĺśłşśśšćěŋŋőľ, ŕőśłőńĳłş őŋă ŋě ćłń¿- ůăěš ¡ťťěłšőć ŕőń£řĺğăűĺĺ ćĺřšşăńĳŋőčő ťőšőŋă (e^+ + e^− → γ^∗ → hadr). Ěśšěśšćěŋŋă£ ćěńĺůĺŋă (ćłń¿ůă¿źă£ ¡šĺ ¡ťťěłšż) ŕőńşůăěšś£ ğăňěŋőľ

Im_h˝(s) → Im_h ( ˝(s) 1 − ˝(s) ) = Im_h˝(s) |1 − ˝(s)|^2 ,

˝(s) = ˝_l(s) + ˝_h(s), Im_h˝(s) = Im˝_h(s), (4)

čďě ˝_l(s) ĺ ˝_h(s) ŕřěďśšăćń£¿š ćłńăďż ńěŕšőŋőć (ďőňĺŋĺřş¿źĺě ůĺśńěŋŋő) ĺ ăďřőŋőć ć őŕěřăšőř ŕőń£řĺğăűĺĺ ćăłşşňă. Ňż śůĺšăěň, ůšő ćěńĺůĺŋă σ^e +_e�_{→hadr} exp (s), őŕřěďěńěŋŋă£ łăł: σ^e +_e�_{→hadr} exp (s) = σ^e +_e�_{→hadr} 0 (s) |1 − ˝(s)|^2 , (5)

őšćěůăěš ĺğňěř£ěňőľ ŋă őŕżšě ćěńĺůĺŋě, ć őšńĺůĺě őš σ^e

+_e�_{→hadr} 0 (s), řăśśůĺšăŋŋőľ ąěğ şůěšă ŕőń£řĺğăűĺĺ ćăłşşňă ćĺřšşăńĳŋőčő ťőšőŋă.

Ŕĺśĳňă ć ĘİŠŤ šőň 83 ćżŕ. 1 { 2 2006 57

58 đ. Ň. Ążśšřĺűłĺľ, İ. Ă. Łşřăěć, Ă. Ć. Ąőčďăŋ ĺ ďř.

Ňőďĺťĺłăűĺ£ £ďřă ćő ćšőřőň ŕřĺąńĺęěŋĺĺ. Ŕřĺŋĺňă£ ¡šő śőčńăÿěŋĺě, ŋăďő ňőďĺťĺűĺřőćăšĳ a^{hadr}_μ śőőšćěšśšćş¿źĺň őąřăğőň. Ŕřěęďě ćśěčő, ňż ďőńęŋż ğăňěŋĺšĳ σ^e

+_e�_{→hadr} 0 (s) → σ^e +_e�_{→hadr} exp (s).

§ďřő K^{(1)}(s) őśšăěšś£ ąěğ ĺğňěŋěŋĺľ, ŋő ŕőŕřăćłă ł ŋěňş ŕő ¡ńěłšřőňăčŋĺšŋőľ łőŋśšăŋšě ść£ğĺ K^{(2)}(s) ďőńęŋă ążšĳ ĺğňěŋěŋă, ůšőąż ĺğąěęăšĳ ďćőľŋőčő śůěšă. Śőőšćěšśšćş¿źă£ ňőďĺťĺłăűĺ£ śőśšőĺš ć şďăńěŋĺĺ ćłńăďőć ćśěţ ďĺăčřăňň Ťěľŋňăŋă, śőďěřęăźĺţ ďćě ŕőśńěďőćăšěńĳŋżě ćśšăćłĺ, őšćěůă¿źĺě ŕőń£řĺğăűĺĺ ćăłşşňă (łăł ńěŕšőŋŋş¿, šăł ĺ ăďřőŋŋş¿, ĺńĺ śňěÿăŋŋş¿), ć őďŋş ĺ šş ęě ťşŋłűĺ¿ Čřĺŋă ćĺřšşăńĳŋőčő ťőšőŋă.

İšő ĺğňěŋěŋĺě śćőďĺšś£ ł şďăńěŋĺ¿ ćłńăďőć K^{(2b,2c)}(s) (ňż ĺśŕőńĳğşěň őąőğŋăůěŋĺ£ ĺğ řăąőšż [3]). Ůšő łăśăěšś£ K^{(2a)}(s), šő ¡šă ćěńĺůĺŋă ďőńęŋă ążšĳ ňőďĺťĺűĺřőćăŋă { ňż ďőńęŋż ćżůěśšĳ ćłńăď ďĺăčřăňň Ťěľŋňăŋă, řĺś.1), łőšőřżě śőďěřęăš ň¿- őŋŋżľ őŕěřăšőř ŕőń£řĺğăűĺĺ ćăłşşňă ćňěśšě ś ăďřőŋŋżň.

Šăłĺň őąřăğőň, ŕřěďńăčăěňżľ ŋăňĺ řěğşńĳšăš śőśšőĺš ć ğăňěŋě £ďřă K^{(2a)}(s) [4 { 6]:

K^{(2a)}(s) = − 139 144 + 115 72 ρ + ( 19 12 − 7 36 ρ + 23 144 ρ^2 + 1 ρ − 4 ) L + + 1 ´ ( − 4 3 + 127 36 ρ − 115 72 ρ^2 + 23 144 ρ^3 ) ln y + + ( 9 4 + 5 24 ρ − 1 2 ρ^2 − 2 ρ ) ζ_2 + + 5 96 ρ^2L^2 + 1 ´ ( − 1 2 ρ + 17 24 ρ^2 − 7 48 ρ^3 ) L ln y + + ( 19 24 + 53 48 ρ − 29 96 ρ^2 − 1 3ρ + 2 ρ − 4 ) ln^2 y + + 1 ´ ( −2ρ + 17 6 ρ^2 − 7 12 ρ^3 ) D_p(ρ) + + 1 ´ ( 13 3 − 7 6 ρ + 1 4 ρ^2 − 1 6 ρ^3 − 4 ρ − 4 ) D_m(ρ) + + ( 1 2 − 7 6 ρ + 1 2 ρ^2 ) T (ρ), (6)

čďě L = ln(s/M^2), ´ = √ ρ(ρ − 4), ζ_2 = π^2/6 ĺ y = √ ρ − √ ρ − 4 √ ρ + √ ρ − 4 ,

D_p(ρ) = Li_2(y) + ln y ln(1 − y) − 1 4 ln^2 y − ζ_2,

D_m(ρ) = Li_2(−y) + 1 4 ln^2 y + 1 2 ζ_2, (7)

Řĺś.1. Ćżůĺšăěňă£ ďĺăčřăňňă Ťěľŋňăŋă

T (ρ) = −6Li_3(y) − 3Li_3(−y) + ln^2 y ln(1 − y) + + 1 2 (ln^2 y + 6ζ_2) ln(1 + y) + 2 ln y(Li_2(−y) + 2Li_2(y)),

Li_2(y) = − y∫ 0 dx x ln(1 − x), Li_3(y) = y∫ 0 dx x Li_2(x), ŋőćżň £ďřőň:

—K^{(2)}(s) = K^{(2a)}(s) − K^{(2b)}(s) | |_m f =M

, (8) čďě K^{(2b)}(s)_mf_{=M} = 2 1∫ 0 dx x^2(1 − x) x^2 + ρ(1 − x) ˝(1, x),

˝(1, x) = − 8 9 + b^3 3 − b ( 1 2 − b^2 6 ) ln b − 1 b + 1 , b = 2 − x x .

(9)

Ćěńĺůĺŋă K^{(2b)}(s)_{mf =M} ňőęěš ążšĳ ŕřěďśšăćńěŋă ć ăŋăńĺšĺůěśłőň ćĺďě:

K^{(2b)}(s)_mf_{=M} = 2 ρ × × [ 8 9 ρ^2+ 35 36 ρ− 4 3 ζ_2− 1 ´ [L_−P_1(x_−)−L_+P_1(x_+)]− − 1 ´ [Li_−P_2(x_−) − Li_+P_2(x_+)] ] , (10)

čďě x_± = (ρ ± ´)/2, ´ = √ ρ(ρ − 4) ĺ

L_± = ln x_± x_± − 1

, Li_± = Li_2(1 − x_∓),

P_1(z) = − 5 9 z^4 − 4 3 z^3 + 4 3 z^2,

P_2(z) = 1 3 z^4 − 2z^2 + 4 3 z. (11)

Ŕřĺćěďěň ŋěśłőńĳłő ŕěřćżţ śńăčăěňżţ ř£ďă ŕő ρ^{−1} ďń£ ¡šőľ ćěńĺůĺŋż:

Ŕĺśĳňă ć ĘİŠŤ šőň 83 ćżŕ. 1 { 2 2006

Ŋőćă£ ťőřňşńĺřőćłă ćłńăďă ăďřőŋőć ć ăŋőňăńĳŋżľ ňăčŋĺšŋżľ ňőňěŋš ň¿őŋă 59

—K^{(2)}(s) = 2 1 ρ [ —a_1 + —b_1L + + 1 ρ (—a_2 + —b_2L + —c_2L^2) + 1 ρ^2

(—a_3 + —b_3L + —c_3L^2) + + 1 ρ^3

(—a_4 + —b_4L + —c_4L^2) ] + O(ρ^{−5}), (12) čďě —a_1 =^{50}_{27} −^2_3 ζ_2, —b_1 = −^{23}_{36} ,

—a_2 =^{9241}_{1152} −^{103}_{24} ζ_2, —b_2 = −^{487}_{216} , —c_2 =^{43}_{144} ,

—a_3 =^{15256601}

432000 − 803 40 ζ_2, —b_3 = −^{29279}_{3600} , —c_3 =^{221}_{80} ,

—a_4 =^{66452261}

432000 −

10829

120 ζ_2, —b_4 = −^{57917}_{1800} , —c_4 =^{3763}_{240} . (13)

Ŋăÿ őłőŋůăšěńĳŋżľ řěğşńĳšăš ďń£ ăďřőŋŋőčő ćłńăďă ć a^{hadr}_μ ĺňěěš ćĺď

a^{hadr}_μ = 1 3 (α π )_2^∞∫

4m2_ß ds s R^h_{exp}(s) [ K^{(1)}(s)+ α π —K^{(2)}(s) ] , (14)

čďě R^h_{exp}(s) = σ^e

+_e�_{→hadr} exp (s)/σ^e +_e�_{→μ}+_μ� (s) ĺ —K^{(2)}(s) ďăŋő ćżÿě (śň. (8), (12)).

Ďĺśłşśśĺ£. Ŕřěďńőęěŋŋżľ ğďěśĳ ňěšőď ŋě ćłń¿ůăěš ćłńăďőć őš ďĺăčřăňň Ťěľŋňăŋă ś ďćşň£ ćĺřšşăńĳŋżňĺ ťőšőŋăňĺ, ć łăęďőľ ĺğ łőšőřżţ ĺňěěšś£ ćśšăćłă ŕőń£řĺğăűĺőŋŋőčő őŕěřăšőřă { ć őďŋş ăďřőŋŋőčő, ć ďřşčş¿ { ńěŕšőŋŋőčő (śň. řĺś.2). Ŋěőŕřěďěńěŋŋőśšĳ šěőřěšĺůěśłőľ ťőřňşńż, ŕřěďśšăćńěŋŋőľ ćżÿě, ść£ğăŋŋă£ ś ¡šĺň ťăłšőň, ňőęěš ążšĳ őűěŋěŋă łăł a^{hadr}_μ ( 1 + O ( (α/π)^2 ln M^2/m^2_e )) ∼ ∼ a^{hadr}_μ ( 1 + O ( 10^{−4} )) . İšă ćěńĺůĺŋă ňěŋĳÿě ďőśšĺęĺňżţ ć ŋăśšő£źěě ćřěň£ šőůŋőśšěľ őŕżšă.

Řĺś.2. Šĺŕĺůŋżľ ćłńăď ś ďćşň£ ťőšőŋăňĺ ś ćśšăćłăňĺ ŕőń£řĺğăűĺľ ćăłşşňă: ńěŕšőŋŋőľ ĺ ăďřőŋŋőľ ćśšăćłăňĺ ć řăğŋżě ťőšőŋŋżě ńĺŋĺĺ

Ňż ćżřăęăěň śćő¿ ąńăčőďăřŋőśšĳ Ě. Śőńőďőćş, Ś. İľďěńĳňăŋş, Ą. Ţăğĺŋş ĺ ďřşčĺň şůăśšŋĺłăň śěňĺŋăřă Ĺŋśšĺšşšă £ďěřŋőľ ťĺğĺłĺ ĺňěŋĺ Ąşďłěřă (Ŋőćőśĺąĺřśł). İšă řăąőšă ążńă ŕőďďěřęăŋă čřăŋšőň Řőśśĺľśłőčő ťőŋďă ťşŋďăňěŋšăńĳŋżţ ĺśśńěďőćăŋĺľ # 03-02-17-077.

1. A. Ny¸eler, Nucl. Phys. Proc. Suppl. 131, 162 (2004). 2. A. Czarnecki and W. J. Marciano, Phys. Rev. D 64, 013014 (2001) [arXiv:hep-ph/0102122].

3. B. Krause, Phys. Lett. B 390, 392 (1997) [arXiv:hepph/9607259].

4. Č. Ć. Ťěďőšőćĺů, Ě. Śőńőďőć, Ůăśšŋőě śőőąźěŋĺě. 5. R. Barbieri and E. Remiddi, Nucl. Phys. B 90, 233 (1975).

6. B. Lautrup and E. De Rafael, Nucl. Phys. B 70, 317 (1974) [Erratum-ibid. B 78, 576 (1974)].

Ŕĺśĳňă ć ĘİŠŤ šőň 83 ćżŕ. 1 { 2 2006