Ŕĺśĳňă ć ĘİŠŤ, šőň 74, ćżŕ. 3, ś. 157 { 161 cfl 2001 č. 10 ăćčşśšă

Śňěÿĺćăŋĺě ŋěľšřĺŋő ĺ ńěŕšőŋŋă£ ŚŘ-ťăğă ć ŋěľšřĺŋŋżţ őśűĺńń£űĺ£ţ

Ď. Ă. Řżęĺţ^{1)}, Ł. Ă. Šěř-Ňăřšĺřőś£ŋ^{1)}

Ĺŋśšĺšşš šěőřěšĺůěśłőľ ĺ ¡łśŕěřĺňěŋšăńĳŋőľ ťĺğĺłĺ, 117259 Ňőśłćă, Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 15 ďěłăąř£ 2000 č.

Ŕőśńě ŕěřěřăąőšłĺ 2 ĺ¿ń£ 2001 č.

Řăśśňőšřěŋż őśűĺńń£űĺĺ ďĺřăłőćśłĺţ ŋěľšřĺŋő šřěţ ŕőłőńěŋĺľ ć ćăłşşňě ś şůěšőň ćńĺ£ŋĺ£ ŋă ŋĺţ ńěŕšőŋŋőľ ŚŘ-ŋăřşÿă¿źěľ ťăğż ć ňăšřĺűě śňěÿĺćăŋĺ£ ńěŕšőŋőć (ăŋăńőčă łćăřłőćőľ ŚŘ-ťăğż). Ć őąźěň ćĺďě ŕőńşůěŋż ťőřňşńż ďń£ ćěřő£šŋőśšěľ ŕěřěţőďă ŋěľšřĺŋő őďŋőčő śőřšă ć ďřşčőľ ŕřĺ őśűĺńń£űĺ£ţ ć ğăćĺśĺňőśšĺ őš šřěţ şčńőć śňěÿĺćăŋĺ£ ĺ őš ŚŘ-ťăğż. Őšňěůěŋő, ůšő ĺğňěř££ śřěďŋĺě ŕő őśűĺńń£- űĺ£ň ćěřő£šŋőśšĺ ŕěřěţőďă ŋěľšřĺŋő őďŋőčő šĺŕă ć ďřşčőľ, ňőęŋő, ć ŕřĺŋűĺŕě, ćőśśšăŋőćĺšĳ ğŋăůěŋĺě ńěŕšőŋŋőľ ŚŘ-ťăğż. Ŕřő£ćńěŋĺě ŚŘ-ťăğż ć ćĺďě őšłńőŋěŋĺ£ ćěńĺůĺŋ ćěřő£šŋőśšěľ ŕř£ňżţ ŕěřěţőďőć ŋěľšřĺŋő őš őąřăšŋżţ £ćń£ěšś£ ¡ťťěłšőň, ŕőłă ŕřăłšĺůěśłĺ şśłőńĳğă¿źĺň őš ŋăąń¿ďěŋĺ£.

PACS: 14.60.Pq

Ążśšřő řăśšşźĺľ ĺŋšěřěś ł ťĺğĺłě ŋěľšřĺŋő ć ŕőśńěďŋěě ćřěň£ ść£ğăŋ ś ŕő£ćńěŋĺěň ďăŋŋżţ ŋă łřşŕŋżţ şśšăŋőćłăţ Łăňĺőłăŋďě [1], Śşŕěř- Łăňĺőłăŋďě [2], łőńńăąőřăűĺľ LSND [3], CHOOZ [4] ĺ ř£ďă ďřşčĺţ [5, 6], łőšőřżě ŕř£ňő ĺńĺ łőśćěŋŋő şłăğżćă¿š ŋă śşźěśšćőćăŋĺě ŕőŋšěłőřćőćśłĺţ [7] (ćăłşşňŋżţ) őśűĺńń£űĺľ ŋěľšřĺŋő šřěţ šĺŕőć ν_e, ν_μ, ν_τ . Ůăśšőšă šăłĺţ őśűĺńń£űĺľ, šő ěśšĳ ůăśšőšă ŕěřěţőďőć ν_i Æ ν_k ŕřĺ őśűĺńń£űĺ£ţ, ŕřőŕőřűĺőŋăńĳŋă sin^2(^{m23−m2}_{4pν} t), čďě p_ν { ĺňŕşńĳś şńĳšřăřěń£šĺćĺśšśłĺţ ŋěľšřĺŋő, ă t = L/c { ćřěň£, ğă łőšőřőě ŋěľšřĺŋő ŕřőąěčăěš őš ĺśšőůŋĺłă ďő ďěšěłšőřă (ă L { řăśśšő£ŋĺě, łőšőřőě ŋăğżćă¿š \ąăğőćőľ ďńĺŋőľ", ďăńěě ďń£ şďőąśšćă ŕřĺňěň c = 1).

Ŋăńĺůĺě ćăłşşňŋżţ őśűĺńń£űĺľ őğŋăůăěš, ůšő: 1) ŋěľšřĺŋő, řőęďěŋŋżě ŕřĺ řăśŕăďăţ, ĺńĺ śšőńłŋőćěŋĺ£ţ, ŋě ĺňě¿š, ŕőďőąŋő łćăřłăň, őŕřěďěńěŋŋőľ ňăśśż [7], ă £ćń£¿šś£ śşŕěřŕőğĺűĺěľ ŋěľšřĺŋő ν^∘_1 , ν^∘_2 , ν^∘_3 ś ňăńőľ (m_i ∼ 10^{−2} − 10^{−4} ¡Ć), ŋő őŕřěďěńěŋŋőľ ňăśśőľ (śň. [8, 9]):

ν_α(x, t) = 3∑ i=1 ^V^l_{αi}ν^∘_i (x, t), α = e, μ, τ; i = 1, 2, 3. (1) 2) ňăśśż ŋěľšřĺŋ m_i řăğŋżţ ŕőłőńěŋĺľ řăğńĺůŋż, šő ěśšĳ m^2_i − m^2_k ≠ 0.

Ć şřăćŋěŋĺĺ (1) ŕřěďŕőńăčăěšś£, ůšő ŋěľšřĺŋő ν^∘_i ďćĺęşšś£ ć ŕşůłě ćďőńĳ ŋăŕřăćńěŋĺ£ őśĺ X ĺţ ĺňŕşńĳśă ś şńĳšřăřěń£šĺćĺśšśłőľ ¡ŋěřčĺěľ E_i =

1)e-mails: ryzhikh@heron.itep.ru, termarti@heron.itep.ru

= √ p^2_ν + m^2_i ≃ |pν | + m^2_i /2pν . Ŕő¡šőňş ć ňőňěŋš

t_0 = L ĺţ řěčĺśšřăűĺĺ ĺňěěň:

ν_i(x, t) = ν_i(L, t_0) = exp (ip_ν x) exp (−iE_it)ν^∘_i (0) ≃

≃ exp ( −i m^2_i 2p_ν t ) ν^∘_i (0) = exp (−iφ_it)ν^∘_i (0), φ_i = m^2_i 2p_ν . (2) Ňăšřĺűă ^V^l_{αi} śňěÿĺćăŋĺ£ ďĺřăłőćśłĺţ ŋěľšřĺŋ Ňăłĺ{Ŋăłăčăćă{Śăłăšă (MNC) [9] ĺňěěš šőš ęě ćĺď, ůšő ĺ ŚŁŇ-ňăšřĺűă [10] śňěÿĺćăŋĺ£ łćăřłőć, ŋő śő śćőĺňĺ ğŋăůěŋĺ£ňĺ şčńőć śňěÿĺćăŋĺ£ ϑ_{12}, ϑ_{13}, ϑ_{23} ĺ śő śćőěľ ŚŘ-ŋăřşÿă¿źěľ ťăğőľ δ_l:

^V^l = (3) c12c13 s12c13 s13e�^{iδl} �s12c13 � c12s23s13e^{iδl} c12c23 � s12s23s13e^{iδl} s23c13 , s12s23 � c12c23s13e^{iδl} �c12s23 � s12c23s13e^{iδl} c23c13

čďě s_{ik} = sin ϑ_{ik} , c_{ik} = cos ϑ_{ik} ; łăł ĺ ^V_{CKM} , ¡šă ňăšřĺűă ^V^l £ćń£ěšś£ şŋĺšăřŋőľ, šő ěśšĳ ^V^l ^V^{l+} = 1.

Ŕřěďćăřĺšěńĳŋżľ ăŋăńĺğ ¡łśŕěřĺňěŋšăńĳŋżţ ďăŋŋżţ [1 { 6] ŕřĺćěń ł śńěďş¿źĺň ğŋăůěŋĺ£ň şčńőć śňěÿĺćăŋĺ£ [8, 9, 11]:

ϑ_{12} = (42.1 ± 6.9)^∘, ϑ_{13} = (2.3 ± 0.6)^∘, ϑ_{23} = (43.6 ± 3.1)^∘ (4) ŕřĺ δ_l = 0 ĺ

m_3 = (0.058 ± 0.025) ¡Ć, m_2 = (0.0060 ± 0.0035) ¡Ć, m_1 ≪ m_2. (5)

Ŕĺśĳňă ć ĘİŠŤ šőň 74 ćżŕ. 3 { 4 2001 157

158 Ď. Ă. Řżęĺţ, Ł. Ă. Šěř-Ňăřšĺřőś£ŋ

Ğďěśĳ śřěďŋ££ őÿĺąłă ć şčńăţ śňěÿĺćăŋĺ£ ĺ ć ňăśśăţ ćğ£šă ĺğ čřăťĺłőć ĺ šăąńĺű řăąőš [8, 9, 11], ŕőńşůěŋŋżţ ś şůěšőň ďăŋŋżţ CHOOZ [4] ŋăğěňŋżţ ĺśšőůŋĺłőć^{2)} ν_e.

Ŋĺęě ć śšăšĳě řăśśňőšřěŋă ćőğňőęŋőśšĳ őŕřěďěńěŋĺ£ ńěŕšőŋŋőľ ŚŘ-ťăğż δ_l ŋă őśŋőćě ďăŋŋżţ, ŕőńşůăěňżţ ŋă ćěďşźĺţś£ śěľůăś ĺńĺ śšăřšş¿źĺţ ć ąńĺęăľÿěň ąşďşźěň ¡łśŕěřĺňěŋšăţ šĺŕă [1 { 6], ć łőšőřżţ ťăłšĺůěśłĺ ŋăąń¿ďăńĺśĳ ŋě śăňĺ őśűĺńń£űĺĺ ŋěľšřĺŋő ć ćăłşşňě, ă šőńĳłő ćěřő£šŋőśšĺ P (ν_αν_β) ŕěřěţőďőć ν_α → ν_β ŋěľšřĺŋő, şśřěďŋěŋŋżě ŕő őśűĺńń£űĺ£ň.

Ďěľśšćş£ ňăšřĺűěľ (3) ŋă śšőńąěű ν^∘_i , ŕőńşůĺň (śň. (1)): ν_e ν_μ ν_τ t = ^V_l ν^∘_1 ν^∘_2 ν^∘_3 , šő ěśšĳ

ν_e(t) = [c_{12}c_{13}ν^∘_1 (0) + s_{12}c_{13}ν^∘_2 (0)e^{−iφ21} +

+ s_{13}ν^∘_3 (0)e^{−iφ31−iδl} ] exp ( −i m^2_1 2p_ν t ) , ν_μ(t) = [−(s_{12}c_{13} + c_{12}s_{23}s_{13}e^{iδl} )ν^∘_1 (0) + + (c_{12}c_{23} − s_{12}s_{23}s_{13}e^{iδl} )ν^∘_2 (0)e^{−iφ21} +

+ c_{13}s_{23}ν^∘_3 (0)e^{−iφ31} ] exp ( −i m^2_1 2p_ν t ) , ν_τ (t) = [(s_{12}s_{23} − c_{12}c_{23}s_{13}e^{iδl} )ν^∘_1 (0) −

− (c_{12}s_{23} + s_{12}c_{23}s_{13}e^{iδl} )ν^∘_2 (0)e^{−iφ21} +

+ c_{13}c_{23}ν^∘_3 (0)e^{−iφ31} ] exp ( −i m^2_1 2p_ν t ) ,

(6)

čďě, ĺśŕőńĳğş£ ğăćĺśĺňőśšĳ (2) ŋěľšřĺŋŋżţ śőśšő£- ŋĺľ őš ćřěňěŋĺ t = L, ĺňěěň: φ_{ij} = (m^2_i − m^2_j ) 2p_ν t = 2.54

(m^2_i − m^2_j )(¡Ć^2) 2E_ν (Ň¡Ć)

L(ň), (7)

ŕřĺůěň E_ν ≃ p_ν { ¡ŋěřčĺ£ ŋěľšřĺŋő ć ŕşůłě: E_ν ≫ ≫ m_3 > m_2 > m_1. Šăł łăł ŋěľšřĺŋŋżě śőśšő£ŋĺ£^{3)}

2)Ł śőęăńěŋĺ¿, řěğşńĳšăšż (4), (5) ăŋăńĺğă ¡łśŕěřĺňěŋšăńĳŋżţ ďăŋŋżţ [1 { 6], ŕřőćěďěŋŋőčő ć řăąőšăţ [8, 9, 11], ŋěďőśšăšőůŋő ďőśšőćěřŋż, őśőąěŋŋő őśŋőćăŋŋżě ŋă ďăŋŋżţ ő śőńŋěůŋżţ ĺ, őšůăśšĺ, őą ăšňőśťěřŋżţ ¡ńěłšřőŋŋżţ ŋěľšřĺŋő νe, ćğăĺňőďěľśšćĺě łőšőřżţ ś ćěźěśšćőň ćŋşšřĺ Śőńŋűă ĺńĺ ć šőńźě Ğěňńĺ ňőęěš ŕěřěćěřŋşšĳ ĺţ śŕĺŋ, ŕěřěćőď£ (νe)_L ć \śšěřĺńĳŋőě" (ŋě ćğăĺňőďěľśšćş¿źěě) śőśšő£ŋĺě (νe)_R. İšőš ¡ťťěłš (MSW [12]) ŋě ćőğŋĺłăěš ŕřĺ şůěšě ďăŋŋżţ ŋăğěňŋżţ ĺśšőůŋĺłőć νe, ŋăŕřĺňěř, ďăŋŋżţ łőńńăąőřăűĺĺ CHOOZ [4], łőšőřżě ŕřĺ őąřăąőšłě ŕřĺćőď£š ł őůěŋĳ ňăńżň şčńăň ϑ_{13} ∼ ∼ 2 − 3% (śň. (4)).

3)Ć śńşůăě ňăľőřăŋőćśłĺţ ŋěľšřĺŋő, ŕőń£ łőšőřżţ ν^0_i (0) ś őŕřěďěńěŋŋőľ ňăśśőľ ćěźěśšćěŋŋż, šřěąőćăŋĺě ćěźěśšćěŋŋőśν^∘_i (0) őřšőŋőřňĺřőćăŋż: (ν^∘_i ν^∘_k ) = δ_{ik}, šő ďń£ ăňŕńĺšşď A_{α→β} = (ν_β (t)ν_α(0))) ĺ ćěřő£šŋőśšěľ P (ν_αν_β ) = = |(ν_β (t)ν_α(0))|^2 ŕěřěţőďőć ν_α(0) → ν_β (t) ć ćăłşşňě ĺňěěň:

P (ν_eν_e) = |c^2_{12}c^2_{13} + s^2_{12}c^2_{13}e^{iφ21} + s^2_{13}e^{iφ31} |^2,

P (ν_μν_μ) = ||c_{13}s_{12} + c_{12}s_{13}s_{23}e^{iδl} |^2 + + |c_{12}c_{23} − s_{12}s_{23}s_{13}e^{iδl} |^2e^{iφ21} + c^2_{13}s^2_3e^{iφ31} |^2,

P (ν_τ ν_τ ) = ||s_{12}s_{23} − c_{12}c_{23}s_{13}e^{iδl} |^2 + + |c_{12}s_{23} + s_{12}c_{23}s_{13}e^{iδl} |^2e^{iφ21} + c^2_{13}c^2_3e^{iφ31} |^2,

(8)

ĺ P (ν_eν_μ) = |c_{12}c_{13}(c_{13}s_{12} + c_{12}s_{23}s_{13}e^{iδl} ) −

− c_{13}s_{12}(c_{12}c_{23} − s_{12}s_{23}s_{13}e^{iδl} )e^{iφ21} −

− s_{13}c_{13}s_{23}e^{i(δl+φ31)}|^2,

P (ν_eν_τ ) = |c_{12}c_{13}(s_{23}s_{12} − c_{12}c_{23}s_{13}e^{iδl} ) −

− c_{13}s_{12}(c_{12}s_{23} + c_{23}s_{12}s_{13}e^{iδl} )e^{iφ21} +

+ s_{13}c_{13}c_{23}e^{i(δl +φ31)}|^2,

P (ν_μν_τ ) = |(c_{13}s_{12} + c_{12}s_{13}s_{23}e^{iδl} ) ×

× (s_{12}s_{23} − c_{12}c_{23}s_{13}e^{−iδl} ) + + (c_{12}c_{23} − s_{12}s_{13}s_{23}e^{iδ}) × × (c_{12}s_{23} + c_{23}s_{12}s_{13}e^{iδ} )e^{iφ21} − c_{23}c^2_{13}s_{23}e^{iφ31} |^2. (9) Şśřěďŋ££ ¡šĺ ćěřő£šŋőśšĺ ŕő őśűĺńń£űĺ£ň, šő ěśšĳ ŕő ťăğăň φ_{ij} (ŕőńăčă£ ć (8), (9), ůšő ⟨sin^2 φ_{ij} ⟩ = = ⟨cos^2 φ_{ij} ⟩ = 1/2, ă ⟨cos(φ_{ij} ±δ_l)⟩ = ⟨cos φ_{ij} ⟩ = 0), ŕőńşůĺň ćěńĺůĺŋż ćěřő£šŋőśšěľ, ŋěğăćĺś£źĺě őš ¡ŋěř-

šĺ šăłęě ĺ ŕőńěľ (6) νe, νμ, ντ , řőęďěŋŋżţ ć śńăąőň ćğăĺňőďěľśšćĺĺ şęě ŕřĺ t = 0 őğŋăůăńő ąż, ůšő ćěźěśšćěŋŋă£ ňăšřĺűă (3) őřšőčőŋăńĳŋă, šő ěśšĳ ůšő δ_l = δ_{13} = π, 0. İšő ęě őšŋőśĺšś£ ĺ ł ťăğăň δ_{12} ĺ δ_{23}, ŋě şłăğăŋŋżň ŋĺ ć (3), ŋĺ ć (6), ŕřĺćőď£źĺň ć őśűĺńń£űĺ£ţ ł ĺśůěğă¿źě ňăńżň ćěřő£šŋőśš£ň ŕěřěţőďőć ν_i → ν_k ś ăňŕńĺšşďăňĺ ∼ mν /E ∼ 10�^6 − 10�^9. Őďŋăłő řěăńĳŋżţ ŕřĺůĺŋ ďń£ šřěąőćăŋĺ£ ćěźěśšćěŋŋőśšĺ ŕőńěľ (6) ĺ ğăŋşńěŋĺ£ ŚŘ-ťăğż, łřőňě ěčő ěśšěśšćěŋŋőśšĺ ĺ ¡śšěšĺůŋőśšĺ, ŋě ćĺďŋő. Őśűĺńń£űĺĺ ňăľőřăŋőćśłĺţ ŋěľšřĺŋő ňż ŋăďěěňś£ řăśśňőšřěšĳ őšďěńĳŋő [13].

Ŕĺśĳňă ć ĘİŠŤ šőň 74 ćżŕ. 3 { 4 2001 čĺĺ ŋěľšřĺŋő, łőšőřżě ŕőłă šőńĳłő ĺ ŋăąń¿ďăńĺśĳ ¡łśŕěřĺňěŋšăńĳŋő [1 { 6]: ⟨1 − P (ν_eν_e)⟩ = A_{ee}, ⟨1 − P (ν_μν_μ)⟩ = A_{μμ} + B_{μμ} cos δ_l + C_{μμ} cos^2 δ_l, ⟨1 − P (ν_τ ν_τ )⟩ = A_{τ τ} + B_{τ τ} cos δ_l + C_{τ τ} cos^2 δ_l, ⟨P (ν_eν_μ)⟩ = A_{eμ} + B_{eμ} cos δ_l, ⟨P (ν_eν_τ )⟩ = A_{eτ} + B_{eτ} cos δ_l, ⟨P (ν_μν_τ )⟩ = A_{μτ} + B_{μτ} cos δ_l + C_{μτ} cos(2δ_l), (10) čďě A_{ee} = 12[c^4_{13} sin^2(2ϑ_{12}) + sin^2(2ϑ_{13})],

A_{μμ} = 1 2 [(c^2_{13} + (c^4_{12} + s^4_{12})s^2_{13}) sin^2(2ϑ_{23}) + +(s^4_{13} sin^2(2ϑ_{12}) + sin^2(2ϑ_{13}))s^4_{23} + c^4_{23} sin^2(2ϑ_{12})], B_{μμ} =^1_2 (c^2_3 − s^2_3s^2_{13})s_{13} sin(2ϑ_{23}) sin(4ϑ_{12}),

C_{μμ} = −^1_2 s^2_{13} sin^2(2ϑ_{23}) sin^2(2ϑ_{12});

A_{τ τ} = 1 2 [(c^2_{13} + (c^4_{12} + s^4_{12})s^2_{13}) sin^2(2ϑ_{23}) + +(s^4_{13} sin^2(2ϑ_{12}) + sin^2(2ϑ_{13}))c^4_{23} + +s^4_{23} sin^2(2ϑ_{12})], B_{τ τ} = −^1_2 s_{13} sin(2ϑ_{23})(s^2_3 − c^2_3s^2_{13}) sin(4ϑ_{12}), C_{τ τ} = − 1 2 s^2_{13} sin^2(2ϑ_{23}) sin^2(2ϑ_{12});

A_{eμ} = 1 4 [(1 + c^4_{12} + s^4_{12})s^2_3 sin^2(2ϑ_{13})] + + 2c^2_{13}c^2_3 sin^2(2ϑ_{12})], B_{eμ} = 1 8 c_{13} sin(2ϑ_{13}) sin(2ϑ_{23}) sin(4ϑ_{12});

A_{eτ} = 1 4 [(1 + c^4_{12} + s^4_{12})c^2_3 sin^2(2ϑ_{13})] + + 2c^2_{13}s^2_3 sin^2(2ϑ_{12})], B_{eτ} = −^1_8 c_{13} sin(2ϑ_{13}) sin(2ϑ_{23}) sin(4ϑ_{12});

A_{μτ} =^1_4 [2s^2_{13} sin^2(2ϑ_{12}) cos^2(2ϑ_{23}) + + sin^2(2ϑ_{23}){(c^4_{12} + s^4_{12})s^4_{13} + c^4_{13} + c^4_{12} + s^4_{12}}], B_{μτ} = 1 8 (1 + s^2_{13})s_{13} sin(4ϑ_{12}) sin(4ϑ_{23}), C_{μτ} = − 1 4 s^2_{13} sin^2(2ϑ_{12}) sin^2(2ϑ_{23}). (11)

Őšňěšĺň, ůšő ćżŕőńŋ£ěšś£ őůěćĺďŋżě śőőšŋőÿěŋĺ£: 1 − P (ν_αν_α) = P (ν_αν_β ) + P (ν_αν_γ ), α, β, γ = e, μ, τ, ă šăłęě, ůšő P (ν_β ν_α) = [P (ν_αν_β )]_{δl →−δl} . Ŕő¡šőňş, ĺśŕőńĳğş£ őąźĺě ťőřňşńż ďń£ ćěřő£šŋőśšěľ őśűĺńń£- űĺľ, łőšőřżě ŕřĺćěďěŋż ć Ŕřĺńőęěŋĺĺ, ŕőńşůĺň ćżřăęěŋĺ£ ďń£ řăğŋőśšĺ ćěřő£šŋőśšěľ ŕěřěţőďă ŋěľšřĺŋő \ćŕěřěď" { \ŋăğăď":

P (ν_μν_e) − P (ν_eν_μ) = = a_0(sin φ_{21} + sin φ_{32} − sin φ_{31}) sin δ_l,

P (ν_τ ν_e) − P (ν_eν_τ ) = = −a_0(sin φ_{21} + sin φ_{32} − sin φ_{31}) sin δ_l,

P (ν_τ ν_μ) − P (ν_μν_τ ) = = a_0(sin φ_{21} − 2 sin φ_{21} 2 cos (φ_{31} + φ_{32}) 2 ) sin δ_l, (12)

čďě a_0 =^1_2 c_{13} sin 2ϑ_{12} sin 2ϑ_{13} sin 2ϑ_{23} ≃ 0.07. Ł śőęăńěŋĺ¿, ťăğż φ_{ik} , ćţőď£źĺě ć ¡šĺ śőőšŋőÿěŋĺ£, ğăćĺś£š őš ¡ŋěřčĺĺ ŋěľšřĺŋő ć ŕşůłě, ŕő¡šőňş ďń£ ŕőńşůěŋĺ£ ğŋăůěŋĺ£ ćěńĺůĺŋż sin δ_l ĺğ řăćěŋśšć (12) őąă śőřšă ŋěľšřĺŋő ν_α ĺ ν_β ć ¡łśŕěřĺňěŋšě ďőńęŋż ĺňěšĳ őďŋş ĺ šş ęě ¡ŋěřčĺ¿ E_ν . Śőćřěňěŋŋżě ŕşůłĺ ŕőłă ćłń¿ůă¿š ŋěľšřĺŋő ńĺÿĳ śŕńőÿŋőčő śŕěłšřă ¡ŋěřčĺľ, ă ŕřĺ şśřěďŋěŋĺĺ ŕő ťăğăň φ_{ik} ¡ťťěłš, őšřăęěŋŋżľ ć (12), ĺśůěğăěš.

Őďŋăłő ćěńĺůĺŋş ŚŘ-ťăğż ňőęŋő ŕőńşůĺšĳ ĺ ďřşčĺň śŕőśőąőň: ĺśŕőńĳğş£ śőőšŋőÿěŋĺ£ (10), (11) ĺ ďăŋŋżě ¡łśŕěřĺňěŋšőć, ăŋăńőčĺůŋżţ śşźěśšćş¿- źĺň [1 { 6], ŋő ĺňě¿źĺţ ąőńěě ćżśőłş¿ šőůŋőśšĳ ĺğňěřěŋĺľ, ůšőąż łőňŕěŋśĺřőćăšĳ ňăńőśšĳ şčńă ϑ_{13}. Ďń£ ŋăčń£ďŋőśšĺ ć (10), (11) ććěďěň łő¡ťťĺűĺěŋšż b_{ik} = B_{ik}/A_{ik} ĺ c_{ik} = C_{ik} /A_{ik}. Ĺğ-ğă ňăńőśšĺ s_{13} = sin ϑ_{13} ≃ 0.07 ŕőůšĺ ćśě ¡šĺ b_{ik}, c_{ik} őůěŋĳ ňăńż ĺ ĺňě¿š ğŋăůěŋĺ£ ŕőř£ďłă ďőńěľ ŕřőűěŋšă:

A_{ee} = 0.499;

A_{μμ} = 0.636, b_{μμ} = 0.0058, c_{μμ} = −0.0038;

A_{τ τ} = 0.613, b_{τ τ} = 0.0055, c_{τ τ} = −0.0040;

A_{eμ} = 0.261, b_{eμ} = 0.014;

A_{eτ} = 0.238, b_{eτ} = −0.015;

A_{μτ} = 0.373, b_{μτ} = 0.0005, c_{μτ} = −0.0032.

(13)

Ŕő¡šőňş ć ŕěřćĺůŋőň ŕşůłě ν_e-ŋěľšřĺŋő őšŋőÿěŋĺě ůĺśěń, řőęďěŋŋżţ ν_μ-ŋěľšřĺŋő, ł ν_τ -ŋěľšřĺŋő ŋă

Ŕĺśĳňă ć ĘİŠŤ šőň 74 ćżŕ. 3 { 4 2001 ąőńĳÿĺţ řăśśšő£ŋĺ£ţ L (ŕőř£ďłă 300{500łň) ąşďěš śńăąő şňěŋĳÿăšĳś£ ś řőśšőň δ_l őš 0 ďő π: N_{νμ} N_{ντ} = ⟨P (ν_eν_μ)⟩ ⟨P (ν_eν_τ )⟩ =≃ A_{eμ} A_{eτ} (1 + (b_{eμ} − b_{eτ} ) cos δ_l), (14) čďě b_{eμ} − b_{eτ} ≃ 2b_{eμ} ≃ 2.8%, ă A_{eμ}/A_{eτ} ≃ 1.04; ŕő¡šőňş őąŋăřşęěŋŋőě ŋă ¡łśŕěřĺňěŋšě őšłńőŋěŋĺě ¡šőčő őšŋőÿěŋĺ£ N_{νμ} /N_{ντ} őš 1.04 + 0.03 = 1.07 ąőńěě ůěň ŋă 1 − 3% ŕőłăęěš, ůšő cos δ_l < 1, šő ěśšĳ δ_l ≠ 0.

Ěśńĺ s_{13} = sin ϑ_{13} > 0.07, šő ěśšĳ ąőńĳÿě, ůěň őŋ ążń ćżąřăŋ ć ¡šőľ řăąőšě, šő ŚŘ-ťăğă ŕřő£ćĺšś£ śĺńĳŋěě. Ŋăŕřĺňěř, ć śńşůăě ϑ_{13} = 14^∘ ĺňěěň ďń£ N_{νμ} /N_{ντ} ≃ 1.07(1 + 0.08 cos δ_l), ă łő¡ťťĺűĺěŋš a_0 ć (12) ąşďěš řăćěŋ a_0 ≃ 0.23.

Ăćšőřż śšăšĳĺ ćżřăęă¿š ąńăčőďăřŋőśšĳ Ď. Ĺ. Łăğăłőćş ğă ŕřěďőśšăćńěŋŋżě śćěďěŋĺ£ ő łőŋťěřěŋűĺĺ, śőśšő£ćÿěľś£ ć č. Őśăłă (§ŕőŋĺ£) ć ŕřőÿńőň čőďş, ă šăłęě Ś. Ŕ. Ňĺţěěćş { ğă őąśşęďěŋĺě śőćřěňěŋŋőľ śĺšşăűĺĺ, śńőęĺćÿěľś£ ć ťĺğĺłě ŋěľšřĺŋő. Ăćšőřż šăłęě ąńăčőďăřŋż Řőśśĺľśłőňş ťőŋďş ťşŋďăňěŋšăńĳŋżţ ĺśśńěďőćăŋĺľ ğă ŕőďďěřęłş ¡šőľ řăąőšż ŕő čřăŋšăň # 00-15-96786 ĺ # 00-02-16363.

Ŕřĺńőęěŋĺě

Ŋĺęě ŕřĺćěďěŋż őąźĺě ăńčěąřăĺůěśłĺě ťőřňşńż, őŕřěďěń£¿źĺě ćěřő£šŋőśšĺ ćśěţ ŕěřěţőďőć ŋěľšřĺŋő ć ćăłşşňě ŕřĺ ŕőŋšěłőřćőćśłĺţ őśűĺńń£űĺ£ţ ś şůěšőň ŚŘ-ťăğż δ_l:

1 − P (ν_eν_e) = c^2_{12} sin^2(2ϑ_{13}) sin^2(φ_{31}/2) + c^4_{13} sin^2(2ϑ_{12}) sin^2(φ_{21}/2) + s^2_{12} sin^2(2ϑ_{13}) sin^2(φ_{32}/2), (A1)

1 − P (ν_μν_μ) = {c^4_{23} sin^2(2ϑ_{12}) + s^4_{12}s^2_{13} sin^2(2ϑ_{23}) + s^4_{23}s^4_{13} sin^2(2ϑ_{12}) + c^4_{12}s^2_{13} sin^2(2ϑ_{23}) + + cos δ_l sin(4ϑ_{12}) sin(2ϑ_{23})(s_{13}c^2_3 − s^3_{13}s^2_3) − cos^2 δ_ls^2_{13} sin^2(2ϑ_{23}) sin^2(2ϑ_{12})} sin^2(φ_{21}/2) + + {s^2_{12}c^2_{13} sin^2(2ϑ_{23}) + c^2_{12}s^4_{23} sin^2(2ϑ_{13}) + cos δ_ls^2_3c_{13} sin(2ϑ_{12}) sin(2ϑ_{23}) sin(2ϑ_{13})} sin^2(φ_{31}/2) + + {c^2_{12}c^2_{13} sin^2(2ϑ_{23}) + s^2_{12}s^4_{23} sin^2(2ϑ_{13}) − cos δ_ls^2_3c_{13} sin(2ϑ_{12}) sin(2ϑ_{23}) sin(2ϑ_{13})} sin^2(φ_{32}/2),

(A2)

1 − P (ν_τ ν_τ ) = {s^4_{23} sin^2(2ϑ_{12}) + s^4_{12}s^2_{13} sin^2(2ϑ_{23}) + c^4_{23}s^4_{13} sin^2(2ϑ_{12}) + c^4_{12}s^2_{13} sin^2(2ϑ_{23}) + + cos δ_l sin(4ϑ_{12}) sin(2ϑ_{23})(s^3_{13}c^2_3 − s^2_{13}s^2_3) − cos^2 δ_ls^2_{13} sin^2(2ϑ_{23}) sin^2(2ϑ_{12})} sin^2(φ_{21}/2) + + {s^2_{12}c^2_{13} sin^2(2ϑ_{23}) + c^2_{12}c^4_{23} sin^2(2ϑ_{13}) − cos δ_lc^2_3c_{13} sin(2ϑ_{12}) sin(2ϑ_{23}) sin(2ϑ_{13})} sin^2(φ_{31}/2) + + {c^2_{12}c^2_{13} sin^2(2ϑ_{23}) + s^2_{12}c^4_{23} sin^2(2ϑ_{13}) + cos δ_lc^2_3c_{13} sin(2ϑ_{12}) sin(2ϑ_{23}) sin(2ϑ_{13})} sin^2(φ_{32}/2),

(A3)

P (ν_eν_μ) = 14{sin^2(2ϑ_{13})(s^2_3 + c^4_{12}s^2_3 + s^4_{12}s^2_3) + 12c_{13} sin(2ϑ_{13}) sin(2ϑ_{23}) sin(4ϑ_{12}) cos δ_l) − − 2c^2_{13} sin^2(2ϑ_{12})(c^2_3 − s^2_{13}s^2_3) cos(φ_{21}) − 2s^2_3 sin^2(2ϑ_{13})(c^2_{12} cos(φ_{31}) + s^2_{12} cos(φ_{32})) + + c_{13} sin(2ϑ_{12}) sin(2ϑ_{13}) sin(2ϑ_{23})(s^2_{12} cos(δ_l + φ_{21}) − c^2_{12} cos(δ_l − φ_{21})) + + c_{13} sin(2ϑ_{12}) sin(2ϑ_{13}) sin(2ϑ_{23})(cos(δ_l + φ_{32}) − cos(δ_l − φ_{31})) + + 2c^2_{13}c^2_3 sin^2(2ϑ_{12})},

(A4)

P (ν_eν_τ ) = 14{sin^2(2ϑ_{13})(c^2_3 + c^4_{12}c^2_3 + s^4_{12}c^2_3) − 12c_{13} sin(2ϑ_{13}) sin(2ϑ_{23}) sin(4ϑ_{12}) cos δ_l) + + 2c^2_{13} sin^2(2ϑ_{12})(s^2_3 − c^2_{13}s^2_3) cos(φ_{21}) − 2c^2_3 sin^2(2ϑ_{13})(c^2_{12} cos(φ_{31}) + s^2_{12} cos(φ_{32})) + + c_{13} sin(2ϑ_{12}) sin(2ϑ_{13}) sin(2ϑ_{23})(c^2_{12} cos(δ_l − φ_{21}) − s^2_{12} cos(δ_l + φ_{21})) + + c_{13} sin(2ϑ_{12}) sin(2ϑ_{13}) sin(2ϑ_{23})(cos(δ_l + φ_{31}) − cos(δ_l + φ_{32})) + + 2c^2_{13}s^2_3 sin^2(2ϑ_{12})},

(A5)

Ŕĺśĳňă ć ĘİŠŤ šőň 74 ćżŕ. 3 { 4 2001

Śňěÿĺćăŋĺě ŋěľšřĺŋő ĺ ńěŕšőŋŋă£ ŚŘ-ťăğă ć ŋěľšřĺŋŋżţ őśűĺńń£űĺ£ţ 161

P (ν_μν_τ ) = 14{2s^2_{13} sin^2(2ϑ_{12}) cos^2(2ϑ_{23}) + (c^4_{13} + c^4_{12} + s^4_{12} + (c^4_{12} + s^4_{12})s^4_{13}) sin^2(2ϑ_{23}) − − [2s^2_{13}(c^4_{23} + s^4_{23}) sin^2(2ϑ_{12}) + [2s^2_{13}(c^4_{12} + s^4_{12}) − (1 + s^4_{13}) sin^2(2ϑ_{12})] sin^2(2ϑ_{23})] cos(φ_{21}) − − [2c^2_{13}(s^2_{12} + c^2_{12}s^2_{13}) sin^2(2ϑ_{23}) − 12 c_{13} sin(2ϑ_{12}) sin(2ϑ_{13}) sin(4ϑ_{23}) cos δ_l] cos(φ_{31}) + + [2c^2_{13} sin^2(2ϑ_{23})(s^2_{12}s^2_{13} − c^2_{12}) − 12 c_{13} sin(2ϑ_{12}) sin(2ϑ_{13}) sin(4ϑ_{23}) cos δ_l] cos(φ_{32}) + + 2c_{13} sin(2ϑ_{12}) sin(2ϑ_{13}) sin(2ϑ_{23}) sin δ_l sin(φ_{21}/2) cos( φ^{31} + φ^{32}2 ) + + s_{13} sin(4ϑ_{12}) sin(4ϑ_{23}) cos δ_l[1 + s^2_{13}] sin^2(φ_{21}/2) − − c_{13} sin(2ϑ_{12}) sin(2ϑ_{13}) sin(2ϑ_{23}) sin δ_l sin(φ_{21}) − − 2s^2_{13} sin^2(2ϑ_{12}) sin^2(2ϑ_{23}) cos(2δ_l) sin^2(φ_{21}/2)}.

(A6)

1. W. W. M. Alison et al., Řhys. Lett. B449, 137 (1999);

T. Mann, talk presented to 19th Internat. Conf. on Neutrino Physics and Astrophysics, Sadbury, Canada, June, 2000; http://nu2000.sno.laurentian/T.Mann/index.html.

2. Y. Fukuda et al., Phys. Lett. B467, 185 (1999); Phys.

Rev. Lett. 82, 2644 (1999); H. Sobel, talk at XIX Internat. Conf. on Neutrino Physics and Astrophysics, Sudbury, Canada, June 2000; T. Toshito, talk at the XXXth Internat. Conf. on High Energy Physics, July 27 { August 2, 2000 (ICHEP 2000), Osaka, Japan.

3. Ś. Athanassopoulos et al., (LSND Collaboration), Phys.

Rev. Lett. 81, 1774 (1998).

4. CHOOZ Collaboration, M. Apollino et al., Phys. Lett.

B420, 397 (1998), F. Boehm et al., hep{ex/9912050. 5. Y. Suzuki, talk at XIX Internat. Conf. on Neutrino Physics and Astrophysics, Sudbury, Canada, June 2000; T. Takeuchi, talk at the XXXth Internat. Conf. on High Energy Physics, July 27 { August 2, 2000 (ICHEP 2000) Osaka, Japan; B. T. Cleveland et al., Astrophys. J. 496, 505 (1998); R. Davis, Prog. Part. Nucl. Phys. 32, 13 (1994); K. Lande, talk at XIX Internat. Conf. on Neutrino Physics and Astrophysics, Sudbury, Canada, June 2000; http://nu2000.sno.laurentian.ca/.

6. SAGE Collaboration, J.N. Abdurashitov et al., Phys. Rev. C60, 055801 (1999); V. Garvin, talk at XIX Internat. Conf. on Neutrino Physics and

Astrophysics, Sudbury, Canada, June 2000; http: nu2000.sno.laurentian.ca; GALLEX Collaboration, W. Hampel et al., Phys. Lett. B447, 127 (1999); E. Belloti, talk at XIX Internat. Conf. on Neutrino Physics and Astrophysics, Sudbury, Canada, June 2000, http: nu2000.sno.laurentian.ca; F. Ronda, MACRO Collaboration, hep{ex/0001058.

7. M. Pontecorvo, JETP 33, 549 (1957); JETP 34, 247 (1958); V. N. Gribov and B. M. Pontecorvo, Phys. Lett. 288, 483 (1969); S. M. Bilenky and B. Pontecorvo, Phys. Rep. 41, 225 (1078).

8. Z. Berezhiani and A. Rossi, Phys. Lett. B367, 219 (1996); Z. Berezhiani and A. Rossi, hep{ph/9811447; R. Barbieri, L. Hall, and A. Strumia, hep{ph/9808333.

9. Z. Maki, M. Nakagava, and S. Sakata, Progr. Theor.

Phys. 28, 870 (1962).

10. Particle Data Group E and C, Phys. Journ. C3, 1 (1998), and or see Particle Phys Booclet, VII/2000, pp.157{159.

11. M. C. Gonzalez-Garsia, M. Maltoni, C. Pe~na-Garay, and J. W. F. Valle, hep{ph/0009350.

12. J. Bahcall, P.Krastev, and A. Smirnov, hep{ ph/9807216; S. P. Mikheyev and A. Yu. Smirnov, Yad. Fiz. 42, 1441 (1985); L. Wolfenstein, Phys. Rev. D17, 2369 (1985).

13. K. A. Ter-Martirosyan, Is there difference in the oscillations of Majorana and Dirac neutrinos?, Phys. Lett. in press.

2 Ŕĺśĳňă ć ĘİŠŤ šőň 74 ćżŕ. 3 { 4 2001