Ĺŋáâĺâãâ ïďěàŋőľ äĺğĺłĺ ĺňěŋĺ Č.Ĺ.Ąãďłěàă Śĺąĺàáłőčő őâďěńěŋĺï Řőááĺľáłőľ ăłăďěňĺĺ ŋăãł

Ŋă ŕàăćăå àãłőŕĺáĺ

Śãåăŋőć Ăńěłáăŋďà Ĺćăŋőćĺç

Ĺğãçěŋĺě àěďłĺå ňŋőčőçăáâĺçŋëå ŕàőæěááőć ć őąńăáâĺ íŋěàčĺľ 0.6{1.06 ČíĆ ŋă ďěâěłâőàě ŁŇĎ-2

Śŕěæĺăńìŋőáâì 01.04.16 | äĺğĺłă ïďàă ĺ íńěňěŋâăàŋëå çăáâĺæ

Ďĺááěàâăæĺï ŋă áőĺáłăŋĺě ãçěŋőľ áâěŕěŋĺ łăŋďĺďăâă äĺğĺłő-ňăâěňăâĺçěáłĺå ŋăãł

Ŋăãçŋëľ àãłőćőďĺâěńì:

łăŋďĺďăâ äĺğĺłő-ňăâěňăâĺçěáłĺå ŋăãł, Ă.Ě. Ąőŋďăàì

ŊŐĆŐŚĹĄĹŘŚŁ | 2000

Őčńăćńěŋĺě

Ććěďěŋĺě 4

1. Şáłőàĺâěńìŋëľ łőňŕńěłá ĆİŔŔ-2M ĺ ďěâěłâőà ŁŇĎ-2 7 1.1. Ďàěľäőćăï łăňěàă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 1.2. Z-łăňěàă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 1.3. Űĺńĺŋďàĺçěáłĺľ łăńőàĺňěâà ŋă őáŋőćě łàĺáâăńńőć CsI . . . . . . . . . . . 12 1.4. Šőàæěćőľ łăńőàĺňěâà ŋă őáŋőćě łàĺáâăńńőć BGO . . . . . . . . . . . . . . . 12 1.5. Ŕàőąěęŋăï áĺáâěňă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 1.6. Śĺáâěňă áąőàă ďăŋŋëå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 1.7. Ŕàőčàăňňă àěłőŋáâàãłæĺĺ áőąëâĺľ . . . . . . . . . . . . . . . . . . . . . . . 14

2. Ŋěľâàăńìŋëľ âàĺččěà ŁŇĎ-2 25 2.1. Śĺáâěňă ğăŕãáłă ďěâěłâőàă . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 2.2. Ĺŋäőàňăæĺï ďńï Ŋěľâàăńìŋőčő âàĺččěàă . . . . . . . . . . . . . . . . . . . . 29 2.3. Şáńőćĺï ŋěľâàăńìŋőčő ĺ áňěèăŋŋőčő ğăŕãáłőć . . . . . . . . . . . . . . . . . 30 2.4. Őáŋőćŋëě ňőďãńĺ Ŋěľâàăńìŋőčő âàĺččěàă . . . . . . . . . . . . . . . . . . . 33 2.5. Ŕàőčàăňňŋőě őąěáŕěçěŋĺě Ŋěľâàăńìŋőčő âàĺččěàă . . . . . . . . . . . . . . . 42 2.6. Śőáâőïŋĺě ŋěľâàăńìŋőčő âàĺččěàă . . . . . . . . . . . . . . . . . . . . . . . . 43

3. Őŕĺáăŋĺě íłáŕěàĺňěŋâă 46 3.1. Őąéĺě åăàăłâěàĺáâĺłĺ ŋăąőàă íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå . . . . . . . . . 46 3.2. Őŕàěďěńěŋĺě áćěâĺňőáâĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 3.3. Őŕàěďěńěŋĺě íŋěàčĺĺ ŕãçłă . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 3.4. Őąéĺľ ŕőďåőď ł ăŋăńĺğã ňŋőčőçăáâĺçŋëå ŕàőæěááőć . . . . . . . . . . . . . 51

4. Ĺğãçěŋĺě àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ŕàĺ íŋěàčĺïå ŋĺęě 1 ČíĆ. Ŕőĺáł àăáŕăďă ρ → π^+π^−π^+π^− 60 4.1. Ăŋăńĺğ ďăŋŋëå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 4.2. Őŕàěďěńěŋĺě áěçěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 4.3. Őąáãęďěŋĺě àěğãńìâăâőć . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

5. Ŋăąńîďěŋĺě àăáŕăďă ϕ → π^+π^−π^+π^−. Ŕőĺáł àăáŕăďőć ϕ → ηπ^+π^− ĺ ϕ →

π^+π^−π^+π^−π^0 72 5.1. Ăŋăńĺğ ďăŋŋëå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 5.2. Řăáçěâ áěçěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 5.3. Ŕőĺáł àăáŕăďőć ϕ → ηπ^+π^− ĺ ϕ → π^+π^−π^+π^−π^0 . . . . . . . . . . . . . . . . 83 5.4. Őąáãęďěŋĺě àěğãńìâăâőć . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

6. Ŋăąńîďěŋĺě àăáŕăďă ϕ → η^′γ 91 6.1. Ăŋăńĺğ ďăŋŋëå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 6.2. Őąáãęďěŋĺě àěğãńìâăâőć . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

Ğăłńîçěŋĺě 104

Ńĺâěàăâãàă 106

Ććěďěŋĺě

Ĺááńěďőćăŋĺï e^+e^− ăŋŋĺčĺńïæĺĺ ć ăďàőŋë ŕàĺ ŋĺğłĺå íŋěàčĺïå ŕàőćőďïâáï ãęě ąőńěě 30 ńěâ. Őďŋăłő, ŋěáňőâàï ŋă ğŋăçĺâěńìŋëľ ŕàőčàěáá, ďăŋŋăï őąńăáâì ćáě ěéě ďăńěłă őâ ŕőńŋőčő ŕőŋĺňăŋĺï. Ŋěőąåőďĺňë łăł ąőńěě âőçŋëě ĺğňěàěŋĺï ŕăàăňěâàőć ńěčłĺå ćěłâőàŋëå ňěğőŋőć ρ, ω ĺ ϕ, âăł ĺ ďěâăńìŋőě ĺğãçěŋĺě áćőľáâć łőŋâĺŋããňă | őąńăáâĺ ćŋě àěğőŋăŋáőć, çâő ŕőğćőńĺâ ŕőńãçĺâì ćăęŋãî ĺŋäőàňăæĺî ő ćğăĺňőďěľáâćĺĺ ńěčłĺå łćăàłőć ĺ áŕěłâàőáłőŕĺĺ ĺå áćïğăŋŋëå áőáâőïŋĺľ.

Ś 1992 čőďă ć Ĺŋáâĺâãâě ïďěàŋőľ äĺğĺłĺ ĺň. Ąãďłěàă ćěďãâáï íłáŕěàĺňěŋâë á Łàĺőčěŋŋëň Ňăčŋĺâŋëň Ďěâěłâőàőň [1,2] ŋă ŋăłőŕĺâěńě áő ćáâàěçŋëňĺ íńěłâàőŋ - ŕőğĺâàőŋŋëňĺ ŕãçłăňĺ ĆİŔŔ-2Ň [3] ć őąńăáâĺ íŋěàčĺľ őâ 0.36 ďő 1.4 ČíĆ ć áĺáâěňě æěŋâàă ňăáá. Őáŋőćã äĺğĺçěáłőľ ŕàőčàăňňë ďěâěłâőàă áőáâăćńïěâ ĺğãçěŋĺě áćőľáâć ρ, ω ĺ ϕ-ňěğőŋőć ĺ ĺğňěàěŋĺě ăďàőŋŋëå áěçěŋĺľ ć íłáłńîğĺćŋëå łăŋăńăå.

Ŕàőæěáá ňŋőęěáâćěŋŋőčő àőęďěŋĺï ŕĺőŋőć ć e^+e^− ăŋŋĺčĺńïæĺĺ ćŕěàćëě ŋăąńîďăńáï ć íłáŕěàĺňěŋâăå ćő Ťàăáłăâĺ [4] ĺ Ŋőćőáĺąĺàáłě [5] ŕàĺ íŋěàčĺïå 1.18{2 ČíĆ. Őďŋőľ ĺğ ďőňĺŋĺàãîéĺå ć ŋěň ïćńïěâáï àěăłæĺï e^+e^− → π^+π^−π^+π^−, łőâőàăï ć ŋăáâőïéěě ćàěňï åőàőèő ĺğãçěŋă ć ďĺăŕăğőŋě íŋěàčĺľ őâ 1.05 ďő 2.5 ČíĆ (áň. àăąőâë [6,7] ĺ ááëńłĺ ć ŋĺå). Śãéěáâćěŋŋő ňěŋìèě ĺŋäőàňăæĺĺ őą íâőľ àěăłæĺĺ ĺňěěâáï ŕàĺ íŋěàčĺïå ŋĺęě ňăááë ϕ-ňěğőŋă. Ć íłáŕěàĺňěŋâăå M2N [8] ĺ DM1 [9] ŋă ŋăłőŕĺâěńě ACO ć Őàáí ąëńĺ ğăàěčĺáâàĺàőćăŋë ěďĺŋĺçŋëě áőąëâĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ŕàĺ íŋěàčĺïå ćëèě 0.96 ČíĆ. Ŕàĺ áłăŋĺàőćăŋĺĺ ďĺăŕăğőŋă íŋěàčĺľ őâ 0.64 ďő 1.1 ČíĆ čàãŕŕăňĺ ŐŃ§ [10] ĺ ŊĎ [11,12] ŋă ĆİŔŔ-2Ň ć Ŋőćőáĺąĺàáłě ąëńĺ ãáâăŋőćńěŋë ćěàåŋĺě ŕàěďěńë ďńï ćěńĺçĺŋë áěçěŋĺï. Śőćőłãŕŋőáâì íâĺå ŋăąńîďěŋĺľ ŕőďâćěàďĺńă ŕàěďáłăğăŋĺï [13{16], çâő áěçěŋĺě őçěŋì ňăńő ŕàĺ íŋěàčĺïå ŋĺęě 1 ČíĆ.

Ŋěďőáâăâőçŋő ĺğãçěŋő ŕőćěďěŋĺě áěçěŋĺï ŕàőæěááă e^+e^− → π^+π^−π^+π^− ĺ ć ŋěŕőáàěďáâćěŋŋőľ ąńĺğőáâĺ őâ ϕ-ňěğőŋă. Ć ãęě ãłăğăŋŋëå íłáŕěàĺňěŋâăå, ŕàőćőďĺćèĺåáï ć Őàáí ĺ Ŋőćőáĺąĺàáłě [8{12], ă âăłęě ć íłáŕěàĺňěŋâě ŁŇĎ [17], ćëŕőńŋěŋŋőň ŋă ĆİŔŔ-2Ň, áěçěŋĺě ĺğňěàïńőáì ć ěďĺŋĺçŋëå âőçłăå ŕàĺ E_{cm} ≈ m_ϕ. Ććĺďã ŋěąőńìèőčő çĺáńă ğăàěčĺáâàĺàőćăŋŋëå áőąëâĺľ ć íâĺå íłáŕěàĺňěŋâăå ďěâăńìŋőě ĺğãçěŋĺě áâàãłâãàë áěçěŋĺï ć őąńăáâĺ ϕ-ňěğőŋă ŋě ŕàőćőďĺńőáì. Ć ŕàěďŕőńőęěŋĺĺ, çâő ćáě ŋăąńîďăěňőě áěçěŋĺě ćőğŋĺłăěâ ĺğ àăáŕăďă ϕ, ąëń ãáâăŋőćńěŋ ćěàåŋĺľ ŕàěďěń ďńï ćěàőïâŋőáâĺ àăáŕăďă ϕ → π^+π^−π^+π^− [9]. Őŕàěďěńěŋĺě ĺŋâěŋáĺćŋőáâĺ ďăŋŋőčő àăáŕăďă ïćńïěâáï ćěáìňă ĺŋâěàěáŋëň, âăł łăł őŋ ďćăęďë ŕőďăćńěŋ: ŕő ŕàăćĺńã Űćěľčă ĺ áőåàăŋěŋĺî G-çěâŋőáâĺ.

Řěďłĺě àăáŕăďë ϕ ňěğőŋă, ϕ → ηπ^+π^− ĺ ϕ → π^+π^−π^+π^−π^0, âăłęě ŋăàãèăîâ ŕàăćĺńő Űćěľčă. Řăáŕăď ϕ → ηπ^+π^− ďőŕőńŋĺâěńìŋő ŕőďăćńěŋ ĺğ-ğă ŋăàãèěŋĺï G-çěâŋőáâĺ. Ŕőĺáł àăáŕăďă ϕ → ηπ^+π^− ŕàőćőďĺńáï ŋă ŁŇĎ-2 á ĺáŕőńìğőćăŋĺěň çăáâĺ ŋăąàăŋŋőľ áâăâĺáâĺłĺ ć łăŋăńě η → γγ [18,19]. Ŋě ąëńő ğăàěčĺáâàĺàőćăŋő ŋĺ őďŋőčő áőąëâĺï ĺ ŕőíâőňã ąëń ãáâăŋőćńěŋ ćěàåŋĺľ ŕàěďěń ďńï ćěàőïâŋőáâĺ àăáŕăďă. Řăŋěě ŋă ŁŇĎ ąëń âăłęě ãáâăŋőćńěŋ ćěàåŋĺľ ŕàěďěń ďńï àăáŕăďă ϕ → π^+π^−π^+π^−π^0 [17].

Ůàěğćëçăľŋő ĺŋâěàěáŋëň á âőçłĺ ğàěŋĺï ŕàőćěàłĺ łćăàłőćőľ ňőďěńĺ, SU(3) áĺňňěâàĺĺ ĺ ňőďěńĺ ďőňĺŋăŋâŋőáâĺ ćěłâőàŋëå ňěğőŋőć ïćńïěâáï ĺğãçěŋĺě àăďĺăæĺőŋŋëå ŕěàěåőďőć ňěęďã ćěłâőàŋëňĺ ĺ ŕáěćďőáłăńïàŋëňĺ ňěğőŋăňĺ [20{23]. Řěďłĺľ àăáŕăď ϕ → η^′γ ć âěçěŋĺĺ ňŋőčĺå ńěâ őáâăćăńáï ěďĺŋáâćěŋŋëň ňăčŋĺâő-ďĺŕőńìŋëň ŕěàěåőďőň, ŋě ĺğňěàěŋŋëň íłáŕěàĺňěŋâăńìŋő. Ć íłáŕěàĺňěŋâě ŁŇĎ-2 ćŕěàćëě ąëńő ŕàőĺğćěďěŋő ŋăąńîďěŋĺě íâőčő àăáŕăďă ĺ ĺğňěàěŋă ěčő ćěàőïâŋőáâì [24,25]. Ŕőğďŋěě íâő ĺğňěàěŋĺě ąëńő ŕőďâćěàęďěŋő ć íłáŕěàĺňěŋâě ŚŊĎ [26]. Şńãçèěŋŋőě ĺğňěàěŋĺě ćěàőïâŋőáâĺ àăáŕăďă ϕ → η^′γ, őáŋőćăŋŋőě ŋă ŕőńŋőň ŋăąőàě ďăŋŋëå, ğăŕĺáăŋŋëå ć őąńăáâĺ ϕ ňěğőŋă, ąëńő ŋěďăćŋő ŕàěďáâăćńěŋő ŁŇĎ-2 [27]. Ŕěàćëě ŕàěďćăàĺâěńìŋëě àěğãńìâăâë ŕő ĺğňěàěŋĺî ćěńĺçĺŋë Br(ϕ → η^′γ), ŕőńãçěŋŋëě ć íłáŕěàĺňěŋâě KLOE [28], áőčńăáãîâáï á ďăŋŋëňĺ ŁŇĎ-2 ĺ ŚŊĎ.

Ĺáŕőńìğãï ćëáőłãî íääěłâĺćŋőáâì àěčĺáâàăæĺĺ ňŋőčőâàěłőćëå áőąëâĺľ ŋă ďěâěłâőàě ŁŇĎ-2, ć ďăŋŋőľ àăąőâě ąëńă ŕőáâăćńěŋă ğăďăçă ĺğãçĺâì àěăłæĺî e^+e^− → π^+π^−π^+π^− ć ďĺăŕăğőŋě íŋěàčĺľ 0.6{1.06 ČíĆ. Śěçěŋĺě íâőľ àěăłæĺĺ ćŕěàćëě ĺğňěàěŋő ć őąńăáâĺ íŋěàčĺľ ŋĺęě 0.97 ČíĆ; ąëńĺ ğăàěčĺáâàĺàőćăŋë áőąëâĺï π^+π^−π^+π^− ćąńĺğĺ ňăłáĺňãňă ρ ňěğőŋă ĺ őŕàěďěńěŋă ćěàőïâŋőáâì àăáŕăďă ρ^0 → π^+π^−π^+π^−. Řěğãńìâăâë őŕãąńĺłőćăŋë ć [29]. Ćŕěàćëě ŋăąńîďăńőáì ĺŋâěàäěàěŋæĺőŋŋőě ŕőćěďěŋĺě áěçěŋĺï e^+e^− → π^+π^−π^+π^− ćąńĺğĺ ϕ ňěğőŋă ĺ ĺğňěàěŋă ćěàőïâŋőáâì àăáŕăďă ϕ → π^+π^−π^+π^−; ŕőńãçěŋë ąőńěě âőçŋëě őčàăŋĺçěŋĺï ďńï ćěàőïâŋőáâěľ àăáŕăďőć ϕ → ηπ^+π^− ĺ ϕ → π^+π^−π^+π^−π^0 [30].

Ďàãčőľ ğăďăçěľ ąëńő ĺğãçěŋĺě àăáŕăďă ϕ → η^′γ ć łăŋăńě á çěâëàìňï ğăàïęěŋŋëňĺ çăáâĺæăňĺ ĺ äőâőŋăňĺ. Ć ďăŋŋőľ àăąőâě íâőâ àăáŕăď ćŕěàćëě ŋăąńîďăńáï ć łăŋăńě ϕ → η^′γ, η^′ → π^+π^−η ĺ η → π^+π^−π^0 ĺńĺ η → π^+π^−γ. Ĺğňěàěŋŋăï ćěàőïâŋőáâì àăáŕăďă áőčńăáãěâáï á ŕàěďëďãéĺňĺ ĺğňěàěŋĺïňĺ. Řěğãńìâăâë őŕãąńĺłőćăŋë ć [31].

Ć ğăďăçĺ ăćâőàă ćåőďĺńő âăłęě áőğďăŋĺě ŕàőæěďãàë àěłőŋáâàãłæĺĺ łőőàďĺŋăâ äőâőŋőć, ğăàěčĺáâàĺàőćăŋŋëå ć CsI łăńőàĺňěâàě ŁŇĎ-2. Őŕĺáăŋĺě ŕàőæěďãàë ŕàĺćőďĺâáï ć Čńăćě 1. Ďàãčőľ ğăďăçěľ ąëńő ćłńîçěŋĺě ć áőáâăć áĺáâěňë ğăŕãáłă ŁŇĎ-2 ŋěľâàăńìŋőčő âàĺččěàă, őŕĺáăŋĺî łőâőàőčő ŕőáćïéěŋă Čńăćă 2.

Őáŋőćŋëě åăàăłâěàĺáâĺłĺ íłáŕěàĺňěŋâă, ă âăł ęě őąéĺľ ŕőďåőď ł ăŋăńĺğã ňŋőęěáâćěŋŋëå ŕàőæěááőć ŕàěďáâăćńěŋë ć Čńăćě 3.

Ć Čńăćăå á 4 ŕő 6 ŕàőćőďĺâáï ăŋăńĺğ äĺğĺçěáłőľ ĺŋäőàňăæĺĺ. Ć Čńăćě 4 ĺğãçăěâáï áěçěŋĺě àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ŕàĺ íŋěàčĺïå ŋĺęě 1 ČíĆ. Ăŋăńĺğã ŕőćěďěŋĺï áěçěŋĺï e^+e^− → π^+π^−π^+π^− ćąńĺğĺ ϕ ňěğőŋă ŕőáćïéěŋă Čńăćă 5. Řăáŕăď ϕ → η^′γ ĺğãçăěâáï ć Čńăćě 6. Ć Ğăłńîçěŋĺĺ ŕàěďáâăćńěŋ ŕěàěçěŋì őáŋőćŋëå àěğãńìâăâőć, ŕőńãçěŋŋëå ć àăąőâě.

Čńăćă 1.

Şáłőàĺâěńìŋëľ łőňŕńěłá ĆİŔŔ-2M ĺ ďěâěłâőà ŁŇĎ-2

İłáŕěàĺňěŋâë, őŕĺáăŋŋëě ć ďăŋŋőľ àăąőâě, ŕàőćőďĺńĺáì ŋă ãáâăŋőćłě ĆİŔŔ-2Ň áő ćáâàěçŋëňĺ e^+e^− ŕãçłăňĺ. Şáłőàĺâěńìŋő-ŋăłőŕĺâěńìŋëľ łőňŕńěłá, áåěňă łőâőàőčő ŕàĺćěďěŋă ŋă àĺáãŋłě 1.1, áőáâőĺâ ĺğ ĺŋęěłâőàă, áĺŋåàőâàőŋă, ąãáâěàă ĺ áăňőčő ŋăłőŕĺâěńï [3]. Ĺŋęěłâőàőň łőňŕńěłáă ïćńïěâáï ĺňŕãńìáŋëľ ãáłőàĺâěńì íńěłâàőŋőć á ňăłáĺňăńìŋőľ íŋěàčĺěľ çăáâĺæ 3 ŇíĆ. Śĺŋåàőâàőŋ Ą-3Ň ãáłőàïěâ íńěłâàőŋë ďő íŋěàčĺĺ 200 ŇíĆ. Ć àěęĺňě ŋăłőŕńěŋĺï íńěłâàőŋőć ŕãçőł ĺğ Ą-3Ň ŕěàěŕãáłăěâáï ć ąãáâěàŋëľ ŋăłőŕĺâěńì ĄİŔ [32].

Ŕőğĺâàőŋë, őąàăğãîéĺěáï ć łőŋćěàâěàě, áőąĺàăîâáï äőłãáĺàãîéěľ áĺáâěňőľ ĺ ŋăłăŕńĺćăîâáï ć ĄİŔ. Ŕőáńě ŋăłőŕńěŋĺï âőłă 10{20 ňĂ ŕãçőł ãáłőàïěâáï ďő íŋěàčĺĺ íłáŕěàĺňěŋâă ĺ ŕěàěŕãáłăěâáï ć ŋăłőŕĺâěńìŋőě łőńìæő ĆİŔŔ-2Ň. Ğăâěň æĺłń ŋăłőŕńěŋĺï ŕőćâőàïěâáï ďńï íńěłâàőŋőć.

Ŋăłőŕĺâěńì ĆİŔŔ-2Ň ŕàěďáâăćńïěâ áőąőľ ęěáâłőäőłãáĺàãîéěě łőńìæő á çěâëàìňï ŕàïňőńĺŋěľŋëňĺ ŕàőňěęãâłăňĺ (∼200 áň). Ć őďŋőň ĺğ ŕàőňěęãâłőć ŋăåőďĺâáï ãáłőàïîéĺľ àěğőŋăâőà ŋă 200 ŇČæ, ć ŕàőâĺćőŕőńőęŋőň | áćěàåŕàőćőďïéĺľ Ćĺčńěàňăčŋĺâ (\ğňěľłă") [32], áńãęăéĺľ ďńï ŕőńãçěŋĺï ąőńìèěľ áćěâĺňőáâĺ ğă áçěâ ãćěńĺçěŋĺï äăğőćőčő őąêěňă ŕãçłă. Ć ďćãå ďàãčĺå ŕàőňěęãâłăå ãáâăŋőćńěŋë ďěâěłâőàë ŁŇĎ-2 ĺ ŚŊĎ [33].

Ďěâěłâőà ŁŇĎ-2 | ŕěàćëľ ĺğ àăąőâăćèĺå ŋă ĆİŔŔ-2Ň ãŋĺćěàáăńìŋëľ ďěâěłâőà | ŕőğćőńïěâ àěčĺáâàĺàőćăâì ĺ ĺğňěàïâì á ćëáőłőľ âőçŋőáâìî ŕăàăňěâàë łăł ğăàïęěŋŋëå çăáâĺæ, âăł ĺ äőâőŋőć. Śåěňă ďěâěłâőàă ŕàěďáâăćńěŋă ŋă Řĺá.1.2.

Řĺá. 1.1. Śåěňă ãáłőàĺâěńìŋő-ŋăłőŕĺâěńìŋőčő łőňŕńěłáă ĆİŔŔ-2Ň

Łőőàďĺŋăâë, ãčńë ćëńěâă ĺ ĺňŕãńìáë ğăàïęěŋŋëå çăáâĺæ ĺğňěàïîâáï łőőàďĺŋăâŋőľ áĺáâěňőľ ďěâěłâőàă, áőáâőïéěľ ĺğ ďàěľäőćőľ (2) ĺ Z-łăňěà (3), àăáŕőńőęěŋŋëå ć ňăčŋĺâŋőň ŕőńě, áőğďăćăěňőň áőńěŋőĺďőň (4). Űĺńĺŋďàĺçěáłĺľ (7) ĺ âőàæěćőľ (6) íńěłâàőňăčŋĺâŋëě łăńőàĺňěâàë, ĺğčőâőćńěŋŋëě ĺğ áæĺŋâĺńńïæĺőŋŋëå łàĺáâăńńőć CsI ĺ BGO, őąěáŕěçĺćăîâ ĺğňěàěŋĺě íŋěàčĺĺ ĺ ãčńőć äőâőŋőć, ă âăłęě ŕőğćőńïîâ àăğďěńïâì íńěłâàőŋë ĺ ăďàőŋë. Ŕàőąěęŋăï áĺáâěňă (8) áńãęĺâ ďńï àăğďěńěŋĺï ňîőŋőć ĺ ăďàőŋőć.

Řĺá. 1.2. Ďěâěłâőà ŁŇĎ-2 ć R−φ ĺ Z ŕàőěłæĺïå. 1 | ćăłããňŋăï łăňěàă; 2 | ďàěľäőćăï łăňěàă; 3 | Z-łăňěàă; 4 | őáŋőćŋőľ áćěàåŕàőćőďïéĺľ áőńěŋőĺď; 5 | łőňŕěŋáĺàãîéĺľ áőńěŋőĺď; 6 | âőàæěćőľ łăńőàĺňěâà ŋă őáŋőćě BGO; 7 | æĺńĺŋďàĺçěáłĺľ łăńőàĺňěâà ŋă őáŋőćě CsI; 8 | ňîőŋŋăï áĺáâěňă; 9 | ïàňő ňăčŋĺâă; 10 | łćăďàãŕőńìŋëě ńĺŋğë

Ćăłããňŋăï łăňěàă ć ŕàïňőńĺŋěľŋőň ŕàőňěęãâłě ĺňěěâ ďĺăňěâà 40 ňň ĺ ďńĺŋã 1 ň. Ďńï ãňěŋìèěŋĺï ňŋőčőłàăâŋőčő àăááěïŋĺï ěě æěŋâàăńìŋăï çăáâì ďńĺŋőľ 20 áň ĺğčőâőćńěŋă ĺğ ąěàĺńńĺï âőńéĺŋőľ 0.8 ňň.

Ňăčŋĺâŋăï áĺáâěňă ďěâěłâőàă áőáâőĺâ ĺğ őáŋőćŋőčő ĺ ďćãå łőňŕěŋáĺàãîéĺå áćěàåŕàőćőďïéĺå ňăčŋĺâőć. Ŕőáłőńìłã łăâãèłă őáŋőćŋőčő ňăčŋĺâă àăáŕőńőęěŋă ŋěŕőáàěďáâćěŋŋő ŕěàěď æĺńĺŋďàĺçěáłĺň łăńőàĺňěâàőň, ěě łőŋáâàãłæĺï őŕâĺňĺğĺàőćăńăáì âăłĺň őąàăğőň, çâőąë âőńéĺŋă ćěéěáâćă łăâãèłĺ ąëńă ňĺŋĺňăńìŋőľ. Ĺáŕőńìğőćăŋĺě ŋěâàăďĺæĺőŋŋőčő ŕőďåőďă ŕőğćőńĺńő ŕőńãçĺâì ŕőńě 10 ÷ 12 łČá ŕàĺ âőńéĺŋě łăâãèłĺ 0.38 àăďĺăæĺőŋŋëå ďńĺŋ.

1.1. Ďàěľäőćăï łăňěàă

Řěčĺáâàăæĺï ğăàïęěŋŋëå çăáâĺæ őáãéěáâćńïěâáï ďàěľäőćőľ łăňěàőľ [34,35], ğăŕőńŋěŋŋőľ čăğőćőľ áňěáìî 80% ăàčőŋă ĺ 20% ĺğőąãâăŋă. Ŕàőńěâăîéăï çěàěğ łăňěàã ğăàïęěŋŋăï çăáâĺæă ĺőŋĺğãěâ čăğ ćďőńì áćőěčő âàěłă. Őąàăğőćăćèĺěáï ć àěğãńìâăâě ĺőŋĺğăæĺĺ íńěłâàőŋë ďàěľäãîâ ć íńěłâàĺçěáłőň ŕőńě, áőğďăŋŋőň ŕőńěćëňĺ ŕàőćőńőçłăňĺ, ĺ àěčĺáâàĺàãîâáï áĺčŋăńìŋëňĺ ŕàőćőńőçłăňĺ.

Łăňěàă áőáâőĺâ ĺğ âàěå áńőěć, àăğąĺâëå ŋă ïçěľłĺ. Ć ŕěàćőň, ćŋãâàěŋŋěň áńőě áőďěàęĺâáï 16 ïçěěł ŕő 6 áĺčŋăńìŋëå ŕàőćőńőçěł ć łăęďőľ. Ćâőàőľ áńőľ ĺňěěâ 32 ïçěľłĺ ŕő 7 ŕàőćőńőçěł, âàěâĺľ | 32 ïçěľłĺ ŕő 6 áĺčŋăńìŋëå ŕàőćőńőçěł (áň. Řĺá.1.3). Ć őąéěľ áńőęŋőáâĺ ďàěľäőćăï łăňěàă ĺňěěâ 512 áĺčŋăńìŋëå ŕàőćőńőçěł.

Řĺá. 1.3. Řăáŕőńőęěŋĺě ŕàőćőńőçěł ć ïçěľłăå ďàěľäőćőľ łăňěàë. Łàãęłăňĺ őąőğŋăçěŋë ŕőńőęěŋĺï ŕőńěćëå ĺ ŕőâěŋæĺăńìŋëå ŕàőćőńőçěł, łőáëňĺ łàěáâĺłăňĺ | ŕőńőęěŋĺï áĺčŋăńìŋëå ŕàőćőńőçěł

Ć ŕőáâőïŋŋőň ŕàőďőńìŋőň ňăčŋĺâŋőň ŕőńě, ć łőâőàőň ŋăåőďĺâáï łăňěàă, ďàěľä íńěłâàőŋőć ŕàőĺáåőďĺâ ŕőď ãčńőň ł ŕńőáłőáâĺ ŕàőćőńőçěł. İâőâ ãčőń ňěęďã íńěłâàĺçěáłĺň ŕőńěň ĺ ŋăŕàăćńěŋĺěň ďàěľäă íńěłâàőŋőć ŋăğëćăěâáï ãčńőň Ńőàěŋæă ĺ ďńï ãáńőćĺľ ďàěľäőćőľ łăňěàë ďěâěłâőàă ŁŇĎ-2 ĺňěěâ ďőćőńìŋő ąőńìèãî ćěńĺçĺŋã, α_L ≈ 30^∘.

Śĺčŋăń á łăęďőľ ŕàőćőńőçłĺ áŋĺňăěâáï á őąőĺå ěě łőŋæőć ĺ ŕőáńě ãáĺńěŋĺï ŕőáâãŕăěâ ŋă ŕńăâã Š2Ă [36], ŕőğćőńïîéãî ĺğňěàïâì ćàěňï ŕàĺåőďă ĺ ăňŕńĺâãďë áĺčŋăńőć.

Ğŋăï àăáŕőńőęěŋĺě ŕàőćőńőçěł ĺ àăáŕàěďěńěŋĺě ŕőńěľ ć łăňěàě, ňőęŋő ćőááâăŋőćĺâì łőőàďĺŋăâë âàěłă ŕàőńěâěćèěľ çěàěğ łăňěàã ğăàïęěŋŋőľ çăáâĺæë. Łőőàďĺŋăâë ć ŕńőáłőáâĺ ŕàőćőńőçěł (X, Y) őŕàěďěńïîâáï ŕő ŋőňěàã áàăąőâăćèěľ ŕàőćőńőçłĺ ĺ ćàěňěŋĺ ďàěľäă. Łőőàďĺŋăâă Z (ćďőńì ŕàőćőńőçłĺ ĺńĺ, áőőâćěâáâćěŋŋő, ćďőńì ŋăŕàăćńěŋĺï ŕãçłőć) őŕàěďěńïěâáï ňěâőďőň ďěńěŋĺï ğăàïďă. Łàőňě âőčő, ĺğňěàěŋĺě ăňŕńĺâãďë áĺčŋăńă ĺáŕőńìğãěâáï ďńï ĺďěŋâĺäĺłăæĺĺ çăáâĺæ ŕő ćěńĺçĺŋě ĺőŋĺğăæĺőŋŋëå ŕőâěàì dE/dx.

Řĺá. 1.4. Ĺňŕãńìáŋőě àăğàěèěŋĺě ďàěľäőćőľ łăňěàë

Łőőàďĺŋăâŋőě àăğàěèěŋĺě ďàěľäőćőľ łăňěàë ć ŕńőáłőáâĺ R−φ áőáâăćńïěâ 250 ňłň, ă ćďőńì ŕàőćőńőçłĺ | 4 ňň. Ğăćĺáĺňőáâì ĺňŕãńìáŋőčő àăğàěèěŋĺï ďàěľäőćőľ łăňěàë őâ ćěńĺçĺŋë ĺňŕãńìáă ŕőłăğăŋă ŋă Řĺá.1.4 [35,37], ă àăğàěèěŋĺě ŕő ŕőńïàŋőňã ĺ ăğĺňãâăńìŋőňã ãčńã âàěłă áőáâăćńïěâ σ_θ = 0.02 ĺ σ_φ = 0.007 àăďĺăŋ áőőâćěâáâćěŋŋő.

1.2. Z-łăňěàă

Ğă ďàěľäőćőľ łăňěàőľ àăáŕőńăčăěâáï ďćãåáńőľŋăï æĺńĺŋďàĺçěáłăï ŕàőŕőàæĺőŋăńìŋăï Z-łăňěàă [38,39] áő áêěňőň ĺŋäőàňăæĺĺ á łăâőďőć ĺ á ăŋőďőć.

Z-łăňěàă ŋě âőńìłő ïćńïěâáï łőőàďĺŋăâŋëň ďěâěłâőàőň, ŋő âăłęě ĺáŕőńìğãěâáï ďńï äőàňĺàőćăŋĺï ŕěàćĺçŋőčő ğăàïęěŋŋőčő âàĺččěàă. Ś ěe ŕőňőéìî őáãéěáâćńïěâáï ćàěňěŋŋăï ŕàĺćïğłă áőąëâĺï ł ňőňěŋâã áâőńłŋőćěŋĺï ŕãçłőć. Ŕěàĺőď őąőàőâă ŕãçłőć ć ĆİŔŔ-2Ň áőáâăćńïěâ 60 ŋá, çâő őŕàěďěńïěâ âàěąőćăŋĺï ŋă ćàěňěŋŋőľ àăğąàőá áĺčŋăńőć á Z-łăňěàë. Ďńï àěèěŋĺï íâőľ ğăďăçĺ ć Z-łăňěàě ĺáŕőńìğãěâáï ąëáâàăï čăğőćăï áňěáì ĺ ňăńěŋìłőě àăááâőïŋĺě ňěęďã çãćáâćĺâěńìŋëňĺ ŕàőćőńőçłăňĺ. Ďńï ãćěńĺçěŋĺï íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ łăňěàă ćëŕőńŋěŋă ć ćĺďě ďćãå ŋěğăćĺáĺňëå áńőěć. Łăęďëľ áńőľ ĺňěěâ 256 łăâőďŋëå ŕőńőáőł á ŋěğăćĺáĺňëň áêěňőň áĺčŋăńőć ĺ 704 çãćáâćĺâěńìŋëå ăŋőďŋëå ŕàőćőńőçłĺ.

Ďńï ãňěŋìèěŋĺï çĺáńă łăŋăńőć íńěłâàőŋĺłĺ ŕàőćőńőçłĺ őąêěďĺŋěŋë ć áěłâőàă ŕő 22 èâãłĺ ć łăęďőň. Ćáěčő ć áńőě ĺňěěâáï 32 áěłâőàă. Ćŋěèŋĺľ áńőľ áďćĺŋãâ őâŋőáĺâěńìŋő ćŋãâàěŋŋěčő ŋă ŕőńőćĺŋã èĺàĺŋë áěłâőàă. Śěčňěŋâăæĺï Z-łăňěàë ć ăğĺňãâăńìŋőň ŋăŕàăćńěŋĺĺ áőőâćěâáâćãěâ áěčňěŋâăæĺĺ ďàěľäőćőľ łăňěàë.

Łăňěàă ŕàőďãćăěâáï čăğőćőľ áňěáìî CF_4 − iC_4H_{10} ć áőőâŋőèěŋĺĺ 4:1. Łőőàďĺŋăâŋőě àăğàěèěŋĺě Z-łăňěàë áőáâăćńïěâ 250 ňłň ďńï ŋőàňăńìŋő ŕăďăîéěľ çăáâĺæë ĺ ãåãďèăěâáï ďő 700 ňłň ŕàĺ ãčńě ŕăďěŋĺï 45^∘. Ćàěňěŋŋőě àăğàěèěŋĺě ďńï őďŋőčő âàěłă áőáâăćńïěâ 4.7 ŋá.

1.3. Űĺńĺŋďàĺçěáłĺľ łăńőàĺňěâà ŋă őáŋőćě łàĺáâăńńőć CsI

Űĺńĺŋďàĺçěáłĺľ łăńőàĺňěâà [40] áőáâőĺâ ĺğ áæĺŋâĺńńïæĺőŋŋëå łàĺáâăńńőć CsI(Tl) ĺ CsI(Na) àăğňěàőň 6 × 6 × 15 áň^3. Šőńéĺŋă łăńőàĺňěâàă ďńï ŋőàňăńìŋő ŕăďăîéěľ çăáâĺæë áőáâăćńïěâ őłőńő 8 àăďĺăæĺőŋŋëå ďńĺŋ.

Ć łăńőàĺňěâàě CsI ćëďěńïěâáï ć áàěďŋěň őłőńő 80% íŋěàčĺĺ ŕăďăîéěčő äőâőŋă, ă íŋěàčěâĺçěáłőě ĺ ŕàőáâàăŋáâćěŋŋőě àăğàěèěŋĺě őŕàěďěńïěâáï äńãłâãăæĺïňĺ ãâěçěł ńĺćŋï ĺ áőáâăćńïîâ áőőâćěâáâćěŋŋő σ_E/E ≈ 9% ĺ σ_x = 8 ÷ 12 ňň ć ĺŋâěàěáãîéěň ŋăá ďĺăŕăğőŋě íŋěàčĺľ.

Űĺńĺŋďàĺçěáłĺľ łăńőàĺňěâà áőáâőĺâ ĺğ ćőáìňĺ őłâăŋâőć. Łăęďëľ áőďěàęĺâ áěňì ńĺŋěľŋëå ňőďãńěľ (ńĺŋěěł), ğăłàěŕńěŋŋëå ŋă ďîàăńěćőľ ŕńĺâě. Ć őłâăŋâ ćåőďïâ 5 áâăŋďăàâŋëå ńĺŋěěł ĺ 2 ńĺŋěľłĺ áçěâçĺłőć áŕěæĺăńìŋőľ äőàňë ďńï âőčő, çâőąë őąěáŕěçĺâì áőŕàïęěŋĺě őłâăŋâőć ąěğ ğăğőàőć. Ńĺŋěľłĺ ŕàěďáâăćńïîâ áőąőľ 16 áçěâçĺłőć CsI, ğăłàěŕńěŋŋëå ŋă áâăńìŋőľ ŕőńőáě âőńéĺŋőľ 10 ňň. Śæĺŋâĺńńïæĺőŋŋëľ áćěâ àěčĺáâàĺàãěâáï á ŕőňőéìî äőâőãňŋőęĺâěńěľ ŤİŞ-60, ŕőďáőěďĺŋěŋŋëå ł łàĺáâăńńã ŋěąőńìèĺň áćěâőćőďőň.

1.4. Šőàæěćőľ łăńőàĺňěâà ŋă őáŋőćě łàĺáâăńńőć BGO

Šőàæěćőľ łăńőàĺňěâà [41] ŋă őáŋőćě łàĺáâăńńőć őàâőčěàňăŋăâă ćĺáňãâă Bi_4Ge_3O_{12} (BGO) áőáâőĺâ ĺğ ďćãå ĺďěŋâĺçŋëå âőàæőć ŕő őąě áâőàőŋë őâ ňěáâă ćáâàěçĺ. Łăęďëľ âőàěæ ŕàěďáâăćńïěâ áőąőľ ŕńőâŋő ãńőęěŋŋãî ňăâàĺæã ĺğ 340 łàĺáâăńńőć BGO. Řăğňěà łàĺáâăńńă 2.5 × 2.5 × 15 áň^3. Šăłĺň őąàăğőň, âőńéĺŋă łăńőàĺňěâàă ďńï ŋőàňăńìŋő ŕăďăîéěľ çăáâĺæë áőáâăćńïěâ 13.4 àăďĺăæĺőŋŋëå ďńĺŋ. Śćěâ àěčĺáâàĺàãěâáï ŕàĺ ŕőňőéĺ äőâőâàĺőďőć, áŕőáőąŋëå àăąőâăâì ć áĺńìŋőň ŕàőďőńìŋőň ňăčŋĺâŋőň ŕőńě.

İŋěàčěâĺçěáłőě àăğàěèěŋĺě łăńőàĺňěâàă áőáâăćńïěâ σ_E/E = 4.6%/ √ E(ČíĆ), ă ãčńőćőě | σ_{φ,θ} = 2 · 10^{−2}/ √ E(ČíĆ) àăďĺăŋ.

1.5. Ŕàőąěęŋăï áĺáâěňă

Ŕàőąěęŋăï áĺáâěňă [1] áńãęĺâ ďńï àăğďěńěŋĺï ŕĺőŋőć ĺ ňîőŋőć. Őŋă áőáâőĺâ ĺğ ďćãå çăáâěľ: ćŋãâàěŋŋěľ ĺ ćŋěèŋěľ. Őąě çăáâĺ ćëŕőńŋěŋë ć ćĺďě ćőáìňĺ őłâăŋâőć, łăęďëľ ĺğ łőâőàëå ŕàěďáâăćńïěâ áőąőľ ąńőł áâàĺňěàŋëå âàãąőł.

Łăęďăï âàãąłă ąńőłă áâàĺňěàŋëå âàãą ŕàěďáâăćńïěâ áőąőľ čăğőćëľ ďěâěłâőà, àăąőâăîéĺľ ć őčàăŋĺçěŋŋőň áâàĺňěàŋőň àěęĺňě. Łăâőďőň ïćńïěâáï âőŋłőáâěŋŋăï (300 ňłň) âàãąłă ĺğ ŋěàęăćěîéěľ áâăńĺ ďĺăňěâàőň 20 ňň ďńï ćŋãâàěŋŋěľ ĺ 40 ňň ďńï ćŋěèŋěľ áĺáâěň, ă ăŋőďőň | 100 ňłň ŕàőćőńőçłă ĺğ ğőńőçěŋőčő ňőńĺąďěŋă. Łőőàďĺŋăâă ćďőńì âàãąłĺ ĺğňěàïěâáï ŕő àăğŋőáâĺ ćàěňěŋ ŕàĺåőďă áĺčŋăńőć ŋă łőŋæë ŕàőćőńőçłĺ. Šőçŋőáâì ĺğňěàěŋĺï áőáâăćńïěâ őłőńő 2 áň. Ŕőŕěàěçŋăï łőőàďĺŋăâă őŕàěďěńïěâáï ŕő ŋőňěàã áàăąőâăćèěľ âàãąłĺ.

1.6. Śĺáâěňă áąőàă ďăŋŋëå

Ĺŋäőàňăæĺï, ğăàěčĺáâàĺàőćăŋŋăï ć áĺáâěňăå ďěâěłâőàă, ďőńęŋă ąëâì áçĺâăŋă ć ŕăňïâì İĆŇ ĺ ğăŕĺáăŋă ŋă ňăčŋĺâŋëě ńěŋâë. İâã äãŋłæĺî ćëŕőńŋïěâ áĺáâěňă áąőàă ďăŋŋëå ďěâěłâőàă [42].

Řĺá. 1.5. Śĺáâěňă áąőàă ďăŋŋëå ďěâěłâőàă ŁŇĎ-2. 1 | őæĺäàőćëćăîéăï íńěłâàőŋĺłă, ŁŃđŁĆĂ; 2 | ąńőłĺ őąňěŋă; 3 | ĺŋâěàäěľá ŔŔĹ-Ł; 4 | ŕàőčàăňňĺàãěňëľ łőŋâàőńńěà Ł-07; 5 | PC-486; 6 | áĺáâěňă ğăŕãáłă; 7 | àăąőçăï áâăŋæĺï VSCMD; 8 | ňĺłàő VAX; 9 | áĺáâěňă łőŋâàőńï ŋăŕàïęěŋĺľ, âěňŕěàăâãàë, ňăčŋĺâŋőčő ŕőńï; 10 | ňăčŋĺâőäőŋ; 11 | łőňňãâăâőà ćëåőďă ć ńőłăńìŋãî áěâì ĺŋáâĺâãâă

Ŋă Řĺá.1.5 ŕőłăğăŋă áåěňă áĺáâěňë áąőàă ďăŋŋëå, ĺáŕőńìğőćăćèěľáï ć íłáŕěàĺňěŋâăå 1998 čőďă, ăŋăńĺğ łőâőàëå ŕàěďáâăćńěŋ ć ďăŋŋőľ àăąőâě.

Śĺčŋăńë á ďěâěłâőàă àěčĺáâàĺàãîâáï ąëáâàőľ őæĺäàőćëćăîéěľ íńěłâàőŋĺłőľ, ćëŕőńŋěŋŋőľ ć áâăŋďăàâě ŁŃđŁĆĂ [43]. Ć áńãçăě ŕőńőęĺâěńìŋőčő àěèěŋĺï âàĺččěàă ďăŋŋëě ĺğ ĺŋäőàňăæĺőŋŋëå ŕńăâ łàěľâőć ŁŃđŁĆĂ ŕěàěďăîâáï ć ąńőłĺ őąňěŋă [43] łàěľâă ŁĂŇĂŁ. Ğăâěň, çěàěğ ĺŋâěàäěľá ŔŔĹ-Ł, ďăŋŋëě ŕěàěďăîâáï ć ŕńăâã ŔŔĹ-2, ãáâăŋőćńěŋŋãî ŋă èĺŋě ISA PC-486. Şŕàăćńěŋĺě ŕěàěďăçěľ őáãéěáâćńïěâáï ŕàőčàăňňőľ, ğăŕĺáăŋŋőľ ć ăćâőňăâĺçěáłĺľ ŕàőčàăňňĺàãěňëľ łőŋâàőńńěà Ł-07 [44]. Ŕàőčàăňňă CAMRD, ćëŕőńŋïîéăïáï ŋă PC-486, ŕő ňěàě ğăŕőńŋěŋĺï ďăŋŋëňĺ ąãäěàă ć ŕăňïâĺ, áçĺâëćăěâ őçěàěďŋãî ŕőàæĺî ďăŋŋëå ĺ ŕěàěďăěâ ĺå ć VSCMD ŕő áěâĺ Ethernet. VSCMD őáãéěáâćńïěâ ãŕàăćńěŋĺě ğăåőďăňĺ ĺ ğăŕĺáì ďăŋŋëå ŋă ňăčŋĺâŋãî ńěŋâã. Ğăčàãğłă łőňăŋď ć ŕàőæěááőàë ććőďă-ćëćőďă łàěľâőć ŁŃđŁĆĂ, ŕàőćěďěŋĺě łăńĺąàőćőł áĺáâěň ďěâěłâőàă, ă âăłęě łőŋâàőńì ŋăŕàïęěŋĺľ, âěňŕěàăâãàë ĺ ňăčŋĺâŋőčő ŕőńï ćëŕőńŋïěâáï ŋă łőňŕìîâěàě ňĺłàő VAX (VXCMD).

Ňăłáĺňăńìŋăï çăáâőâă áçĺâëćăŋĺï áőáâăćńïńă őłőńő 70 áőąëâĺľ ć áěłãŋďã ŕàĺ áàěďŋěľ ďńĺŋě áőąëâĺï őłőńő 1 łąăľâă ĺ őŕàěďěńïńăáì áłőàőáâìî ğăŕĺáĺ ŋă ňăčŋĺâŋãî ńěŋ- âã. 1.7. Ŕàőčàăňňă àěłőŋáâàãłæĺĺ áőąëâĺľ

Ďńï ŕàőćěďěŋĺï ăŋăńĺğă äĺğĺçěáłĺå ŕàőæěááőć ĺŋäőàňăæĺï, ğăŕĺáăŋŋăï ćő ćàěňï íłáŕěàĺňěŋâă, ďőńęŋă ąëâì ŕàěőąàăğőćăŋă ć äĺğĺçěáłĺě åăàăłâěàĺáâĺłĺ áőąëâĺï (çĺáńő çăáâĺæ, ĺå ĺňŕãńìáë ĺ ŋăŕàăćńěŋĺï, ŕăàăňěâàë, åăàăłâěàĺğãîéĺě âĺŕ çăáâĺæë ĺ â.ŕ.). Ďńï íâőčő ŕěàćĺçŋăï ĺŋäőàňăæĺï őąàăąăâëćăěâáï ŕàőčàăňňőľ àěłőŋáâàãłæĺĺ ĺ ŕőňěéăěâáï ŋă \ćâőàĺçŋëě" ńěŋâë.

Ć ŕàőæěááě àăąőâë áőąëâĺï ğăŕĺáëćăîâáï ŋă ňăčŋĺâŋãî ńěŋâã ć ćĺďě ğăŕĺáěľ ŕěàěňěŋŋőľ ďńĺŋë ć äőàňăâě ZEBRA [45]. Łăęďőňã áőąëâĺî áőőâćěâáâćãěâ ğăŕĺáì. Ğăŕĺáĺ àăğąĺâë ŋă áěčňěŋâë, łăęďëľ ĺğ łőâőàëå áőďěàęĺâ ĺŋäőàňăæĺî á őďŋőľ áĺáâěňë ďěâěłâőàă. Ĺŋäőàňăæĺï ŕàěďáâăćńïěâ áőąőľ ŕőáńěďőćăâěńìŋőáâì ăďàěáőć łăŋăńőć íńěłâàőŋĺłĺ ĺ ďăŋŋëå, áçĺâăŋŋëå á ŋĺå.

Ďńï ŕàěőąàăğőćăŋĺï ďăŋŋëå, áçĺâăŋŋëå á ŕěàćĺçŋőľ ňăčŋĺâŋőľ ńěŋâë ć äĺğĺçěáłãî ĺŋäőàňăæĺî, ĺáŕőńìğãěâáï ŕàőčàăňňă àěłőŋáâàãłæĺĺ CMD2OFF.

1.7.1. Řěłőŋáâàãłæĺï âàăěłâőàĺĺ ğăàïęěŋŋëå çăáâĺæ ć łőőàďĺŋăâŋőľ áĺáâěňě

Őŕĺèěň łőàőâłő ăńčőàĺâň àěłőŋáâàãłæĺĺ âàěłőć [35,46].

Ŋă ŕěàćőň íâăŕě ŕő ŋőňěàăň áàăąőâăćèĺå ŕàőćőńőçěł, ĺğňěàěŋŋëň ćàěňěŋăň ĺ ăňŕńĺâãďăň áĺčŋăńőć ŋă łőŋæăå ŕàőćőńőçěł ćőááâăŋăćńĺćăîâáï łőőàďĺŋăâë âőçěł | ĺáâőçŋĺłőć ŕěàćĺçŋőľ ĺőŋĺğăæĺĺ. Ğăâěň âőçłĺ ć ŕńőáłőáâĺ R − φ őąêěďĺŋïîâáï ć čàãŕŕë, áőőâćěâáâćãîéĺě âàěłăň ğăàïęěŋŋëå çăáâĺæ. Łăęďăï čàãŕŕă âőçěł ŕőďčőŋïěâáï őłàãęŋőáâìî, åăàăłâěàĺğãîéěľáï àăďĺãáőň R ĺ łőőàďĺŋăâăňĺ æěŋâàă. Ŕő íâőľ ĺŋäőàňăæĺĺ àăááçĺâëćăěâáï ŕőŕěàěçŋëľ ĺňŕãńìá P_⊥, ğŋăł ğăàïďă çăáâĺæë, ãčőń ćëńěâă φ, ňĺŋĺňăńìŋőě àăááâőïŋĺě őłàãęŋőáâĺ ďő æěŋâàă ŕãçłőć e^+e^− ć R − φ ŕńőáłőáâĺ r_{min} ĺ àăğąàőá âőçěł őâŋőáĺâěńìŋő ŕàőćěďěŋŋőľ őłàãęŋőáâĺ σ_r. Ć áńãçăě ďćãå ĺ ąőńěě âàěłőć ŕàőĺáåőďĺâ ŕőĺáł ćěàèĺŋ. Ğăâěň âőçłĺ, ŕàĺŋăďńěęăéĺě őďŋőňã âàěłã, ŕőďčőŋïîâáï őâàěğłőň áŕĺàăńĺ ć ŕńőáłőáâĺ R − Z, ĺ őŕàěďěńïîâáï ŕőńïàŋëľ ãčőń ćëńěâă çăáâĺæë θ, Z-łőőàďĺŋăâă ąńĺęăľèěľ ł ŕãçłã âőçłĺ Z_{min} ĺ àăğąàőá âőçěł őâŋőáĺâěńìŋő ŕőďčőŋőçŋőľ łàĺćőľ σ_z. Ŕàĺ ŕőďčőŋłě ć ŕńőáłőáâĺ R − Z ãçĺâëćăěâáï ĺŋäőàňăæĺï á Z-łăňěàë (ěáńĺ ěáâì áàăąăâëćăŋĺě ŋă ŕàőďőńęěŋĺĺ âàěłă). Šőçłĺ ďćãå âàěłőć, ŕàĺŋăďńěęăéĺå őďŋőľ ćěàèĺŋě, ŕőďčőŋïîâáï őďŋőćàěňěŋŋő, ŕàĺ íâőň âàěąãěâáï, çâőąë âőçłă ŕěàěáěçěŋĺï âàěłőć ć ŕńőáłőáâĺ R − φ ĺňěńă őďĺŋăłőćãî Z-łőőàďĺŋăâã őąőĺå âàěłőć. Ĺŋäőàňăæĺï ďńï łăęďőčő ćőááâăŋőćńěŋŋőčő âàěłă ŕőňěéăěâáï ć ąăŋłĺ áâàãłâãàë ZEBRA.

1.7.2. Řěłőŋáâàãłæĺï äőâőŋőć ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě

Ćő ćàěňï íłáŕěàĺňěŋâă ć łăęďőň áőąëâĺĺ ğăŕĺáëćăîâáï ăďàěá ĺ ĺŋäőàňăæĺï ĂŰŔ ďńï ćáěå łàĺáâăńńőć, ăňŕńĺâãďă áĺčŋăńă á łőâőàëå ŕàěćëáĺńă őŕàěďěńěŋŋëľ ŕőàőč. Ŕàĺ ŕěàćĺçŋőľ őąàăąőâłě ďăŋŋëå ŕàőčàăňňă àěłőŋáâàãłæĺĺ łńăáâěàőć ŕàőćőďĺâ áńěďãîéĺě őŕěàăæĺĺ:

• Ŕěàěáçě̈â ăďàěáőć ĺ łăŋăńőć ĂŰŔ ć ŋőňěàă łàĺáâăńńőć ĺ íŋěàčőćëďěńěŋĺï ć ŋĺå á ĺáŕőńìğőćăŋĺěň ďăŋŋëå łăńĺąàőćłĺ.

• Ŕőĺáł łńăáâěàőć.

• Řăáçě̈â íŋěàčőćëďěńěŋĺï ĺ łőőàďĺŋăâ łńăáâěàőć.

• Řăáçě̈â ŋăĺąőńěě ćěàőïâŋőľ ćěńĺçĺŋë íŋěàčĺĺ ĺ ãčńőć ćëńěâă ŕàőĺğćěďèěľ íâőâ łńăáâěà çăáâĺæë, ć ŕàěďŕőńőęěŋĺĺ çâő íâő äőâőŋ ĺńĺ íńěłâàőŋ.

Ŋă ŕěàćőň íâăŕě ďńï łăęďőľ ŕăàë ğŋăçěŋĺľ ăďàěá-ăňŕńĺâãďă ŕàőĺáåőďĺâ ŕěàěáçě̈â ăďàěáă ć ŋőňěà łàĺáâăńńă ĺ ŕàőĺğćőďĺâáï ŕőŕàăćłă ăňŕńĺâãďë ć ŋěň á ãçě̈âőň ďăŋŋëå íńěłâàőŋŋőľ łăńĺąàőćłĺ. Ğăâěň ăňŕńĺâãďë ć łàĺáâăńńăå ŕěàěáçĺâëćăîâáï ć íŋěàčĺî á ãçě̈âőň łăńĺąàőćőçŋëå łőíääĺæĺěŋâőć ŕő äőàňãńě:

E_i = a_iA_i , čďě E_i - íâő íŋěàčőćëďěńěŋĺě ć i-őň łàĺáâăńńě, A_i - ăňŕńĺâãďă ĂŰŔ, a_i - łőíääĺæĺěŋâ ŕěàěáçě̈âă.

Ŕàĺ ŕěàćĺçŋőľ őąàăąőâłě ĺáŕőńìğãîâáï łőíääĺæĺěŋâë łőáňĺçěáłőľ łăńĺąàőćłĺ, ă ŕőáńě ŕàőćěďěŋĺï o¸-line łăńĺąàőćłĺ { łőíääĺæĺěŋâë ŕőáńěďŋěľ.

Ŋă áńěďãîéěň íâăŕě ŕàőĺáåőďĺâ ŕőĺáł łńăáâěàőć. Łńăáâěàőň ŋăğëćăěâáï áćïğăŋŋăï čàãŕŕă łàĺáâăńńőć á íŋěàčőćëďěńěŋĺěň E > E_{min} = 2 ŇíĆ, áőďěàęăéăï åőâï ąë őďĺŋ áçě̈âçĺł á íŋěàčőćëďěńěŋĺěň ąőńěě E_{seed}(15 ŇíĆ). Śćïğăŋŋëňĺ áçĺâăîâáï łàĺáâăńńë, áőŕàĺłăáăîéĺěáï čàăŋìî ĺńĺ ãčńőň. Śçě̈âçĺłĺ, čàăŋĺçăéĺě á łńăáâěàőň, ŋő ĺňěîéĺě íŋěàčőćëďěńěŋĺě ňěŋìèě E_{min} âăłęě ćłńîçăîâáï ć ŋěčő, ŋő ĺå áőáěďĺ ŋě àăááňăâàĺćăîâáï ŋă ŕàěďňěâ ćłńîçěŋĺï ć âěłãéĺľ łńăáâěà. Ć áńãçăě, ěáńĺ âăłőľ áçě̈âçĺł čàăŋĺçĺâ á ďćãňï łńăáâěàăňĺ, őŋ ćłńîçăěâáï ć łńăáâěà á ŋăĺąőńìèĺň íŋěàčőćëďěńěŋĺěň. İääěłâĺćŋőáâì ćőááâăŋőćńěŋĺï äőâőŋă ć ğăćĺáĺňőáâĺ őâ íŋěàčĺĺ ďńï âăłőčő ăńčőàĺâňă, ŕőńãçěŋŋăï ĺğ áőąëâĺľ ňőďěńĺàőćăŋĺï, ŕőłăğăŋă ŋă Řĺá.1.6. Łăł ćĺďŋő ĺğ àĺáãŋłă, ďńï

Řĺá. 1.6. İääěłâĺćŋőáâì ćőááâăŋőćńěŋĺï äőâőŋă ć ğăćĺáĺňőáâĺ őâ íŋěàčĺĺ

äőâőŋőć á íŋěàčĺěľ ąőńìèě E_γ > 30 ŇíĆ íääěłâĺćŋőáâì ćőááâăŋőćńěŋĺï ćëèě 80 %, ă ďńï äőâőŋőć á E_γ > 50 ŇíĆ { ćëèě 95 %.

Ŋőňěàă łàĺáâăńńőć, ŋě ćőèěďèĺě ŋĺ ć őďĺŋ łńăáâěà, ă âăłęě íŋěàčőćëďěńěŋĺě ć ŋĺå ğăŕĺáëćăîâáï ć őâďěńìŋãî áâàãłâãàã. Őâďěńìŋő àăáŕőńőęěŋŋëě łàĺáâăńńë á ŋěąőńìèĺň íŋěàčőćëďěńěŋĺěň ćőğŋĺłăîâ ć őáŋőćŋőň őâ ŋěľâàőŋőć, àőęďěŋŋëå ŕàĺ ïďěàŋőň ćğăĺňőďěľáâćĺĺ ňěğőŋőć.

İŋěàčőćëďěńěŋĺě łńăáâěàă àăááçĺâëćăěâáï łăł áãňňă íŋěàčőćëďěńěŋĺľ łàĺáâăńńőć E_i, ă ãčńë | łăł ãčőń æěŋâàă âïęěáâĺ łńăáâěàă: E_{cl} = ∑ i E_i , θ_{cg} = ∑ i E_iΘ_i E_{cl} , φ_{cg} = ∑ i E_iΦ_i E_{cl} , (1.1)

čďě Θ_i, Φ_i | ãčńőćëě łőőàďĺŋăâë æěŋâàă ŕěàěďŋěľ (âő ěáâì őąàăéěŋŋőľ ł ňěáâã ćáâàěçĺ) čàăŋĺ łàĺáâăńńă, ă áãňňĺàőćăŋĺě ŕàőćőďĺâáï ŕő ćáěň áçě̈âçĺłăň, ćłńîçěŋŋëň ć łńăáâěà.

Ćőááâăŋőćńěŋĺě íŋěàčĺĺ äőâőŋă Őáŋőćŋăï ğăďăçă łăńőàĺňěâàă | íâő ĺğňěàěŋĺě íŋěàčĺĺ ĺ łőőàďĺŋăâ äőâőŋőć. Űĺńĺŋďàĺçěáłĺľ łăńőàĺňěâà ďěâěłâőàă ŁŇĎ-2 ïćńïěâáï ďőáâăâőçŋő âőŋłĺň, 8 àăďĺăæĺőŋŋëå ďńĺŋ, ŕőíâőňã äőâőŋ ćëďěńïěâ ć CsI ć áàěďŋěň őâ 75 ďő 85% áćőěľ íŋěàčĺĺ ć ğăćĺáĺňőáâĺ őâ ãčńă ćëńěâă çăáâĺæë. Ć áćïğĺ á íâĺň ďńï ćőááâăŋőćńěŋĺï íŋěàčĺĺ äőâőŋă ĺğ íŋěàčőćëďěńěŋĺï ććőďĺńăáì ŕőŕàăćłă, ğăćĺáïéăï őâ âőçłĺ ŕőŕăďăŋĺï äőâőŋă ć łăńőàĺňěâà:

E_γ = E_{cl} F (L_{eff} , θ_{cl}, φ_{cl}, E_{cl}) , (1.2)

čďě E_γ | őæěŋłă íŋěàčĺĺ äőâőŋă, F | äãŋłæĺï, ďăîéăï ŕőŕàăćłã ŋă ďőńî ãâěçěł ńĺćŋï.

Ďńï æěŋâàăńìŋőľ çăáâĺ łăńőàĺňěâàă, łőâőàăï ňőęěâ ąëâì àăááňőâàěŋă łăł ŕńőáłőŕăàăńńěńìŋëľ áńőľ ćěéěáâćă, íŋěàčőćëďěńěŋĺě ďńï äőâőŋă őŕàěďěńě̈ŋŋőľ íŋěàčĺĺ ğăćĺáĺâ âőńìłő őâ íääěłâĺćŋőľ âőńéĺŋë áńőï CsI ŋă ŕãâĺ äőâőŋă(L_{eff} ). Ěáńĺ łńăáâěà àăáŕőńőęěŋ ã čàăŋĺæë őłâăŋâă, ŋă àăááâőïŋĺĺ, áàăćŋĺňőň á ňőńìěàőćáłĺň àăďĺãáőň, áãéěáâćěŋŋëňĺ áâăŋőćïâáï ãâěçłĺ ńĺćŋï çěàěğ ąőłőćëě čàăŋĺ łàĺáâăńńőć. Ŕőíâőňã ŕőŕàăćőçŋăï äãŋłæĺï ňőęěâ ąëâì ŕàěďáâăćńěŋă ć ćĺďě ŕàőĺğćěďěŋĺï őáŋőćŋőľ ğăćĺáĺňőáâĺ őâ L_{eff} ĺ ďőŕőńŋĺâěńìŋëå ŕőŕàăćőçŋëå äãŋłæĺľ ŋă łàăïå łăńőàĺňěâàă. F (L_{eff} , θ_{cl}, φ_{cl}, E_{cl}) = F_1(L_{eff} , E_{cl})F_2(θ_{cl}, E_{cl})F_3(φ_{cl}, E_{cl}), (1.3) Ŕőŕàăćőçŋëě äãŋłæĺĺ F_i őŕàěďěńïńĺáì á ŕőňőéìî ňőďěńĺàőćăŋĺï ňěâőďőň Ňőŋâě- Łăàńő ćğăĺňőďěľáâćĺï äőâőŋőć á ćěéěáâćőň łăńőàĺňěâàă ŁŇĎ-2 [47,48].

Ďńï ŋěáłőńìłĺå íŋěàčĺľ äőâőŋőć: 50, 100, 300, 500 ŇíĆ ňőďěńĺàőćăńőáì ĺáŕãáłăŋĺě äőâőŋă ĺğ ňěáâă ćáâàěçĺ á ŕńăćŋëň ãčńőćëň àăáŕàěďěńěŋĺěň. Ŕő äőâőŋăň, ŕőŕăďăîéĺň ć æěŋâàăńìŋãî çăáâì őłâăŋâőć (|θ − π/2| < 0.7 àăď ĺ |φ| < 0.3 àăď), őŕàěďěńïńăáì ğăćĺáĺňőáâì ŋăĺąőńěě ćěàőïâŋőčő íŋěàčőćëďěńěŋĺï őâ L_{eff} . Ďńï íâőčő őąńăáâì ğŋăçěŋĺľ

Řĺá. 1.7. Řăáŕàěďěńěŋĺě ŕő ćőááâăŋőćńěŋŋőľ ć łăńőàĺňěâàě íŋěàčĺĺ äőâőŋă ďńï áőąëâĺľ ŕàőæěááă e^+e^− → γγ. Cŕńőèŋăï łàĺćăï | íłáŕěàĺňěŋâ, âőçłĺ | ňőďěńĺàőćăŋĺě

Řĺá. 1.8. Ğăćĺáĺňőáâì íŋěàčěâĺçěáłőčő àăğàěèěŋĺï łăńőàĺňěâàă ďńï ŕàőæěááă e^+e^− → γγ. Ęĺàŋëě âőçłĺ | íłáŕěàĺňěŋâăńìŋőě àăğàěèěŋĺě; ŕãáâëě łàãęłĺ | ňőďěńĺàőćăŋĺě ąěğ ŋěőďŋőàőďŋőáâĺ; łćăďàăâĺłĺ | ňőďěńĺàőćăŋĺě ŕàĺ ŋěőďŋőàőďŋőáâĺ łőíääĺæĺěŋâă áćěâőáąőàă 10% L_{eff} àăğąĺćăńăáì ŋă ĺŋâěàćăńë, ĺ ďńï łăęďőčő ĺŋâěàćăńă áâàőĺńőáì àăáŕàěďěńěŋĺě ŕő ćëďěńěŋŋőľ ć łăńőàĺňěâàě íŋěàčĺĺ. İâĺ àăáŕàěďěńěŋĺï ăŕŕàőłáĺňĺàőćăńĺáì äãŋłæĺěľ ŋőàňăńìŋőčő ńőčăàĺäňĺçěáłőčő àăáŕàěďěńěŋĺï:

f(E) = N exp [ − 1 2σ^2_0 ln^2 ( 1 − E − E_p σ_E η ) − σ^2_0 2 ] η σ_0σ_E √ 2π čďě E | ćëďěńěŋŋăï ć ŚsI íŋěàčĺï, E_p | ŋăĺąőńěě ćěàőïâŋăï íŋěàčĺï, σ_E =^{F W HM}_{2,35} | íŋěàčěâĺçěáłőě àăğàěèěŋĺě, η | ćěńĺçĺŋă, åăàăłâěàĺğãîéăï ăáĺňňěâàĺî àăáŕàěďěńěŋĺï, N { ŋőàňĺàőćőçŋëľ ňŋőęĺâěńì, ă σ_0 = Arsh^{−1}(2ξη)/(2ξ), ξ = 2 √ 2 ln 2 ≈ 2.35. İâă äãŋłæĺï ŕàĺ ăáĺňňěâàĺĺ η = 0 ŕěàěåőďĺâ ć ŋőàňăńìŋőě àăáŕàěďěńěŋĺě, ă ŕàĺ η ≠ 0 ĺňěěâ ăáĺňňěâàĺçŋãî äőàňã ĺ ďőáâăâőçŋő åőàőèő őŕĺáëćăěâ íŋěàčőćëďěńěŋĺě ńĺćŋěőąàăğãîéĺå çăáâĺæ.

Šăłĺň őąàăğőň ąëńĺ őŕàěďěńěŋë ŕőŕàăćőçŋëě äãŋłæĺĺ ďńï äĺłáĺàőćăŋŋëå íŋěàčĺľ äőâőŋőć E_i = 50, 100, 300, ĺ 500 ŇíĆ.

Ďńï ŕàőĺğćőńìŋőľ íŋěàčĺĺ ŕőŕàăćőçŋăï äãŋłæĺï F (E), ĺáŕőńìğãěňăï ć äőàňãńě (1.3), őŕàěďěńïńăáì ŕãâěň ńĺŋěľŋőľ ĺŋâěàŕőńïæĺĺ ğŋăçěŋĺľ F (E_i).

Ŋă àĺáãŋłě 1.7 ŕőłăğăŋë àăáŕàěďěńěŋĺï ćőááâăŋőćńěŋŋőľ íŋěàčĺĺ äőâőŋă ďńï őâőąàăŋŋëå áőąëâĺľ e^+e^− → γγ ĺ ďńï áőąëâĺľ ňőďěńĺàőćăŋĺï íâőčő ŕàőæěááă. İâĺ àăáŕàěďěńěŋĺï åőàőèő áőčńăáãîâáï ňěęďã áőąőľ. Ŋěąőńìèőě ŕàěćëèěŋĺě èĺàĺŋë íłáŕěàĺňěŋâăńìŋőčő àăáŕàěďěńěŋĺï ŋăď àăáçě̈âŋőľ őąêïáŋïěâáï âěň, çâő ć ňőďěńĺàőćăŋĺĺ ŋě ãçâěŋă ŋěőďŋőàőďŋőáâì áćěâőćëåőďă łàĺáâăńńőć.

Ŋă Řĺá.1.8 ŕőłăğăŋő ŕőńãçěŋŋőě íŋěàčěâĺçěáłőě àăğàěèěŋĺě łăńőàĺňěâàă ďńï ŕàőæěááă e^+e^− → γγ. Šăň ęě ŕàĺćěďěŋë àěğãńìâăâë ňőďěńĺàőćăŋĺï ąěğ ãçě̈âă ĺ á ãçě̈âőň ŕàőďőńìŋőľ ŋěőďŋőàőďŋőáâĺ łàĺáâăńńőć CsI. Łăł ćĺďŋő ĺğ àĺáãŋłă, ŕőńãçěŋŋëě àěğãńìâăâë ńãçèě áőčńăáãîâáï á àěğãńìâăâăňĺ ňőďěńĺàőćăŋĺï á ãçě̈âőň íääěłâă ŋěőďŋőàőďŋőáâĺ.

Ćőááâăŋőćńěŋĺě łőőàďĺŋăâ äőâőŋőć Şčńë ćëńěâă äőâőŋă ĺğ ňěáâă ćáâàěçĺ (θ, ϕ) őŕàěďěńïńĺáì ŋă őáŋőćě àăáŕàěďěńěŋĺï íŋěàčĺĺ ńĺćŋï ŕő łàĺáâăńńăň łăńőàĺňěâàă. Ğŋăçěŋĺï ãčńőćëå łőőàďĺŋăâ θ_{cg} ĺ ϕ_{cg} âőçłĺ ŕőŕăďăŋĺï äőâőŋă ć łăńőàĺňěâà, ŕőńãçěŋŋëě ňěâőďőň æěŋâàă âïęěáâĺ (1.1), ŋěńĺŋěľŋëň őąàăğőň áćïğăŋë á ĺáâĺŋŋëň ğŋăçěŋĺěň. Śńěďãěâ őâňěâĺâì ďćă ŋăĺąőńěě áãéěáâćěŋŋëå íääěłâă.

1) Łőŋäĺčãàăæĺï łăńőàĺňěâàă (áň. Řĺá.1.10) ŋě ïćńïěâáï \ŕàőěłâĺćŋőľ", âő ěáâì çăáâĺæë, ćëńěâăîéĺě ĺğ ňěáâă ćáâàěçĺ, ŕőŕăďăîâ ć łăńőàĺňěâà ŕőď ŋěłőâőàëň ãčńőň ł őáĺ łàĺáâăńńőć. Ŕàőěłæĺï æěŋâàă âïęěáâĺ ŋă ŕńőáłőáâì, ć łőâőàőľ ńěęĺâ ŕěàěďŋïï čàăŋì łàĺáâăńńă (âőçłă M ŋă Řĺá.1.10), ŋě áőćŕăďăěâ á âőçłőľ ćåőďă çăáâĺæë ć łăńőàĺňěâà (âőçłă N). Śőőâćěâáâćěŋŋő, ãčńë θ_{cg} ĺ ϕ_{cg} (ãčńőćëě łőőàďĺŋăâë âőçłĺ M) őâńĺçăîâáï őâ \ĺáâĺŋŋëå" ãčńőć θ_{true} ĺ ϕ_{true} âěň áĺńìŋěě, çěň ąőńìèě ãčőń, ŕőď łőâőàëň çăáâĺæă ćåőďĺâ ć łăńőàĺňěâà.

2) Ŕàĺ àăğćĺâĺĺ íńěłâàőňăčŋĺâŋőčő ńĺćŋï ć ćěéěáâćě ŕàĺąńĺğĺâěńìŋő 90% íŋěàčĺĺ ćëďěńïěâáï ćŋãâàĺ æĺńĺŋďàă á àăďĺãáőň Ňőńìěàă R_M (ďńï CsI R_M = 3.8 áň). Śěčňěŋâăæĺï łăńőàĺňěâàă ŋă áçě̈âçĺłĺ á ŕőŕěàěçŋëň àăğňěàőň 6 × 6 áň^2 ŕàĺćőďĺâ ł âőňã, çâő ć áńãçăě, łőčďă çăáâĺæă ćåőďĺâ ć łàĺáâăńń ćąńĺğĺ æěŋâàă ŕěàěďŋěľ čàăŋĺ, ğŋăçĺâěńìŋăï ďőńï íŋěàčĺĺ ćëďěńïěâáï ĺňěŋŋő ć íâőň łàĺáâăńńě, ĺ őŋ ďăěâ ŋăĺąőńìèĺľ ćłńăď ć ãčńë θ_{cg} ĺ ϕ_{cg} , ćëçĺáńïěňëě ŕő äőàňãńăň (1.1). Ŕàĺ íâőň ŋěąőńìèĺě őâłńőŋěŋĺï âőçłĺ ćåőďă őâ æěŋâàă ŕàăłâĺçěáłĺ ŋě ĺğňěŋïîâ ćěńĺçĺŋë θ_{cg} ĺ ϕ_{cg}. Łőčďă ęě çăáâĺæă ŕàőåőďĺâ ćąńĺğĺ čàăŋĺæë łàĺáâăńńőć, ćěńĺçĺŋë íŋěàčĺĺ, ćëďěńĺćèěľáï ć áőáěďŋĺå áçě̈âçĺłăå, áâăŋőćïâáï áàăćŋĺňëňĺ, ĺ ãčńë θ_{cg} ĺ ϕ_{cg} ŕàĺąńĺęăîâáï ł \ĺáâĺŋŋëň" ğŋăçěŋĺïň θ_{true} ĺ ϕ_{true}.

Ğăćĺáĺňőáâì θ_{cg}, ă âăłęě ãčńă ŕőáńě ććěďěŋĺï ŕěàěçĺáńěŋŋëå ŕőŕàăćőł, őâ ěčő ĺáâĺŋŋőčő ğŋăçěŋĺï ŕőłăğăŋă ŋă Řĺá.1.9. İâĺ ğăćĺáĺňőáâĺ ŕőńãçěŋë ďńï áőąëâĺľ ňőďěńĺàőćăŋĺï.

Řĺá. 1.9. a), c), e) Ğăćĺáĺňőáâì ćőááâăŋőćńěŋŋőčő ãčńă äőâőŋă θ őâ ěčő ĺáâĺŋŋőčő ğŋăçěŋĺï. b), d), f) Řăáŕàěďěńěŋĺě ŕő àăğŋĺæě ćőááâăŋőćńěŋŋőčő ĺ ĺáâĺŋŋőčő ğŋăçěŋĺľ ãčńă θ. a), b) | őŕàěďěńěŋĺě ãčńă ŕő æěŋâàã âïęěáâĺ ńĺćŋï; á), d) | á ãçě̈âőň ŕőŕàăćłĺ, áćïğăŋŋőľ á íääěłâőň \ŋěŕàőěłâĺćŋőáâĺ" čěőňěâàĺĺ łăńőàĺňěâàă; e), f) | á ãçě̈âőň ŕőŕàăćłĺ, áćïğăŋŋőľ á íääěłâőň áěčňěŋâăæĺĺ łăńőàĺňěâàă. İŋěàčĺï äőâőŋőć 500 ŇíĆ

Řĺá. 1.10. Śďćĺč łőőàďĺŋăâ æěŋâàă âïęěáâĺ ńĺćŋï

Ŋă Řĺá.1.9 a) ŋăąńîďăěâáï ğăňěâŋőě őâńĺçĺě ćőááâăŋőćńěŋŋőčő ãčńă őâ ěčő ĺáâĺŋŋőčő ğŋăçěŋĺï, łőâőàőě ŕőáńěďőćăâěńìŋő ãňěŋìèăěâáï ďńï ğăćĺáĺňőáâěľ Řĺá.1.9 c)-e), ŕőńãçěŋŋëå ŕőáńě ććěďěŋĺï ŕőŕàăćőł.

Šăłĺň őąàăğőň, ãčńőćëě łőőàďĺŋăâë äőâőŋőć őŕàěďěńïîâáï áńěďãîéĺň őąàăğőň:

θ_{cor} = θ_{cg} + δθ_1(θ_{cg}) + δθ_2(θ_{cg}) , ϕ_{cor} = ϕ_{cg} + δϕ_1(ϕ_r) + δϕ_2(ϕ_r) ,

čďě ϕ_r { ğŋăçěŋĺě ãčńă ϕ_{cg} , ĺğňěàěŋŋőě őâŋőáĺâěńìŋő æěŋâàă őłâăŋâă; δθ_1, δϕ_1 | ŕőŕàăćłĺ, áćïğăŋŋëě á íääěłâőň čěőňěâàĺĺ łăńőàĺňěâàă, ă δθ_2, δϕ_2 | ŕőŕàăćłĺ, áőőâćěâáâćãîéĺě áěčňěŋâăæĺĺ łăńőàĺňěâàă. Ďńï ŕăàăňěâàĺğăæĺĺ ŕőŕàăćőł ąëńĺ ĺáŕőńìğőćăŋë áńěďãîéĺě ćëàăęěŋĺï:

δθ_1(θ_{cg}) = p_1(θ_{cg} − π/2) + p_2(θ_{cg} − π/2)^3 ,

δθ_2(θ_{cg}) = p_3 1 + [p_4(θ_{cg} − π/2)]^2 sin ( 2π(θ_{cg} − π/2) 0.15 − [p_5(θ_{cg} − π/2)]^2 ) , δϕ_1(ϕ_r) = q_1ϕ_r + q_2ϕ_r^3 , δϕ_2(ϕ_r) = q_3 1 + [q_4ϕ_r]^2 sin(q_5ϕ_r) .

Ŕăàăňěâàë p_i, q_i őŕàěďěńïńĺáì á ŕőňőéìî ňőďěńĺàőćăŋĺï ŕàőåőęďěŋĺï äőâőŋőć çěàěğ łăńőàĺňěâà. Ŕăàăňěâàë p_3, p_4, p_5, q_i őďĺŋăłőćë ďńï ćáěå íŋěàčĺľ äőâőŋă, ă ŕăàăňěâàë

Šăąńĺæă 1.1. Ŕăàăňěâàë ŕőŕàăćőçŋëå äãŋłæĺľ

p^0_1 −2.814 · 10^{−2} k_1 −0.0295 q_1 −0.214 · 10^{−2} p^0_2 9.831 · 10^{−2} k_2 −0.0349 q_2 1.267 · 10^{−2} p_3 −0.028 · 10^{−3} q_3 0.031 · 10^{−3} p_4 −3.114 · 10^{−1} q_4 3.455 · 10^{−1} p_5 0.217 · 10^{−3} q_5 41.010 · 10^{−1}

p_1, p_2 áńăąő ğăćĺáïâ őâ íŋěàčĺĺ:

p_i(E_γ ) = p^0_i + k_i ln(E_γ ) , čďě i = 1, 2. Ćěńĺçĺŋë ŕăàăňěâàőć ŕàĺćěďěŋë ć Šăąńĺæě 1.1.

Şáàěďŋě̈ŋŋőě ŕő âěńěáŋőňã ãčńã łăńőàĺňěâàă ãčńőćőě àăğàěèěŋĺě ďńï äőâőŋőć ć ğăćĺáĺňőáâĺ őâ íŋěàčĺĺ, ŕőńãçěŋŋőě ĺğ ňőďěńĺàőćăŋĺï ŕàőæěááă e^+e^− → γγ, ŕőłăğăŋő ŋă àĺáãŋłě 1.11.

Řĺáãŋőł 1.12 ďěňőŋáâàĺàãěâ ŕàőáâàăŋáâćěŋŋőě àăğàěèěŋĺě, ĺğňěàěŋŋőě ŕő áőąëâĺïň e^+e^− → e^+e^−, łőâőàőě åőàőèő áőčńăáãěâáï á àěğãńìâăâăňĺ ňőďěńĺàőćăŋĺï.

Řĺá. 1.11. Ğăćĺáĺňőáâì ãčńőćőčő àăğàěèěŋĺï łăńőàĺňěâàă őâ íŋěàčĺĺ äőâőŋă, ŕőńãçěŋŋőě á ŕőňőéìî ňőďěńĺàőćăŋĺï

1.7.3. Řěłőŋáâàãłæĺï áőąëâĺï ĺ ğăŕĺáì ĺŋäőàňăæĺĺ

Ŕőáńě ćőááâăŋőćńěŋĺï âàěłőć ĺ łńăáâěàőć ŕàőĺáåőďĺâ áőğďăŋĺě ąăŋłőć čńőąăńìŋőľ àěłőŋáâàãłæĺĺ, őąêěďĺŋïîéĺå ĺŋäőàňăæĺî ćáěå áĺáâěň ďěâěłâőàă. Ďńï íâőčő áâàőĺâáï

Řĺá. 1.12. Ğăćĺáĺňőáâì ãčńőćőčő àăğàěèěŋĺï łăńőàĺňěâàă ďńï íńěłâàőŋőć őâ ěčő íŋěàčĺĺ. Śŕńőèŋëě łàĺćëě | àěğãńìâăâë ňőďěńĺàőćăŋĺï

ŕàőďőńęěŋĺě âàěłă ć őąńăáâì łăńőàĺňěâàă ĺ, ěáńĺ íâő ŕàőďőńęěŋĺě ŕěàěáěłăěâ łăłőľ-âő łńăáâěà ĺńĺ áőáěďŋĺě á łńăáâěàőň łàĺáâăńńë, łńăáâěà áçĺâăěâáï ŕàőďőńęěŋĺěň âàěłă. Őáâăńìŋëě łńăáâěàë ć łăńőàĺňěâàě àăááňăâàĺćăîâáï łăł äőâőŋë. Šăł łăł ŋă áâëłě æĺńĺŋďàĺçěáłőčő ĺ âőàæěćőčő łăńőàĺňěâàőć äőâőŋë ňőčãâ ćëğëćăâì áàăąăâëćăŋĺï ć őąőĺå łăńőàĺňěâàăå, ďńï łăęďőčő äőâőŋŋőčő łńăáâěàă ć CsI, àăáŕőńőęěŋŋőčő ćąńĺğĺ áâëłă, ŕàőĺğćőďĺâáï ŕőĺáł ąńĺğńěęăéĺå łńăáâěàőć BGO. Ŕàĺ őąŋăàãęěŋĺĺ âăłĺå łńăáâěàőć, őŋĺ őąêěďĺŋïîâáï á łńăáâěàőň ć CsI łăńőàĺňěâàě ć őďĺŋ äőâőŋŋëľ łńăáâěà. İŋěàčĺï äőâőŋă ć íâőň áńãçăě őŕàěďěńïěâáï łăł áãňňă íŋěàčőćëďěńěŋĺľ ć łńăáâěàăå CsI ĺ BGO, ă łőőàďĺŋăâë äőâőŋă őŕàěďěńïîâáï ŕő łőőàďĺŋăâăň łńăáâěàă ć CsI.

Ćőááâăŋőćńěŋŋăï ĺŋäőàňăæĺï ğăŕĺáëćăěâáï ć ćĺďě ąăŋłőć áâàãłâãàë ZEBRA ŋă ćâőàĺçŋëě ňăčŋĺâŋëě ńěŋâë ćňěáâě á ŕěàćĺçŋőľ ĺŋäőàňăæĺěľ ć âőň áńãçăě, ěáńĺ áőąëâĺï ŕőŕăďăîâ ć őďĺŋ ĺğ áńěďãîéĺå łńăááőć [7]:

1) \Ŋěľâàăńìŋëě" áőąëâĺï:

• (N_{clus} = 2) ∩ (Δϕ < 0.55) ∩ (Δθ < 0.5) | áőąëâĺï e^+e^− → γγ; • (N_{clus} > 2) ∩ (max Δϕ < π − 0.55) ∩ ( (max θ_i >^π_2 − 0.32) ∪ (min θ_i <^π_2 + 0.32) ) | ňŋőčőäőâőŋŋëě áőąëâĺï; ãáńőćĺě, ŋăłńăďëćăěňőě ŋă ãčńë, âàěąãěâ, çâőąë äőâőŋë ŋě ńěęăńĺ ć őďŋőľ ŕőńãáäěàě.

2) \Őďŋőâàěłőćëě" áőąëâĺï: • (r_{min} < 0.5 áň) ∩ (|Z| < 10 áň) ∩ (| |P − √E2_{beam} − m2_{K±} | | < 50 ŇíĆ ) | őâąőà łăŋďĺďăâőć K^+K^−;

• (r_{min} < 0.5 áň) ∩ (|Z| < 10 áň) ∩ (N_{clus} > 0) ∩ ((cos(ϕ_i − ϕ_0) < −0.85) ∪ (cos(θ_i + θ_0) < −0.85)) | őâąőà áőąëâĺľ e^+e^− → e^+e^−;

• (r_{min} < 0.5 áň) ∩ (|Z| < 10 áň) ∩ (E_{clus} > 50 ŇíĆ) | őâąőà áőąëâĺľ π^+π^−π^0(π^0); • (r_{min} < 6 áň) ∩ (N_{clus} > 2) | őâąőà K^0_S → π^+π^−; • (r_{min} > 6 áň) ∩ (N_{clus} > 3) | őâąőà K^0_L → π^+π^−π^0.

3) \Ďćãåâàěłőćëě" áőąëâĺï. Śőąëâĺï íâőčő łńăááă őâąàăáëćăîâáï, ěáńĺ ćëŕőńŋěŋő őďŋő ĺğ ãáńőćĺľ:

• (min r_{min} > 1 áň) ∩ ((max(P_1, P_2) > 2E_{beam}) ∪ (P_1 + P_2 > 3E_{beam})) ĺńĺ • (min r_{min} > 2 áň) ∩ (Δϕ < 0.1), ć őáâăńìŋëå áńãçăïå áőąëâĺï ğăŕĺáëćăîâáï ŋă ćâőàĺçŋãî ńěŋâã.

4) \Ňŋőčőâàěłőćëě" áőąëâĺï: • N_{track} > 2. 5) Śőąëâĺï ãŕàãčőčő e^+e^− → e^+e^− àăááěïŋĺï ŕőď ňăńëňĺ ãčńăňĺ: • (E_{BGO1} > 0.5E_{beam}) ∩ (E_{BGO2} > 0.5E_{beam}). 6) \Ŋěőŕőğŋăŋŋëě" áőąëâĺï | áőąëâĺï ŋěńìğï łńăááĺäĺæĺàőćăâì ŋĺ ŕő őďŋőňã ĺğ ćëèě ŕěàěçĺáńěŋŋëå łńăááőć.

Ŕàĺćěďěŋŋëě ãáńőćĺï ŕőğćőńïîâ őâąàăłőćăâì áőąëâĺï ŕãçłőćőčő äőŋă ĺ łőáňĺçěáłĺå çăáâĺæ ŋă àăŋŋěň íâăŕě àěłőŋáâàãłæĺĺ.

Ŕàĺ âăłőň őâąőàě őáâăěâáï őłőńő 50% ćáěå ğăŕĺáăŋŋëå áőąëâĺľ. Ŕőńŋăï ďńĺŋă ĺŋäőàňăæĺőŋŋőľ ğăŕĺáĺ ŋă áőąëâĺě ãćěńĺçĺćăěâáï ŕàĺąńĺğĺâěńìŋő ć çěâëàě àăğă.

Čńăćă 2.

Ŋěľâàăńìŋëľ âàĺččěà ŁŇĎ-2

2.1. Śĺáâěňă ğăŕãáłă ďěâěłâőàă

Őďŋĺň ĺğ ćăęŋëå íńěňěŋâőć íńěłâàőŋĺłĺ ďěâěłâőàă ïćńïěâáï áĺáâěňă ğăŕãáłă, łőâőàăï áńãęĺâ ďńï âőčő, çâőąë ć âěçěŋĺĺ 1 ňłá ćëàăąăâëćăâì àěèěŋĺě ő ŕőńěğŋőáâĺ áőąëâĺï ĺ ĺŋĺæĺĺàőćăâì őæĺäàőćłã ĺ ŕőáńěďãîéěě áçĺâëćăŋĺě ĺŋäőàňăæĺĺ ć İĆŇ.

Ć ďěâěłâőàě ŁŇĎ-2 ğăŕãáł ňőęěâ ćëğëćăâìáï áĺčŋăńăňĺ őďŋőčő ĺğ áńěďãîéĺå âàĺččěàőć: ğăàïęěŋŋőčő, ŋěľâàăńìŋőčő ĺ âőàæěćőčő łăńőàĺňěâàă. Ćáě ŕěàěçĺáńěŋŋëě ŕőďáĺáâěňë âàĺččěàă ŕàĺŋĺňăîâ àěèěŋĺě ŋěğăćĺáĺňő (åőâï ĺ ňőčãâ ĺáŕőńìğőćăâì ĺŋäőàňăæĺî ďàãč ďàãčă ďńï őąàăğőćăŋĺï \áňěèăŋŋëå" ğăŕãáłőć) ĺ ćłńîçěŋë ŕő \ĹŃĹ". Śĺáâěňă ğăŕãáłă ŁŇĎ-2 áåěňăâĺçŋő ŕàěďáâăćńěŋă ŋă Řĺá.2.1.

Ğăàïęěŋŋëľ âàĺččěà. Őáŋőćŋëň íńěňěŋâőň ğăàïęěŋŋőčő âàĺččěàă ïćńïěâáï âàěłőćëľ ŕàőæěááőà (ďăńěě ňë ąãďěň ĺáŕőńìğőćăâì áőłàăéěŋĺě ŠŔ) [49], łőâőàëľ ăŋăńĺğĺàãěâ àăáŕőńőęěŋĺě áàăąőâăćèĺå ŕàőćőńőçěł ć ďàěľäőćőľ łăňěàě. Ŕàĺ ŋăåőęďěŋĺĺ åőâï ąë őďŋőľ łőňąĺŋăæĺĺ ŕàőćőńőçěł, ŕőåőęěľ ŋă âàěł, ŕàĺŋĺňăěâáï ŕőńőęĺâěńìŋőě àěèěŋĺě ŠŔ. Śĺčŋăńăňĺ ŋăçăńă àăąőâë ďńï ğăàïęěŋŋőčő âàĺččěàă áńãęăâ áàăąăâëćăŋĺï Z-łăňěàë. Ćàěňï ăŋăńĺğă ĺŋäőàňăæĺĺ ć ďàěľäőćőľ łăňěàě áőáâăćńïěâ 400 ŋá. Ůăáâőâă áàăąăâëćăŋĺï âàěłőćőčő ŕàőæěááőàă ďńï äőŋőćëå áőąëâĺľ ďőáâăâőçŋő ćěńĺłă, çâő ŋě ŕőğćőńïěâ ğăŕĺáëćăâì ćěáì ŕőâőł ďăŋŋëå ć ďěâěłâőàě á ğăŕãáłőň âőńìłő őâ ŠŔ. Ďńï ãňěŋìèěŋĺï çăáâőâë ğăŕãáłőć ć łăçěáâćě ğăàïęěŋŋőčő âàĺččěàă ĺáŕőńìğőćăńőáì áőćŕăďěŋĺě áĺčŋăńőć ŠŔ ĺ áĺčŋăńă ő ŋăńĺçĺĺ íŋěàčőćëďěńěŋĺï ąőńìèě ŕőàőčőćőčő (őłőńő 30 ŇíĆ) åőâï ąë ć őďŋőľ ńĺŋěľłě æĺńĺŋďàĺçěáłőčő łăńőàĺňěâàă.

Šàĺččěà âőàæěćőčő łăńőàĺňěâàă. Šàĺččěà âőàæěćőčő łăńőàĺňěâàă ŋăáâàőěŋ ŋă ğăŕãáł őâ áőąëâĺľ e^+e^− → e^+e^− ĺ e^+e^− → γγ, ć łőâőàëå łőŋěçŋëě çăáâĺæë àěčĺáâàĺàãîâáï ć âőàæěćőň łăńőàĺňěâàě. Šăłĺě áőąëâĺï ĺáŕőńìğãîâáï ďńï őŕěàăâĺćŋőčő ĺğňěàěŋĺï áćěâĺňőáâĺ ć ŕàőæěááě ŋăąőàă áâăâĺáâĺłĺ, ă âăłęě ďńï łăńĺąàőćłĺ âőàæěćőčő łăńőàĺňěâàă. Śĺčŋăń ğăŕãáłă BGO ćëàăąăâëćăěâáï ŕàĺ ŋăńĺçĺĺ ďćãå ŕàőâĺćőŕőńőę-

Řĺá. 2.1. Śĺáâěňă ğăŕãáłă ŁŇĎ-2. 1 | âàěłőćëľ ŕàőæěááőà; 2 | ŋěľâàăńìŋëľ âàĺččěà; 3 | âàĺččěà âőàæěćőčő łăńőàĺňěâàă; 4 | ãŕàőéěŋŋëľ ŋěľâàăńìŋëľ âàĺččěà; 5 | äőàňĺàőćăâěńĺ ğăďěàęěł; 6 | áåěňă áőćŕăďěŋĺľ

ŋëå čàãŕŕ łàĺáâăńńőć ć àăğŋëå âőàæăå ĺ ŕàěćëèěŋĺĺ áãňňăàŋëň íŋěàčőćëďěńěŋĺěň ć íâĺå čàãŕŕăå ŋěłőâőàőčő ŕőàőčă.

Ŋěľâàăńìŋëľ âàĺččěà. Őáŋőćŋőľ ğăďăçěľ ŋěľâàăńìŋőčő âàĺččěàă (ŊŠ), ďěâăńìŋőňã őŕĺáăŋĺî łőâőàőčő ŕőáćïéěŋă ďăŋŋăï čńăćă, ïćńïěâáï ğăŕãáł ďěâěłâőàă ďńï çĺáâő ŋěľâàăńìŋëå áőąëâĺľ (â.ě. áőąëâĺľ, áőďěàęăéĺå ć łőŋěçŋőň áőáâőïŋĺĺ âőńìłő äőâőŋë) ŋă őáŋőćě ăŋăńĺğă ĺŋäőàňăæĺĺ ĺğ æĺńĺŋďàĺçěáłőčő CsI łăńőàĺňěâàă. ŊŠ âăłęě ňőęěâ ćőáŕàĺŋĺňăâì ĺŋäőàňăæĺî ĺğ âàěłőćőčő ŕàőæěááőàă ĺ âàĺččěàă âőàæěćőčő łăńőàĺňěâàă ďńï őàčăŋĺğăæĺĺ \áňěèăŋŋëå" ğăŕãáłőć. Šăł łăł ŊŠ ĺňěěâ ćëáőłãî íääěłâĺćŋőáâì ł áőąëâĺïň á ğăàïęěŋŋëňĺ çăáâĺæăňĺ (ŋăŕàĺňěà, e^+e^− → e^+e^−), íâő ŕőğćőńïěâ ĺáŕőńìğőćăâì ěčő ďńï ŕàőćěàłĺ ĺ őŕàěďěńěŋĺï íääěłâĺćŋőáâĺ âàěłőćőčő ŕàőæěááőàă.

Śĺčŋăńë áàăąăâëćăŋĺï őâďěńìŋëå âàĺččěàőć áâàőąĺàãîâáï áĺčŋăńőň ŤĂĞĂ ãáłőàĺâěńï, á ŕěàĺőďőň τ_{V EP P} = 60 ŋá, ĺ, âěň áăňëň, őłăğëćăîâáï áĺŋåàőŋĺğĺàőćăŋŋëňĺ á ňőňěŋâőň ćğăĺňőďěľáâćĺï ŕãçłőć. Z-łăňěàă, ŕő áĺčŋăńăň łőâőàőľ ŋăçĺŋăěâáï àăąőâă âàěłőćőčő ŕàőæěááőàă, ĺňěěâ ŋăĺńãçèěě áàěďĺ ćáěå áĺáâěň ďěâěłâőàă ćàěňěŋŋő́ě àăğàěèěŋĺě (σ_t ≈ 5 ŋá). Ŕőíâőňã ğăàïęěŋŋëľ âàĺččěà ŋăĺąőńěě âőçŋő \ŕàĺćïğăŋ" ł ňőňěŋâã ćğăĺňőďěľáâćĺï. Ćàěňěŋŋő́ě àăğàěèěŋĺě æĺńĺŋďàĺçěáłőčő ĺ âőàæěćőčő łăńőàĺňěâàőć áőáâăćńïěâ őłőńő 100 ŋá, ŕőíâőňã ĺå âàĺččěàë áĺŋåàőŋĺğĺàőćăŋë á ňőňěŋâőň ćğăĺňő-

Řĺá. 2.2. Řăáŕàěďěńěŋĺě ŕő ćàěňěŋĺ áàăąăâëćăŋĺï ŕőďáĺáâěň ğăŕãáłă: a) ğăàïęěŋŋëľ âàĺččěà; b) âàĺččěà âőàæěćőčő łăńőàĺňěâàă; c) ŋěľâàăńìŋëľ âàĺččěà

ďěľáâćĺï ŕãçłőć á âőçŋőáâìî ±τ_{V EP P} .

Ŋěőŕàěďěńěŋŋőáâì ć áĺŋåàőŋĺğăæĺĺ áĺčŋăńőć ğăŕãáłă ĺ ňőňěŋâă ŕěàěáěçěŋĺï ŕãçłőć ćŋőáĺâ ŋěâőçŋőáâì ć ĺğňěàěŋĺě ćàěňěŋĺ ďàěľäă ĺ ŕőáńěďãîéãî àěłőŋáâàãłæĺî âàěłőć ć ďàěľäőćőľ łăňěàě, őáőąěŋŋő ć áőąëâĺïå, ďńï łőâőàëå áĺčŋăńë ğăŕãáłă äőàňĺàãîâáï łăł âàěłőćëň ŕàőæěááőàőň, âăł ĺ âàĺččěàăňĺ łăńőàĺňěâàőć. Ďńï ãňěŋìèěŋĺï íâőľ áĺáâěňăâĺçěáłőľ ŋěőŕàěďěńěŋŋőáâĺ áĺčŋăńë ŊŠ ĺ âàĺččěàă âőàæěćőčő łăńőàĺňěâàă ğăďěàęăŋë őâŋőáĺâěńìŋő áĺčŋăńă ğăŕãáłă ğăàïęěŋŋőčő âàĺččěàă. Ğăďěàęłă ŊŠ őâŋőáĺâěńìŋő ŠŔ áőáâăćńïěâ ∼130 ŋá; ğăďěàęłă âàĺččěàă âőàæěćőčő łăńőàĺňěâàă őâŋőáĺâěńìŋő ŋěľâàăńìŋőčő âàĺččěàă ∼60 ŋá. Ŋă Řĺá.2.2 ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕő ćàěňěŋĺ áàăąăâëćăŋĺï ŕőďáĺáâěň ŕěàćĺçŋőčő âàĺččěàă ŁŇĎ-2.

Ţăàăłâěàŋăï çăáâőâă ğăŕãáłőć ďěâěłâőàă ŕàĺ áćěâĺňőáâĺ 1÷2·10^{30} á^{−1}áň^{−2} ąëńă őłőńő 30 ÷ 40 Čæ. Ůăáâőâă ŕőńěğŋëå áőąëâĺľ, ćëğćăŋŋëå e^+e^− ćğăĺňőďěľáâćĺïňĺ, áőáâăćńïńă ŋěáłőńìłő áőąëâĺľ ć áěłãŋďã, łőáňĺçěáłĺňĺ çăáâĺæăňĺ ąëńő őąãáńőćńěŋő őłőńő 10 Čæ, őáâăńìŋëě ğăŕãáłĺ ćëğëćăńĺáì äőŋőň çăáâĺæ, ćëąëćăîéĺå ĺğ ŕãçłă.

Řĺá. 2.3. Śåěňă Ŋěľâàăńìŋőčő âàĺččěàă

2.2. Ĺŋäőàňăæĺï ďńï Ŋěľâàăńìŋőčő âàĺččěàă

Ŋěľâàăńìŋëľ âàĺččěà ŕàĺŋĺňăěâ àěèěŋĺě ő ŕőńěğŋőáâĺ áőąëâĺï, őáŋőćëćăïáì ŋă ăŋăńĺğě ĺŋäőàňăæĺĺ ĺğ CsI łăńőàĺňěâàă. Šăł łăł çĺáńő ŋěğăćĺáĺňëå łăŋăńőć ć łăńőàĺňěâàě ďőáâăâőçŋő ćěńĺłő (892), ă ćàěňï, őâćőďĺňőě ŋă ŕàĺŋïâĺě àěèěŋĺï, őčàăŋĺçěŋő (őłőńő 1 ňłá), ŋěőąåőďĺňő łăłĺň-ńĺąő áŕőáőąőň ĺŋâěčàĺàőćăâì ćåőďŋãî ĺŋäőàňăæĺî ďńï âàĺččěàă. Ďńï ŊŠ ğă őáŋőćã ąëńő ćëąàăŋő àăááňőâàěŋĺě áőąëâĺï ć ŕńőáłőáâĺ, ŕěàŕěŋďĺłãńïàŋőľ őáĺ ŕãçłőć (r-ϕ ŕńőáłőáâĺ).^1 Ŕàĺ íâőň ŋăĺňěŋìèĺň çãćáâćĺâěńìŋëň íńěňěŋâőň łăńőàĺňěâàă á âőçłĺ ğàěŋĺï âàĺččěàă ïćńïěâáï ńĺŋěľłă ĺğ 16 łàĺáâăńńőć. Ćáěčő, âăłĺň őąàăğőň, ć ŊŠ ăŋăńĺğĺàãěâáï ĺŋäőàňăæĺï, ŕőáâãŕăîéăï őâ 56 (ŕő çĺáńã ńĺŋěěł ć łăńőàĺňěâàě) ĺáâőçŋĺłőć áĺčŋăńőć, áőőâćěâáâćãîéĺå íŋěàčőćëďěńěŋĺî ć ńĺŋěľłăå łăńőàĺňěâàă.

Ťãŋłæĺőŋăńìŋăï áåěňă ŋěľâàăńìŋőčő âàĺččěàă ŕőłăğăŋă ŋă Řĺá.2.3. Ăňŕńĺâãďŋëě áĺčŋăńë á ŤİŞ łăńőàĺňěâàă, ŕàőŕőàæĺőŋăńìŋëě íŋěàčőćëďěńěŋĺî ć łàĺáâăńńăå, ŕőáâãŕăîâ ć ŕńăâë ãáĺńĺâěńěľ-äőàňĺàőćăâěńěľ Ť32 [50], łőâőàëě àăáŕőńőęěŋë ć ďćãå łàěľâăå áâăŋďăàâă ŁŃđŁĆĂ, ŋăåőďïéĺåáï ć ŋěŕőáàěďáâćěŋŋőľ ąńĺğőáâĺ őâ ďěâěłâőàă. Łăęďëľ ĺğ łàěľâőć őąáńãęĺćăěâ áćőî ŕőńőćĺŋã łăńőàĺňěâàă (őłâăŋâë á 1 ŕő 4 ĺ á 5 ŕő 8 áőőâćěâáâćěŋŋő). Ŋă ŕńăâăå Ť32 ĺňěîâáï 32 ŋěğăćĺáĺňëå łăŋăńă ãáĺńěŋĺï ĺ äőàňĺàőćăŋĺï, àăğąĺâëå ŋă ďćě čàãŕŕë ŕő 16 łăŋăńőć. Ć íâĺå čàãŕŕăå őąàăąăâëćăîâáï áĺčŋăńë őâ ďćãå áňěęŋëå ńĺŋěěł łăńőàĺňěâàă. Ć łăęďőľ čàãŕŕě ćëàăąăâëćăîâáï ăňŕńĺâãďŋëě áĺčŋăńë, ŕàőŕőàæĺőŋăńìŋëě íŋěàčőćëďěńěŋĺî ć ńĺŋěľłăå. Ďăŋŋëě áĺčŋăńë äőàňĺàãîâáï łăł ńĺŋěľŋëě áãňňë áĺčŋăńőć íŋěàčőćëďěńěŋĺï ć ĺŋďĺćĺďãăńìŋëå łàĺáâăńńăå ńĺŋěěł. Ůěàěğ ŕńăâë ĺŋâěàäěľáőć ŕěàćĺçŋőčő âàĺččěàă (ĹŔŠ), àăáŕőńőęěŋŋëě ć âěå ęě łàěľâăå, çâő ĺ ŕńăâë Ť32, ăňŕńĺâãďŋëě áĺčŋăńë ńĺŋěěł ŕőáâãŕăîâ ć ŋěľâàăńìŋëľ âàĺččěà.

Ŋă ŕńăâăå Ť32 äőàňĺàãîâáï ńőčĺçěáłĺě áĺčŋăńë, áőőâćěâáâćãîéĺě ŕàěćëèěŋĺî ŕőàőčă ďĺáłàĺňĺŋăâőàă U_{F 32} ăňŕńĺâãďŋëňĺ áĺčŋăńăňĺ íŋěàčőćëďěńěŋĺï ć ńĺŋěľłăå. İâĺ áĺčŋăńë (ŋăğëćăěňëě âăłęě ćàěňěŋŋë́ňĺ, âăł łăł őŋĺ ĺáŕőńìğãîâáï ďńï ĺğňěàěŋĺï ćàěňěŋĺ ŕàőńěâă çăáâĺæ çěàěğ łăńőàĺňěâà) çěàěğ ĹŔŠ ŕőáâãŕăîâ ć ŊŠ. Ŕőňĺňő íâőčő, ĹŔŠ äőàňĺàãîâ áĺčŋăńë ńőčĺçěáłőľ áãňňë ŕő ĹŃĹ ćàěňěŋŋë́å áĺčŋăńőć (S1 ĺńĺ S2), łőâőàëě áőőâćěâáâćãîâ ŕàěćëèěŋĺî ŕőàőčă åőâï ąë ć őďŋőľ ńĺŋěľłě ć ďăŋŋőľ ŕőńőćĺŋłě łăńőàĺňěâàă.

Ďńï őàčăŋĺğăæĺĺ áňěèăŋŋëå ğăŕãáłőć ć ŊŠ őąàăąăâëćăěâáï áńěďãîéăï ĺŋäőàňăæĺï, ŕőáâãŕăîéăï őâ ğăàïęěŋŋőčő âàĺččěàă:

• Śĺčŋăń őâ Z-łăňěàë | ńőčĺçěáłăï áãňňă áĺčŋăńőć á 64 áěłâőàőć łăňěàë; 1Ğăňěâĺň, çâő âàěłőćëľ ŕàőæěááőà âăłęě ăŋăńĺğĺàãěâ ĺŋäőàňăæĺî ĺğ ďàěľäőćőľ łăňěàë âőńìłő ć r-ϕ ŕńőáłőáâĺ.

• Śĺčŋăńë őâ âàěłőćőčő ŕàőæěááőàă, ãłăğëćăîéĺě ŋă ŋăńĺçĺě âàěłőć, ŕěàěáěłăîéĺå Z-łăňěàã ć 16 áěłâőàăå.

Ďńï áőğďăŋĺï áőćňěáâŋëå ğăŕãáłőć CsI ĺ BGO łăńőàĺňěâàőć, ć ŊŠ ĺáŕőńìğãîâáï áĺčŋăńë B1 ĺ B2, áőőâćěâáâćãîéĺě ŕàěćëèěŋĺî őŕàěďěńěŋŋőčő ŕőàőčă íŋěàčőćëďěńěŋĺï ć ŕàőâĺćőŕőńőęŋëå ŕőńőćĺŋłăå âőàæěćőčő łăńőàĺňěâàă.

2.3. Şáńőćĺï ŋěľâàăńìŋőčő ĺ áňěèăŋŋőčő ğăŕãáłőć

Śâăàâőň ďńï ŋěľâàăńìŋőčő âàĺččěàă ïćńïěâáï áĺčŋăń áãňňë ŕő ĹŃĹ ćàěňěŋŋë́å áĺčŋăńőć (S1 ĹŃĹ S2).

Ŋă őáŋőćě ĺŋäőàňăæĺĺ, ŕőáâãŕăîéěľ ć âàĺččěà ĺğ łăńőàĺňěâàă (56 ăňŕńĺâãďŋëå ĺ 56 ćàěňěŋŋë́å áĺčŋăńőć á ńĺŋěěł), ŊŠ őŕàěďěńïěâ çĺáńő çăáâĺæ, ğăàěčĺáâàĺàőćăŋŋëå ć łăńőàĺňěâàě ć r-ϕ ŕńőáłőáâĺ, ĺå ćğăĺňŋőě àăáŕőńőęěŋĺě ĺ ŕőńŋőě íŋěàčőćëďěńěŋĺě ć łăńőàĺňěâàě. İâă ĺŋäőàňăæĺï ĺáŕőńìğãěâáï ďńï ŕàĺŋïâĺï àěèěŋĺï ő ŋěľâàăńìŋőň ğăŕãáłě.

Ůăáâĺæë, ŕőŕăďăîéĺě ć łăńőàĺňěâà, łăł ŕàăćĺńő, ćëďěńïîâ íŋěàčĺî ć ŋěáłőńìłĺå łàĺáâăńńăå ć áőáěďŋĺå ńĺŋěľłăå. Šăłĺň őąàăğőň, á âőçłĺ ğàěŋĺï ŊŠ, çăáâĺæë ć łăńőàĺňěâàě ŕàőïćńïîâáï ć ćĺďě ŕőáńěďőćăâěńìŋőáâĺ áàăąőâăćèĺå ńĺŋěěł,^2 àăáŕőńőęěŋŋëå ŕő áőáěďáâćã. Šăłăï ŕőáńěďőćăâěńìŋőáâì áàăąőâăćèĺå ńĺŋěěł ŋăğëćăěâáï \łńăáâěàőň". Ŋěľâàăńìŋëľ âàĺččěà ŕőğćőńïěâ àěăńĺğőćăâì àăğŋőőąàăğŋëě ăńčőàĺâňë ŕőĺáłă łńăáâěàőć. Šăł, ŋăŕàĺňěà, łńăáâěà ňőęěâ ąëâì áäőàňĺàőćăŋ ďńï ŕőáńěďőćăâěńìŋőáâĺ áàăąőâăćèĺå ńĺŋěěł, ć łőâőàőľ ĺňěîâáï őďĺŋ ĺńĺ ŋěáłőńìłő ŕàőŕãáłőć, áőáâőïéĺå ĺğ őďŋőľ (ĺńĺ ąőńěě) ŋěáàăąőâăćèĺå ńĺŋěěł.

Ăŋăńĺğĺàãï ĺŋäőàňăæĺî ő çĺáńě çăáâĺæ (łńăáâěàőć), ğăàěčĺáâàĺàőćăŋŋëå ć łăńőàĺňěâàě, N_{CL}, ŊŠ ŕőğćőńïěâ ćëďěńĺâì áńěďãîéĺě çěâëàě ćőğňőęŋëě áĺâãăæĺĺ: N_{CL} = 1, N_{CL} = 2, N_{CL} = 3, ă âăłęě N_{CL} > 3.

Ćğăĺňŋőě àăáŕőńőęěŋĺě łńăáâěàőć ć łăńőàĺňěâàě őŕĺáëćăěâáï ćěńĺçĺŋăňĺ ŕàőňěęãâłőć ňěęďã łńăáâěàăňĺ. Šăłĺě ŕàőňěęãâłĺ, áőáâőïéĺě ĺğ ŕőáńěďőćăâěńìŋőáâĺ ŋěáàăąőâăćèĺå ńĺŋěěł, ŋăğëćăîâáï \ďëàłăňĺ". ŊŠ őŕàěďěńïěâ ćěńĺçĺŋã ŋăĺąőńìèěľ ďëàłĺ, D_{max}, ĺ ğăâěň ŕàőćěàïěâ ćëŕőńŋěŋĺě ãáńőćĺľ, ŋăłńăďëćăěňëå ŋă àăğňěà ňăłáĺňăńìŋőľ ďëàłĺ: D_{max} > LIM1 > 180^∘, D_{max} < LIM2 < 300^∘ ĺńĺ D_{max} < LIM3 < 300^∘. Ğďěáì LIMi , i = 1 . . . 3 | ŕàěďěńë, ãáâăŋăćńĺćăěňëě ć ŋěľâàăńìŋőň âàĺččěàě ŕěàěď ŋăçăńőň àăąőâë.

2ŕőď \áàăąőâăćèěľ" ńĺŋěľłőľ ňë ąãďěň ŕőŋĺňăâì âăłãî ńĺŋěľłã łăńőàĺňěâàă, íŋěàčőćëďěńěŋĺě ć łőâőàőľ ŕàěćëáĺńő ŕőàőč UF_{32} ďĺáłàĺňĺŋăâőàőć ŋă ŕńăâě Ť32, çâő ćëğćăńő, ć áćőî őçěàěďì, äőàňĺàőćăŋĺě ćàěňěŋŋő́čő áĺčŋăńă ďńï íâőľ ńĺŋěľłĺ; ńĺąő ńĺŋěľłã, ăňŕńĺâãďŋëľ áĺčŋăń łőâőàőľ ŕàěćëáĺń ŕőàőč ďĺáłàĺňĺŋăâőàőć ŊŠ.

Řĺá. 2.4. Şáńőćĺï ŋěľâàăńìŋőčő ğăŕãáłă

Śĺčŋăń ŕőńŋőčő íŋěàčőćëďěńěŋĺï ć łăńőàĺňěâàě äőàňĺàãěâáï ć ŊŠ łăł ńĺŋěľŋăï áãňňă ăňŕńĺâãďŋëå áĺčŋăńőć ńĺŋěěł. Ďăńěě ć âàĺččěàě ŕàőćěàïěâáï ŕàěćëèěŋĺě íâĺň áĺčŋăńőň ŕőàőčőć ďĺáłàĺňĺŋăâőàőć ŕőńŋőčő íŋěàčőćëďěńěŋĺï: E_{NT1}{E_{NT5}.

Ć âăąńĺæě 2.1 ŕàĺćěďěŋë ŋěłőâőàëě ćőğňőęŋëě ãáńőćĺï ğăŕãáłă ŕő çĺáâő ŋěľâàăńìŋëň áőąëâĺïň. İâĺ ęě ãáńőćĺï ŕàőĺńńîáâàĺàőćăŋë ŋă Řĺá.2.4.

Šăąńĺæă 2.1. Şáńőćĺï ŋěľâàăńìŋőčő ğăŕãáłă

Ůĺáńő łńăáâěàőć,

N_{CL}

İŋěàčőćëďěńěŋĺě ć łăńőàĺňěâàě,

E_{CsI}

Ćğăĺňŋőě àăáŕőńőęěŋĺě łńăáâěàőć; àăğňěà ŋăĺąőńìèěľ ďëàłĺ ňěęďã łńăáâěàă- ňĺ, D_{max} 1 E_{CsI} > E_{NT1} Řăğňěà łńăáâěàă ŋě ąőńìèě ŋěłőâőàőčő, ĺńĺ, çâő âő ęě áăňőě, ďëàłă ňěęďã łńăáâěàăňĺ ďőáâăâőçŋő ćěńĺłă: D_{max} > LIM1 > 180^∘ 2 E_{CsI} > E_{NT2} Łńăáâěàë ďőńęŋë ńěęăâì ďőáâăâőçŋő ďăńěłő ďàãč őâ ďàãčă, ĺńĺ, ć âěàňĺŋăå ďëàőł: D_{max} < LIM2 < 300^∘ 3 E_{CsI} > E_{NT3} łăł ĺ ć áńãçăě á ďćãňï łńăáâěàăňĺ: D_{max} < LIM3 < 300^∘ ąőńěě 3-å E_{CsI} > E_{NT4} D_{max} < LIM3 < 300^∘

Ďńï äőàňĺàőćăŋĺï áňěèăŋŋëå ğăŕãáłőć ŊŠ ăŋăńĺğĺàãěâ ĺŋäőàňăæĺî, ŕőáâãŕăîéãî ć ŋěčő őâ ğăàïęěŋŋőčő âàĺččěàă. Ŕàĺ íâőň âàěąãěâáï áàăąăâëćăŋĺě Z-łăňěàë (ãáńőćĺě Z) ĺ ŋăńĺçĺě âàěłă (ĺńĺ âàěłőć) ć 16 áěłâőàăå ďàěľäőćőľ łăňěàë (ãáńőćĺě T ). Ć

Řĺá. 2.5. Şáńőćĺï áňěèăŋŋőčő ğăŕãáłă

ŋěľâàăńìŋőň âàĺččěàě ŕàőćěàïěâáï áőćŕăďěŋĺě áěłâőàőć ďàěľäőćőľ łăňěàë, áőďěàęăéĺå âàěłĺ, á łńăáâěàăňĺ ć łăńőàĺňěâàě (ãáńőćĺě OT ). Śçĺâăěâáï, çâő âàěł őâáãâáâćãěâ ćąńĺğĺ łńăáâěàă, ěáńĺ ćëŕőńŋěŋë áńěďãîéĺě âàěąőćăŋĺï:

• âàěł ŋě ŕőŕăń ćŋãâàì łńăáâěàă;

• âàěł ŋě ŕőŕăń ć őąńăáâì ± 18{27^∘ á őąőĺå łőŋæőć łńăáâěàă.

Šăąńĺæă 2.2. Şáńőćĺï áňěèăŋŋőčő ğăŕãáłă

Ůĺáńő łńăáâěàőć, N_{CL} 1 Ğăŕãáł ŕàĺ ãáńőćĺĺ, çâő ğăàïęěŋŋëľ âàěł, őąŋăàãęěŋŋëľ âàěłőćëň ŕàőæěááőàőň, ŋě ŕőŕăďăěâ ć őąńăáâì ćąńĺğĺ łńăáâě- àă 2 Ğăŕãáł ŕàĺ ãáńőćĺĺ ŕàěćëèěŋĺï ŕőàőčă ŕő ŕőńŋőňã íŋěàčőćëďěńěŋĺî ć łăńőàĺňěâàě: E_{CsI} > E_{NT5} ≥ 3 Ğăŕãáł äőàňĺàãěâáï ćŋě ğăćĺáĺňőáâĺ őâ ĺŋäőàňăæĺĺ, ŕőńãçěŋŋőľ őâ ğăàïęěŋŋőčő âàĺččěàă

Ŋěłőâőàëě ćőğňőęŋëě ãáńőćĺï áňěèăŋŋëå ğăŕãáłőć ŕěàěçĺáńěŋë ć âăąńĺæě 2.2. Ć íâőľ âăąńĺæě ŕőďàăğãňěćăěâáï, çâő ćëŕőńŋïîâáï áőőâćěâáâćãîéĺě ãáńőćĺï ŋěľâàăńìŋőčő ğăŕãáłă ŋă ãčńë (àăğňěà ŋăĺąőńìèěľ ďëàłĺ ňěęďã łńăáâěàăňĺ, D_{max}). Ŋă Řĺá.2.5 ãáńőćĺï áňěèăŋŋőčő ğăŕãáłă ŕàěďáâăćńěŋë ć ŋăčńïďŋőľ äőàňě.

2.4. Őáŋőćŋëě ňőďãńĺ Ŋěľâàăńìŋőčő âàĺččěàă

Ŋěľâàăńìŋëľ âàĺččěà (Řĺá.2.3) ćëŕőńŋěŋ ć ćĺďě ŋěáłőńìłĺå ŕńăâ áâăŋďăàâă ŁŃđŁ- ĆĂ. Łăęďăï ŕńăâă ć âěçěŋĺĺ 900 ŋá á ňőňěŋâă ŕőïćńěŋĺï áĺčŋăńă ŚŠĂŘŠ âàĺččěàă (S1 ĹŃĹ S2) ćëŕőńŋïěâ őŕěàăæĺĺ ŕő őŕàěďěńěŋĺî ăàčãňěŋâőć, ŋă őáŋőćăŋĺĺ łőâőàëå ŊŠ ŕàĺŋĺňăěâ àěèěŋĺě ő ğăŕãáłě. Ŕàĺ ćőğŋĺłŋőćěŋĺĺ őŕàěďěńěŋŋőľ łőňąĺŋăæĺĺ ăàčãňěŋâőć, áőőâćěâáâćãîéěľ ãáńőćĺïň ğăŕãáłă, âàĺččěà äőàňĺàãěâ áĺčŋăń ŔŠ+, łőâőàëľ áńãęĺâ áĺčŋăńőň ğăŕãáłă ďńï áĺáâěňë áąőàă ďăŋŋëå ďěâěłâőàă.

Őáŋőćŋëňĺ ňőďãńïňĺ ŋěľâàăńìŋőčő âàĺččěàă ïćńïîâáï áńěďãîéĺě:

| ŕńăâă ăňŕńĺâãďŋëå ďĺáłàĺňĺŋăâőàőć (ĂĎ);

| ŕńăâă ćëąőàă ĺáâőçŋĺłă áĺčŋăńőć ďńï âàĺččěàă (ĆŚ);

| ŕńăâă äőàňĺàőćăŋĺï łńăáâěàőć (ŤŁ);

| ŕńăâă äőàňĺàőćăŋĺï ăàčãňěŋâőć łńăáâěàőć (ŤĂŁ);

| ŕńăâă äőàňĺàőćăŋĺï ăàčãňěŋâőć âàěłőć (ŤĂŠ);

| ŕńăâă áåěňë áőćŕăďěŋĺľ (ŚŚ);

| čěŋěàăâőà ćàěňěŋŋë́å ďĺăčàăňň (ČĆĎ).

Ć áâăŋďăàâě ŁŃđŁĆĂ [43] ŋě ŕàěďãáňőâàěŋă ćőğňőęŋőáâì ğăŕĺáĺ ďăŋŋëå ć ĺŋäőàňăæĺőŋŋëě ŕńăâë. Ďńï ğăŕĺáĺ ŋăçăńìŋëå ŕăàăňěâàőć ć ŕńăâë ŋěľâàăńìŋőčő âàĺččěàă ąëńĺ ĺğčőâőćńěŋë ďćă ďőŕőńŋĺâěńìŋëå ąńőłă, ŕőğćőńïîéĺå ŕàőĺğćőďĺâì őŕěàăæĺî ğăŕĺáĺ ŋă ňăčĺáâàăńĺ łàěľâă ŁŃđŁĆĂ çěàěğ łàěľâ ŁĂŇĂŁ. Őďĺŋ ĺğ íâĺå ąńőłőć (ĹŁŁ-ŁŃđŁĆĂ) ćëŕőńŋěŋ ć áâăŋďăàâě ŁŃđŁĆĂ, ďàãčőľ (ĹŁŁ-ŁĂŇĂŁ) | ć áâăŋďăàâě ŁĂŇĂŁ. Ďăŋŋëě, ŕőïćńïîéĺěáï ć ŕńăâăå ŊŠ ć ŕàőæěááě őąàăąőâłĺ áőąëâĺï, áçĺâëćăîâáï çěàěğ ŕàőæěááőà ćëćőďă łàěľâă ŁŃđŁĆĂ. İâĺ ďăŋŋëě ďőąăćńïîâáï ł ĺŋäőàňăæĺĺ, ğăŕĺáëćăěňőľ ďńï áőąëâĺï, ĺ ğăâěň ňőčãâ ąëâì ĺáŕőńìğőćăŋë ŕàĺ ŕőáńěďãîéěň ăŋăńĺğě áőąëâĺľ ć àěęĺňě o¸-line.

2.4.1. Ŕńăâă ăňŕńĺâãďŋëå ďĺáłàĺňĺŋăâőàőć

Ć ňőďãńě ĂĎ àăğňěéěŋ 61 ăňŕńĺâãďŋëľ ďĺáłàĺňĺŋăâőà. Ăňŕńĺâãďŋëě áĺčŋăńë ńĺŋěěł őâ ĹŔŠ (áň. Řĺá.2.3) ŕőďăîâáï ć ŕńăâã ĂĎ çěàěğ ŕěàěďŋîî ŕăŋěńì. Łăęďëľ áĺčŋăń çěàěğ ãáĺńĺâěńì ŕőďăěâáï ŋă őďĺŋ ĺğ 56 ďĺáłàĺňĺŋăâőàőć. Ćěńĺçĺŋă ŕőàőčă íâĺå ďĺáłàĺňĺŋăâőàőć ãáâăŋăćńĺćăěâáï őąéĺň ďńï ćáěå ŋăŕàïęěŋĺěň.

Řĺá. 2.6. Łăńĺąàőćłă ŕőàőčőć ďĺáłàĺňĺŋăâőàőć ĂĎ. İääěłâĺćŋőáâì áàăąăâëćăŋĺï ďĺáłàĺňĺŋăâőàőć ć ğăćĺáĺňőáâĺ őâ íŋěàčőćëďěńěŋĺï: a) ďĺáłàĺňĺŋăâőàë ŕőńŋőčő íŋěàčőćëďěńěŋĺï ć łăńőàĺňěâàě; b) ďĺáłàĺňĺŋăâőàë íŋěàčőćëďěńěŋĺï ć ńĺŋěľłě. Łăńĺąàőćőçŋëě łàĺćëě: c) ďĺáłàĺňĺŋăâőàë áãňňăàŋőčő íŋěàčőćëďěńěŋĺï; d) ďĺáłàĺňĺŋăâőàë íŋěàčőćëďěńěŋĺï ć ńĺŋěľłăå

Ć ŕńăâě ĂĎ âăłęě őáãéěáâćńïěâáï áãňňĺàőćăŋĺě ćáěå 56 ćåőďŋëå áĺčŋăńőć. Ťőàňĺàãěňëľ âăłĺň őąàăğőň áĺčŋăń ŕàőŕőàæĺőŋăńěŋ ŕőńŋőňã íŋěàčőćëďěńěŋĺî ć łăńőàĺňěâàě. Őŋ ŕőďăěâáï ŋă ćåőďë ŕïâĺ ďĺáłàĺňĺŋăâőàőć áãňňăàŋőčő íŋěàčőćëďěńěŋĺï, ŕőàőč ŋă łăęďőň ĺğ łőâőàëå ãáâăŋăćńĺćăěâáï ŋěğăćĺáĺňő. Ćëåőďŋëě ńőčĺçěáłĺě áĺčŋăńë, áőőâćěâáâćãîéĺě ŕàěćëèěŋĺî ŕőàőčőć ŕőńŋőčő íŋěàčőćëďěńěŋĺï ïćńïîâáï ăàčãňěŋâăňĺ ďńï áåěňë áőćŕăďěŋĺľ. Ăňŕńĺâãďŋëľ áĺčŋăń ŕőńŋőčő íŋěàčőćëďěńěŋĺï ćëćőďĺâáï âăłęě ŋă ŕěàěďŋîî ŕăŋěńì ŕńăâë ĺ ňőęěâ ąëâì ĺáŕőńìğőćăŋ ŕàĺ ŋăçăńìŋőľ ŋăáâàőľłě ŕőàőčőć. Łàőňě âőčő, íâőâ áĺčŋăń ĺáŕőńìğőćăńáï ŋăňĺ ďńï őàčăŋĺğăæĺĺ \ãŕàőéěŋŋőčő" ŋěľâàăńìŋőčő âàĺččěàă.

Şŕàăćńěŋĺě ŕőàőčăňĺ ďĺáłàĺňĺŋăâőàőć ŕàőĺğćőďĺâáï ăŋăńőčőćëň áŕőáőąőň | 6 ŋăŕàïęěŋĺľ ŕőďăîâáï ć ŕńăâã ĂĎ çěàěğ àăğêěň ŋă ŕěàěďŋěľ ŕăŋěńĺ ĺğ ŁĂŇĂŁ ňőďãńï ŰĂŔ, ğăďăîéěčő ŕőàőčőćëě ŋăŕàïęěŋĺï ďńï ćáěå áĺáâěň ďěâěłâőàă.

Ćăęŋőľ ğăďăçěľ ŕàĺ ŋăáâàőľłě âàĺččěàă ïćńïěâáï łăńĺąàőćłă ŕőàőčőć ďĺáłàĺňĺŋăâőàőć ĂĎ, â.ě. ãáâăŋőćńěŋĺě ğăćĺáĺňőáâěľ, áćïğëćăîéĺå íŋěàčőćëďěńěŋĺě ĺ ŕőàőčőćőě ŋăŕàïęěŋĺě. Ś íâőľ æěńìî ŕàőćőďĺńőáì ĺğãçěŋĺě íääěłâĺćŋőáâĺ áàăąăâëćăŋĺï ďĺáłàĺňĺŋăâőàőć ŕàĺ àăğńĺçŋëå ğŋăçěŋĺïå ŕőàőčőćőčő ŋăŕàïęěŋĺï. Ŋă Řĺá.2.6a) ĺ b) ŕőłăğăŋë åăàăłâěàŋëě ğăćĺáĺňőáâĺ íääěłâĺćŋőáâĺ őâ íŋěàčőćëďěńěŋĺï ďńï ďĺáłàĺňĺŋăâőàőć ŕőńŋőčő íŋěàčőćëďěńěŋĺï ĺ íŋěàčőćëďěńěŋĺï ć ńĺŋěľłě áőőâćěâáâćěŋŋő. İääěłâĺćŋőáâì ăŕŕàőłáĺňĺàőćăńăáì áâãŕěŋçăâőľ äãŋłæĺľ áńěďãîéěčő ćĺďă: ϵ(E) = 1 1 + exp ( −^{E−E0}_{ΔE} ) , čďě E_0 | ćěńĺçĺŋă ŕőàőčă, ă ΔE | ěčő èĺàĺŋă.

Ŋă Řĺá.2.6c) ŕàěďáâăćńěŋë łăńĺąàőćőçŋëě łàĺćëě ďńï ďĺáłàĺňĺŋăâőàőć ŕőńŋőčő íŋěàčőćëďěńěŋĺï. Ďńï ďĺáłàĺňĺŋăâőàőć íŋěàčőćëďěńěŋĺï ć ńĺŋěľłăå âőçłĺ (■) ŋă Řĺá.2.6d) ŕőłăğëćăîâ áàěďŋĺě ğŋăçěŋĺï ğŋăçěŋĺï ⟨E_0⟩ ŕőàőčőć ŕő ćáěň 56 ńĺŋěľłăň ŕàĺ ğăďăŋŋőň ŋăŕàïęěŋĺĺ, âőčďă łăł őèĺąłĺ ŋă íâőň àĺáãŋłě áőőâćěâáâćãîâ áàěďŋěłćăďàăâĺçŋőňã àăğąàőáã ćěńĺçĺŋ E_0.

2.4.2. Ŕńăâă ćëąőàă áĺčŋăńă

Ŕńăâă ĆŚ ćëŕőńŋïěâ áńěďãîéĺě äãŋłæĺĺ:

| ćëąőà őďŋőčő ĺğ ďćãå ĺáâőçŋĺłőć ďăŋŋëå ďńï ŕńăâë ŤŁ, łőâőàëňĺ ňőčãâ ąëâì ńĺąő 56 ćàěňěŋŋë́å áĺčŋăńőć őâ ĹŔŠ, ńĺąő 56 áĺčŋăńőć ŕàěćëèěŋĺï ŕőàőčőć íŋěàčőćëďěńěŋĺï ć ńĺŋěľłăå ĺğ ňőďãńï ĂĎ;

| ŕàěőąàăğőćăŋĺě 56 ąĺâ ćåőďŋőľ ĺŋäőàňăæĺĺ ć 40 ąĺâ ćëåőďŋőľ ďńï ŕńăâë ŤŁ.

Řĺá. 2.7. Ŕàěőąàăğőćăŋĺě 56 → 40 ć ŕńăâě ĆŚ

Řĺá. 2.8. Řěłőŋáâàãłæĺï łńăáâěàőć ć ŕńăâě ŤŁ

Ćëąőà ĺáâőçŋĺłă áĺčŋăńőć ć ŕńăâě ĆŚ ŕàőĺğćőďĺâáï ŕãâěň ãáâăŋőćłĺ ĺńĺ ãďăńěŋĺï âěàňĺŋăńìŋőčő áőŕàőâĺćńěŋĺï 50 Ω ć àăğêěňě ŋă ńĺæěćőľ ŕăŋěńĺ ňőďãńï. Ŕàĺ ãáâăŋőćłě áőŕàőâĺćńěŋĺï ćëąĺàăěâáï ćåőď 1, ă ŕàĺ ěčő ãďăńěŋĺĺ | ćåőď 2.

Ŕàěőąàăğőćăŋĺě äőàňăâă ćåőďŋëå ďăŋŋëå (áńőćă ďńĺŋőľ 56 ąĺâ, ŕő çĺáńã ńĺŋěěł ć łăńőàĺňěâàě) ďńï ŕőáńěďãîéěľ ĺå őąàăąőâłĺ ć ŕńăâě ŤŁ, łőâőàăï ćőáŕàĺŋĺňăěâ 40- ąĺâŋëě áńőćă, őáãéěáâćńïěâáï áńěďãîéĺň őąàăğőň: áĺčŋăńë, äőàňĺàãěňëě ć łàăľŋĺå ńĺŋěľłăå łăęďőčő őłâăŋâă łăńőàĺňěâàă, áãňňĺàãîâáï ŕő ĹŃĹ á áĺčŋăńăňĺ áőáěďŋĺå ńĺŋěěł âőčő ęě őłâăŋâă. İâă ŕàőæěďãàă ŕàőĺńńîáâàĺàőćăŋă ŋă Řĺá.2.7.

Ćåőďŋăï ĺŋäőàňăæĺï, ŕőáâãŕăîéăï ć ŕńăâã ĆŚ, äĺłáĺàãěâáï ć 5 ćŋãâàěŋŋĺå àěčĺáâàăå ŕő áĺčŋăńã ŚŠĂŘŠ âàĺččěàă ĺ ďőáâãŕŋă ďńï áçĺâëćăŋĺï ć ŕàőæěááőà ćëćőďă ŁŃđŁĆŻ.

2.4.3. Ŕńăâă äőàňĺàőćăŋĺï łńăáâěàőć

Ŕńăâă ŤŁ ŕàěďŋăğŋăçěŋă ďńï ćőááâăŋőćńěŋĺï čěőňěâàĺçěáłőľ łőŋäĺčãàăæĺĺ áőąëâĺï | őŕàěďěńěŋĺï äőàňë łńăáâěàőć ĺ äőàňĺàőćăŋĺï ďăŋŋëå ďńï ňőďãńěľ ŤĂŁ ĺ ŤĂŠ. Ćåőďŋëě 40 ąĺâ ĺŋäőàňăæĺĺ ïćńïîâáï ăďàěáőň ďńï 40-àăğàïďŋőčő ŐĞŞ, ć łőâőàőň ğăŕĺáăŋ ăńčőàĺâň ćőááâăŋőćńěŋĺï łńăáâěàőć.

Řěłőŋáâàãłæĺï łńăáâěàőć ŕàőĺğćőďĺâáï áńěďãîéĺň őąàăğőň (Řĺá.2.8). Ďńï łăęďőčő ąĺâă i ć 40-àăğàïďŋőň áńőćě ćåőďŋőľ ĺŋäőàňăæĺĺ ăŋăńĺğĺàãěâáï áőáâőïŋĺě áőáěďŋĺå ąĺâ íâőčő áńőćă: âàěå áńěćă ĺ âàěå áŕàăćă. Ŕőńãçěŋŋőě áńőćő 7 ąĺâ áńãęĺâ ăďàěáőň, ŕő łőâőàőňã ĺğ i-čő ŐĞŞ ěňłőáâìî 512 × 1 (i = 1 . . . 40) á łăęďőľ ĺğ âàěå áâàăŋĺæ ŕőáńěďőćăâěńìŋő ĺğćńěłăěâáï ĺŋäőàňăæĺï ő âőň, ïćńïěâáï ńĺ ďăŋŋëľ ąĺâ ćåőďŋőčő áńőćă \łőŋæőň" łńăáâěàă (ŁŁ), \ŋăçăńőň" łńăáâěàă (ŊŁ) ĺńĺ \âěńőň" łńăáâěàă (ŠŁ). Ŕő-

Ćåőďŋăï ĺŋäőàňăæĺï ŤŁ · · · i + 3 i + 2 i + 1 i i − 1 i − 2 i − 3 · · · · · · ∗ 0 0 1 ∗ ∗ ∗ · · · łőŋěæ łńăáâěàă · · · ∗ ∗ ∗ 1 0 0 ∗ · · · ŋăçăńő łńăáâěàă · · · ∗ ∗ ∗ 1 ∗ ∗ ∗ · · · âěńő łńăáâěàă · · · ∗ ∗ 1 0 1 ∗ ∗ · · · âěńő łńăáâěàă

Řĺá. 2.9. Ăńčőàĺâň ćőááâăŋőćńěŋĺï łńăáâěàőć ŤŁ. 1/0 áőőâćěâáâćãîâ áàăąőâăćèĺň/ŋěáàăąőâăćèĺň ńĺŋěľłăň; áőáâőïŋĺě ńĺŋěěł, őąőğŋăçěŋŋëå ∗, ŋě ćńĺïěâ ŋă àěłőŋáâàãłæĺî áőáâőïŋĺï ć i-ľ ńĺŋěľłě

áńěďőćăâěńìŋëľ ćëąőà áâàăŋĺæ ŐĞŞ (1{3) ć ŤŁ ŕàőĺğćőďĺâáï ŕőďăçěľ áâàőąĺàãîéĺå áĺčŋăńőć őâ ČĆĎ, á ŕőňőéìî łőâőàëå äőàňĺàãîâáï 2-å ąĺâőćëě ŕőáńěďőćăâěńìŋőáâĺ P_j = 00 , 01 , 10, ŕőáâãŕăîéĺě ŋă áâăàèĺě ăďàěáŋëě ćåőďë ňĺłàőáåěň ŐĞŞ.

Ďńï ğăŕĺáĺ ć ŕńăâã ŤŁ ăńčőàĺâňă ćőááâăŋőćńěŋĺï łńăáâěàőć ĺáŕőńìğãîâáï ĺŋâěàäěľáŋëě ňőďãńĺ ĹŁŁ-ŁĂŇĂŁ ĺ ĹŁŁ-ŁŃđŁĆĂ. Ŕàőæěďãàă ğăŕĺáĺ ŋăçĺŋăěâáï á ãáâăŋőćłĺ ŤŁ ć àěęĺň ğăčàãğłĺ. Ğăâěň ŕàőĺğćőďĺâáï áąàőá ăďàěáŋőčő áçěâçĺłă ŐĞŞ ŤŁ. Ğăčàãğłă ŕàőĺğćőďĺâáï æĺłńĺçěáłĺň ŕőćâőàěŋĺěň łőňăŋďë ğăŕĺáĺ, łőâőàăï ăćâőňăâĺçěáłĺ ĺŋłàěňěŋâĺàãěâ áçěâçĺł ăďàěáőć. Ŕő őłőŋçăŋĺî ğăčàãğłĺ ć ŤŁ ãáâăŋăćńĺćăěâáï àěęĺň âàĺččěàă. Ć àěęĺňě ğăčàãğłĺ ĺŋäőàňăæĺï, ğăŕĺáëćăěňăï ć ŐĞŞ ŤŁ, ňőęěâ ąëâì ŕőáâàăŋĺçŋő ŕàőçĺâăŋă ŕàőæěááőàőň ćëćőďă.

Ŕàĺ àăąőâě ŋěľâàăńìŋőčő âàĺččěàă ć áőáâăćě áĺáâěňë ğăŕãáłă ďěâěłâőàă ąëń ĺáŕőńìğőćăŋ áńěďãîéĺľ ăńčőàĺâň àěłőŋáâàãłæĺĺ łńăáâěàőć. Łńăáâěàőň áçĺâăńăáì ŕőáńěďőćăâěńìŋőáâì áàăąőâăćèĺå ńĺŋěěł; ć íâőľ ŕőáńěďőćăâěńìŋőáâĺ ďőŕãáłăńĺáì ŕàőŕãáłĺ (ŋěáàăąőâăćèĺě ńĺŋěľłĺ), ŋő èĺàĺŋă ŕàőŕãáłőć ŋě ďőńęŋă ąëńă ŕàěćëèăâì őďŋã ńĺŋěľłã. Ŋă Řĺá.2.9 ŕőłăğăŋë łőŋäĺčãàăæĺĺ áàăąőâăćèĺå ńĺŋěěł, ďńï łőâőàëå ŤŁ äőàňĺàãěâ ćëåőďŋëě áĺčŋăńë, áőőâćěâáâćãîéĺě \łőŋæăň", \ŋăçăńăň" ĺ \âěńăň" łńăáâěàőć.

Śäőàňĺàőćăŋŋëě ć ŤŁ 40-àăğàïďŋëě áńőćă, áőőâćěâáâćãîéĺě łőŋæăň ĺ ŋăçăńăň łńăáâěàőć, ŕěàěďăîâáï ć ŕńăâã ŤĂŁ ďńï ďăńìŋěľèěľ őąàăąőâłĺ. İâĺ ďăŋŋëě âăłęě áőåàăŋïîâáï ćő ćŋãâàěŋŋĺå àěčĺáâàăå ŤŁ ĺ ňőčãâ ąëâì ŕàőçĺâăŋë ŕàőæěááőàőň ćëćőďă ďńï łőŋâàőńï àăąőâë ŋěľâàăńìŋőčő âàĺččěàă.

Ć ŤŁ âăłęě ŕàőĺğćőďĺâáï ŕàěőąàăğőćăŋĺě 40-àăğàïďŋëå ďăŋŋëå ć 16-àăğàïďŋëě ŕãâěň őąêěďĺŋěŋĺï ŕő ĹŃĹ 2{3 ąĺâ, áőőâćěâáâćãîéĺå áőáěďŋĺň ńĺŋěľłăň. Šăłőě ŕàěőąàăğőćăŋĺě ŋěőąåőďĺňő ďńï \áèĺćłĺ" čěőňěâàĺĺ ğăàïęěŋŋőčő ĺ ŋěľâàăńìŋőčő âàĺččěàőć. Ŕőńãçěŋŋëě âàĺ 16-àăğàïďŋëå áńőćă łőŋæőć, ŋăçăń ĺ âěń łńăáâěàőć ŕěàěďăîâáï ć ŕńăâã ŤĂŠ ďńï őŕàěďěńěŋĺï ăàčãňěŋâőć áňěèăŋŋőčő ğăŕãáłă.

2.4.4. Ŕńăâă äőàňĺàőćăŋĺï ăàčãňěŋâőć łńăáâěàőć

Ŕńăâă ŤĂŁ őąàăąăâëćăěâ ďăŋŋëě, ŕőńãçěŋŋëě ĺğ ňőďãńï ŤŁ (ďćă 40-àăğàïďŋëå áńőćă, áőďěàęăéĺå ĺŋäőàňăæĺî ő ŋăçăńăå ĺ łőŋæăå łńăáâěàőć), ĺ ŕàőĺğćőďĺâ áńěďãîéĺě őŕěàăæĺĺ:

| őŕàěďěńïěâ çĺáńő łńăáâěàőć ć łăńőàĺňěâàě, ŕőďáçĺâëćăï çĺáńő ãáâăŋőćńěŋŋëå ąĺâőć ć áńőćě, áőďěàęăéěň ĺŋäőàňăæĺî ő łőŋæăå łńăáâěàőć;

| őŕàěďěńïěâ ćěńĺçĺŋã ŋăĺąőńìèěľ ďëàłĺ ňěęďã łńăáâěàăňĺ;

| ćëàăąăâëćăěâ ăàčãňěŋâë ďńï áåěňë áőćŕăďěŋĺľ, áőőâćěâáâćãîéĺě ãáńőćĺïň ŋă ćěńĺçĺŋã ňăłáĺňăńìŋőľ ďëàłĺ.

Ğŋăçěŋĺï ŕőàőčőć LIM1{LIM3, ĺáŕőńìğãěňëě ŕàĺ ŕàőćěàłě ãáńőćĺľ ŋă ćěńĺçĺŋã ŋăĺąőńìèěľ ďëàłĺ ňěęďã łńăáâěàăňĺ, ğăŕĺáëćăîâáï ć ŤĂŁ çěàěğ ŕńăâë ĹŁŁ-ŁĂŇĂŁ ĺ ĹŁŁ-ŁŃđŁĆĂ.

Ć åőďě íłáŕěàĺňěŋâă ĺáŕőńìğőćăńĺáì áńěďãîéĺě ğŋăçěŋĺï ŕőàőčőć LIM1{LIM3:

LIM1 = 35 ≃ 315^∘ , LIM2 = 25 ≃ 225^∘ , LIM3 = 15 ≃ 135^∘ .

2.4.5. Ŕńăâă äőàňĺàőćăŋĺï ăàčãňěŋâőć âàěłă

Ŕńăâă ŤĂŠ őąàăąăâëćăěâ ĺŋäőàňăæĺî ĺğ âàěłőćőčő ŕàőæěááőàă ĺ ňőďãńï äőàňĺàőćăŋĺï łńăáâěàőć ŋěľâàăńìŋőčő âàĺččěàă. Ďăŋŋëě őâ ŠŔ ŕěàěďăîâáï ć ŤĂŠ ć ćĺďě ŕőáńěďőćăâěńìŋőáâĺ ĺğ 8 âăłâőć ŕő 2 ąĺâă łăęďëľ. Ŕőńãçěŋŋőě âăłĺň őąàăğőň 16-àăğàïďŋőě áńőćő áőďěàęĺâ ĺŋäőàňăæĺî âàěłăå, ŋăľďěŋŋëå ŠŔ ć 16 áěłâőàăå ďàěľäőćőľ łăňěàë.

Ďăŋŋëě ŠŔ áãňňĺàãîâáï ć ŤĂŠ ŕő ĹŃĹ ďńï äőàňĺàőćăŋĺï ăàčãňěŋâă, ãłăğëćăîéěčő ŋă ŋăńĺçĺě ć áőąëâĺĺ ğăàïęěŋŋëå âàěłőć.

Ć ŤĂŠ ŕàőĺğćőďĺâáï ăŋăńĺğ ďăŋŋëå ŠŔ ĺ ŤŁ ĺ ćëàăąăâëćăěâáï ăàčãňěŋâ őâáãâáâćĺï âàěłőć ćąńĺğĺ łńăáâěàőć. Ĺáŕőńìğãěâáï áńěďãîéĺľ ňěâőď ŕàőćěàłĺ őâáãâáâćĺï âàěłă ćąńĺğĺ łńăáâěàă:

• ŕàőćěàïěâáï őâáãâáâćĺě âàěłőć ćŋãâàĺ łńăáâěàőć (ăŋâĺáőćŕăďěŋĺě 16 čěőňěâàĺçěáłĺå áěłâőàőć łăńőàĺňěâàă ĺ ďàěľäőćőľ łăňěàë);

• ŕàőćěàïěâáï őâáãâáâćĺě âàěłőć ćąńĺğĺ łńăáâěàőć (ć ŕàěďěńăå 18{27^∘ ćŕàăćő őâ ŋăçăńă ĺ 18{27^∘ ćńěćő őâ łőŋæă łńăáâěàă).

Šăąńĺæă 2.3. Ăàčãňěŋâë ŋěľâàăńìŋőčő âàĺččěàă

Ăàčãňěŋâ Łőňňěŋâăàĺľ Ĺáâőçŋĺł 1 Z Śàăąăâëćăŋĺě Z-łăňěàë ŤĂŠ 2 T Ŋăľďěŋ âàěł âàěłőćëň ŕàőæěááőàőň ŤĂŠ 3 OT Őâáãâáâćĺě ğăàïęěŋŋőčő âàěłă ćąńĺğĺ łńăáâěàă ŤĂŠ 4 K1 Ůĺáńő łńăáâěàőć 0{3, ŕàěďáâăćńěŋŋőě ŤĂŁ 5 K2 ć ćĺďě ďćőĺçŋőčő çĺáńă K2K1 ŤĂŁ 6 K3 Ąőńěě 3-å łńăáâěàőć ŤĂŁ 7 A1 Ćëŕőńŋěŋő ãáńőćĺě D_{max} > LIM1 ŤĂŁ 8 A2 Ćëŕőńŋěŋő ãáńőćĺě D_{max} < LIM2 ŤĂŁ 9 A3 Ćëŕőńŋěŋő ãáńőćĺě D_{max} < LIM3 ŤĂŁ 10 E1 ĂĎ 11 E2 ĂĎ 12 E3 Ŕàěćëèěŋĺě ŕőàőčőć áãňňăàŋőčő ĂĎ 13 E4 íŋěàčőćëďěńěŋĺï ć łăńőàĺňěâàě ĂĎ 14 E5 ĂĎ 15 B1 Řěğěàćŋëě; ĺáŕőńìğãîâáï ďńï őàčăŋĺğăæĺĺ 16 B2 áőćňěáâŋőčő ğăŕãáłă á âőàæěćëň łăńőàĺňěâàőň

2.4.6. Ŕńăâă áåěňë áőćŕăďěŋĺľ

Ŕńăâă ŚŚ ŕàĺŋĺňăěâ àěèěŋĺě ő ŕőńěğŋőáâĺ áőąëâĺï ĺ čěŋěàĺàãěâ áĺčŋăńë ŔŠ+ ĺ ŔŠ− ŋěľâàăńìŋőčő âàĺččěàă, őáŋőćëćăïáì ŋă łőňąĺŋăæĺĺ ăàčãňěŋâőć, ŕőńãçěŋŋëå őâ ňőďãńěľ ŊŠ. Ňăłáĺňăńìŋőě çĺáńő ăàčãňěŋâőć 16. Ăàčãňěŋâë, ŕàĺŋĺňăěňëě ŚŚ, ŕěàěçĺáńěŋë ć âăąńĺæě 2.3

ŚŚ áőáâőĺâ ĺğ 16 ĺďěŋâĺçŋëå íńěňěŋâőć, łăęďëľ ĺğ łőâőàëå ŕőğćőńïěâ ćëďěńĺâì ńîąãî łőňąĺŋăæĺî ćåőďŋëå ăàčãňěŋâőć. Šăłĺě ćëąĺàăěňëě łőňąĺŋăæĺĺ ăàčãňěŋâőć ŋăğëćăîâáï \ňăáłăňĺ". Ć ňăáłăå ňőęěâ âàěąőćăâìáï áőćŕăďěŋĺě, ăŋâĺáőćŕăďěŋĺě ńĺąő ĺčŋőàĺàőćăŋĺě ăàčãňěŋâőć. Śőáâőïŋĺě ĺčŋőàĺàãěňëå ăàčãňěŋâőć ŋě ćńĺïěâ ŋă àěèěŋĺě, ŕàĺŋĺňăěňőě ďńï ďăŋŋőľ ňăáłĺ.

Ćåőďŋëě ăàčãňěŋâë ŚŚ, âăł ęě łăł ĺ áàăąőâăćèĺě ňăáłĺ, ğăŕőňĺŋăîâáï ćő ćŋãâàěŋŋĺå àěčĺáâàăå áåěňë áőćŕăďěŋĺľ ĺ ňőčãâ ąëâì áçĺâăŋë ŕàőæěááőàőň ćëćőďă.

Ŕàĺ ŋăąőàě íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå á ďěâěłâőàőň ŁŇĎ-2 ąëńĺ ĺáŕőńìğőćăŋë áńěďãîéĺě ňăáłĺ ŚŚ ŋěľâàăńìŋőčő âàĺččěàă (ăàčãňěŋâë, ŋěãłăğăŋŋëě ć ňăáłăå, ĺčŋőàĺàőćăńĺáì; ďńï ăàčãňěŋâőć, őąőğŋăçěŋŋëå âĺńìďőľ, âàěąőćăńőáì ăŋâĺáőćŕăďěŋĺě):

Řĺá. 2.10. Ćàěňěŋŋắï ďĺăčàăňňă àăąőâë ŋěľâàăńìŋőčő âàĺččěàă

M1 (^~K1 ∩ K2 ∩^~K3) ∩ (^~A1 ∩ A2 ∩^~A3) ∩ E1 | ďćă łőńńĺŋěăàŋëå łńăáâěàă (135^∘ ≲ D_{max} ≲

225^∘) á íŋěàčőćëďěńěŋĺěň ć łăńőàĺňěâàě E_{CsI} > E_{NT1} ≈ 350 ŇíĆ;

M3 (K1 ∩ K2 ∩^~K3) ∩ (^~A1 ∩ A2) ∩ E3 | âàĺ łńăáâěàă á ćěńĺçĺŋőľ ňăłáĺňăńìŋőľ ďëàłĺ ňěęďã ŋĺňĺ D_{max} ňěŋěě 225^∘ ĺ ŕőńŋëň íŋěàčőćëďěńěŋĺěň ć łăńőàĺňěâàě E_{CsI} > E_{NT3} ≈ 50 ŇíĆ;

M4 (^~K1 ∩^~K2 ∩^~K3) ∩ (^~A1 ∩ A2) ∩ E4 | çěâëàě łńăáâěàă á ćěńĺçĺŋőľ ňăłáĺňăńìŋőľ ďëàłĺ ňěęďã ŋĺňĺ D_{max} ňěŋěě 225^∘ ĺ ŕőńŋëň íŋěàčőćëďěńěŋĺěň ć łăńőàĺňěâàě E_{CsI} > E_{NT4} ≈ 50 ŇíĆ;

M5 (^~K1∩K2∩^~K3)∩(^~A1∩^~A2∩^~A3)∩E1 | ďćă ŋěłőńńĺŋěăàŋëå łńăáâěàă (225^∘ ≲ D_{max} ≲

315^∘) á áãňňăàŋëň íŋěàčőćëďěńěŋĺěň ć łăńőàĺňěâàě E_{CsI} > E_{NT5} ≈ 350 ŇíĆ.

Ţăàăłâěàŋëě çăáâőâë ğăŕãáłőć ďńï ŕàĺćěďěŋŋëå ňăáőł ć ãáńőćĺïå íłáŕěàĺňěŋâă ŕàĺ áćěâĺňőáâĺ (1 ÷ 2) · 10^{30} á^{−1}áň^{−2} ć őąńăáâĺ íŋěàčĺľ ϕ ňěğőŋă áőáâăćńïńĺ 6 ÷ 12 Čæ ďńï ňăáőł M1 ∪ M5; 1 ÷ 2 Čæ ďńï ňăáłĺ M3 ĺ 0.2 ÷ 0.5 Čæ ďńï ňăáłĺ M4. Ŕőńŋăï çăáâőâă ğăŕãáłőć ŋěľâàăńìŋőčő âàĺččěàă ąëńă 10 ÷ 15 Čæ.

2.4.7. Śĺčŋăńë ãŕàăćńěŋĺï ć ŋěľâàăńìŋőň âàĺččěàě

Śâăàâőň ďńï âàĺččěàă ïćńïěâáï áĺčŋăń áãňňë ŕő ĹŃĹ 56 ćàěňěŋŋë́å áĺčŋăńőć á ŕńăâ Ť32. Śãňňĺàőćăŋĺě ŕàőĺğćőďĺâáï ć ďćă íâăŕă. Ć ŕńăâăå ĺŋâěàäěľáőć ŕěàćĺçŋőčő âàĺččěàă (ĹŔŠ), àăáŕőńőęěŋŋëå ć âěå ęě łàěľâăå, çâő ĺ ŕńăâë Ť32, äőàňĺàãîâáï áĺčŋăńë S1 ĺ S2, łőâőàëě ïćńïîâáï áãňňăňĺ ŕő ĹŃĹ 28 ćàěňěŋŋë́å áĺčŋăńőć ďńï ńĺŋěěł ĺğ áőőâćěâáâćãîéĺå \ŕőńőćĺŋőł" łăńőàĺňěâàă. Śĺčŋăńë S1 ĺ S2 ŕőáâãŕăîâ ŋă ćåőď ČĆĎ, ć łőâőàőň äőàňĺàãěâáï áãňňăàŋëľ áĺčŋăń S1 ĹŃĹ S2, ŋěáãéĺľ ĺŋäőàňăæĺî ő ŋăńĺçĺĺ áőąëâĺï ć łăńőàĺňěâàě.

Ňőďãńì ČĆĎ čěŋěàĺàãěâ ĺňŕãńìáë, ŋěőąåőďĺňëě ďńï àăąőâë ąńőłőć ŋěľâàăńìŋőčő âàĺččěàă. Ŕő áĺčŋăńăň ČĆĎ ŕàőĺğćőďĺâáï áâàőąĺàőćăŋĺě ćåőďŋőľ ĺŋäőàňăæĺĺ ŊŠ, ŕěàěďăçă ěě ĺğ ňőďãńï ć ňőďãńì, ćëďăçă ĺňŕãńìáőć ŔŠ+ ĺ ŔŠ−, áőőâćěâáâćãîéĺå àěèěŋĺî âàĺččěàă, ă âăłęě áąàőá âàĺččěàă ĺ ěčő ŕőďčőâőćłă ł ŕàĺŋïâĺî ŋőćőčő áőąëâĺï ć áńãçăě őâàĺæăâěńìŋőčő àěèěŋĺï.

Ćàěňěŋŋắï ďĺăčàăňňă àăąőâë ŋěľâàăńìŋőčő âàĺččěàă ŕàĺćěďěŋă ŋă Řĺá.2.10 Śĺčŋăń ŚŠĂŘŠ ŊŠ ć ŕńăâě ČĆĎ \ŕàĺćïğëćăěâáï" ł áĺčŋăńã ŤĂĞĂ ĆŮ łőňŕńěłáă ĆİŔŔ-2Ň. Šăłĺň őąàăğőň, áâăàâ âàĺččěàă őłăğëćăěâáï ęěáâłő áĺŋåàőŋĺğĺàőćăŋŋëň á ňőňěŋâőň ćğăĺňőďěľáâćĺï ŕãçłőć ć ãáłőàĺâěńě. Ćáě áĺčŋăńë, äőàňĺàãěňëě ČĆĎ, áďćĺŋãâë őâŋőáĺâěńìŋő áĺčŋăńă ŚŠĂŘŠ ŋă áâàőčő őŕàěďěńěŋŋőě ćàěňï.

Śĺčŋăń F1 áńãęĺâ ďńï ğăŕĺáĺ ĺŋäőàňăæĺĺ á ŕńăâ Ť32 ć àěčĺáâàë ŕńăâë ĆŚ. Őŋ ĺňěěâ ďńĺâěńìŋőáâì 25 ŋá ĺ áďćĺŋãâ őâŋőáĺâěńìŋő áĺčŋăńă ŚŠĂŘŠ ŋă 20 ŋá. Šăłăï ğăďěàęłă áĺčŋăńă F1 ŋěőąåőďĺňă ďńï łőňŕěŋáăæĺĺ ğăďěàęłĺ ć łăŋăńě áãňňĺàőćăŋĺï ňőďãńěľ ĹŔŠ ĺ ČĆĎ.

Ŕő áĺčŋăńã F2 ć ŕńăâě ĂĎ ğăŕĺáëćăěâáï ćő ćŋãâàěŋŋĺľ àěčĺáâà áőáâőïŋĺě ďĺáłàĺňĺŋăâőàőć ŕőńŋőčő íŋěàčőćëďěńěŋĺï.

Ŕőáńě ğăŕĺáĺ ĺŋäőàňăæĺĺ ć àěčĺáâàë ňőďãńï ĆŚ ŋă ćåőď ŕńăâë ŤŁ ŕőďăěâáï 40- àăğàïďŋőě áńőćő. Ćàěňï ãáâăŋőćńěŋĺï ćëåőďŋëå ĺňŕãńìáőć ŕńăâë ŤŁ áőáâăćńïěâ 30{40 ŋá, ŕőíâőňã ćëąőàłă ďăŋŋëå ĺå ŕăňïâĺ őáãéěáâćńïěâáï á ŕěàĺőďőň 50 ŋá ãŕàăćńïîéĺňĺ áĺčŋăńăňĺ F4 ĺ F5. Ŕőáńěďőćăâěńìŋőáâì ďćãåąĺâőćëå áńőć (P = 00, 01 ĺ 10), äőàňĺàãěňăï áĺčŋăńăňĺ F4 ĺ F5, ŕőğćőńïěâ ćëąĺàăâì ďńï ŕěàěďăçĺ áőőâćěâáâćãîéĺě áâàăŋĺæë ŐĞŞ ŤŁ.

Ŕő ĺňŕãńìáăň F6 ĺ F7 ć ŕńăâã ŤĂŁ ĺğ ŤŁ ğăŕĺáëćăîâáï ďćă 40-àăğàïďŋëå áńőćă, áőďěàęăéĺå ĺŋäőàňăæĺî ő łőŋæăå ĺ ŋăçăńăå łńăáâěàőć áőőâćěâáâćěŋŋő.

Śĺčŋăń F8, áőáâőïéĺľ ĺğ 3-å ĺňŕãńìáőć á ĺŋâěàćăńőň 50 ŋá ĺ ďńĺâěńìŋőáâìî 25 ŋá, ćëğëćăěâ ğăŕĺáì âàěå 16-àăğàïďŋëå áńőć (łőŋæë, ŋăçăńă ĺ âěńă łńăáâěàőć) ĺğ ňőďãńï ŤŁ ć ŕńăâã ŤĂŠ.

Ŕő áĺčŋăńã F9 ŕńăâă ŤĂŠ ćëďăěâ ć áåěňã áőćŕăďěŋĺľ ĺŋäőàňăæĺî ő àěğãńìâăâăå ăŋăńĺğă ďăŋŋëå őâ âàěłőćőčő ŕàőæěááőàă ĺ ŕńăâë ŤŁ.

Śĺčŋăń F11 ğăŕãáłăěâ ŕàőæěáá őąàăąőâłĺ ĺŋäőàňăæĺĺ ć ŕńăâě ŤĂŁ. Ŕő áĺčŋăńã F10 áåěňă áőćŕăďěŋĺľ ăŋăńĺğĺàãěâ ŕőáâãŕĺćèĺě ć ŋěě ăàčãňěŋâë ĺ ŕàĺŋĺňăěâ àěèěŋĺě. Ć áńãçăě, łőčďă ŕőáńě áĺčŋăńă F10 ŚŚ ŋě ćëďăěâ ĺňŕãńìá ŔŠ+, ČĆĎ äőàňĺàãěâ áĺčŋăń ąëáâàőčő áąàőáă ŋă ňăčĺáâàăńĺ łàěľâă.

2.5. Ŕàőčàăňňŋőě őąěáŕěçěŋĺě Ŋěľâàăńìŋőčő âàĺččě- àă Ŕàőčàăňňŋőě őąěáŕěçěŋĺě ŋěľâàăńìŋőčő âàĺččěàă ŕàěďŋăğŋăçěŋő ďńï àěèěŋĺï áńěďãîéĺå ğăďăç:

1) ŕàőćěàłă ĺ ŋăáâàőľłă őâďěńìŋëå ŕńăâ âàĺččěàă;

2) ğăŕĺáì ć ňőďãńĺ âàĺččěàă ŋěőąåőďĺňőľ ďńï ĺå àăąőâë ĺŋäőàňăæĺĺ (ăńčőàĺâň àěłőŋáâàãłæĺĺ łńăáâěàőć ć ŤŁ ĺ ŕàěďěńë ŋă ćěńĺçĺŋã ŋăĺąőńìèěľ ďëàłĺ ć ŤĂŠ);

3) łőŋâàőńì ŕàőåőęďěŋĺě áĺčŋăńőć çěàěğ âàĺččěà; ŕàőćěàłă ńőčĺłĺ àăąőâë âàĺččěàă ĺ ăńčőàĺâňă àěłőŋáâàãłæĺĺ łńăáâěàőć, ă âăłęě ćëïćńěŋĺě ćőğŋĺłăîéĺå ŕàĺ íâőň őèĺąőł;

4) ğăŕĺáì ć ŕàőæěááőà ćëćőďă łàěľâă ŁŃđŁĆĂ łőňăŋď ďńï çâěŋĺï ĺŋäőàňăæĺĺ ĺğ âàĺččěàă ĺ ćłńîçěŋĺě íâĺå ďăŋŋëå ć áőąëâĺě ďńï ŕőáńěďãîéěčő ăŋăńĺğă ŕàĺ őąàăąőâłě ć àěęĺňě o¸-line;

5) łőŋâàőńì ŋěľâàăńìŋőčő âàĺččěàă ć åőďě íłáŕěàĺňěŋâă;

Ŕăłěâ ŕàőčàăňň ďńï ŊŠ àăğćĺćăńáï, ňőďĺäĺæĺàőćăńáï ĺ áőćěàèěŋáâćőćăńáï őďŋőćàěňěŋŋő á àăğćĺâĺěň áĺáâěňë áąőàă ďăŋŋëå ďěâěłâőàă [42]. Ć ŋăáâőïéěě ćàěňï äãŋłæĺĺ, ŕěàěçĺáńěŋŋëě ćëèě ć ŕãŋłâăå 1){5), ćëŕőńŋïîâáï á ŕőňőéìî ŕàőčàăňň NTFIL ĺ NTMON.

Ŕàőčàăňňă NTFIL ğăŕãáłăěâáï á łőŋáőńĺ őŕěàăâőàă, ãŕàăćńïîéěčő ğăåőďăňĺ. Ŋă íâã ęě łőŋáőńì ŕàőčàăňňă ćëćőďĺâ ĺŋäőàňăæĺî ő áőáâőïŋĺĺ âàĺččěàă. Ŕàőčàăňňă ĺňěěâ ďćă őáŋőćŋëå àěęĺňă àăąőâë: őŕěàăâőàáłĺľ ĺ àěęĺň ŕàőćěàłĺ âàĺččěàă. Ć àěęĺňě őŕěàăâőàă ŕàőæěááőň NTFIL ŕő ŋăçăńã łăęďőčő ğăåőďă ćëŕőńŋïěâáï áńěďãîéăï ŕőáńěďőćăâěńìŋőáâì ďěľáâćĺľ: ŕàőĺğćőďĺâáï ŕàőćěàłă ŕăňïâĺ ŤŁ; ŕàĺ őąŋăàãęěŋĺĺ ŋěĺáŕàăćŋőáâěľ ĺŋäőàňăæĺï ő ŋĺå ćëćőďĺâáï őŕěàăâőàã; ć ŕńăâë âàĺččěàă ğăŕĺáëćăěâáï ŋěőąåőďĺňăï ĺŋäőàňăæĺï; ć ŕàőæěááőà ćëćőďă ğăŕĺáëćăîâáï łőňăŋďë ďńï çâěŋĺï ćŋãâàěŋŋĺå àěčĺáâàőć ŊŠ. Ć àěęĺňě ŕàőćěàłĺ NTFIL ďőŕőńŋĺâěńìŋő ŕőğćőńïěâ ŕàőĺğćőďĺâì âěáâë őâďěńìŋëå ŕńăâ âàĺččěàă, ă âăłęě ŕàőćěàïâì ńőčĺłã àăąőâë ŊŠ ć æěńőň.

Řĺá. 2.11. Řăáŕàěďěńěŋĺě ŕő çĺáńã áàăąăâëćăŋĺľ íńěňěŋâőć ŊŠ: ă) çĺáńő áàăąăâëćăŋĺï ńĺŋěěł; b) çĺáńő áàăąăâëćăŋĺï ăàčãňěŋâőć

Ŕàőčàăňňă NTMON àăąőâăěâ ćő ćàěňï ŋăąőàă ďăŋŋëå. Őŋă őąàăąăâëćăěâ çăáâì ŕőâőłă áőąëâĺľ, áçĺâëćăěňëå á ďěâěłâőàă, ŕàőĺğćőďĺâ àěłőŋáâàãłæĺî áőąëâĺľ ć ŊŠ ĺ ňőŋĺâőàĺàãěâ ŕăàăňěâàë âàĺččěàă. NTMON ĺáŕőńìğãěâáï âăłęě ďńï őŕâĺňĺğăæĺĺ ŕăàăňěâàőć ŊŠ. Łàőňě íâőčő, á ŕőňőéìî NTMON ćëŕőńŋïěâáï łăńĺąàőćłă ďĺáłàĺňĺŋăâőàőć ŕńăâë ĂĎ (áň. Řĺá.2.6).

Ňőŋĺâőàĺàőćăŋĺě çăáâőâë áàăąăâëćăŋĺï őâďěńìŋëå íńěňěŋâőć âàĺččěàă ćő ćàěňï ŋăąőàă ďăŋŋëå őáãéěáâćńïěâáï âăłęě á ŕőňőéìî őąéěľ ŕàőčàăňňë ňőŋĺâőàĺàőćăŋĺï áĺáâěň ďěâěłâőàă, łőâőàăï ïćńïěâáï áőáâăćŋőľ çăáâìî ŕàőčàăňňë âàěâĺçŋőčő âàĺččěàă (TLT, [42]). Ďńï ĺńńîáâàăæĺĺ, ŋă Řĺá.2.11 ŕőłăğăŋë àăáŕàěďěńěŋĺï ŕő çĺáńã áàăąăâëćăŋĺï ńĺŋěěł ĺ ăàčãňěŋâőć âàĺččěàă, ŕőńãçěŋŋëě ć TLT ć őďŋőň ĺğ ğăåőďőć.

2.6. Śőáâőïŋĺě ŋěľâàăńìŋőčő âàĺččěàă

Řăğàăąőâłă ŋěľâàăńìŋőčő âàĺččěàă ąëńă ŋăçăâă őďŋőćàěňěŋŋő á àăğàăąőâłőľ íńěłâàőŋĺłĺ ďńï CsI łăńőàĺňěâàă [50]. Ŕěàćëě ŕńăâë âàĺččěàă, ĂĎ ĺ ĆŚ, ćëèńĺ ĺğ ňőŋâăęă ć ŋăçăńě 1992 čőďă. İâĺ ŕńăâë ąëńĺ ãáâăŋőćńěŋë ć áŕěæĺăńìŋőň áâěŋďě, áőďěàęăéěň łàěľâë ŁŃđŁĆĂ ĺ ŁĂŇĂŁ, ĺ ąëńă ŋăçăâă àăąőâă ŕő ĺå őâńăďłě. Őďŋőćàěňěŋŋő ąëńő ŋăçăâő áőğďăŋĺě ŕàőčàăňňŋőčő őąěáŕěçěŋĺï ŊŠ. Ć ŋăçăńě 1993 čőďă ąëńĺ ĺğčőâőćńěŋë ĺ ŋăáâàőěŋë ćáě ŕńăâë ŊŠ, łàőňě ŤĂŠ. Ł íâőňã ęě ňőňěŋâã ąëńă ğăłőŋçěŋă àăğàăąőâłă őáŋőćŋëå łőňŕőŋěŋâőć ŕàőčàăňňŋőčő őąěáŕěçěŋĺï ĺ ąëńĺ ŕőďőąàăŋë ŕăàăňěâàë âàĺč-

Řĺá. 2.12. Ğăćĺáĺňőáâì őâ íŋěàčĺĺ őâŋőèěŋĺï ĺğňěàěŋŋőčő ĺ âěőàěâĺçěáłőčő áěçěŋĺľ ŕàőæěááă e^+e^− → γγ

Řĺá. 2.13. Ŋěíääěłâĺćŋőáâì ŋěľâàăńìŋőčő âàĺččěàă ďńï ňŋőčőäőâőŋŋëå áőąëâĺľ ć ğăćĺáĺňőáâĺ őâ íŋěàčőćëďěńěŋĺï ć CsI łăńőàĺňěâàě, őŕàěďěńěŋŋăï ŕő áőąëâĺïň e^+e^− → π^+π^−π^0

čěàă, ă âăłęě ćëąàăŋë ňăáłĺ ăàčãňěŋâőć ďńï ŚŚ. Ŋěľâàăńìŋëľ âàĺččěà ąëń ćłńîçěŋ ć áőáâăć áĺáâěňë ğăŕãáłă ďěâěłâőàă.

Ć ŋăçăńìŋëľ ŕěàĺőď íłáŕńãăâăæĺĺ âàĺččěàă ŋěďőáâăâőçŋő ŋăďěęŋëňĺ ąëńĺ ňőďãńĺ ŤŁ ĺ ŤĂŠ, łőâőàëě âàěąőćăńĺ àěčãńïàŋőčő (1{2 àăğă ć ŋěďěńî) àěňőŋâă. Őáŋőćŋőľ ŕàĺçĺŋőľ ŋěĺáŕàăćŋőáâĺ ąëń ćëåőď ĺğ áâàőï ňĺłàőáåěň ŕăňïâĺ ŤŁ. Őďŋăłő ŕőáâěŕěŋŋő áĺâãăæĺï áâăąĺńĺğĺàőćăńăáì ĺ łőńĺçěáâćő őâłăğőć áőłàăâĺńőáì ďő ≲1 ć ňěáïæ. Ć áěăŋáě ŋăąőàă ďăŋŋëå ć őąńăáâĺ ϕ-àěğőŋăŋáă ćěáŋőľ{ńěâőň 1993 čőďă ŋěľâàăńìŋëľ âàĺččěà ŕàőďěňőŋáâàĺàőćăń åőàőèãî àăąőâőáŕőáőąŋőáâì ĺ ćëŕőńŋïń ćáě áćőĺ őáŋőćŋëě äãŋłæĺĺ [51].

Ŋă Řĺá.2.12 ŕőłăğăŋő őâŋőèěŋĺě R ĺğňěàěŋŋőčő áěçěŋĺï àěăłæĺĺ e^+e^− → γγ ł àăáçěâŋőľ ćěńĺçĺŋě áěçěŋĺï ć ğăćĺáĺňőáâĺ őâ íŋěàčĺĺ. Ćěńĺçĺŋă R őŕàěďěńïńăáì áőčńăáŋő ćëàăęěŋĺî: R = N_{γγ} Lϵσ_{th} , čďě N_{γγ} | çĺáńő ğăàěčĺáâàĺàőćăŋŋëå áőąëâĺľ e^+e^− → γγ, L | ĺŋâěčàăń áćěâĺňőáâĺ, ϵ | íääěłâĺćŋőáâì àěčĺáâàăæĺĺ, ă σ_{th} | àăáçěâŋăï ćěńĺçĺŋă áěçěŋĺï. Ďńï őŕàěďěńěŋĺï íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ ĺ àăáçěâŋőľ ćěńĺçĺŋë áěçěŋĺï ĺáŕőńìğőćăńăáì ŕàőčàăňňă ŕőńŋőčő ňőďěńĺàőćăŋĺï ďěâěłâőàă [47] ĺ ŕàőčàăňňă BABAYAGA [52]. Şňěŋìèěŋĺě ĺğňěàïěňőčő áěçěŋĺï ŕő áàăćŋěŋĺî á àăáçěâŋëň ŕàĺ íŋěàčĺïå ŋĺęě 700 ŇíĆ áćïğăŋő á ãňěŋìèěŋĺěň íääěłâĺćŋőáâĺ âàĺččěàă ćąńĺğĺ ŕőàőčă ŕő ŕőńŋőňã íŋěàčőćëďěńěŋĺî, ãáâăŋőćńěŋŋőčő ďńï 2-å łńăáâěàŋëå áőąëâĺľ.

Ŋă Řĺá.2.13 ŕőłăğăŋă ćěńĺçĺŋă ŋěíääěłâĺćŋőáâĺ ŋěľâàăńìŋőčő âàĺččěàă ďńï ňŋőčőäőâőŋŋëå áőąëâĺľ ć ğăćĺáĺňőáâĺ őâ ŕőńŋőčő íŋěàčőćëďěńěŋĺï ć CsI łăńőàĺňěâàě [53]. İâă ğăćĺáĺňőáâì ŕőńãçěŋŋăï ĺğ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ŕő áőąëâĺïň e^+e^− → π^+π^−π^0, ć łőâőàëå ğăŕãáł ŕàőĺğőèěń őâ ğăàïęěŋŋőčő âàĺččěàă. Łăł ćĺďŋő ĺğ íâőčő àĺáãŋłă, íääěłâĺćŋőáâì ŊŠ ďńï ňŋőčőäőâőŋŋëå áőąëâĺľ ćëèě 80% ŕàĺ íŋěàčőćëďěńěŋĺĺ ć łăńőàĺňěâàě ≳550 ŇíĆ. Şňěŋìèěŋĺě íääěłâĺćŋőáâĺ ŕàĺ íŋěàčĺïå ŋĺęě 500 ŇíĆ ćëğćăŋő âěň, çâő ňŋőčőäőâőŋŋëě áőąëâĺï ŕàĺ íâĺå íŋěàčĺïå àěłőŋáâàãĺàãîâáï ć ŊŠ łăł áőąëâĺï á 2-ňï ŋěłőńńĺŋěăàŋëňĺ łńăáâěàăňĺ, ďńï łőâőàëå ãáâăŋőćńěŋ ćëáőłĺľ ŕőàőč ŋă ŕőńŋőě íŋěàčőćëďěńěŋĺě.

Čńăćă 3.

Őŕĺáăŋĺě íłáŕěàĺňěŋâă

3.1. Őąéĺě åăàăłâěàĺáâĺłĺ ŋăąőàă íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå

Ăŋăńĺğ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå, ŕàőďěńăŋŋëľ ć Čńăćăå 4{6 ŋăáâőïéěľ àăąőâë, őáŋőćăŋ ŋă áâăâĺáâĺłě, ŋăąàăŋŋőľ ďěâěłâőàőň ŁŇĎ-2 ć őąńăáâĺ íŋěàčĺľ 0.6{1.06 ČíĆ ć 1997{1998 čőďăå. Ŕőńŋëľ ĺŋâěčàăń áćěâĺňőáâĺ áőáâăćĺń őłőńő 14.7 ŕą^{−1}. Ŕàĺ íâőň äăłâĺçěáłĺ íłáŕěàĺňěŋâ ćëŕőńŋïńáï ć ďćă íâăŕă:

1) İłáŕěàĺňěŋâ ŕő ĺğãçěŋĺî àăáŕăďőć ϕ-ňěğőŋă (ďńï ãďőąáâćă ááëńőł ąãďěň őąőğŋăçăâì ďăŋŋëľ íłáŕěàĺňěŋâ łăł ŤĹ-98). Ć íâőň íłáŕěàĺňěŋâě, ŕàőćěďěŋŋőň ğĺňőľ 1997{1998, ąëńĺ ćëŕőńŋěŋë âàĺ áłăŋĺàőćăŋĺï ďĺăŕăğőŋă íŋěàčĺľ 0.984{1.060 ČíĆ. Ćěńĺçĺŋă èăčă ć áłăŋĺàőćăŋĺĺ ąëńă 0.001 ČíĆ ćąńĺğĺ ϕ-ňěğőŋă ĺ ćăàìĺàőćăńăáì őâ 0.006 ďő 0.01 ČíĆ ć őąńăáâĺ ćŋě àěğőŋăŋáă. Ďăŋŋëě âăłęě ŋăąĺàăńĺáì ć âőçłăå 1.019 ĺ 1.020 ČíĆ ďő ćëŕőńŋěŋĺï őáŋőćŋëå áłăŋĺàőćăŋĺľ ĺ ć âőçłăå 1.017 ĺ 1.020 ČíĆ ŕőáńě ŋĺå. Ŕőńŋëľ ĺŋâěčàăń áćěâĺňőáâĺ, ŋăąàăŋŋëľ ć íłáŕěàĺňěŋâě, áőáâăćĺń 11.63 ŕą^{−1}. Ďńï ăŋăńĺğă àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ć őąńăáâĺ ϕ-àěğőŋăŋáă (Čńăćă 5) á æěńìî ãňěŋìèěŋĺï áâăâĺáâĺçěáłőľ ŋěőŕàěďěńěŋŋőáâĺ ňë őąêěďĺŋĺńĺ ďăŋŋëě, ŋăąàăŋŋëě ć őďŋĺå ĺ âěå ęě âőçłăå ć àăğńĺçŋëå áłăŋĺàőćăŋĺïå. Ŕàĺ ŋăąńîďěŋĺĺ àăáŕăďă ϕ → η^′γ, ϕ → ηe^+e^− (Čńăćă 6) ćáï áâăâĺáâĺłă ąëńă őąêěďĺŋěŋă.

2) İłáŕěàĺňěŋâ ŕő áłăŋĺàőćăŋĺî ďĺăŕăğőŋă íŋěàčĺľ ćŋĺğ őâ 0.97 ďő 0.36 ČíĆ (ŘŐ-98), ćëŕőńŋěŋŋëľ ćěáŋőľ{ńěâőň 1998 čőďă. Šĺŕĺçŋăï ćěńĺçĺŋă èăčă ŕàĺ áłăŋĺàőćăŋĺĺ áőáâăćńïńă 0.01 ČíĆ ćŋě àěğőŋăŋáőć ρ ĺ ω ĺ 0.001 ČíĆ ćąńĺğĺ ŕĺłőć àěğőŋăŋáőć. Ŋăąàăŋŋëľ ŕàĺ íâőň ĺŋâěčàăń áćěâĺňőáâĺ áőáâăćĺń őłőńő 3.5 ŕą^{−1}. Ŕàĺ ăŋăńĺğě àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ŋĺęě 1 ČíĆ (Čńăćă 4) ąëńă ĺáŕőńìğőćăŋă âőńìłő çăáâì ŋăąàăŋŋőľ áâăâĺáâĺłĺ ć ďĺăŕăğőŋě íŋěàčĺľ őâ 0.6 ďő 0.97 ČíĆ, áőőâćěâáâćãîéĺľ ĺŋâěčàăń áćěâĺňőáâĺ | 3.07 ŕą^{−1}. Ďńï ãňěŋìèěŋĺï áâăâĺáâĺçěáłőľ őèĺąłĺ ĺŋäőàňăæĺï ć ŋěáłőńìłĺå âőçłăå ŕàĺ ŋĺğłőľ íŋěàčĺĺ ąëńă őąêěďĺŋěŋă.

3.2. Őŕàěďěńěŋĺě áćěâĺňőáâĺ

Ďńï ŕőńãçěŋĺï ğŋăçěŋĺï áěçěŋĺľ ĺááńěďãěňëå ŕàőæěááőć ŕő çĺáńã ğăàěčĺáâàĺàőćăŋŋëå áőąëâĺľ N ŋěőąåőďĺňő ğŋăâì ĺŋâěčàăń áćěâĺňőáâĺ e^+e^− ćğăĺňőďěľáâćĺľ L: σ = N ϵL , čďě ϵ | íääěłâĺćŋőáâì àěčĺáâàăæĺĺ. Śćěâĺňőáâì ğăćĺáĺâ őâ âőłőć ĺ àăğňěàőć ŕãçłőć ć ŋăłőŕĺâěńě.

Ć íłáŕěàĺňěŋâě ŤĹ-98 áćěâĺňőáâì őŕàěďěńïńăáì ŕő çĺáńã ğăàěčĺáâàĺàőćăŋŋëå áőąëâĺľ ãŕàãčőčő e^+e^− → e^+e^− àăááěïŋĺï, őâąőà łőâőàëå ŕàőćőďĺńáï áőčńăáŋő ŕàőæěďãàě, ĺáŕőńìğãěňőľ ć łőńńăąőàăæĺĺ ŁŇĎ-2 ĺ őŕĺáăŋŋőľ ć [54]. Śŋăçăńă, ŕő ďàěľäőćőľ łăňěàě ćëďěńïńĺáì ďćãåâàěłőćëě łőńńĺŋěăàŋëě áőąëâĺï, àőęďěŋŋëě ć ňěáâě ćáâàěçĺ ĺ ŕőŕăďăîéĺě ć àăąőçãî őąńăáâì Z-łăňěàë. Ğăâěň ĺğ őâőąàăŋŋëå áőąëâĺľ ćëďěńïńĺáì âě, ďńï łőâőàëå íŋěàčőćëďěńěŋĺě łăęďőčő âàěłă ć łăńőàĺňěâàě ńěęĺâ ć ŕàěďěńăå őâ 250 ďő 600 ŇíĆ. Ĺáŕőńìğãï âő, çâő ć áőąëâĺïå ãŕàãčőčő àăááěïŋĺï ĺňěîâáï ďćě őďĺŋăłőćëě çăáâĺæë, ŕő íâĺň ęě áőąëâĺïň őæěŋĺćăńăáì íääěłâĺćŋőáâì àěčĺáâàăæĺĺ. Ŕő çĺáńã őâőąàăŋŋëå áőąëâĺľ N_{ee} ĺ ćëçĺáńěŋŋőľ íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ ϵ_{rec} őŕàěďěńïńáï ĺŋâěčàăń áćěâĺňőáâĺ ďńï łăęďőčő ğăåőďă: L = N_{ee} σ^0_{ee}(1 − δ_{ee})(1 − δ_θ)ϵ_{rec} , čďě N_{ee} | çĺáńő ŋăľďěŋŋëå áőąëâĺľ e^+e^− → e^+e^−; σ^0_{ee} | áěçěŋĺě ŕàőæěááă e^+e^− → e^+e^− ć ďăŋŋëľ âěńěáŋëľ ãčőń, ćëçĺáńěŋŋőě ć Ąőàŋőćáłőň ŕàĺąńĺęěŋĺĺ; δ_{ee} | àăďĺăæĺőŋŋăï ŕőŕàăćłă ł áěçěŋĺî, àăááçĺâăŋŋăï ŕő ŕàőčàăňňě RADCOR [55], őáŋőćăŋŋőľ ŋă àăąőâě Ąěàěŋæă [56]; δ_θ | ŕőŕàăćłă ł áěçěŋĺî, áćïğăŋŋăï á ŋăńĺçĺěň íłáŕěàĺňěŋâăńìŋőčő àăğàěèěŋĺï σ_θ ŕàĺ ĺğňěàěŋĺĺ ŕőńïàŋőčő ãčńă âàěłă θ ĺ á àěğłőľ ğăćĺáĺňőáâìî áěçěŋĺï őâ ãčńă θ.

Ć íłáŕěàĺňěŋâě ŘŐ-98 ĺáŕőńìğőćăńăáì ąőńěě áńőęŋăï ŕàőæěďãàă őŕàěďěńěŋĺï áćěâĺňőáâĺ. Şáńőęŋěŋĺě áćïğăŋő á âěň, çâő ŕàĺ íŋěàčĺïå ŋĺęě 1 ČíĆ ğăňěâŋëľ ćłńăď ć łńăáá łőńńĺŋěăàŋëå áőąëâĺľ, őâőąàăŋŋëå áőčńăáŋő őŕĺáăŋŋëň ćëèě łàĺâěàĺïň, ďăîâ, ŕőňĺňő ŕàőæěááă e^+e^− → e^+e^−, àěăłæĺĺ e^+e^− → μ^+μ^− ĺ e^+e^− → π^+π^−, ă âăłęě łőáňĺçěáłĺě çăáâĺæë. Ďńï àăğďěńěŋĺï áőąëâĺľ ĺáŕőńìğőćăńăáì ĺŋäőàňăæĺï őą íŋěàčőćëďěńěŋĺĺ çăáâĺæ ć æĺńĺŋďàĺçěáłőň CsI łăńőàĺňěâàě ĺ łőőàďĺŋăâă ćěàèĺŋë âàěłőć ćďőńì ŋăŕàăćńěŋĺï ŕãçłőć. Ŕàĺ íâőň, äăłâĺçěáłĺ, ć ŕàőæěďãàě àăğďěńěŋĺï őŕàěďěńïńĺáì áńěďãîéĺě ŕăàăňěâàë: N_{ee} + N_{μμ} , N_{ππ} N_{ee} + N_{μμ} , N_{cosmic} , čďě N_{μμ} ĺ N_{ππ} | çĺáńă áőąëâĺľ àěăłæĺľ e^+e^− → μ^+μ^− ĺ e^+e^− → π^+π^− áőőâćěâáâćěŋŋő; N_{cosmic} | çĺáńő áőąëâĺľ á łőáňĺçěáłĺňĺ çăáâĺæăňĺ. Ĺŋâěčàăń áćěâĺňőáâĺ őŕàěďěńïńáï áőčńăáŋő äőàňãńě: L = N_{ee} + N_{μμ} [σ^0_{ee}(1 + δ_{ee})(1 + δ_θ) + σ^0_{μμ}(1 + δ_{μμ})]ϵ_{rec} . Ğďěáì σ^0_{μμ} | áěçěŋĺě àěăłæĺĺ e^+e^− → μ^+μ^−, ćëçĺáńěŋŋőě ć Ąőàŋőćáłőň ŕàĺąńĺęěŋĺĺ; δ_{μμ} | àăďĺăæĺőŋŋëě ŕőŕàăćłĺ ł áěçěŋĺî.

Ŕőńãçěŋŋëľ ĺŋâěčàăń áćěâĺňőáâĺ ďńï âőçěł (ĺŋâěàćăńőć) ŕő íŋěàčĺĺ ć íłáŕěàĺňěŋâăå ŘŐ-98 ĺ ŤĹ-98ŕàĺćěďěŋ ć âăąńĺæăå 3.1 ĺ 3.2 áőőâćěâáâćěŋŋő.

Šăąńĺæă 3.1. Ĺŋâěčàăń áćěâĺňőáâĺ ć íłáŕěàĺňěŋâě ŘŐ-98

Ŋőňěà âőçłĺ (ĺŋâěàćăńă)

2E, ČíĆ L , ŋą^{−1}

1 0.6{0.66 122.3 ± 0.5 2 0.69{0.72 103.2 ± 0.5 3 0.75{0.78 372.8 ± 1.0 4 0.785{0.80 818.3 ± 1.6 5 0.8100 ± 0.0002 61.3 ± 0.3 6 0.8200 ± 0.0002 112.1 ± 0.5 7 0.8400 ± 0.0002 133.7 ± 0.6 8 0.8800 ± 0.0002 172.1 ± 0.6 9 0.9200 ± 0.0002 292.7 ± 0.9 10 0.9400 ± 0.0002 140.2 ± 0.5 11 0.9500 ± 0.0002 232.0 ± 0.8 12 0.9580 ± 0.0002 256.6 ± 1.0 13 0.9700 ± 0.0002 256.4 ± 0.9

Śĺáâěňăâĺçěáłăï őèĺąłă ć ćěńĺçĺŋě áćěâĺňőáâĺ őŕàěďěńïěâáï âőçŋőáâìî àăáçěâă àăďĺăæĺőŋŋëå ŕőŕàăćőł, ŋěőŕàěďěńěŋŋőáâìî łăńĺąàőćłĺ âěńěáŋőčő ãčńă, ŕőčàěèŋőáâìî àăğďěńěŋĺï çăáâĺæ ĺ áőáâăćńïěâ 1.5%.

Šăąńĺæă 3.2. Ĺŋâěčàăń áćěâĺňőáâĺ ć íłáŕěàĺňěŋâě ŤĹ-98

Ŋőňěà âőçłĺ

2E, ČíĆ Ĺŋâěčàăń áćěâĺňőáâĺ, L, ŋą^{−1}

Śłăŋĺàőćăŋĺï 1 2 3 1 0.984 115.9±0.6 266.2±0.9 2 1.004 117.4±0.6 207.1±0.9 161.4±0.7 3 1.010 166.8±0.8 173.2±0.8 163.4±0.7 4 1.016 111.9±0.7 157.4±0.8 173.0±0.7 5 1.017 247.8±1.0 296.0±1.0 418.1±1.2 74.6±0.5 6 1.018 541.7±1.6 477.3±1.3 543.6±1.3 7 1.019 96.1±0.7 392.3±1.2 579.7±1.5 487.9±1.3 8 1.020 4.4±0.1 342.3±1.2 594.7±1.6 405.1±1.2 15.1±0.2 9 1.021 233.5±1.0 351.0±1.2 339.2±1.1 10 1.022 145.2±0.7 156.8±0.8 174.7±0.8 11 1.023 177.4±0.8 227.5±1.0 179.7±0.8 12 1.028 180.9±0.8 178.1±0.9 215.0±0.9 13 1.034 152.9±0.8 163.1±0.8 203.8±0.8 14 1.040 129.0±0.7 178.6±0.8 184.0±0.9 15 1.050 219.7±0.9 113.5±0.7 16 1.060 308.6±1.2 90.4±0.6

3.3. Őŕàěďěńěŋĺě íŋěàčĺĺ ŕãçłă

İŋěàčĺï ŋăłőŕĺâěńï ğăďăćăńăáì ćěńĺçĺŋőľ âőłă ć őáŋőćŋëå ňăčŋĺâăå ĆİŔŔ-2Ň, ŕàĺ íâőň őâŋőáĺâěńìŋăï âőçŋőáâì ãáâăŋőćłĺ íŋěàčĺĺ ąëńă őłőńő δE/E ≲ 10^{−3}. Ć ďĺăŕăğőŋě íŋěàčĺľ 1.010{1.028 ČíĆ (âőçłĺ á 3 ŕő 12) ć őáŋőćŋëå áłăŋĺàőćăŋĺïå ć íłáŕěàĺňěŋâě ŤĹ-98 íŋěàčĺï ŕãçłă ć ŋăłőŕĺâěńě őŕàěďěńïńăáì ąőńěě âőçŋő ŕő ĺğňěàěŋĺî áàěďŋěčő ĺňŕãńìáă ğăàïęěŋŋëå łăőŋőć P_K ć àěăłæĺĺ e^+e^− → K^+K^− [54,57,58]: E_{beam} = E_K = √ P^2_K + m^2_K + Δ_{dE/dx} + Δ_{rad} ,

čďě Δ_{dE/dx} | áàěďŋĺě ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ łăőŋőć ć ćăłããňŋőľ âàãąě ĺ ćěéěáâćě ďàěľäőćőľ łăňěàë, ă Δ_{rad} | áňěéěŋĺě ŕĺłă áàěďŋěčő ĺňŕãńìáă ğă áçěâ ĺáŕãáłăŋĺï àěăńìŋëå äőâőŋőć ŋăçăńìŋëňĺ çăáâĺæăňĺ. Ąőńìèăï ňăááă àőęďăîéěčőáï łăőŋă ŕőğćőńïěâ ŕőńãçĺâì ćëĺčàëè ć âőçŋőáâĺ ĺğňěàěŋĺï íŋěàčĺĺ: σ_{EK} = P_K E_{beam} √ N · σ_{PK} , čďě σ_{PK} | ĺňŕãńìáŋőě àăğàěèěŋĺě ďńï łăőŋőć (≈ 5 ŇíĆ/c), ă N | çĺáńő ŋăľďěŋŋëå K^+, K^−.

Šăąńĺæă 3.3. Şâőçŋěŋŋëě ğŋăçěŋĺï íŋěàčĺĺ ŕãçłă, ĺğňěàěŋŋëě ŕő ĺňŕãńìáăň K^+K^−

Ŋőňěà âőçłĺ

Şáâăŋőćőçŋëě ğŋăçěŋĺï íŋěàčĺĺ ĆİŔŔ-2Ň, 2E_{V EP P} , ČíĆ

Şâőçŋěŋŋëě íŋěàčĺĺ, 2E_{KK}, ČíĆ

İääěłâĺćŋăï íŋěàčĺï, 2E, ČíĆ Śłăŋĺàőćăŋĺï 1 2 3 3 1.010 1.01041 1.01017 1.01023 1.01027 4 1.016 1.01603 1.01575 1.01543 1.01570 5 1.017 1.01688 1.01668 1.01678 1.01679 6 1.018 1.01817 1.01759 1.01772 1.01784 7 1.019 1.01862 1.01878 1.01862 1.01870 8 1.020 1.01976 1.01979 1.01951 1.01970 9 1.021 1.02069 1.02065 1.02043 1.02058 10 1.022 1.02145 1.02167 1.02141 1.02151 11 1.023 1.02248 1.02327 1.02232 1.02274 12 1.028 1.02765 1.02823 1.02752 1.02778

Ć âăąńĺæě 3.3 ŕàĺćěďěŋë ãâőçŋěŋŋëě ğŋăçěŋĺï íŋěàčĺĺ ŋăłőŕĺâěńï, ĺğňěàěŋŋëě ŕő ĺňŕãńìáăň ğăàïęěŋŋëå łăőŋőć.

Ŕàĺ őąêěďĺŋěŋĺĺ ďăŋŋëå ć őďĺŋăłőćëå âőçłăå ć àăğńĺçŋëå áłăŋĺàőćăŋĺïå ć łăęďőľ âőçłě ćëçĺáńïńăáì íääěłâĺćŋăï íŋěàčĺï, E_i, łăł áàěďŋěćğćěèěŋŋőě ğŋăçěŋĺě E_K ŕő áłăŋĺàőćăŋĺïň, á ćěáăňĺ, ŕàőŕőàæĺőŋăńìŋëňĺ ĺŋâěčàăńăň áćěâĺňőáâĺ:

E_i = 3∑ j=1 L_{ij}E_{Kij} /^3∑ j=1 L_{ij}, čďě E_{Kij} | íŋěàčĺï, őŕàěďěńěŋŋăï ŕő ĺňŕãńìáăň łăőŋőć, ă L_{ij} | ĺŋâěčàăń áćěâĺňőáâĺ, ĺğňěàěŋŋëľ ć i-ľ âőçłě ć j-ň áłăŋĺàőćăŋĺĺ. Ğŋăçěŋĺï E_i ŕőłăğăŋë ć ŕőáńěďŋěň áâőńąæě âăąńĺæë 3.3.

3.4. Őąéĺľ ŕőďåőď ł ăŋăńĺğã ňŋőčőçăáâĺçŋëå ŕàőæěááőć

Ĺğãçăěňëě ć Čńăćăå 4{6 ŋăáâőïéěľ àăąőâë ŕàőæěááë, ćňěáâě á ĺå łőŋěçŋëňĺ áőáâőïŋĺïňĺ, ŕěàěçĺáńěŋë ć Šăąńĺæě 3.4. Ţăàăłâěàŋőľ őáőąěŋŋőáâìî ďăŋŋëå ŕàőæěááőć

Šăąńĺæă 3.4. Ŕàőæěááë, ĺğãçăěňëě ć ďăŋŋőľ àăąőâě

Ŕàőæěáá Łőŋěçŋőě áőáâőïŋĺě e^+e^− → π^+π^−π^+π^− , ϕ → π^+π^−π^+π^− π^+π^−π^+π^− ϕ → ηπ^+π^−, η → π^+π^−π^0 π^+π^−π^+π^−γγ ϕ → π^+π^−π^+π^−π^0 π^+π^−π^+π^−γγ ϕ → η^′γ, η^′ → ηπ^+π^−, η → π^+π^−π^0 π^+π^−π^+π^−γγγ ϕ → η^′γ, η^′ → ηπ^+π^−, η → π^+π^−γ π^+π^−π^+π^−γγ

ïćńïěâáï ĺå őâŋőáĺâěńìŋő ŋĺğłăï (10^{−4}{10^{−6}) ćěàőïâŋőáâì. Šăł, ŋăŕàĺňěà, áěçěŋĺě àěăłæĺĺ e^+e^− → π^+π^−π^+π^− áőáâăćńïěâ őłőńő 1 ŋą ćąńĺğĺ ϕ ňěğőŋă ĺ ∼ 0.01 ŋą ć őąńăáâĺ ρ àěğőŋăŋáă, âőčďă łăł ŕőńŋëě áěçěŋĺï àőęďěŋĺï ϕ, ρ ĺ ω ňěğőŋőć: σ_ϕ ≈ 4200 ŋą, σ_ρ ≈ 1300 ŋą ĺ σ_ω ≈ 1500 ŋą. Šăłĺň őąàăğőň, őáŋőćŋëě ňőďë àăáŕăďőć ϕ, ρ ĺ ω ňěğőŋőć, ă âăłęě ŋěàěğőŋăŋáŋëě àěăłæĺĺ á ąőńìèĺňĺ áěçěŋĺïňĺ ňőčãâ áńãęĺâì ĺáâőçŋĺłăňĺ äőŋă, ğăâàãďŋïîéĺňĺ àěčĺáâàăæĺî ĺ ćëďěńěŋĺě ĺğãçăěňëå ŕàőæěááőć.

Ć Šăąńĺæě 3.5 ŕőłăğăŋë őáŋőćŋëě äőŋőćëě àěăłæĺĺ. Őŋĺ ňőčãâ ąëâì ãáńőćŋő àăğďěńěŋë ŋă ŋěáłőńìłő čàãŕŕ:

1) łőŋćěàáĺőŋŋëě àăáŕăďë, łãďă ňë ćłńîçăěň âăłęě ŕàőæěááë á ĺğńãçěŋĺěň äőâőŋă łőŋěçŋëňĺ ğăàïęěŋŋëňĺ çăáâĺæăňĺ ĺ ŕőáńěďãîéěľ łőŋćěàáĺěľ íâőčő äőâőŋă ć e^+e^− ŕăàã ć ćěéěáâćě ďěâěłâőàă;

2) ŕàőæěááë á ďćãňï ğăàïęěŋŋëňĺ ŕĺőŋăňĺ ĺńĺ łăőŋăňĺ ć łőŋěçŋőň áőáâőïŋĺĺ, ŕàőďãłâë ïďěàŋőčő ćğăĺňőďěľáâćĺï łőâőàëå á ćěéěáâćőň ďěâěłâőàă àăááěĺćăîâáï ŋăğăď ć ďàěľäőćãî łăňěàã ĺ őąàăğãîâ ďćă ďőŕőńŋĺâěńìŋëå âàěłă;

3) àăáŕăďë ϕ ňěğőŋă ŋă ŕăàã ŋěľâàăńìŋëå ĺńĺ ğăàïęěŋŋëå łăőŋőć, á ĺå ŕőáńěďãîéĺň àăáŕăďőň ć ňŋőčőçăáâĺçŋőě áőáâőïŋĺě.

Šăąńĺæă 3.5. Ťőŋőćëě ŕàőæěááë

Ŕàőæěáá Łőŋěçŋőě áőáâőïŋĺě e^+e^− → ω, ϕ → π^+π^−π^0 π^+π^−e^+e^−γ e^+e^− → ωπ^0 → π^+π^−π^0π^0, π^0 → e^+e^−γ π^+π^−e^+e^−γ e^+e^− → e^+e^−γ^1 e^+e^−e^+e^− e^+e^− → π^+π^−γ^1 π^+π^−e^+e^− e^+e^− → μ^+μ^−γ^1 μ^+μ^−e^+e^− e^+e^− → π^+π^{−2} π^+π^−X ϕ → K^+K^{−2} K^+K^−X ϕ → K^0_SK^0_L, K^0_S → π^+π^−, K^0_L → π^+π^−π^0 π^+π^−π^+π^−γγ ϕ → K^0_SK^0_L, K^0_S → π^+π^−, K^0_L → π^±μ^∓ν_μ π^+π^−π^±μ^∓ν_μ ϕ → K^0_SK^0_L, K^0_S → π^+π^−, K^0_L → π^±e^∓ν_e π^+π^−π^±e^∓ν_e ϕ → K^+K^−, K^± → π^±π^+π^− π^+π^−π^±K^∓ ϕ → K^+K^−, K^± → π^±π^+π^−, K^∓ → μ^∓ν_μ π^+π^−π^±μ^∓ν_μ ϕ → K^+K^−, K^± → π^±π^+π^−, K^∓ → π^∓π^0 π^+π^−π^+π^−γγ

Łăł ćĺďŋő ĺğ Šăąńĺæë 3.4, ć łőŋěçŋőň áőáâőïŋĺĺ ćáěå ĺğãçăěňëå àěăłæĺľ ĺňěîâáï 4 ğăàïęěŋŋëå çăáâĺæë (ćáě çěâëàě | ŕĺőŋë, ńĺąő ŕăàă π^+π^− ĺ ŕăàă e^+e^−), ćëåőďïéĺå ĺå ňěáâă ćğăĺňőďěľáâćĺï ŕãçłőć, ĺ ŋěłőâőàőě (0 ≤ N_γ ≤ 3) çĺáńő äőâőŋőć. Ć áőőâćěâáâćĺĺ á íâĺň, ďńï ŕàěďćăàĺâěńìŋőčő őâąőàă áőąëâĺľ ňë ĺáŕőńìğőćăńĺ áńěďãîéĺě ãáńőćĺï: SC_1 ć áőąëâĺĺ àěłőŋáâàãĺàőćăŋë őďŋă ĺńĺ ďćě ŕěàćĺçŋëě ćěàèĺŋë, ĺğ łőâőàëå ćëåőďïâ çěâëàě âàěłă á áãňňăàŋëň ğăàïďőň àăćŋëň ŋãńî; ŋěâ ćâőàĺçŋëå ćěàèĺŋ, ćőğŋĺłăîéĺå ć àěğãńìâăâě àăáŕăďă çăáâĺæ \ŋă ńěâã";

SC_2 ŕěàćĺçŋëě ćěàèĺŋë àăáŕőńőęěŋë ćąńĺğĺ ňěáâă ćğăĺňőďěľáâćĺï ŕãçłőć:

• ŕàĺæěńìŋëľ ŕăàăňěâà łăęďőčő âàěłă r_{min} ňěŋěě 1 áň; 1Łőŋćěàáĺï γ-łćăŋâă ŋă áâěŋłě ćăłããňŋőľ łăňěàë.

2Ŕàőďãłâë ïďěàŋőčő ćğăĺňőďěľáâćĺï π ĺńĺ K ňěğőŋőć á ćěéěáâćőň ďěâěłâőàă àăááěĺćăîâáï ŋăğăď ć ďàěľäőćãî łăňěàã ĺ őąàăğãîâ ďćă ďőŕőńŋĺâěńìŋëå âàěłă.

Řĺá. 3.1. Řăáŕàěďěńěŋĺě ŕő ŕăàăňěâàã ε_{4π}. Řăğďěńěŋĺě àěăłæĺľ e^+e^− → π^+π^−π^+π^− ĺ e^+e^− → π^+π^−μ^+μ^−

• łőőàďĺŋăâă ćěàèĺŋë ćďőńì ŋăŕàăćńěŋĺï ŕãçłőć z_{vert} ńěęĺâ ć ĺŋâěàćăńě ±10 áň; SC_3 ďńï ãňěŋìèěŋĺï őèĺąőł, áćïğăŋŋëå á őŕàěďěńěŋĺěň ŕăàăňěâàőć âàěłă, âàěąőćăńőáì, çâőąë ćáě âàěłĺ ŕěàěáěłăńĺ ŕő łàăľŋěľ ňěàě ďćă áãŕěàáńőï ďàěľäőćőľ łăňěàë: | cos θ| < 0.8.

Őąáãďĺň ďăńěě őąéĺě ŕăàăňěâàë, łőâőàëě ĺáŕőńìğőćăńĺáì ďńï àăğďěńěŋĺï ĺğãçăěňëå ŕàőæěááőć, ă âăłęě ďńï őâďěńěŋĺï ĺå őâ äőŋă.

Şďőąŋëň ŕăàăňěâàőň, ŕőğćőńïîéĺň àăğďěńïâì àăğńĺçŋëě âĺŕë àěăłæĺľ á 4-ňï ğăàïęěŋŋëňĺ çăáâĺæăňĺ ć łőŋěçŋőň áőáâőïŋĺĺ, ïćńïěâáï ŋőàňĺàőćăŋŋăï ŋă íŋěàčĺî ŕãçłőć 2E_{beam} ŕőńŋăï íŋěàčĺï ćáěå ğăàïęěŋŋëå çăáâĺæ, ć ŕàěďŕőńőęěŋĺĺ, çâő íâĺ çăáâĺæë | ŕĺőŋë:

ε_{4π} =

∑_4 i=1 √ ⃗p^2_i + m^2_π 2E_{beam} . (3.1)

Ŋă Řĺá.3.1 ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕő ŕăàăňěâàã ε_{4π} ďńï áőąëâĺľ e^+e^− → π^+π^−π^+π^− ć őąńăáâĺ íŋěàčĺľ ŋĺęě 1 ČíĆ (ďěâăńĺ ăŋăńĺğă íâőčő ŕàőæěááă őąáãęďăîâáï ć Čńăćě 4). Ŋă íâőň àĺáãŋłě àăáŕàěďěńěŋĺě ďńï ňőďěńĺàőćăŋŋëå áőąëâĺľ ŕàőæěááă e^+e^− → π^+π^−π^+π^− ĺğőąàăęěŋő áěàőľ čĺáâőčàăňňőľ, ă âőçłĺ á őèĺąłăňĺ ŕőłăğëćăîâ íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě. Ŋěáňőâàï ŋă őâŋőáĺâěńìŋő ňăńãî àăğŋőáâì ňăáá ŕĺőŋă ĺ ňîőŋă, åőàőèěě àăğàěèěŋĺě ŕő ŕăàăňěâàã ε_{4π} ŕőğćőńïěâ íääěłâĺćŋő àăğďěńïâì áőąëâĺï π^+π^−π^+π^− őâ áőąëâĺľ e^+e^− → π^+π^−μ^+μ^−, ďńï łőâőàëå őęĺďăěňőě àăáŕàěďěńěŋĺě ŕő ŕăàăňěâàã ε_{4π},

Řĺá. 3.2. Ğăćĺáĺňőáâì ĺőŋĺğăæĺőŋŋëě ŕőâěàì (ć őâŋőáĺâěńìŋëå ěďĺŋĺæăå) őâ ĺňŕãńìáă ŕőńőęĺâěńìŋő (a) ĺ őâàĺæăâěńìŋő (b) ğăàïęěŋŋëå âàěłőć

ŕőńãçěŋŋőě ĺğ ňőďěńĺàőćăŋĺï, ŕőłăğăŋő ŋă Řĺá.3.1 ŕàőğàăçŋőľ čĺáâőčàăňňőľ. Ŕàĺ ňőďěńĺàőćăŋĺĺ łőŋěçŋőčő áőáâőïŋĺï π^+π^−μ^+μ^−, ŕàěďŕőńăčăńőáì őďŋőàőďŋőě àăáŕàěďěńěŋĺě łőŋěçŋëå çăáâĺæ ŕő äăğőćőňã őąêěňã.

Ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ âàěłőć dE/dx, ĺğňěàïěňëě ć ďàěľäőćőľ łăňěàě, ŕőğćőńïîâ íääěłâĺćŋő őâďěńïâì áőąëâĺï äőŋőćőčő ŕàőæěááă e^+e^− → K^+K^−, łőčďă ŕàőďãłâë ïďěàŋőčő ćğăĺňőďěľáâćĺï łăőŋőć àăááěĺćăîâáï ŋăğăď ć ĎŁ, ćëğëćăï ŕőïćńěŋĺě ďćãå ďőŕőńŋĺâěńìŋëå âàěłőć, ńĺąő őďĺŋ ĺğ łăőŋőć àăáŕăďăěâáï ć łăŋăńě: K^± → π^±π^+π^−. Ŋă Řĺá.3.2 ŕőłăğăŋő àăáŕàěďěńěŋĺě ćěńĺçĺŋë ĺőŋĺğăæĺőŋŋëå ŕőâěàì dE/dx (ć őâŋőáĺâěńìŋëå ěďĺŋĺæăå) ć ğăćĺáĺňőáâĺ őâ ĺňŕãńìáă ŕőńőęĺâěńìŋő (Řĺá.3.2a) ĺ őâàĺæăâěńìŋő (Řĺá.3.2b) ğăàïęěŋŋëå çăáâĺæ. Ğďěáì ãçâěŋă ŕőŕàăćłă ŋă ãčőń ćëńěâă çăáâĺæë ((dE/dx)_{DC} | ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ, ĺğňěàěŋŋëě ć ďàěľäőćőľ łăňěàě): dE dx = ( dE dx ) DC 1 1 + 2| cos θ| . Ŋă íâĺå àĺáãŋłăå åőàőèő ćëďěńïěâáï őąńăáâĺ á p ≈ 127 ŇíĆ/c ĺ dE/dx > 3000, áőőâćěâáâćãîéĺě ğăàïęěŋŋëň łăőŋăň. Ć ńěćőň ŋĺęŋěň ãčńã, â.ě. ć őąńăáâĺ ňăńëå ĺňŕãńìáőć ĺ ŋěąőńìèĺå ĺőŋĺğăæĺőŋŋëå ŕőâěàì ňőęŋő âăłęě ŋăąńîďăâì \åćőáâĺłĺ", áőőâćěâáâćãîéĺě íńěłâàőŋăň ĺ ŕőğĺâàőŋăň á ňăńëňĺ ĺňŕãńìáăňĺ, ćőğŋĺłăîéĺň ĺğ łőŋćěàáĺőŋŋëå àăáŕăďőć ĺ łőŋćěàáĺĺ äőâőŋőć ć ćěéěáâćě ďěâěłâőàă. Őáŋőćŋăï őąńăáâì ć àăáŕàěďěńěŋĺĺ ŋă Řĺá.3.2 ğăŋïâă ŕĺőŋŋëňĺ âàěłăňĺ. Šăłĺň őąàăğőň, łăł íâő ćĺďŋő ĺğ Řĺá.3.2, ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ ňőčãâ ĺáŕőńìğőćăâìáï ďńï àăğďěńěŋĺï áőąëâĺľ á ğăàïęěŋŋëňĺ π ĺ K

Řĺá. 3.3. Ğăćĺáĺňőáâì ŕăàăňěâàă ξ (ć őâŋőáĺâěńìŋëå ěďĺŋĺæăå) őâ ĺňŕãńìáă ŕőńőęĺâěńìŋő (a) ĺ őâàĺæăâěńìŋő (b) ğăàïęěŋŋëå âàěłőć

ňěğőŋăňĺ, ă âăłęě íńěłâàőŋăňĺ á ňăńëňĺ ĺňŕãńìáăňĺ.

Ďńï ãďőąáâćă ňë ĺáŕőńìğőćăńĺ ŕăàăňěâà ξ, ć łőâőàőň ãçâěŋă ğăćĺáĺňőáâì dE/dx őâ ĺňŕãńìáă ĺ ğăàïďă ďńï π-ňěğőŋőć: ξ = dE dx 1 1 +^{(85+15Q)2}_{⃗p2}

, (3.2)

čďě Q | ğăàïď, ă ⃗p | ĺňŕãńìá çăáâĺæë (ć ŇíĆ/c). Řăáŕàěďěńěŋĺě ŕăàăňěâàă ξ őâŋőáĺâěńìŋő ĺňŕãńìáă âàěłőć ŕőłăğăŋő ŋă Řĺá.3.3.

Ďńï ćëďěńěŋĺï ŕàőæěááőć, áőďěàęăéĺå e^+e^− ŕăàã, ąëńă ĺáŕőńìğőćăŋă ŕàőæěďãàă e/π àăğďěńěŋĺï, őŕĺáăŋŋăï ć àăąőâě [29,59]. Őáŋőćŋăï ĺďěï ďăŋŋőľ ŕàőæěďãàë ğăłńîçăěâáï ć áńěďãîéěň. Ĺáŕőńìğãï ŕőńŋőáâìî àěłőŋáâàãĺàőćăŋŋëě áőąëâĺï àěăłæĺľ e^+e^− → π^+π^−π^0 ĺ e^+e^− → e^+e^−γ ć őąńăáâĺ ϕ ňěğőŋă (íłáŕěàĺňěŋâ ŤĹ-98), ĺğãçăńőáì àăáŕàěďěńěŋĺě ŕő ŕăàăňěâàã E_{CsI} /|⃗p| ďńï őąőĺå âĺŕőć çăáâĺæ (e/π) ĺ ğŋăłőć ğăàïďőć (+/−). Ğďěáì E_{CsI} | íŋěàčőćëďěńěŋĺě ć æĺńĺŋďàĺçěáłőň CsI łăńőàĺňěâàě, ŕàőĺğćěďěŋŋőě çăáâĺæăňĺ á ĺňŕãńìáőň ⃗p. Ćěáì ďĺăŕăğőŋ ĺğňěŋěŋĺï ĺňŕãńìáőć àăğąĺćăńáï ŋă ĺŋâěàćăńë èĺàĺŋőľ 50 ŇíĆ/c (0{50, 50{100 ĺ â.ď.). Ć łăęďőň ĺğ íâĺå ĺŋâěàćăńőć ąëńĺ ŕőńãçěŋë äãŋłæĺĺ ŕńőâŋőáâĺ ćěàőïâŋőáâĺ ďńï ŕăàăňěâàă E_{CsI} /|⃗p|: f_π+ , f_π− , f_e+ ĺ f_e− . Ğăâěň ąëńĺ őŕàěďěńěŋë ćěàőïâŋőáâĺ: W_π± = f_π± f_π± + f_e± , W_e± = f_e± f_π± + f_e± ďńï łăęďőčő ĺğ âàěłőć ąëâì ŕĺőŋőň ĺńĺ íńěłâàőŋőň. Ăŋăńőčĺçŋëň őąàăğőň ąëńă őŕàě-

Řĺá. 3.4. Ŕàőæěďãàă e/π àăğďěńěŋĺï. Řăáŕàěďěńěŋĺě ŕő ŕăàăňěâàã W_π+_π− ďńï áőąëâĺľ ŕàőæěááőć e^+e^− → e^+e^−γ (čĺáâőčàăňňă) ĺ e^+e^− → π^+π^−π^0 (âőçłĺ á őèĺąłăňĺ) ć íłáŕěàĺňěŋâě ŤĹ-98

ďěńěŋă ćěàőïâŋőáâì:

W_π+_π− = W_π+ W_π− W_π+ W_π− + W_e+ W_e−

(3.3)

ďńï ŕăàë ŕàőâĺćőŕőńőęŋő ğăàïęěŋŋëå âàěłőć ąëâì ŕĺőŋăňĺ. Ŋă Řĺá.3.4 ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕő ŕăàăňěâàã W_π+_π− ďńï áőąëâĺľ ŕàőæěááőć e^+e^− → π^+π^−π^0 (âőçłĺ á őèĺąłăňĺ) ĺ e^+e^− → e^+e^−γ (čĺáâőčàăňňă). Łăł ćĺďŋő ĺğ íâőčő àĺáãŋłă, àăáŕàěďěńěŋĺě ŕő W_π+_π− ďěľáâćĺâěńìŋő ĺňěěâ ňăłáĺňãňë ćąńĺğĺ 1 ĺ 0 ďńï ŕĺőŋŋëå ĺ íńěłâàőŋŋëå âàěłőć áőőâćěâáâćěŋŋő.

Ţăàăłâěàŋőľ őáőąěŋŋőáâìî ŕàőæěááőć á e^+e^− ŕăàőľ ć łőŋěçŋőň áőáâőïŋĺĺ, őąàăğãîéěľáï ć àěğãńìâăâě łőŋćěàáĺőŋŋőčő àăáŕăďă, ïćńïěâáï ňăńăï ćěńĺçĺŋă ŕàőáâàăŋáâćěŋŋőčő ãčńă ňěęďã âàěłăňĺ, áőőâćěâáâćãîéĺňĺ íńěłâàőŋã ĺ ŕőğĺâàőŋã. Ŕőíâőňã, ďńï ćëďěńěŋĺï âăłĺå áőąëâĺľ, ŋăàïďã á ŕăàăňěâàőň W_π+_π− , ĺáŕőńìğőćăńáï ňĺŋĺňăńìŋëľ ŕàőáâàăŋáâćěŋŋëľ ãčőń ňěęďã ŕàőâĺćőŕőńőęŋő ğăàïęěŋŋëňĺ âàěłăňĺ: ψ_{min}.

Ğăàïęěŋŋëě ĺ ďőńčőęĺćãéĺě ŋěľâàăńìŋëě łăőŋë, őąàăğãîéĺěáï ć àăáŕăďăå ϕ → K^+K^− ĺ ϕ → K^0_SK^0_L, ĺňěîâ ďőáâăâőçŋő ąőńìèőě ćàěňï ęĺğŋĺ ĺ, áőőâćěâáâćěŋŋő, ňőčãâ àăáŕăďăâìáï ŋă ğăňěâŋőň àăááâőïŋĺĺ őâ ňěáâă ćğăĺňőďěľáâćĺï ŕãçłőć. Ţăàăłâěàŋëě ďńĺŋë àăáŕăďőć áőáâăćńïîâ 3.4 ň ďńï K^0_L ĺ 0.9 ň ďńï K^± ŕàĺ íŋěàčĺĺ ŕãçłőć E_{beam} = 0.51 ČíĆ. Šăłĺň őąàăğőň, äőŋ őâ àěăłæĺľ á ŋěľâàăńìŋëňĺ ĺ ğăàïęěŋŋëňĺ K-ňěğőŋăňĺ ňőęŋő łőŋâàőńĺàőćăâì á ŕőňőéìî ŕăàăňěâàă, åăàăłâěàĺğãîéěčő őâńěâ çăáâĺæë őâ ňěáâă ćáâàěçĺ | ŕàĺæěńìŋőčő ŕăàăňěâàă âàěłőć r_{min} ĺńĺ ňăłáĺňăńìŋőčő ğŋăçěŋĺï ŕàĺæěńìŋőčő ŕăàăňěâàă ŕő ćáěň âàěłăň ć áőąëâĺĺ: d = max(r_{min}).

3.4.1. Ŕàőæěďãàă łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ

Ŕàĺ ŋěąőńìèőľ ňŋőęěáâćěŋŋőáâĺ çăáâĺæ ć łőŋěçŋőň áőáâőïŋĺĺ ĺ àěčĺáâàăæĺĺ ćáěå łőŋěçŋëå çăáâĺæ ĺğňěàïěňëě ć ďěâěłâőàě ğŋăçěŋĺï ĺňŕãńìáőć ĺ ãčńőć çăáâĺæ ňőęŋő ãâőçŋĺâì ŕő ňěâőďã ňăłáĺňăńìŋőčő ŕàăćďőŕőďőąĺï, ĺáŕőńìğãï ďőŕőńŋĺâěńìŋëě łĺŋěňăâĺçěáłĺě ãáńőćĺï. İâőâ ňěâőď èĺàőłő ĺáŕőńìğãěâáï ŕàĺ őąàăąőâłě ďăŋŋëå. Śãâì ňěâőďă łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ, ŕőďàőąŋőě ĺğńőęěŋĺě łőâőàőčő ňőęŋő ŋăľâĺ ć àăąőâě [60], ğăłńîçăěâáï ć ňĺŋĺňĺğăæĺĺ äãŋłæĺĺ ŕàăćďőŕőďőąĺï áńěďãîéěčő ćĺďă:

χ^2 = (X_m − X_r)^⊤Ŝ^{−1}(X_m − X_r) ,

ŕàĺ ćëŕőńŋěŋĺĺ N_c ãáńőćĺľ:

C_i(X_r) = 0 , i = 1 . . . N_c .

Ğďěáì X_m | ćěłâőà ĺğňěàěŋŋëå ŕăàăňěâàőć (ãčńë ĺ ĺňŕãńìáë ćáěå çăáâĺæ, ćáěčő 3N_p ŕăàăňěâàőć, čďě N_p | ŕőńŋőě çĺáńő çăáâĺæ ć łőŋěçŋőň áőáâőïŋĺĺ); X_r | ćěłâőà ãâőçŋïěňëå ć àěğãńìâăâě àěłőŋáâàãłæĺĺ ğŋăçěŋĺľ ŕăàăňěâàőć; Ŝ | łőćăàĺăæĺőŋŋăï ňăâàĺæă őèĺąőł, ãçĺâëćăîéăï àăğàěèěŋĺě ďěâěłâőàă ĺ łőààěńïæĺĺ ňěęďã ĺğňěàïěňëňĺ ŕăàăňěâàăňĺ (ŕàĺ őâáãâáâćĺĺ łőààěńïæĺľ ňěęďã ŕăàăňěâàăňĺ ňăâàĺæă Ŝ ĺňěěâ ďĺăčőŋăńìŋãî äőàňã ĺ ěě ďĺăčőŋăńìŋëňĺ íńěňěŋâăňĺ ïćńïîâáï łćăďàăâë àăğàěèěŋĺľ áőőâćěâáâćãîéĺå ŕăàăňěâàőć); C_i(X_r) | łĺŋěňăâĺçěáłĺě őčàăŋĺçěŋĺï, ãçĺâëćăîéĺě ğăłőŋë áőåàăŋěŋĺï íŋěàčĺĺ-ĺňŕãńìáă ĺ ďőŕőńŋĺâěńìŋëě áćïğĺ ňěęďã çăáâĺæăňĺ ć łőŋěçŋőň áőáâőïŋĺĺ (ŋăŕàĺňěà, ŋăńĺçĺě ŕàőňěęãâőçŋëå çăáâĺæ ć ŕőáńěďőćăâěńìŋőáâĺ àăáŕăďőć, ŕàĺćőďïéĺå ł ďăŋŋőňã łőŋěçŋőňã áőáâőïŋĺî).

Ć łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ, ĺáŕőńìğãěňőľ ć ďăŋŋőľ àăąőâě, ąëńĺ ĺáŕőńìğőćăŋë áńěďãîéĺě ŕăàăňěâàë:

• ŕőŕěàěçŋăï ŕàőěłæĺï ĺňŕãńìáă ĺ ãčńë ćëńěâă ďńï ğăàïęěŋŋëå çăáâĺæ: p_{⊥i} , θ_i ĺ ϕ_i, i = 1 . . . 4;

• íŋěàčĺï ĺ ãčńë ćëńěâă ďńï äőâőŋőć: E_{γj} , θ_{γj} ĺ ϕ_{γj} , j = 0 . . . N_γ.

İńěňěŋâë łőćăàĺăæĺőŋŋőľ ňăâàĺæë, ć áőőâćěâáâćĺĺ á íłáŕěàĺňěŋâăńìŋëň àăğàěèěŋĺěň ďěâěłâőàă, ğăďăćăńĺáì áőőâŋőèěŋĺïňĺ:

Ŝ(p_{⊥i} , p_{⊥i} ) = (σ_{p⊥} p_{⊥i} )^2 , Ŝ(θ_i, θ_i) = σ^2_θ , Ŝ(ϕ_i, ϕ_i) = σ^2_ϕ ,

Ŝ(p_{⊥i} , ϕ_i) = Ŝ(ϕ_i, p_{⊥i} ) = Q_iρ_{ϕp⊥} σ_{p⊥} σ_ϕ , i = 1 . . . 4 , Ŝ(E_{γj} , E_{γj} ) = (σ_{Eγj} E_γ + 20 ŇíĆ)^2 , Ŝ(θ_{γj} , θ_{γj} ) = σ^2_{θγ} , Ŝ(ϕ_{γj} , ϕ_{γj} ) = σ^2_{ϕγ} , j = 0 . . . N_γ , őáâăńìŋëě íńěňěŋâë ňăâàĺæë ŕőńăčăńĺáì àăćŋëňĺ ŋãńî. Ğďěáì σ_{p⊥} = 0.025, σ_θ = 0.025, σ_ϕ = 0.01 | őâŋőáĺâěńìŋőě ĺňŕãńìáŋőě àăğàěèěŋĺě ĺ ãčńőćëě àăğàěèěŋĺï ďàěľäőćőľ łăňěàë, Q_i | ğăàïď i-čő âàěłă, ρ_{ϕp⊥} = 0.5 | łőíääĺæĺěŋâ łőààěńïæĺĺ ňěęďã ŕőŕěàěçŋőľ łőňŕőŋěŋâőľ ĺňŕãńìáă ĺ ăğĺňãâăńìŋëň ãčńőň âàěłă, σ_{θγ} = σ_{ϕγ} = 0.04 | ãčńőćőě àăğàěèěŋĺě łăńőàĺňěâàă. Ć ăŋăńĺğě ŕàőæěááőć á äőâőŋăňĺ ć łőŋěçŋőň áőáâőïŋĺĺ ĺáŕőńìğőćăńăáì ŕàőæěďãàă ŕőďăćńěŋĺï \ńĺèŋĺå" äőâőŋőć, őŕĺáăŋŋăï ć àăğďěńě 3.4.2, ŕàĺ íâőň őâŋőáĺâěńìŋőě íŋěàčěâĺçěáłőě àăğàěèěŋĺě ďńï äőâőŋőć ğăďăćăńőáì àăćŋëň σ_{Eγ} = 1, âőčďă łăł íłáŕěàĺňěŋâăńìŋőě àăğàěèěŋĺě áőáâăćńïěâ ≈ 0.09 ďńï æĺńĺŋďàĺçěáłőčő CsI łăńőàĺňěâàă ĺ ćăàìĺàãěâáï őâ 0.04 ďő 0.08 ďńï âőàæěćőčő BGO łăńőàĺňěâàă. Šăłőľ ćëąőà őğŋăçăěâ, çâő ĺğňěàěŋŋőě ć łăńőàĺňěâàě íŋěàčőćëďěńěŋĺě ĺáŕőńìğőćăńőáì őçěŋì áńăąő ć ŕàőæěďãàě łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ, ĺ ćěńĺçĺŋë íŋěàčĺľ äőâőŋőć äăłâĺçěáłĺ ćőááâăŋăćńĺćăńĺáì ĺğ ãáńőćĺľ áőåàăŋěŋĺï íŋěàčĺĺ-ĺňŕãńìáă.

Şáńőćĺï, ŋăłńăďëćăćèĺěáï ŕàĺ łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ, ąëńĺ áńěďãîéĺňĺ: • ŕàĺ ăŋăńĺğě ŕàőæěááă e^+e^− → π^+π^−π^+π^− ĺáŕőńìğőćăńĺáì âàĺ ãáńőćĺï (C^′_1{C^′_3), áőőâćěâáâćãîéĺě ğăłőŋăň áőåàăŋěŋĺï ĺňŕãńìáă: 4∑ i=1 ⃗p_i = 0 ; (3.4)

• ŕàĺ ăŋăńĺğě àěăłæĺľ á äőâőŋăňĺ ć łőŋěçŋőň áőáâőïŋĺĺ ć ãáńőćĺïå C_1{C_3 ãçĺâëćăńáï âăłęě áãňňăàŋëľ ĺňŕãńìá äőâőŋőć ĺ ďőŕőńŋĺâěńìŋő ŋăłńăďëćăńőáì ãáńőćĺě áőåàăŋěŋĺï íŋěàčĺĺ C_4: 4∑ i=1 ⃗p_i + Ñ_γ∑

j=1 ⃗k_j = 0 , ğďěáì |⃗k_j| = E_{γj} , 4∑ i=1 √ ⃗p^2_i + m^2_i + Ñ_γ∑

j=1 E_{γj} = 2E_{beam} , (3.5)

čďě m_i | ňăááă ğăàïęěŋŋëå ŕĺőŋőć ĺńĺ íńěłâàőŋőć, ć ğăćĺáĺňőáâĺ őâ âĺŕă ĺğãçăěňőčő ŕàőæěááă. Ćěàåŋĺľ ŕàěďěń ć áãňňě ŕő äőâőŋăň Ñ_γ ≤ N_γ | ňěŋìèě ĺńĺ àăćěŋ ŕőńŋőňã çĺáńã ğăàěčĺáâàĺàőćăŋŋëå ć áőąëâĺĺ äőâőŋőć, ć áőőâćěâáâćĺĺ á ŕàőæěďãàőľ ãďăńěŋĺï \ńĺèŋĺå" äőâőŋőć (àăğďěń 3.4.2).

3.4.2. \Ńĺèŋĺě" äőâőŋë

Ć ňŋőčőçăáâĺçŋëå ŕàőæěááăå ć łăńőàĺňěâàě ŋăàïďã á \àěăńìŋëňĺ", â.ě. àőęďăîéĺňĺáï ć łőŋěçŋőň áőáâőïŋĺĺ àěăłæĺĺ äőâőŋăňĺ, á ćëáőłőľ ćěàőïâŋőáâìî àěčĺáâàĺàãîâáï âăłęě ďőŕőńŋĺâěńìŋëě (\ńĺèŋĺě") äőâőŋë. Őďŋĺň ĺğ ćőğňőęŋëå ňěåăŋĺğňőć őąàăğőćăŋĺï âăłĺå äőâőŋőć ïćńïěâáï àăáéěŕńěŋĺě \àěăńìŋëå" äőâőŋőć (őáőąěŋŋő ŋă áâëłě æĺńĺŋďàĺçěáłőčő ĺ âőàæěćőčő łăńőàĺňěâàőć ĺ ŋă áâëłăå őłâăŋâőć æĺńĺŋďàĺçěáłőčő łăńőàĺňěâàă). Łàőňě íâőčő, \ńĺèŋĺě" äőâőŋë őąàăğãîâáï ĺğ ŕàőďãłâőć ïďěàŋőčő ćğăĺňőďěľáâćĺï π ĺ K ňěğőŋőć ć ćěéěáâćě ďěâěłâőàă. Ŋăńĺçĺě \ńĺèŋĺå" äőâőŋőć ğăâàãďŋïěâ ăŋăńĺğ ňŋőčőçăáâĺçŋëå ŕàőæěááőć. Ŕőíâőňã ŋěőąåőďĺňă ŕàőæěďãàă, ŕőğćőńïîéăï íääěłâĺćŋő ŕőďăćńïâì \ńĺèŋĺě" äőâőŋë.

Ć ďăŋŋőľ àăąőâě ĺáŕőńìğőćăńáï áńěďãîéĺľ ŕàőáâőľ ňěâőď ďńï ãďăńěŋĺï \ńĺèŋĺå" äőâőŋőć. Łăł ćĺďŋő ĺğ ŕăàăňěâàĺğăæĺĺ łőćăàĺăæĺőŋŋőľ ňăâàĺæë, íŋěàčĺï äőâőŋőć ŕàĺ łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ ňőęěâ ĺğňěŋïâìáï ć èĺàőłĺå ŕàěďěńăå, ŕàăłâĺçěáłĺ ŋě őłăğëćăï ćńĺïŋĺï ŋă ğŋăçěŋĺě äãŋłæĺĺ ŕàăćďőŕőďőąĺï χ^2. Ďńï ăŋăńĺğă őâąĺàăńĺáì áőąëâĺï á çĺáńőň ğăàěčĺáâàĺàőćăŋŋëå äőâőŋőć, ąőńìèĺň ĺńĺ àăćŋëň çĺáńã äőâőŋőć ć łőŋěçŋőň áőáâőïŋĺĺ ĺğãçăěňőčő ŕàőæěááă: N_γ ≥ N^{fs}_γ . Ŕàĺ N_γ = N^{fs}_γ ćáě äőâőŋë ãçăáâćőćăńĺ ć łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ. Ŕàĺ N_γ > N^{fs}_γ łĺŋěňăâĺçěáłăï àěłőŋáâàãłæĺï ŕàőćőďĺńăáì ďńï ćáěå ćőğňőęŋëå łőňąĺŋăæĺľ ŕő N^{fs}_γ äőâőŋőć ĺğ N_γ ĺ ćëąĺàăńăáì łőňąĺŋăæĺï á ŋăĺňěŋìèĺň χ^2. Ěáńĺ ć áőąëâĺĺ ŋě ąëńă ŋăľďěŋă âăłăï łőňąĺŋăæĺï, ć łőâőàőľ àěłőŋáâàãĺàőćăŋŋăï íŋěàčĺï łăęďőčő ĺğ äőâőŋőć ąőńìèě 30 ŇíĆ, íâő áőąëâĺě ĺáłńîçăńőáì ĺğ ďăńìŋěľèěčő ăŋăńĺğă.

Čńăćă 4.

Ĺğãçěŋĺě àěăłæĺĺ e+e� ! π+π�π+π� ŕàĺ íŋěàčĺïå ŋĺęě 1 ČíĆ. Ŕőĺáł àăáŕăďă ρ ! π+π�π+π�

4.1. Ăŋăńĺğ ďăŋŋëå

Ďńï ĺğãçěŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ŕàĺ íŋěàčĺïå ŋĺęě 1 ČíĆ ąëńĺ ĺáŕőńìğőćăŋë ďăŋŋëě, ŋăąàăŋŋëě ďěâěłâőàőň ŁŇĎ-2 ć íłáŕěàĺňěŋâě ŘŐ-98. Ŕàěďćăàĺâěńìŋëľ őâąőà áőąëâĺľ ŕàőćőďĺńáï ć áőőâćěâáâćĺĺ á ãáńőćĺïňĺ SC_1 ĺ SC_3 (áň. àăğďěń 3.4). Şáńőćĺě SC_2 ąëńő ňőďĺäĺæĺàőćăŋő, ă ĺňěŋŋő, ŋăłńăďëćăńőáì ąőńěě ęěáâłőě őčàăŋĺçěŋĺě ŋă ŕàĺæěńìŋëě ŕăàăňěâàë âàěłőć: r_{min} < 0.3 áň.

Ďńï őâőąàăŋŋëå âăłĺň őąàăğőň áőąëâĺľ ŕàőćőďĺńăáì ŕàőæěďãàă łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ, ć łőâőàőľ âàěąőćăńőáì ćëŕőńŋěŋĺě ğăłőŋă áőåàăŋěŋĺï ĺňŕãńìáă (ãáńőćĺï C^′_1{C^′_3, àăğďěń 3.4.1): ∑ i ⃗p_i = 0. Řěłőŋáâàãłæĺï ćëŕőńŋïńăáì ć ŕàěďŕőńőęěŋĺĺ, çâő ćáě ğăàïęěŋŋëě çăáâĺæë | π ňěğőŋë. Ŋă ćěńĺçĺŋã χ^2, åăàăłâěàĺğãîéãî łăçěáâćő àěłőŋáâàãłæĺĺ, ŋăłńăďëćăńőáì őçěŋì áńăąőě őčàăŋĺçěŋĺě: χ^2/N_{df} < 100/3 (ğďěáì N_{df} = 3 | çĺáńő áâěŕěŋěľ áćőąőďë, áőćŕăďăîéěě ć ďăŋŋőň áńãçăě á çĺáńőň łĺŋěňăâĺçěáłĺå őčàăŋĺçěŋĺľ). Šăłőě ãáńőćĺě, á őďŋőľ áâőàőŋë, ĺňěěâ íääěłâĺćŋőáâì ≈ 95% ďńï ŕàőæěááă e^+e^− → π^+π^−π^+π^−, ă á ďàãčőľ áâőàőŋë, ŕőďăćńïěâ őłőńő 80% áőąëâĺľ àěăłæĺĺ

e^+e^− → ω , ϕ → π^+π^−π^0 , π^0 → e^+e^−γ , (4.1)

ïćńïîéěľáï őáŋőćŋëň ĺáâőçŋĺłőň äőŋă ďńï ĺğãçăěňőčő ŕàőæěááă.

Ŕőáńěďãîéĺľ ăŋăńĺğ ŕàőćőďĺńáï á ĺáŕőńìğőćăŋĺěň ŋőàňĺàőćăŋŋőľ ŕőńŋőľ íŋěàčĺĺ ŕĺőŋőć ε_{4π}, őŕàěďěńïěňőľ áőőâŋőèěŋĺěň (3.1), ĺ ňĺŋĺňăńìŋőčő ŕàőáâàăŋáâćěŋŋőčő ãčńă ňěęďã ŕàőâĺćőŕőńőęŋő ğăàïęěŋŋëňĺ âàěłăňĺ ψ_{min}.

Řĺá. 4.1. Řăáŕàěďěńěŋĺě ŕő ŋőàňĺàőćăŋŋőľ ŕőńŋőľ íŋěàčĺĺ ŕĺőŋőć ć ğăćĺáĺňőáâĺ őâ ňĺŋĺňăńìŋőčő ŕàőáâàăŋáâćěŋŋőčő ãčńă ňěęďã âàěłăňĺ á ŕàőâĺćőŕőńőęŋëňĺ ğăàïďăňĺ

Ŋă Řĺá.4.1 ŕőłăğăŋő ďćãňěàŋőě àăáŕàěďěńěŋĺě ŕő ŋőàňĺàőćăŋŋőľ ŕőńŋőľ íŋěàčĺĺ π ňěğőŋőć ć ğăćĺáĺňőáâĺ őâ ãčńă ψ_{min}. Ŋă àĺáãŋłě åőàőèő ćëďěńïîâáï âàĺ őąńăáâĺ, ć łőâőàëå čàãŕŕĺàãîâáï áőąëâĺï. Śőąëâĺï π^+π^−π^+π^− ğăŕőńŋïîâ ãğłãî ŕőńőáã á ε_{4π} ≈ 1 ć őąńăáâĺ a. Ŋĺęŋïï çăáâì őąńăáâĺ b ğăŕőńŋïěâáï áőąëâĺïňĺ äőŋőćőľ àěăłæĺĺ (4.1), âőčďă łăł ŕàőæěááë

e^+e^− → e^+e^−γ ĺ (4.2) e^+e^− → π^+π^−γ , (4.3)

á ŕőáńěďãîéěľ łőŋćěàáĺěľ äőâőŋă ć e^+e^− ŕăàã ŋă áâěŋłě ćăłããňŋőľ łăňěàë ďăîâ ćłńăď ć ćěàåŋîî çăáâì íâőľ őąńăáâĺ.

Ć őąńăáâì c ŕőŕăďăîâ áőąëâĺï àěăłæĺĺ e^+e^− → π^+π^−, łőčďă őďĺŋ ĺğ π ňěğőŋőć ĺáŕëâëćăěâ ïďěàŋőě ćğăĺňőďěľáâćĺě á ćěéěáâćőň ďěâěłâőàă, ă ŕàőďãłâë íâőčő ćğăĺňőďěľáâćĺï àăááěĺćăîâáï ŋăğăď ć ďàěľäőćãî łăňěàã ĺ ćëğëćăîâ ŕőïćńěŋĺě ďćãå ďőŕőńŋĺâěńìŋëå âàěłőć. Ďńï ŕőďăćńěŋĺï äőŋă őâ íâőčő ŕàőæěááă ĺáŕőńìğőćăńáï ŕăàăňěâà ŋőàňĺàőćăŋŋőčő ňăłáĺňăńìŋőčő ĺňŕãńìáă âàěłőć: P_{norm} = max^4_{i=1} |⃗p_i| √ E^2_{beam} − m^2_π . (4.4)

Łăł ćĺďŋő ĺğ őŕàěďěńěŋĺï (4.4), ćěńĺçĺŋă P_{norm} ≈ 1 ďńï łőńńĺŋěăàŋëå ŕĺőŋőć ć ŕàőæěááě e^+e^− → π^+π^−, ĺ, őçěćĺďŋő, P_{norm} < 1 ďńï ĺğãçăěňőčő ŕàőæěááă, ŕàĺçěň ćěńĺçĺŋă P_{norm} ďńï áőąëâĺľ π^+π^−π^+π^− ãňěŋìèăěâáï á ãňěŋìèěŋĺěň íŋěàčĺĺ ŕãçłă. Ŋă Řĺá.4.2

Řĺá. 4.2. Řăáŕàěďěńěŋĺě ŕő ŋőàňĺàőćăŋŋőňã ňăłáĺňăńìŋőňã ĺňŕãńìáã âàěłőć. Šőçłĺ á őèĺąłăňĺ | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě, őâőąàăŋŋëě á ãáńőćĺěň ψ_{min} > 0.3; čĺáâőčàăňňă | ňőďěńĺàőćăŋĺě áőąëâĺľ π^+π^−π^+π^−

Řĺá. 4.3. Řăáŕàěďěńěŋĺě ŕő W_π+_π− ďńï ŕăàë ŕàőâĺćőŕőńőęŋő ğăàïęěŋŋëå çăáâĺæ á ŋăĺňěŋìèĺň ŕàőáâàăŋáâćěŋŋëň ãčńőň ňěęďã âàěłăňĺ. Šőçłĺ á őèĺąłăňĺ | áőąëâĺï π^+π^−π^+π^− (őąńăáâì a); čĺáâőčàăňňă | áőąëâĺï ĺğ őąńăáâĺ b

âőçłăňĺ á őèĺąłăňĺ ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕő ŕăàăňěâàã P_{norm} ďńï íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå á ψ_{min} > 0.3 (â.ě., äăłâĺçěáłĺ, ĺğ őąńăáâěľ a ĺ c ŋă Řĺá.4.1). Ďńï áàăćŋěŋĺï ŋă íâőň ęě àĺáãŋłě ŕőłăğăŋő ňőďěńĺàőćăŋĺě áőąëâĺľ π^+π^−π^+π^− ŕàĺ íŋěàčĺĺ E_{beam} = 0.485 ČíĆ (čĺáâőčàăňňă). Ĺğ Řĺá.4.2 ćĺďŋő, çâő ãáńőćĺě P_{norm} < 0.8 ŕőğćőńïěâ íääěłâĺćŋő ŕőďăćńïâì ŕàőæěáá e^+e^− → π^+π^−, áőŕàőćőęďăîéĺľáï ïďěàŋëň ćğăĺňőďěľáâćĺěň ŕĺőŋőć.

Ć őąńăáâĺ íŋěàčĺľ ćąńĺğĺ ŕĺłőć ρ ĺ ω àěğőŋăŋáőć çĺáńő àěčĺáâàĺàãěňëå áőąëâĺľ àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ňăńő. Śěçěŋĺě ęě äőŋőćőčő ŕàőæěááă (4.1) ć íâőľ őąńăáâĺ ćőğàăáâăěâ, ďőáâĺčăï ňăłáĺňãňă ŕàĺ 2E_{beam} = m_ω. Ďńï ãňěŋìèěŋĺï çĺáńă äőŋőćëå áőąëâĺľ àěăłæĺĺ (4.1) ąëńă ĺáŕőńìğőćăŋă ŕàőæěďãàă e/π àăğďěńěŋĺï, őŕĺáăŋŋăï ć àăğďěńě 3.4 (áň. âăłęě àăąőâã [59]). Ňë ćëąĺàăńĺ ďćă ŕàőâĺćőŕőńőęŋő ğăàïęěŋŋëå âàěłă á ŋăĺňěŋìèĺň ŕàőáâàăŋáâćěŋŋëň ãčńőň ňěęďã ŋĺňĺ. Ğăâěň ďńï íâőľ ŕăàë ćëçĺáńïńăáì ćěàőïâŋőáâì W_π+_π− ąëâì ŕĺőŋăňĺ. Ŋă Řĺá.4.3 ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕő ćěńĺçĺŋě W_π+_π− ďńï áőąëâĺľ, őâőąàăŋŋëå ĺğ őąńăáâěľ a (âőçłĺ á őèĺąłăňĺ) ĺ b (čĺáâőčàăňňă). Ďńï ŕőďăćńěŋĺï äőŋă ŕàőæěááă (4.1) ć őąńăáâĺ íŋěàčĺľ őâ 0.6 ďő 0.8 ČíĆ ŋăłńăďëćăńőáì őčàăŋĺçěŋĺě W_π+_π− > 0.5 (ŕőłăğăŋő áâàěńłőľ ŋă Řĺá.4.3), łőâőàőě őâąàăáëćăěâ őłőńő

70% áőąëâĺľ π^+π^−π^0, π^0 → e^+e^−γ. İääěłâĺćŋőáâì âăłőčő őâąőàă ďńï ĺğãçăěňőčő ŕàőæěááă őŕàěďěńïńăáì ŕő áőąëâĺïň π^+π^−π^+π^− ŕàĺ íŋěàčĺïå őâ 0.81 ďő 0.97 ČíĆ ĺ áőáâăćĺńă 90%.

Ŕàĺňěŋïï ãáńőćĺï ε_{4π} < 1.05 ĺ ψ_{min} > 0.3, ňë őâőąàăńĺ, ć łőŋěçŋőň ĺâőčě, 153 áőąëâĺï π^+π^−π^+π^−. Őęĺďăěňőě çĺáńő äőŋőćëå áőąëâĺľ ŕàőæěááőć (4.1), (4.2) ĺ (4.3) őæěŋĺćăńőáì á ŕőňőéìî ŕőńŋőčő ňőďěńĺàőćăŋĺï ďěâěłâőàă. Ąëńő ŋăľďěŋő, çâő äőŋ ŕàĺ ãłăğăŋŋëå ãáńőćĺïå őâąőàă ŕàěŋěąàěęĺňő ňăń. Šăł, ŋăŕàĺňěà, őęĺďăěňőě çĺáńő áőąëâĺľ àěăłæĺĺ (4.1) ć őąńăáâĺ íŋěàčĺľ 0.6{0.8 ČíĆ ňěŋìèě 0.2, âőčďă łăł ć ďăŋŋőň ďĺăŕăğőŋě ŋăąńîďăěâáï çěâëàě áőąëâĺï π^+π^−π^+π^−.

4.2. Őŕàěďěńěŋĺě áěçěŋĺï

Ćěńĺçĺŋă áěçěŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ć łăęďőľ âőçłě (ĺŋâěàćăńě) ŕő íŋěàčĺĺ àăááçĺâëćăńăáì ć áőőâćěâáâćĺĺ áő áńěďãîéěľ äőàňãńőľ:

σ_i = N_i L_i ϵ_i (1 + δ_i)

, (4.5)

čďě N_i | çĺáńő őâőąàăŋŋëå áőąëâĺľ π^+π^−π^+π^−, L_i | ĺŋâěčàăń áćěâĺňőáâĺ, ϵ_i | íääěłâĺćŋőáâì àěčĺáâàăæĺĺ ĺ δ_i | àăďĺăæĺőŋŋăï ŕőŕàăćłă ć i-ľ âőçłě.

Ćěńĺçĺŋă íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ ϵ ŕàőæěááă e^+e^− → π^+π^−π^+π^− őŕàěďěńïńăáì ĺğ ňőďěńĺàőćăŋĺï. Řăááňăâàĺćăńĺáì çěâëàě àăğńĺçŋëå łćăğĺďćãåçăáâĺçŋëå ňěåăŋĺğňă őąàăğőćăŋĺï łőŋěçŋőčő áőáâőïŋĺï π^+π^−π^+π^− [6,7]:

a_1π : e^+e^− → ρ , ρ^′ → a_1(1260)π → π^+π^−π^+π^− , (4.6) ρσ : e^+e^− → ρ , ρ^′ → ρσ → π^+π^−π^+π^− , (4.7) π_1π : e^+e^− → ρ , ρ^′ → π_1(1300)π → π^+π^−π^+π^− , (4.8) a_2π : e^+e^− → ρ , ρ^′ → a_2(1320)π → π^+π^−π^+π^− . (4.9)

Ŕàĺ ňőďěńĺàőćăŋĺĺ ąëńĺ ĺáŕőńìğőćăŋë áńěďãîéĺě ğŋăçěŋĺï ňăáá ĺ ŕőńŋëå èĺàĺŋ çăáâĺæ ć ŕàőňěęãâőçŋőň áőáâőïŋĺĺ: m_{a1} = 1230 ŇíĆ, Γ_{a1} = 550 ŇíĆ; m_{a2} = 1318 ŇíĆ, Γ_{a2} = 107 ŇíĆ; m_σ = 800 ŇíĆ, Γ_σ = 800 ŇíĆ; m_{π1} = 1300 ŇíĆ, Γ_{π1} = 400 ŇíĆ.

Łăł ąëńő ŕőłăğăŋő ć àăąőâăå [6,7], ć őąńăáâĺ íŋěàčĺľ ćëèě 1.05 ČíĆ ć ŕàőæěááě àőęďěŋĺï çěâëàěå ŕĺőŋőć ďőňĺŋĺàãěâ ŕàőňěęãâőçŋőě áőáâőïŋĺě a_1π. Őďŋăłő ć ĺğãçăěňőň ć ďăŋŋőľ àăąőâě ďĺăŕăğőŋě íŋěàčĺľ ŋĺęě 1 ČíĆ ĺŋâěàäěàěŋæĺï ăňŕńĺâãď, őâńĺçăîéĺåáï ŕěàěáâăŋőćłăňĺ ŕĺőŋőć őďŋőčő ğŋăłă, ãňěŋìèăěâ àăğńĺçĺě ňěęďã ňőďěńïňĺ (4.6){(4.9).

Ňë ŕàőćěńĺ áàăćŋěŋĺě àăğńĺçŋëå áŕěłâàőć ĺŋćăàĺăŋâŋëå ňăáá, ă âăłęě ãčńőćëå àăáŕàěďěńěŋĺľ ďńï ďăŋŋëå ĺ ňőďěńĺàőćăŋĺï ŕàőæěááőć (4.6){(4.9). Ŋă Řĺá.4.4a) ĺ b) ŕőłăğăŋë àăáŕàěďěńěŋĺï ŕő ŋőàňĺàőćăŋŋőľ ĺŋćăàĺăŋâŋőľ ňăááě ŕăàë ŕĺőŋőć: μ_π+_π− =

Řĺá. 4.4. Řăáŕàěďěńěŋĺě ŕő ŋőàňĺàőćăŋŋőľ ĺŋćăàĺăŋâŋőľ ňăááě ŕăàë π^+π^−. Šőçłĺ á őèĺąłăňĺ ŋă őąőĺå àĺáãŋłăå | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; čĺáâőčàăňňë: (a) | ňőďěńĺàőćăŋĺě ŕàőňěęãâőçŋőčő áőáâőïŋĺï a_1(1260)π; (b) | ňőďěńĺàőćăŋĺě ŕàőňěęãâőçŋőčő áőáâőïŋĺï π_1(1300)π

Řĺá. 4.5. Řăáŕàěďěńěŋĺě ŕő cos θ. Šőçłĺ á őèĺąłăňĺ ŋă őąőĺå àĺáãŋłăå | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; čĺáâőčàăňňë: (a) | ňőďěńĺàőćăŋĺě ŕàőňěęãâőçŋőčő áőáâőïŋĺï a_1(1260)π; (b) | ňőďěńĺàőćăŋĺě ŕàőňěęãâőçŋőčő áőáâőïŋĺï a_2(1320)π

m_π+_{π−} −2mπ 2E_{beam}−4mπ (ğďěáì mπ+π^− | ĺŋćăàĺăŋâŋăï ňăááă π

+π^−, m_π | ňăááă ğăàïęěŋŋőčő ŕĺőŋă). Šőçłĺ á őèĺąłăňĺ ŋă őąőĺå àĺáãŋłăå | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; čĺáâőčàăňňë: Řĺá4.4a) | ňőďěńĺàőćăŋĺě ŕàőňěęãâőçŋőčő áőáâőïŋĺï a_1(1260)π; Řĺá4.4b) | ňőďěńĺàőćăŋĺě ŕàőňěęãâőçŋőčő áőáâőïŋĺï π_1(1300)π. Řăáŕàěďěńěŋĺě ŕő cos θ, čďě θ | ŕőńïàŋëľ ãčőń âàěłőć, ŕőłăğăŋő ŋă Řĺá.4.5a) ĺ b). İłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ğďěáì âăłęě ŕőłăğăŋë âőçłăňĺ á őèĺąłăňĺ, ă ňőďěńĺàőćăŋĺě | čĺáâőčàăňňăňĺ: Řĺá.4.5a) | ňőďěńĺàőćăŋĺě a_1(1260)π; Řĺá4.5b) | ňőďěńĺàőćăŋĺě a_2(1320)π. Łăł ćĺďŋő ĺğ àĺáãŋłőć 4.4 ĺ 4.5, ŕàőňěęãâőçŋëě áőáâőïŋĺï a_2(1320)π ĺ π_1(1300)π åãęě áőčńăáãîâáï á ŋăèĺňĺ ďăŋŋëňĺ, ňőďěńĺ ęě a_1(1260)π ĺ ρσ ŕàăłâĺçěáłĺ ŋěàăğńĺçĺňë ć ďăŋŋőň ďĺăŕăğőŋě íŋěàčĺľ.

Šăł łăł ňěåăŋĺğň a_1(1260)π ďőňĺŋĺàãěâ ŕàĺ ąőńěě ćëáőłĺå íŋěàčĺïå, ňőďěńì a_1π ąëńă ćëąàăŋă ďńï őłőŋçăâěńìŋőčő àăáçěâă íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ ϵ ŕàőæěááă e^+e^− → π^+π^−π^+π^−. Ĺğ àăáçěâőć ąëńő ŕőńãçěŋő, çâő ćěńĺçĺŋă íääěłâĺćŋőáâĺ ćőğàăáâăěâ á àőáâőň íŋěàčĺĺ, ĺğňěŋïïáì őâ 17% ďő 28% ć ďĺăŕăğőŋě íŋěàčĺľ őâ 0.75 ďő 1.0 ČíĆ. Ŕàĺ íŋěàčĺïå ŋĺęě 0.7 ČíĆ íääěłâĺćŋőáâì ąëáâàő ãňěŋìèăěâáï, âăł łăł ĺňŕãńìáë àőęďăîéĺåáï π ňěğőŋőć áâăŋőćïâáï ňěŋìèě ŕőàőčă íääěłâĺćŋőľ àěłőŋáâàãłæĺĺ âàěłőć ć ďàěľäőćőľ łăňěàě (p_{⊥thresh} ∼ 50 ŇíĆ/c).

Řăďĺăæĺőŋŋëě ŕőŕàăćłĺ (ŘŔ) ł áěçěŋĺî, áćïğăŋŋëě á ĺğńãçěŋĺěň ŋăçăńìŋëå çăáâĺæ (e^− ĺ e^+), àăááçĺâëćăńĺáì áőčńăáŋő àăąőâě [61] á âőçŋőáâìî ńãçèě 1%. Šăł łăł ćěńĺçĺŋă ŘŔ áãéěáâćěŋŋő ğăćĺáĺâ őâ íŋěàčěâĺçěáłőčő ŕőćěďěŋĺï áěçěŋĺï, àăáçěâ ŕàőćőďĺńáï ĺâěàăæĺőŋŋëň ňěâőďőň. Ć łăçěáâćě ŕěàćőčő ŕàĺąńĺęěŋĺï ĺáŕőńìğőćăńĺáì ŋăąńîďăěňëě ćěńĺçĺŋë áěçěŋĺï, c δ = 0 ć äőàňãńě (4.5). Ŕőńãçěŋŋëě ğŋăçěŋĺï ŘŔ ĺáŕőńìğőćăńĺáì ďńï àăáçěâă ŋőćëå ğŋăçěŋĺľ áěçěŋĺï, ĺ ğăâěň ćáï ŕàőæěďãàă ŕőćâőàïńăáì, ŕőłă ćăàĺăæĺĺ ć δ ŋě áâăŋőćĺńĺáì ňěŋìèě ğăïćńěŋŋőľ âőçŋőáâĺ. Ŕàăłâĺçěáłĺ, ďńï íâőčő őłăğëćăńőáì ďőáâăâőçŋëň ćëŕőńŋĺâì 2 ĺńĺ 3 ĺâěàăæĺĺ.

Ć âăąńĺæě 4.1 ŕőłăğăŋë àěğãńìâăâë àăáçěâă áěçěŋĺï ŕàőæěááă e^+e^− → π^+π^−π^+π^− ŕàĺ íŋěàčĺïå ŋĺęě 1 ČíĆ. Šăł łăł çĺáńő ğăàěčĺáâàĺàőćăŋŋëå çěâëàěåŕĺőŋŋëå áőąëâĺľ ŕàĺ íŋěàčĺïå ŋĺęě 0.8 ČíĆ ňăńő́, ňë őąêěďĺŋĺńĺ ďăŋŋëě ĺğ ŋěáłőńìłĺå őâďěńìŋëå âőçěł. Ćěńĺçĺ́ŋë áěçěŋĺľ (ĺńĺ ćěàåŋĺě ŕàěďěńë) ŕàĺ íâőň àăááçĺâëćăńĺáì ć áőőâćěâáâćĺĺ á äőàňãńőľ: σ = ΣN_i ΣL_i ε_i (1 + δ_i)

, (4.10)

ć łőâőàőľ ãçĺâëćăîâáï ćăàĺăæĺĺ ĺŋâěčàăńă áćěâĺňőáâĺ, íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ ĺ àăďĺăæĺőŋŋëå ŕőŕàăćőł ć ďăŋŋőň ĺŋâěàćăńě íŋěàčĺľ.

Ŋă Řĺá.4.6 ŕőłăğăŋă ğăćĺáĺňőáâì őâ íŋěàčĺĺ áěçěŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ŋĺęě 1.05 ČíĆ. Ŕàĺćěďěŋë âőńìłő áâăâĺáâĺçěáłĺě őèĺąłĺ. Ďńï áàăćŋěŋĺï, ŋă íâőň ęě àĺáãŋłě ŕőłăğăŋë ćěàåŋĺě ŕàěďěńë ŋă ćěńĺçĺŋã ĺğňěàïěňőčő áěçěŋĺï, ŕőńãçěŋŋëě ć [8{12,17]. Ŕőńãçěŋŋëě ć ŋăèěľ àăąőâě ćěńĺçĺŋë áěçěŋĺï áőčńăáãîâáï á íâĺňĺ àěğãńìâă-

Šăąńĺæă 4.1. Řěğãńìâăâë àăáçěâă áěçěŋĺï ŕàőæěááă e^+e^− → π^+π^−π^+π^− E_{cm}, L, N_{4π} ε δ σ, GeV nb^{−1} nb 0.6{0.66 122.3 0 0.029 -0.147 < 0.76 at 90% CL 0.69{0.72 103.2 0 0.115 -0.157 < 0.23 at 90% CL 0.75{0.78 372.8 2 0.171 -0.134 0.036 ± 0.026 0.781{0.8 818.3 2 0.181 -0.133 0.015 ± 0.011 0.81 61.3 2 0.243 -0.117 0.15 ± 0.11 0.82 112.1 3 0.217 -0.114 0.14 ± 0.08 0.84 133.7 4 0.238 -0.113 0.14 ± 0.07 0.88 172.1 9 0.258 -0.116 0.23 ± 0.08 0.92 292.7 26 0.275 -0.121 0.37 ± 0.07 0.94 140.2 10 0.275 -0.124 0.30 ± 0.09 0.95 232.0 18 0.284 -0.126 0.31 ± 0.07 0.958 256.6 34 0.284 -0.127 0.53 ± 0.09 0.97 256.4 43 0.276 -0.130 0.70 ± 0.11

âăňĺ.

Ŋĺęě ŕěàěçĺáńěŋë őáŋőćŋëě äăłâőàë, ďăîéĺě ćłńăď ć áĺáâěňăâĺçěáłãî ŋěőŕàěďěńěŋŋőáâì ćěńĺçĺŋë áěçěŋĺï:

• ãáńőćĺï őâąőàă áőąëâĺľ | 10%;

• íääěłâĺćŋőáâì àěłőŋáâàãłæĺĺ âàěłőć ć ďàěľäőćőľ łăňěàě | 5%;

• ňőďěńìŋăï ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ őâ ňěåăŋĺğňă őąàăğőćăŋĺï (4.6){(4.9) çěâëàěåŕĺőŋŋőčő áőáâőïŋĺï | 3%;

• ŋěőŕàěďěńěŋŋőáâì ć ĺğňěàěŋĺĺ áćěâĺňőáâĺ | 1.5%;

• àăáçěâ àăďĺăæĺőŋŋëå ŕőŕàăćőł ł ćěńĺçĺŋě áěçěŋĺï | 1%.

Łćăďàăâĺçŋăï áãňňă ćáěå ãłăğăŋŋëå ćłńăďőć ďăěâ őæěŋłã ŕőńŋőľ áĺáâěňăâĺçěáłőľ őèĺąłĺ ć ćěńĺçĺŋě áěçěŋĺï | 12%.

4.3. Őąáãęďěŋĺě àěğãńìâăâőć

Ł áőęăńěŋĺî, ć ńĺâěàăâãàě ŕàăłâĺçěáłĺ ŋěâ âěőàěâĺçěáłĺå ŕàěďáłăğăŋĺľ ďńï íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ ĺğãçăěňőčő ŕàőæěááă. Ŕőíâőňã ňë íłáâàăŕőńĺàőćăńĺ ŕőćěďěŋĺě

Řĺá. 4.6. Śěçěŋĺě àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ŋĺęě 1.05 ČíĆ. Řěğãńìâăâë ĺğňěàěŋĺï áěçěŋĺï, ŕőńãçěŋŋëě ć ďăŋŋőľ àăąőâě (■), áàăćŋĺćăîâáï á íłáŕěàĺňěŋâăňĺ ďàãčĺå čàãŕŕ: △ | ŊĎ [11,12]; □ | ŐŃ§ [10]; ♦ | ŁŇĎ [17]; | DM1 [9]; ▼ | M2D [8] áěçěŋĺï ĺğ őąńăáâĺ íŋěàčĺľ ćëèě 1.05 ČíĆ, ĺáŕőńìğãï ŕàőáâěľèãî äěŋőňěŋőńőčĺçěáłãî ňőďěńì [6,7]. Řěğãńìâăâë íłáâàăŕőńïæĺĺ ŕőłăğăŋë ŋă Řĺá.4.6 ğăèâàĺåőćăŋŋőľ őąńăáâìî. Ć ďăŋŋőň àăáçěâě ŕàěďŕőńăčăńőáì, çâő íŋěàčěâĺçěáłőě ŕőćěďěŋĺě áěçěŋĺï őŕàěďěńïěâáï ďćãňï ĺŋâěàäěàĺàãîéĺňĺ àěğőŋăŋáăňĺ | ρ(770) ĺ ěčő ćőğąãęďěŋĺěň (ρ^′), àăáŕăďăîéĺňĺáï ć łőŋěçŋőě áőáâőïŋĺě π^+π^−π^+π^− çěàěğ ŕàőňěęãâőçŋőě áőáâőïŋĺě a_1(1260)π. Łőŋáâăŋâă áćïğĺ g_{ρa1π} ŕàĺ íâőň ąëńă ğăäĺłáĺàőćăŋă ĺğ ćěàőïâŋőáâĺ àăáŕăďă a_1(1260) ć ρπ. Ŕăàăňěâàë ρ^′-ňěğőŋă ąëńĺ őŕàěďěńěŋë ĺğ ăŕŕàőłáĺňăæĺĺ ďăŋŋëå ŕő áěçěŋĺî e^+e^− → π^+π^−π^+π^−, ŕőńãçěŋŋëå ŕàĺ íŋěàčĺïå ćëèě 1 ČíĆ ć íłáŕěàĺňěŋâăå ŋă ďěâěłâőàăå ŁŇĎ-2 [6,7] ĺ DM2 [62]. Űěŋâàăńìŋăï łàĺćăï ć ğăèâàĺåőćăŋŋőľ őąńăáâĺ ŋă Řĺá.4.6 áőőâćěâáâćãěâ èĺàĺŋě a_1(1260) 600 ŇíĆ, ïćńïîéěľáï őŕâĺňăńìŋőľ ďńï ŋăèěčő ăŋăńĺğă. Ćěàåŋïï ĺ ŋĺęŋïï čàăŋĺæë ğăèâàĺåőćăŋŋőľ őąńăáâĺ ąëńĺ ŕőńãçěŋë ŕàĺ Γ_{a1} = 800 ĺ Γ_{a1} = 400 ŇíĆ áőőâćěâáâćěŋŋő.

İŋěàčěâĺçěáłőě ŕőćěďěŋĺě áěçěŋĺï, łăł íâő ćĺďŋő ĺğ Řĺá.4.6, ŋě ŕàőâĺćőàěçĺâ ŕàěďŕőńőęěŋĺî ďőňĺŋăŋâŋőáâĺ a_1(1260)π ňěåăŋĺğňă, ãáâăŋőćńěŋőľ ďńï ąőńěě ćëáőłĺå íŋěàčĺľ [6,7].

Ĺğ Řĺá.4.6 ňőęŋő âăłęě áďěńăâì ćëćőď, çâő áěçěŋĺě ŕàőæěááă e^+e^− → π^+π^−π^+π^− ŕàĺ íŋěàčĺïå ćąńĺğĺ ňăłáĺňãňă ρ-ňěğőŋă ŋě ĺňěěâ ïćŋő ćëàăęěŋŋőčő àěğőŋăŋáŋőčő ŕőćěďěŋĺï, őŕĺáëćăîéěčőáï äőàňãńőľ Ąàěľâă|Ćĺčŋěàă ĺ åăàăłâěàĺğãîéěčőáï áŕăďőň áěçěŋĺï ŋă ŕàăćőň áłńőŋě ρ. Śłőàěě ňőęŋő ãâćěàęďăâì, çâő ć íâőľ őąńăáâĺ íŋěàčĺľ ć íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ áěçěŋĺï ĺňěěâáï ŋěąőńìèőě \ŕńěçő", ćőğŋĺłăîéěě ĺğ-ğă łőňŕěŋáăæĺĺ àěğőŋăŋáŋőčő ŕőćěďěŋĺï ąëáâàëň àőáâőň äăğőćőčő őąêěňă çěâëàěåŕĺőŋŋőčő áőáâőïŋĺï. Őďŋăłő, ďńï áàăćŋěŋĺï ŕőńãçěŋŋëå ć ŋăèěľ àăąőâě ďăŋŋëå á áãéěáâćãîéĺňĺ âěőàěâĺçěáłĺňĺ ŕàěďáłăğăŋĺïňĺ ŕőńěğŋő őŕàěďěńĺâì ćěńĺçĺŋã áěçěŋĺï ŕàĺ íŋěàčĺĺ, áőőâćěâáâćãîéěľ ňăááě ρ-ňěğőŋă. Ś íâőľ æěńìî ąëń àăááňőâàěŋ ďĺăŕăğőŋ íŋěàčĺľ 0.75{0.8 ČíĆ. Ĺáŕőńìğãï ĺŋäőàňăæĺî őą ĺŋâěčàăńìŋőľ áćěâĺňőáâĺ ć ďăŋŋőň ďĺăŕăğőŋě ĺ áńěďãï ćëàăęěŋĺî (4.10), ąëńă ŕőńãçěŋă ćěńĺçĺŋă áěçěŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ŕàĺ íŋěàčĺĺ, àăćŋőľ ňăááě ρ:

σ_0 = σ(e^+e^− → π^+π^−π^+π^− , 2E_{beam} = m_ρ) = 0.020 ± 0.010 ± 0.003 ŋą .

İâă ćěńĺçĺŋă ňőęěâ ąëâì ćëàăęěŋă ć âěàňĺŋăå ćěàőïâŋőáâĺ àăáŕăďă ρ-ňěğőŋă ć łőŋěçŋőě áőáâőïŋĺě π^+π^−π^+π^−.

Ĺáŕőńìğãï áńěďãîéěě áőőâŋőèěŋĺě, áŕàăćěďńĺćőě ďńï áěçěŋĺï àőęďěŋĺï àěğőŋăŋáă ć ěčő ňăłáĺňãňě:

σ_0 =

12πBr(ρ → e^+e^−)Br(ρ → π^+π^−π^+π^−) m^2_ρ

, (4.11)

ĺ ćğïć ćěńĺçĺŋë m_ρ ĺ Br(ρ → e^+e^−) ĺğ Šăąńĺæ áćőľáâć íńěňěŋâăàŋëå çăáâĺæ [63], ąëńő ŕőńãçěŋő áńěďãîéěě ğŋăçěŋĺě ďńï őâŋőáĺâěńìŋőľ ćěàőïâŋőáâĺ àăáŕăďă ρ-ňěğőŋă ć łăŋăńě ρ → π^+π^−π^+π^−:

Br(ρ^0 → π^+π^−π^+π^−) = (1.8 ± 0.9 ± 0.3) · 10^{−5}

ĺńĺ, ć âěàňĺŋăå èĺàĺŋë àăáŕăďă:

Γ(ρ^0 → π^+π^−π^+π^−) = 2.8 ± 1.4 ± 0.5 łíĆ. (4.12)

Ŕőńãçěŋŋëľ àěğãńìâăâ ňőęŋő áàăćŋĺâì á ńãçèĺň ŕàěďëďãéĺň ĺğňěàěŋĺěň ďăŋŋőľ ćěńĺçĺŋë [10], čďě ąëń ãáâăŋőćńěŋ âőńìłő ćěàåŋĺľ ŕàěďěń: Γ(ρ^0 → π^+π^−π^+π^−) < 30 łíĆ ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ.

4.3.1. Śàăćŋěŋĺě á âěőàěâĺçěáłĺňĺ ŕàěďáłăğăŋĺïňĺ

Ŕàőæěáá ňŋőęěáâćěŋŋőčő àőęďěŋĺï ŕĺőŋőć ć e^+e^− áâőńłŋőćěŋĺïå ćŕěàćëě ŋăąńîďăńáï ćő Ťàăáłăâĺ [4] ĺ Ŋőćőáĺąĺàáłě [5] ŕàĺ íŋěàčĺïå őâ 1.18 ďő 2 ČíĆ. Ŕőíâőňã ć àăŋŋĺå äěŋőňěŋőńőčĺçěáłĺå ňőďěńïå, ŕőáćïéěŋŋëå àăáçěâã áěçěŋĺï e^+e^− → 4π [13{16], őáŋőćŋőě ćŋĺňăŋĺě ãďěńïńőáì őąńăáâĺ íŋěàčĺľ > 1 ČíĆ. Ŕàĺ àăáçěâăå ĺáŕőńìğőćăńőáì ŕàěďŕőńőęěŋĺě ő łćăğĺďćãåçăáâĺçŋőň ňěåăŋĺğňě őąàăğőćăŋĺï łőŋěçŋőčő áőáâőïŋĺï. Šăł, ć àăąőâě [16] ąëńĺ àăááňőâàěŋë âàĺ ŕàőňěęãâőçŋëå áőáâőïŋĺï: a_1(1260)π, a_2(1320)π ĺ ρσ. Ąëńő ŕőłăğăŋő, çâő őáŋőćŋőľ ćłńăď ć áěçěŋĺě ŕàĺ íŋěàčĺĺ ćëèě 1 ČíĆ ďăěâ áőáâőïŋĺě a_1(1260)π, âőčďă łăł ŕàĺ ŋĺğłĺå íŋěàčĺïå áěçěŋĺě őŕàěďěńïěâáï áőáâőïŋĺěň ρσ. Ďńï áěçěŋĺï ŕàěďáłăğëćăńăáì ćěńĺçĺŋă őłőńő 1 ŕą ŕàĺ íŋěàčĺĺ 1.05 ČíĆ ĺ áãéěáâćěŋŋő ňěŋìèěě ğŋăçěŋĺě ďńï ąőńěě ŋĺğłĺå íŋěàčĺľ, çâő ŋăåőďĺâáï ć őçěćĺďŋőň ŕàőâĺćőàěçĺĺ á àěğãńìâăâăňĺ ďăŋŋőľ àăąőâë. Řăáçěâë ŕő íâőľ ňőďěńĺ ďńï ąőńěě ćëáőłĺå íŋěàčĺľ âăłęě ŋě áőčńăáãîâáï á íłáŕěàĺňěŋâăńìŋëňĺ ďăŋŋëňĺ, ďăćăï ćěńĺçĺŋë áěçěŋĺï ŋă ŕőàïďőł ňěŋìèě, çěň ŋăąńîďăěňëě ć íłáŕěàĺňěŋâě ğŋăçěŋĺï.

Ć ąőńìèĺŋáâćě àăŋŋĺå àăąőâ ć ňăâàĺçŋőň íńěňěŋâě ŋě ãçĺâëćăńĺáì íääěłâë ĺŋâěàäěàěŋæĺĺ ăňŕńĺâãď, áćïğăŋŋëå á ŕěàěáâăŋőćłăňĺ őďĺŋăłőćëå ŕĺőŋőć, çâő ŕàĺćőďĺńő ł ŋěŕàăćĺńìŋëň áőőâŋőèěŋĺïň ňěęďã ćěàőïâŋőáâïňĺ ŕěàěåőďă ć łőŋěçŋëě áőáâőïŋĺï, àăğńĺçăîéĺěáï çĺáńőň ŋěľâàăńìŋëå ĺ ğăàïęěŋŋëå ŕĺőŋőć: π^+π^−π^+π^− ĺ π^+π^−π^0π^0. Łàőňě íâőčő, ć ćëàăęěŋĺĺ ďńï ňăâàĺçŋőčő íńěňěŋâă ĺáŕőńìğőćăńĺáì àăğńĺçŋëě äőàňäăłâőàë á ŋěőŕàěďěńěŋŋëň íŋěàčěâĺçěáłĺň ŕőćěďěŋĺěň, ćëąőà łőâőàëå áãéěáâćěŋŋëň őąàăğőň ćńĺïěâ ŋă ćěńĺçĺŋã áěçěŋĺï. Śăňëň áěàìěğŋëň ŋěďőáâăâłőň ãłăğăŋŋëå àăąőâ, ŕő-ćĺďĺňőňã, ïćńïěâáï âő, çâő áěçěŋĺě ćëçĺáńïńőáì á ŕőňőéìî ďćãåçăáâĺçŋőčő äăğőćőčő őąêěňă, çâő ŕàĺćőďĺâ ł àěğłőňã ŕăďěŋĺî áěçěŋĺï ŋĺęě ŕőàőčă àěăłæĺĺ.

Šăłĺň őąàăğőň, àăááňőâàěŋŋëě äěŋőňěŋőńőčĺçěáłĺě ňőďěńĺ ŋě ŕőğćőńĺńĺ ŕőńãçĺâì ăďěłćăâŋőě őŕĺáăŋĺě íŋěàčěâĺçěáłőčő ŕőćěďěŋĺï áěçěŋĺï e^+e^− → π^+π^−π^+π^− ŕàĺ íŋěàčĺïå ŋĺęě 1 ČíĆ.

Ăćâőàë àăąőâë [64], ĺáŕőńìğãï ŕàĺąńĺęěŋĺě ňïčłĺå ŕĺőŋőć ĺ ďőňĺŋĺàőćăŋĺě ρ ňěğőŋă, ŕàěďáłăğăńĺ ćěńĺçĺŋã áěçěŋĺï e^+e^− → π^+π^−π^+π^− őłőńő 0.16 ŋą ŕàĺ íŋěàčĺïå ŋěňŋőčő ćëèě ňăááë ρ (çâő ŋě ŕàőâĺćőàěçĺâ á ŋăèĺňĺ ďăŋŋëňĺ), ŋě ĺáłńîçĺć ćőğňőęŋőáâĺ, çâő ãłăğăŋŋőě ğŋăçěŋĺě ňőęěâ ĺğňěŋïâìáï ć 2 àăğă.

Ďàãčőľ ŕőďåőď ł őŕĺáăŋĺî ňŋőęěáâćěŋŋőčő őąàăğőćăŋĺï π-ňěğőŋőć ŕàĺ ŋĺğłĺå íŋěàčĺïå őáŋőćëćăěâáï ŋă ĺáŕőńìğőćăŋĺĺ íääěłâĺćŋëå ńăčàăŋęĺăŋőć. Łăł ĺğćěáâŋő (áň., ŋăŕàĺňěà, àăąőâã [65] ĺ ááëńłĺ ć ŋěľ), íääěłâĺćŋëě łĺàăńìŋő-áĺňňěâàĺçŋëě ńăčàăŋęĺăŋë ŕőğćőńïîâ őŕĺáëćăâì ćğăĺňőďěľáâćĺě ňïčłĺå (|⃗p_π| ≪ m_π) ŕĺőŋőć. Ŕàĺ àăááňőâàěŋĺĺ e^+e^− ăŋŋĺčĺńïæĺĺ ć ňŋőčőŕĺőŋŋëě áőáâőïŋĺï ć őąńăáâĺ íŋěàčĺľ E ∼ m_ρ (|⃗p_π| ∼ m_π), ć łĺàăńìŋãî ňőďěńì, ŕőňĺňő ŕĺőŋőć, ŋěőąåőďĺňő ćłńîçăâì ćěłâőàŋëě çăáâĺæë, ć çăáâŋőáâĺ, ćěłâőàŋëě ňěğőŋë (ρ, ω, a_1 ĺ â.ď.). Őďŋăłő ďńï íâőčő ć ŋăáâőïéěě ćàěňï ŋě áãéěáâćãěâ őąéěŕàĺŋïâőčő ŕőďåőďă. Ĺğćěáâŋő ŋěáłőńìłő áŕőáőąőć ãçěâă ćěłâőàŋëå çăáâĺæ ć łĺàăńìŋëå ňőďěńïå (áň. ãęě æĺâĺàőćăćèĺľáï őąğőà [65]), ŕàĺćőďïéĺå ł àăğńĺçŋëň íääěłâĺćŋëň ńăčàăŋęĺăŋăň.

Ć âăąńĺæě 4.2 ğŋăçěŋĺě Γ(ρ^0 → π^+π^−π^+π^−), ŕőńãçěŋŋőě ć ďăŋŋőľ àăąőâě, áàăćŋĺćăěâáï á ŕàěďáłăğăŋĺïňĺ, áďěńăŋŋëňĺ ďńï íâőľ ćěńĺçĺŋë ć àăąőâăå [66{71]. Ć ąőńìèĺŋáâćě ĺğ íâĺå àăąőâ ĺáŕőńìğãěâáï ŕàĺąńĺęěŋĺě íääěłâĺćŋőčő ŋĺğłőíŋěàčěâĺçěáłőčő ńăčàăŋęĺăŋă.

Őæěŋłă, ćëŕőńŋěŋŋăï ć àăąőâě [66], ĺ őáŋőćăŋă ŋă łćăàłőćőľ ňőďěńĺ á ŋăàãèěŋŋőľ SU(6) × O(3) áĺňňěâàĺěľ ąěğ ãçěâă łĺàăńìŋőľ áĺňňěâàĺĺ, ŋě áőčńăáãěâáï ãęě á ŕěàćëň ĺğňěàěŋĺěň ćěńĺçĺŋë Γ(ρ^0 → π^+π^−π^+π^−) [10].

Ŕőáńěďãîéĺě ŕőŕëâłĺ ćłńîçĺâì ć íääěłâĺćŋëľ ńăčàăŋęĺăŋ ρ ňěğőŋ [67,68], ąëńĺ âăłęě ŋěãďőćńěâćőàĺâěńìŋë, łăł íâő ŕőłăğăŋő ć àăąőâě [69], á âőçłĺ ğàěŋĺï âàěąőćăŋĺï łĺàăńìŋőľ áĺňňěâàĺĺ. Ăćâőàë àăąőâë [69] ŕàőăŋăńĺğĺàőćăńĺ ŋěáłőńìłő íääěłâĺćŋëå ńăčàăŋęĺăŋőć ďńï őŕĺáăŋĺï ćğăĺňőďěľáâćĺï π ĺ ρ (ă ć ŋěłőâőàëå áńãçăïå ĺ a_1(1260)) ňěğőŋőć. Řăááçĺâăŋŋăï ćěńĺçĺŋă Γ(ρ^0 → π^+π^−π^+π^−) ŕàĺąńĺğĺâěńìŋő ŋă ŕőàïďőł ňěŋìèě àěğãńìâăâőć àăąőâ [67,68] ĺ ŋě ŕàőâĺćőàěçĺâ, ć ŕàěďěńăå őèĺąőł, ĺğňěàěŋĺïň, ćëŕőńŋěŋŋëň ć ďăŋŋőľ àăąőâě.

Ć ŕőïćĺćèĺåáï ŋěďăćŋő ŕãąńĺłăæĺïå [70,71] àăáŕăď ρ → 4π ĺğãçăěâáï á ĺáŕőńìğőćăŋĺěň łĺàăńìŋőčő ńăčàăŋęĺăŋă, ŋě ćłńîçăîéěčő a_1(1260) ňěğőŋ. Ŕőńãçěŋŋőě ć íâőľ àăąőâě ğŋăçěŋĺě Γ(ρ^0 → π^+π^−π^+π^−) áőćŕăďăěâ á àăáçěâăňĺ áâăâìĺ [69]. Őďŋăłő, ć őâńĺçĺĺ őâ àăąőâë [69], ăćâőàë [70,71] àăááňăâàĺćăîâ łăł ŋăĺąőńěě ăďěłćăâŋãî åăàăłâěàĺáâĺłã ŕàőæěááă e^+e^− → ρ → π^+π^−π^+π^− ŋě èĺàĺŋã àăáŕăďă, ă ćěńĺçĺŋã áěçěŋĺï, ąëáâàő ňěŋïîéãîáï á íŋěàčĺěľ. Řăáçěâ áěçěŋĺï, ćëŕőńŋěŋŋëľ ć [70,71], ĺ ŕőłăğăŋŋëľ ŋă Řĺá.4.6 ŕãŋłâĺàŋőľ ńĺŋĺěľ, ŋě ŕàőâĺćőàěçĺâ, ć ŕàěďěńăå őèĺąőł, ŋăąńîďăěňëň ć ŋăèěľ àăąőâě ćěńĺçĺŋăň ŕàĺ íŋěàčĺïå ŋĺęě 0.8 ČíĆ, âőčďă łăł ŕàĺ ąőńěě ćëáőłĺå íŋěàčĺïå àěğãńìâăâë [70,71] ŕàĺąńĺğĺâěńìŋő ŋă ŕőàïďőł ňěŋìèě, çěň ŋăèĺ ďăŋŋëě. Ăćâőàë [70,71] őąêïá-

Šăąńĺæă 4.2. Ÿĺàĺŋă àăáŕăďă Γ(ρ^0 → π^+π^−π^+π^−)

Śáëńłă ŋă àăąőâã Γ_ρ0_{→π}+_π−_π+_π− , łíĆ [66] 172 [67] 7.5 ± 0.8 25 ± 3 60 ± 7 [68] 16 ± 1 [69] 0.59{1.03 [70,71] 0.89 Ďăŋŋăï àăąőâă 2.8 ± 1.4 ± 0.5

ŋïîâ ŋăąńîďăěňőě àăğńĺçĺě âěň, çâő ć ĺå àăáçěâě ŋě ãçĺâëćăîâáï ŕàőĺğćőďŋëě ąőńěě ćëáőłĺå ŕőàïďłőć ĺ łĺàăńìŋëě ŕěâńĺ. Şçěâ ćëáèĺå ŕàőĺğćőďŋëå, łĺàăńìŋëå ŕěâěńì, ă âăłęě ćłńîçěŋĺě ć íääěłâĺćŋëľ ńăčàăŋęĺăŋ a_1 ňěğőŋă, ŕőğćőńĺâ, ŕő ĺå ňŋěŋĺî ăćâőàőć, àăáèĺàĺâì őąńăáâì ŕàĺňěŋĺňőáâĺ łĺàăńìŋëå ňőďěńěľ ďő íŋěàčĺľ ≲ 0.91 ČíĆ.

Łăł ãęě àăŋěě őâňěçăńőáì, ăŋăńĺğ ŕàőæěááă çěâëàěåŕĺőŋŋőčő àőęďěŋĺï ŕàĺ íŋěàčĺïå ćëèě 1.05 ČíĆ [6,7] ãłăğëćăěâ ć ŕőńìğã ďőňĺŋĺàőćăŋĺï ŕàőňěęãâőçŋőčő áőáâőïŋĺï a_1(1260)π ć e^+e^− ăŋŋĺčĺńïæĺĺ ć 4π, çâő ŕőğćőńĺńő ãáŕěèŋő őŕĺáăâì őąàăğőćăŋĺě çěâëàěå ŕĺőŋőć ć àăáŕăďăå τ-ńěŕâőŋă [72,73]. İłáâàăŕőńïæĺï ŕàěďáłăğăŋĺľ íâőľ äěŋőňěŋőńőčĺçěáłőľ ňőďěńĺ ć őąńăáâì ŋĺğłĺå íŋěàčĺľ ŋăåőďĺâáï, łăł ćĺďŋő ĺğ àěğãńìâăâőć, ŕőńãçěŋŋëå ć ďăŋŋőľ àăąőâě, ć åőàőèěň áőčńăáĺĺ á íłáŕěàĺňěŋâőň ćŕńőâì ďő 0.8 ČíĆ.

Ś ďàãčőľ áâőàőŋë, łĺàăńìŋëě ňőďěńĺ, ĺáŕőńìğãîéĺě íääěłâĺćŋëě ńăčàăŋęĺăŋë, őŕĺáëćăîâ ŋăąńîďăěňëě ďăŋŋëě ŕàĺ íŋěàčĺïå ŋĺęě 0.8 ČíĆ.

Ďăńìŋěľèěě àăğćĺâĺě ŋăèěčő ŕőŋĺňăŋĺï ďĺŋăňĺłĺ àőęďěŋĺï çěâëàěåŕĺőŋŋőčő áőáâőïŋĺï ŕàĺ íŋěàčĺïå ŋĺęě 1 ČíĆ, łăł á âőçłĺ ğàěŋĺï łĺàăńìŋëå ňőďěńěľ, âăł ĺ äěŋőňěŋőńőčĺçěáłĺå ŕőďåőďőć, ňőęěâ ąëâì ďőáâĺčŋãâő ŕàĺ ãćěńĺçěŋĺĺ íłáŕěàĺňěŋâăńìŋőľ áâăâĺáâĺłĺ, ă âăłęě ŕàĺ ĺğňěàěŋĺĺ áěçěŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^0π^0 ĺ áőćňěáâŋőň ăŋăńĺğě íâőčő ŕàőæěááă á àěăłæĺěľ e^+e^− → π^+π^−π^+π^−, ĺğãçăěňőľ ć ďăŋŋőľ àăąőâě.

Čńăćă 5.

Ŋăąńîďěŋĺě àăáŕăďă ϕ ! π+π�π+π�. Ŕőĺáł àăáŕăďőć ϕ ! ηπ+π� ĺ

ϕ ! π^+π^�π^+π^�π^0

5.1. Ăŋăńĺğ ďăŋŋëå

Ĺğãçěŋĺě àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ć őąńăáâĺ ϕ ňěğőŋă ŕàőćőďĺńőáì á ĺáŕőńìğőćăŋĺěň ďăŋŋëå, ŋăąàăŋŋëå ďěâěłâőàőň ŁŇĎ-2 ć íłáŕěàĺňěŋâě ŤĹ-98. Ďńï ăŋăńĺğă çěâëàěåŕĺőŋŋëå áőąëâĺľ ąëńă ŕàĺňěŋěŋă ŕàőæěďãàă ăŋăńőčĺçŋăï, ć őąéĺå çěàâăå, ŕàőæěďãàě, őŕĺáăŋŋőľ ć Čńăćě 4. Őďŋăłő, ć ćĺďã âőčő, çâő äőŋőćăï áĺâãăæĺï ćąńĺğĺ ϕ àěğőŋăŋáă ğăňěâŋëň őąàăğőň őâńĺçăěâáï őâ äőŋă ć őąńăáâĺ íŋěàčĺľ ŋĺęě 1 ČíĆ (íâĺ őâńĺçĺï łăáăîâáï łăł áâàãłâãàë äőŋőćëå ŕàőæěááőć, őáŋőćŋőľ ćłńăď ć łőâőàëě ďăîâ àăáŕăďë ϕ-ňěğőŋă, âăł ĺ áőőâŋőèěŋĺï ĺŋâěŋáĺćŋőáâěľ äőŋőćëå àěăłæĺľ ĺ ĺğãçăěňőčő ŕàőæěááă e^+e^− → π^+π^−π^+π^−), ąëńĺ ĺáŕőńìğőćăŋë ďőŕőńŋĺâěńìŋëě ňěâőďë ŕőďăćńěŋĺï äőŋőćëå áőąëâĺľ.

Ŕàěďćăàĺâěńìŋëľ őâąőà áőąëâĺľ ŕàőćőďĺńáï ć áőőâćěâáâćĺĺ á ãáńőćĺïňĺ SC_1{SC_3 (áň. àăğďěń 3.4).

Ďńï őâőąàăŋŋëå âăłĺň őąàăğőň áőąëâĺľ ŕàőćőďĺńăáì ŕàőæěďãàă łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ, ć łőâőàőľ âàěąőćăńőáì ćëŕőńŋěŋĺě ğăłőŋă áőåàăŋěŋĺï ĺňŕãńìáă (ãáńőćĺï C^′_1{C^′_3, àăğďěń 3.4.1): ∑ i ⃗p_i = 0. Řěłőŋáâàãłæĺï ćëŕőńŋïńăáì ć ŕàěďŕőńőęěŋĺĺ, çâő ćáě ğăàïęěŋŋëě çăáâĺæë | π ňěğőŋë. Ŋă ćěńĺçĺŋã χ^2, åăàăłâěàĺğãîéãî łăçěáâćő àěłőŋáâàãłæĺĺ, ŋăłńăďëćăńőáì őçěŋì áńăąőě őčàăŋĺçěŋĺě: χ^2/N_{df} < 100/3. Ŕàĺ ćëáőłőľ íääěłâĺćŋőáâĺ ďńï ĺğãçăěňőčő ŕàőæěááă (∼95%) íâő ãáńőćĺě ŕőďăćńïěâ äőŋőćëě àěăłæĺĺ:

ϕ → K^0_SK^0_L (5.1)

Řĺá. 5.1. Řăáŕàěďěńěŋĺě ŕő ŋőàňĺàőćăŋŋőľ ŕőńŋőľ íŋěàčĺĺ ŕĺőŋőć ć ğăćĺáĺňőáâĺ őâ ňĺŋĺňăńìŋőčő ŕàőáâàăŋáâćěŋŋőčő ãčńă ňěęďã âàěłăňĺ á ŕàőâĺćőŕőńőęŋëňĺ ğăàïďăňĺ

ĺ ϕ → K^+K^− (5.2)

ć âàĺ àăğă.

Ŕőáńěďãîéĺľ ăŋăńĺğ ŕàőćőďĺńáï á ĺáŕőńìğőćăŋĺěň ŋőàňĺàőćăŋŋőľ ŕőńŋőľ íŋěàčĺĺ ŕĺőŋőć ε_{4π}, őŕàěďěńïěňőľ áőőâŋőèěŋĺěň (3.1), ĺ ňĺŋĺňăńìŋőčő ŕàőáâàăŋáâćěŋŋőčő ãčńă ňěęďã âàěłăňĺ á ŕàőâĺćőŕőńőęŋëňĺ ğăàïďăňĺ ψ_{min}.

Ŋă Řĺá.4.1 ŕőłăğăŋő ďćãňěàŋőě àăáŕàěďěńěŋĺě ŕő ŋőàňĺàőćăŋŋőľ ŕőńŋőľ íŋěàčĺĺ π ňěğőŋőć ć ğăćĺáĺňőáâĺ őâ ãčńă ψ_{min}. Łăł ĺ ŕàĺ íŋěàčĺĺ 2E_{beam} ŋĺęě 1 ČíĆ, áőąëâĺï π^+π^−π^+π^− ğăŕőńŋïîâ ãğłãî ŕőńőáã á ε_{4π} ≈ 1 ć őąńăáâĺ a. Ŋĺęŋïï çăáâì őąńăáâĺ b ğăŕőńŋïěâáï áőąëâĺïňĺ äőŋőćőľ àěăłæĺĺ:

ϕ → π^+π^−π^0 , π^0 → e^+e^−γ , (5.3)

âőčďă łăł áőąëâĺï ŕàőæěááőć

e^+e^− → e^+e^−γ ĺ (5.4) e^+e^− → π^+π^−γ , (5.5) á ŕőáńěďãîéěľ łőŋćěàáĺěľ äőâőŋă ć e^+e^− ŕăàã ŋă áâěŋłě ćăłããňŋőľ łăňěàë ďăîâ ćłńăď ć ćěàåŋîî çăáâì íâőľ őąńăáâĺ.

Śőąëâĺï, ćőğŋĺłăîéĺě ĺğ àăáŕăďă ϕ ňěğőŋă (5.1), čďě K^0_S ĺ K^0_L àăáŕăďăîâáï ć łőŋěçŋëě áőáâőïŋĺï π^+π^− ĺ π^+π^−π^0 áőőâćěâáâćěŋŋő, ďăîâ ćłńăď ć őąńăáâì c. Śőąëâĺï ďàãčőčő àăáŕăďă ϕ → K^+K^−, łőčďă ŕàőďãłâë ïďěàŋőčő ćğăĺňőďěľáâćĺï őďŋőčő ĺğ łăőŋőć á ćěéěáâćőň ďěâěłâőàă àăááěĺćăîâáï ŋăğăď ĺ őąàăğãîâ ďćă ďőŕőńŋĺâěńìŋëå âàěłă, ŕőŕăďăîâ ć őąńăáâì e. Śőąëâĺï ŕàőæěááă (5.2) á ŕőáńěďãîéĺň àăáŕăďőň őďŋőčő ĺğ łăőŋőć ć łăŋăńě K^± → π^±π^+π^−, ğăŕőńŋïîâ őąńăáâì d. Šăłĺň őąàăğőň, ŕăàăňěâà ε_{4π} ŕőğćőńïěâ őâďěńĺâì áőąëâĺï ć łńăááăå c ĺ d őâ áőąëâĺľ π^+π^−π^+π^−, âőčďă łăł áőąëâĺï ĺğ ŋĺęŋěľ çăáâĺ őąńăáâĺ b ĺ ćěàåŋěľ çăáâĺ őąńăáâĺ e ďăîâ ćłńăď ć äőŋ ĺ ğăâàãďŋïîâ ćëďěńěŋĺě ĺğãçăěňőčő ŕàőæěááă.

Ďńï ŕőďăćńěŋĺï äőŋőćőčő ŕàőæěááă ϕ → K^+K^−, áőŕàőćőęďăěňőčő ïďěàŋëň ćğăĺňőďěľáâćĺěň łăőŋőć, ąëńĺ ĺáŕőńìğőćăŋë ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ âàěłőć, ĺğňěàěŋŋëě ć ďàěľäőćőľ łăňěàě. Šőçŋěě, ňë ŕőńìğőćăńĺáì ŕăàăňěâàőň ξ, őŕàěďěńïěňëň ćëàăęěŋĺěň (3.2), ć łőâőàőň ãçĺâëćăěâáï ğăćĺáĺňőáâì ĺőŋĺğăæĺőŋŋëå ŕőâěàì őâ ćěńĺçĺŋë ĺňŕãńìáă ĺ ğŋăłă ğăàïďă ďńï ğăàïęěŋŋëå ŕĺőŋőć (áň. àăğďěń 3.4 ĺ àĺáãŋłĺ 3.2 ĺ 3.3). Őčàăŋĺçěŋĺě ξ < 2000, łăł ćĺďŋő ĺğ Řĺá.3.3, íääěłâĺćŋő őâąàăáëćăěâ áőąëâĺï á ğăàïęěŋŋëňĺ K-ňěğőŋăňĺ (łńăááë d ĺ e). Ďńï őæěŋłĺ őáâăîéěčőáï äőŋă áőąëâĺľ łńăááă e ąëńĺ őâőąàăŋë áőąëâĺï ϕ → K^+K^−, K^± → π^±π^+π^− ŕő ãáńőćĺïň ε_{4π} < 0.7 ĺ ψ_{min} > 1. Ďńï íâĺå áőąëâĺľ ąëńă őŕàěďěńěŋă íääěłâĺćŋőáâì őčàăŋĺçěŋĺï ξ < 2000: ϵ^{K±}_ξ = 0.09 ± 0.02. Šăł łăł ć łńăááě e őąă ğăàïęěŋŋëå łăőŋă àěčĺáâàĺàãîâáï ć ďàěľäőćőľ łăňěàě, ćěàőïâŋőáâì ŕàőŕãáâĺâì âăłőě áőąëâĺě ŕàĺ ŋăńőęěŋĺĺ őčàăŋĺçěŋĺï ξ < 2000 áőáâăćńïěâ (ϵ^{K±}_ξ )^2. Ĺáŕőńìğãï íâã ćěàőïâŋőáâì, ąëńő ŋăľďěŋő őęĺďăěňőě çĺáńő őáâăćèĺåáï áőąëâĺľ àăáŕăďă (5.2) á ïďěàŋëň ćğăĺňőďěľáâćĺěň łăőŋőć: N^{K+K−}_{bg} < 2.

Śőąëâĺï àěăłæĺľ (5.3), (5.4) ĺ (5.5) (őąńăáâì b ŋă Řĺá.5.1) á ňăńëňĺ ĺňŕãńìáăňĺ íńěłâàőŋőć ĺ(ĺńĺ) ŕőğĺâàőŋőć, âăłęě ňőčãâ ąëâì ŕőďăćńěŋë á ĺáŕőńìğőćăŋĺěň ŕăàăňěâàă ξ. Ŋă ďćãňěàŋőň àăáŕàěďěńěŋĺĺ ξ őâŋőáĺâěńìŋő ĺňŕãńìáőć âàěłőć, Řĺá.3.3, âăłĺě áőąëâĺï čàãŕŕĺàãîâáï ć ńěćőň ŋĺęŋěň ãčńã. Őâąĺàăï áőąëâĺï ćŋě íâőčő ãčńă ŕő ãáńőćĺî ξ > 4p − 800, čďě p | ĺňŕãńìá âàěłőć ć ŇíĆ/c, ňë íääěłâĺćŋő őâąàăáëćăěň äőŋ łőŋćěàáĺőŋŋëå ŕàőæěááőć á ŋĺğłőíŋěàčĺçŋëňĺ e^±. Ďőŕőńŋĺâěńìŋőě ŕőďăćńěŋĺě àěăłæĺĺ (5.4) őąěáŕěçĺćăěâáï âàěąőćăŋĺěň ε_{4e} < 0.9, čďě ε_{4e} =

∑_4 i=1 |⃗p_i|/2E_{beam} | ŋőàňĺàőćăŋŋăï ŕőńŋăï íŋěàčĺï âàěłőć, ćëçĺáńěŋŋăï ć ŕàěďŕőńőęěŋĺĺ, çâő ćáě çăáâĺæë | íńěłâàőŋë.

Ďăńěě, ŕőáńě ŋăńőęěŋĺï ãáńőćĺľ ψ_{min} > 0.3 ĺ |ε_{4π} − 1| < 0.1, ňë ŕőńãçĺńĺ ŋăąőà ĺğ ≈4200 áőąëâĺľ, áőáâőïéĺľ, čńăćŋëň őąàăğőň, ĺğ áőąëâĺľ ĺğãçăěňőčő ŕàőæěááă e^+e^− → π^+π^−π^+π^−. Ďńï őæěŋłĺ çĺáńă őáâăîéĺåáï ć íâőň ŋăąőàě äőŋőćëå áőąëâĺľ àěăłæĺĺ (5.3) ąëńő àăááňőâàěŋő àăáŕàěďěńěŋĺě ňĺŋĺňăńìŋőčő ãčńă ňěęďã âàěłăňĺ ψ_{min} ć őąńăáâĺ ŋőàňĺàőćăŋŋëå íŋěàčĺľ ε_{4π} > 1.1. Őáŋőćŋőľ ćłńăď ć íâã őąńăáâì ďăîâ áőąëâĺï ŕàőæěááőć (5.3), (5.4) ĺ (5.5). Ŕàěďŕőńăčăï, çâő äőàňă àăáŕàěďěńěŋĺï ψ_{min} ŋě ğăćĺáĺâ őâ ε_{4π}, ąëńă ŕőńãçěŋă áńěďãîéăï őæěŋłă: N^{3π}_{bg} < 80.

Ŋă Řĺá.5.2a) ŕőłăğăŋő ďćãňěàŋőě àăáŕàěďěńěŋĺě ŕő ĺŋćăàĺăŋâŋőľ ňăááě M_π+_π− ŕăàë π-ňěğőŋőć á ŕàőâĺćőŕőńőęŋëňĺ ğŋăłăňĺ ğăàïďőć ć ğăćĺáĺňőáâĺ őâ ŕőńŋőčő ĺňŕãńìáă íâőľ ęě ŕăàë P_π+_π− = |⃗p_π+ + ⃗p_π− | ďńï áőąëâĺľ, őâőąàăŋŋëå áőčńăáŋő őŕĺáăŋŋëň ćëèě łàĺâěàĺïň. Ğăňěâĺň, çâő ć łőŋěçŋőň áőáâőïŋĺĺ π^+π^−π^+π^− ŕăàă π^+π^− ňőęěâ ąëâì ćëąàăŋă çěâëàìňï àăğńĺçŋëňĺ áŕőáőąăňĺ, ŕőíâőňã łăęďőě áőąëâĺě ćåőďĺâ ć àăáŕàěďěńěŋĺě ŋă Řĺá.5.2 çěâëàě àăğă. Ďńï áàăćŋěŋĺï, ŋă Řĺá.5.2b) ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕăàăňěâàőć M_π+_π− ĺ P_π+_π− ďńï áőąëâĺľ ňőďěńĺàőćăŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^−. Łăł ćĺďŋő ĺğ áőŕőáâăćńěŋĺï íâĺå àĺáãŋłőć, íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě åőàőèő őŕĺáëćăîâáï ňőďěńĺàőćăŋĺěň ğă ĺáłńîçěŋĺěň őąńăáâĺ M_π+_π− ≈ m_K0_S ĺ P_π+_π− ≈ P_K0_S , ć łőâőàőľ łőŋæěŋâàĺàãîâáï áőąëâĺï ŕàőæěááă (5.1) á àăáŕăďőň K^0_S → π^+π^− ĺ àăáŕăďőň K^0_L ć őďŋőľ ĺğ ŕőńãńěŕâőŋŋëå ňőď: K^0_L → π^±μ^∓ν_μ ĺńĺ K^0_L → π^±e^∓ν_e. Ğďěáì m_K0_S = 497.67 ŇíĆ/c^2 [63] ĺ P_K0_S = √ E^2_{beam} − m^2_{K0S} | ňăááă ĺ ĺňŕãńìá K^0_S ňěğőŋă. Ŋă Řĺá.5.2c) ĺ d) ŕőłăğăŋë àăáŕàěďěńěŋĺï M_π+_π− ĺ P_π+_π− ďńï ňőďěńĺàőćăŋĺï àěăłæĺĺ (5.1) á ŕőńãńěŕâőŋŋëňĺ àăáŕăďăňĺ K^0_L ĺ àăáŕăďőň K^0_S → π^+π^−. Ďńï ŕőďăćńěŋĺï âăłőčő âĺŕă äőŋă, ňë ĺáłńîçăńĺ áőąëâĺï, ć łőâőàëå åőâï ąë őďŋă ŕăàă π^+π^− ãďőćńěâćőàïńă ãáńőćĺïň:

|M_π+_π− − m_K0_S | < 30 ŇíĆ/c^2 ĺ |P_π+_π− − P_K0_S | < 30 ŇíĆ/c . (5.6)

Őęĺďăěňőě çĺáńő äőŋőćëå áőąëâĺľ K^0_SK^0_L, őáâăîéĺåáï ŕőáńě âăłőčő őâąőàă, ąëńő őæěŋěŋő ĺğ ňőďěńĺàőćăŋĺï: N^{K0SK0L}_{bg} < 30.

5.2. Řăáçěâ áěçěŋĺï

Ďńï àăáçěâă ćěńĺçĺŋë áěçěŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ć łăęďőľ âőçłě ŕő íŋěàčĺĺ ĺáŕőńìğőćăńăáì äőàňãńă, ăŋăńőčĺçŋăï (4.5):

σ_i = N_i L_i ϵ_i (1 + δ_i) , čďě N_i | çĺáńő őâőąàăŋŋëå áőąëâĺľ π^+π^−π^+π^−, L_i | ĺŋâěčàăń áćěâĺňőáâĺ, ϵ_i | íääěłâĺćŋőáâì àěčĺáâàăæĺĺ ĺ δ_i | àăďĺăæĺőŋŋăï ŕőŕàăćłă ć i-ľ âőçłě.

İääěłâĺćŋőáâì àěčĺáâàăæĺĺ ϵ őŕàěďěńïńăáì ĺğ ňőďěńĺàőćăŋĺï ŕàőæěááă e^+e^− → π^+π^−π^+π^− ć ŕàěďŕőńőęěŋĺĺ, çâő çěâëàěåŕĺőŋŋőě łőŋěçŋőě áőáâőïŋĺě àőęďăěâáï çěàěğ ŕàőňěęãâőçŋőě áőáâőïŋĺě a_1(1260)π. Śàăćŋěŋĺě àăğńĺçŋëå íłáŕěàĺňěŋâăńìŋëå àăáŕàěďěńěŋĺľ á ňőďěńĺàőćăŋĺěň ŕőłăğăńő, çâő ŕàěďŕőńőęěŋĺě ŕàőňěęãâőçŋőčő áőáâőïŋĺï a_1(1260)π áőčńăáãěâáï á ďăŋŋëňĺ. Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ őâ íŋěàčĺĺ

Řĺá. 5.2. Řăáŕàěďěńěŋĺě ŕő ĺŋćăàĺăŋâŋőľ ňăááě M_π+_π− ŕăàë ŕĺőŋőć á ŕàőâĺćőŕőńőęŋëňĺ ğŋăłăňĺ ğăàïďőć ć ğăćĺáĺňőáâĺ őâ ĺňŕãńìáă P_π+_π− = |⃗p_π+ + ⃗p_π− | íâőľ ęě ŕăàë; a) íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; b) ňőďěńĺàőćăŋĺě ŕàőæěááă e^+e^− → π^+π^−π^+π^−; c) ňőďěńĺàőćăŋĺě àăáŕăďă ϕ → K^0_SK^0_L, K^0_S → π^+π^− ĺ K^0_L → π^±μ^∓ν_μ; d) ňőďěńĺàőćăŋĺě àăáŕăďă ϕ → K^0_SK^0_L, K^0_S → π^+π^− ĺ K^0_L → π^±e^∓ν_e

Řĺá. 5.3. İääěłâĺćŋőáâì àěčĺáâàăæĺĺ áőąëâĺľ π^+π^−π^+π^−

Řĺá. 5.4. Řăďĺăæĺőŋŋëě ŕőŕàăćłĺ ł áěçěŋĺî ŕàőæěááă e^+e^− → π^+π^−π^+π^−

ŕőłăğăŋă ŋă Řĺá.5.3. İŋěàčěâĺçěáłăï ğăćĺáĺňőáâì ϵ ćőğŋĺłăěâ, čńăćŋëň őąàăğőň, ĺğ-ğă ãáńőćĺľ (5.6), ĺáŕőńìğãěňëå ďńï ŕőďăćńěŋĺï äőŋőćőčő ŕàőæěááă ϕ → K^0_SK^0_L á ŕőńãńěŕâőŋŋëňĺ àăáŕăďăňĺ K^0_Lňěğőŋă. İääěłâĺćŋőáâì àěčĺáâàăæĺĺ ãňěŋìèăěâáï á àőáâőň íŋěàčĺĺ, ŕńăćŋő ĺğňěŋïïáì őâ 30% ďő 27%.

Řăďĺăæĺőŋŋëě ŕőŕàăćłĺ ł áěçěŋĺî, áćïğăŋŋëě á ĺğńãçěŋĺěň ŋăçăńìŋëå çăáâĺæ (e^− ĺ e^+), àăááçĺâëćăńĺáì áőčńăáŋő àăąőâě [61] á âőçŋőáâìî ńãçèě 1%. Ďńï àăáçěâă ĺáŕőńìğőćăńáï ĺâěàăæĺőŋŋëľ ňěâőď, őŕĺáăŋŋëľ ć àăğďěńě 4.2. Ŋă Řĺá.5.4 ŕőłăğăŋă ğăćĺáĺňőáâì àăďĺăæĺőŋŋëå ŕőŕàăćőł őâ íŋěàčĺĺ.

Ć âăąńĺæě 5.1 ŕőłăğăŋë àěğãńìâăâë àăáçěâă áěçěŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^−. Ŋă Řĺá.5.5 ŕőłăğăŋă íŋěàčěâĺçěáłăï ğăćĺáĺňőáâì áěçěŋĺï ć őąńăáâĺ ϕ àěğőŋăŋáă. Ŋă íâőň àĺáãŋłě ĺ ć âăąńĺæě 5.1 ŕàĺćěďěŋë âőńìłő áâăâĺáâĺçěáłĺě őèĺąłĺ. Ŋĺęě ŕěàěçĺáńěŋë őáŋőćŋëě ĺáâőçŋĺłĺ, ďăîéĺě ćłńăď ć áĺáâěňăâĺçěáłãî ŋěőŕàěďěńěŋŋőáâì ćěńĺçĺŋë áěçěŋĺï:

• őâąőà áőąëâĺľ ĺ ŕőďăćńěŋĺě äőŋőćëå ŕàőæěááőć | 11%;

• íääěłâĺćŋőáâì àěłőŋáâàãłæĺĺ âàěłőć ć ďàěľäőćőľ łăňěàě | 5%;

• ňőďěńìŋăï ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ őâ ňěåăŋĺğňă őąàăğőćăŋĺï (4.6){(4.9) çěâëàěåŕĺőŋŋőčő áőáâőïŋĺï | 3%;

• ŋěőŕàěďěńěŋŋőáâì, áćïğăŋŋăï á àăğąàőáőň íŋěàčĺĺ ć ŕãçłě | 2%;

• àăáçěâ àăďĺăæĺőŋŋëå ŕőŕàăćőł ł ćěńĺçĺŋě áěçěŋĺï | 1.5%;

• ŋěőŕàěďěńěŋŋőáâì ć ĺğňěàěŋĺĺ áćěâĺňőáâĺ | 1.5%.

Łćăďàăâĺçŋăï áãňňă ćáěå ãłăğăŋŋëå ćłńăďőć ďăěâ őæěŋłã ŕőńŋőľ áĺáâěňăâĺçěáłőľ őèĺąłĺ ć ćěńĺçĺŋě áěçěŋĺï | 13%.

Šăąńĺæă 5.1. Řăáçěâ áěçěŋĺï ŕàőæěááă e^+e^− → π^+π^−π^+π^−ć őąńăáâĺ ϕ ňěğőŋă

E_{cm}, L, N_{4π} σ, ČíĆ ŋą^{−1} ŋą 0.984 382.0 69 0.68 ± 0.08 1.004 485.9 112 0.90 ± 0.09 1.0103 503.4 125 0.98 ± 0.09 1.0157 442.3 103 0.92 ± 0.09 1.0168 1036.4 246 0.94 ± 0.06 1.0178 1562.6 393 1.01 ± 0.05 1.0187 1555.9 368 0.96 ± 0.05 1.0197 1361.6 416 1.26 ± 0.06 1.0206 923.7 280 1.27 ± 0.08 1.0215 476.7 134 1.17 ± 0.10 1.0227 584.6 177 1.25 ± 0.09 1.0278 573.9 181 1.29 ± 0.10 1.034 519.7 183 1.45 ± 0.11 1.040 491.5 182 1.53 ± 0.11 1.050 333.2 132 1.64 ± 0.14 1.060 399.0 184 1.92 ± 0.14

İŋěàčěâĺçěáłăï ğăćĺáĺňőáâì áěçěŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^−, ŕőłăğăŋŋăï ŋă Řĺá.5.5, ďěňőŋáâàĺàãěâ őâçěâńĺćőě ĺŋâěàäěàěŋæĺőŋŋőě ŕőćěďěŋĺě ćąńĺğĺ ňăłáĺňãňă ϕ àěğőŋăŋáă. Ďńï ãçěâă ĺŋâěàäěàěŋæĺőŋŋëå íääěłâőć, áěçěŋĺě ąëńő ŕăàăňěâàĺğőćăŋő ć áőőâćěâáâćĺĺ áő áńěďãîéěľ äőàňãńőľ:

σ_e+_e−_{→π}+_π−_π+_π− (E) = σ_0f(E) | | | | | 1 − Z m_ϕΓ_ϕ m^2_ϕ − E^2 − iEΓ_ϕ | | | | | 2 , (5.7)

čďě E = 2E_{beam}; σ_0 | ćěńĺçĺŋă ŋěàěğőŋăŋáŋőčő áěçěŋĺï ŕàőæěááă e^+e^− → π^+π^−π^+π^− ŕàĺ E = m_ϕ; f(E) | ŋěłőâőàăï čńăďłăï äãŋłæĺï, őŕĺáëćăîéăï ŋěàěğőŋăŋáŋőě ŕőćěďěŋĺě áěçěŋĺï ĺ ŋőàňĺàőćăŋŋăï ŋă 1 ŕàĺ E = m_ϕ; m_ϕ ĺ Γ_ϕ | ňăááă ĺ èĺàĺŋă ϕ ňěğőŋă;

Řĺá. 5.5. Śěçěŋĺě ŕàőæěááă e^+e^− → π^+π^−π^+π^− ć őąńăáâĺ ϕ ňěğőŋă

Z = |Z|e^{iψ} | łőňŕńěłáŋăï ĺŋâěàäěàěŋæĺőŋŋăï ăňŕńĺâãďă. Ŕàĺ ćëąőàě ďńï äãŋłæĺĺ f(E) ŕăàăňěâàĺğăæĺĺ ć ćĺďě f(E) = e^{A(E−mϕ)} (ğďěáì A | ŕăàăňěâà, åăàăłâěàĺğãîéĺľ ąëáâàőâã ĺğňěŋěŋĺï ŋěàěğőŋăŋáŋőľ çăáâĺ áěçěŋĺï á àőáâőň íŋěàčĺĺ), ąëńĺ ŕőńãçěŋë áńěďãîéĺě őŕâĺňăńìŋëě ğŋăçěŋĺï ďńï ŕăàăňěâàőć ăŕŕàőłáĺňăæĺĺ áěçěŋĺï:

σ_0 = 1.114 ± 0.035 ± 0.056 ŋą , Re Z = 0.122 ± 0.027 ± 0.033 , Im Z = −0.003 ± 0.025 ± 0.058 . (5.8)

Ćěńĺçĺŋă χ^2/N_{df} , ŕőńãçěŋŋăï ć àěğãńìâăâě ăŕŕàőłáĺňăæĺĺ, áőáâăćĺńă 8.31/12, çâő áőőâćěâáâćãěâ 75% ãàőćŋî ďőáâőćěàŋőáâĺ.

Ŋăąńîďăěňăï ćěńĺçĺŋă àěğőŋăŋáŋőľ ăňŕńĺâãďë ĺňěěâ ŕàĺąńĺğĺâěńìŋő âőâ ęě ŕőàïďőł (őłőńő 10%), çâő ĺ áâăâĺáâĺçěáłĺě őèĺąłĺ ć ĺğňěàěŋŋëå ćěńĺçĺŋăå áěçěŋĺï. Ŕőíâőňã ŕàőïćńïîéăïáï ć ŕőćěďěŋĺĺ áěçěŋĺï ĺŋâěàäěàěŋæĺőŋŋăï ćőńŋă ňőčńă ąë ćőğŋĺłŋãâì ĺğ-ğă áâăâĺáâĺçěáłĺå äńãłâãăæĺľ, ă ŋě ĺğ àăáŕăďă ϕ → π^+π^−π^+π^−. Ďńï âőčő, çâőąë ŕàőćěàĺâì áőčńăáĺě ďăŋŋëå, ŕőńãçěŋŋëå ć ŋăèěľ àăąőâě, á âăłĺň ŕàěďŕőńőęěŋĺěň, ąëńă ŕàőćěďěŋă ăŕŕàőłáĺňăæĺï áěçěŋĺï á ăąáőńîâŋőľ ćěńĺçĺŋőľ àěğőŋăŋáŋőľ ăňŕńĺâãďë |Z|, ğăäĺłáĺàőćăŋŋőľ ć 0. Ć àěğãńìâăâě ăŕŕàőłáĺňăæĺĺ ąëńő ŕőńãçěŋő ğŋăçěŋĺě χ^2/N_{df} = 27.90/14, áőőâćěâáâćãîéěě ãàőćŋî ďőáâőćěàŋőáâĺ ćáěčő 1.5%. Šăłĺň őąàăğőň, ňőęŋő áďěńăâì ćëćőď, çâő ĺŋâěàäěàěŋæĺőŋŋăï ćőńŋă, ŋăąńîďăěňăï ć íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ áěçěŋĺï ŕàőæěááă e^+e^− → π^+π^−π^+π^− ćąńĺğĺ ϕ ňěğőŋă ćőğŋĺłăěâ ŋě ć àěğãńìâăâě áâăâĺáâĺçěáłőľ äńãłâãăæĺĺ, ă ěáâì ŕàőïćńěŋĺě àăáŕăďă ϕ → π^+π^−π^+π^−.

Őŕâĺňăńìŋëě ğŋăçěŋĺï ŕăàăňěâàőć ăŕŕàőłáĺňăæĺĺ íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ áěçěŋĺï ŕàĺćěďěŋë ć (5.8) á ďćãňï őèĺąłăňĺ: ŕěàćăï ĺğ ŋĺå | áâăâĺáâĺçěáłăï, őŕàěďěńïěňăï çĺáńőň ğăàěčĺáâàĺàőćăŋŋëå áőąëâĺľ π^+π^−π^+π^−, âőčďă łăł ćâőàăï őèĺąłă ŕàěďáâăćńïěâ őæěŋłã áĺáâěňăâĺçěáłőľ ŋěőŕàěďěńěŋŋőáâĺ ć ćěńĺçĺŋăå ŕăàăňěâàőć. Ć âăąńĺæě 5.2 ŕěàěçĺáńěŋë őáŋőćŋëě ĺáâőçŋĺłĺ áĺáâěňăâĺçěáłĺå őèĺąőł, ďăîéĺě ćłńăď ć ŕőńŋãî áĺáâěňăâĺçěáłãî ŋěőŕàěďěńěŋŋőáâì ŕăàăňěâàőć (5.8).

Őąáãďĺň ŋěłőâőàëě ĺáâőçŋĺłĺ áĺáâěňăâĺçěáłőľ ŋěőŕàěďěńěŋŋőáâĺ ąőńěě ŕőďàőąŋő. Ďńï âőčő, çâőąë ŕàőćěàĺâì ãáâőľçĺćőáâì ŕőńãçěŋŋëå ć (5.8) őŕâĺňăńìŋëå ğŋăçěŋĺľ ŕăàăňěâàőć ăŕŕàőłáĺňăæĺĺ áěçěŋĺï, ŕàőćőďĺńáï őâąőà áőąëâĺľ π^+π^−π^+π^− á ĺáŕőńìğőćăŋĺěň ňőďĺäĺæĺàőćăŋŋëå ćăàĺăŋâőć ŕàőæěďãàë őâąőàă, őŕĺáăŋŋőľ ć àăğďěńě 5.1. İâĺ ćăàĺăŋâë, őâńĺçăîéĺěáï őâ ąăğőćőľ ŕàőæěďãàë ĺ ďàãč őâ ďàãčă łăł íääěłâĺćŋőáâìî àěčĺáâàăæĺĺ ĺğãçăěňőčő ŕàőæěááă, âăł ĺ íääěłâĺćŋőáâìî ŕőďăćńěŋĺï äőŋőćëå áőąëâĺľ, ąëńĺ áńěďãîéĺě:

TS1 Ĺáŕőńìğãěâáï ąőńěě ęěáâłőě őčàăŋĺçěŋĺě ŋă ňăłáĺňăńìŋőě ğŋăçěŋĺě ŕàĺæěńìŋőčő ŕăàăňěâàă âàěłőć: d = max^4_{i=1} r_{mini} < 0.3 áň. Šăłőě ãáńőćĺě ŕőďăćńïěâ őłőńő 80%

Šăąńĺæă 5.2. Ĺáâőçŋĺłĺ áĺáâěňăâĺçěáłőľ ŋěőŕàěďěńěŋŋőáâĺ ć ŕăàăňěâàăå, ăŕŕàőłáĺňĺàãîéĺå íŋěàčěâĺçěáłőě ŕőćěďěŋĺě áěçěŋĺï ŕàőæěááă e^+e^− → π^+π^−π^+π^−

Ćłńăď ć ŕăàăňěâàë ăŕŕàőłáĺňăæĺĺ áěçěŋĺï Ĺáâőçŋĺł áĺáâěňăâĺçěáłőľ ŋěőŕàěďěńěŋŋőáâĺ σ_0, ŋą Re Z Im Z Şáńőćĺï őâąőàă 0.019 0.013 0.046 Řăďĺăæĺőŋŋëě ŕőŕàăćłĺ 0.018 0.001 <0.001 Őŕàěďěńěŋĺě íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ ĺ áćěâĺňőáâĺ

0.025 0.027 0.024

Ĺáŕőńìğőćăŋĺě íääěłâĺćŋëå ğŋăçěŋĺľ íŋěàčĺĺ 0.003 0.006 0.009 Řăğąàőá íŋěàčĺĺ ć ŕãçłě 0.001 0.011 0.003 Śďćĺč íŋěàčěâĺçěáłőľ èłăńë ĆİŔŔ-2Ň 0.002 0.001 0.006 Ćëąőà äőàňë ŋěàěğőŋăŋáŋőľ çăáâĺ áěçěŋĺï f(E) 0.042 <0.001 0.024 Ŕőńŋăï őèĺąłă 0.056 0.033 0.058

áőąëâĺľ àăáŕăďă ϕ → K^0_SK^0_L. Şáńőćĺě (5.6) ŋě ŕàĺňěŋïěâáï. Ůĺáńő őáâăîéĺåáï K^0_SK^0_L áőąëâĺľ: N^{K0SK0L}_{bg} < 150.

TS2 Ĺáŕőńìğãěâáï ŕàőæěďãàă e/π àăğďěńěŋĺï, őŕĺáăŋŋăï ŋă áâà.56. Ďńï âàěłőć á ňĺŋĺňăńìŋëň ŕàőáâàăŋáâćěŋŋëň ãčńőň ψ_{min} ŕő äőàňãńě (3.3) ćëçĺáńïěâáï ćěàőïâŋőáâì W_π+_π− ąëâì ŕĺőŋăňĺ. Šàěąőćăŋĺě W_π+_π− > 0.5 őâąàăáëćăěâ őłőńő 70% äőŋőćëå áőąëâĺľ ŕàőæěááőć (5.3), (5.4) ĺ (5.5).

TS3 Ąőńěě ęěáâłőě őčàăŋĺçěŋĺě ψ_{min} > 1.5 ŕőďăćńïěâ äőŋ àěăłæĺľ (5.3), (5.4) ĺ (5.5) ďő ãàőćŋï ŋěáłőńìłĺå áőąëâĺľ.

Šăłĺň őąàăğőň, ąëńĺ őâőąàăŋë âàĺ âěáâőćëå ŋăąőàă áőąëâĺľ π^+π^−π^+π^−. Ďńï łăęďőčő ĺğ íâĺå ŋăąőàőć őŕàěďěńïńĺáì ćěńĺçĺŋë áěçěŋĺï ć ğăćĺáĺňőáâĺ őâ íŋěàčĺĺ ĺ ğăâěň ŕàőćőďĺńăáì ăŕŕàőłáĺňăæĺï íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ áěçěŋĺï ćëàăęěŋĺěň (5.7). Őŕâĺňăńìŋëě ğŋăçěŋĺï ŕăàăňěâàőć, ŕőńãçěŋŋëě ć àěğãńìâăâě ăŕŕàőłáĺňăæĺĺ, ŕőłăğăŋë ć âăąńĺæě 5.3. Šăň ęě, ďńï áàăćŋěŋĺï, ŕàĺćěďěŋë ŕăàăňěâàë ďńï ąăğőćőčő ŋăąőàă áőąëâĺľ π^+π^−π^+π^−. Łăł ćĺďŋő ĺğ âăąńĺæë 5.3, ŕăàăňěâàë âěáâőćëå ŋăąőàőć áőčńăáãîâáï á ŕăàăňěâàăňĺ ąăğőćőčő ŋăąőàă ć ŕàěďěńăå áâăâĺáâĺçěáłĺå őèĺąőł. Őâłńőŋěŋĺï ŕăàăňěâàőć âěáâőćëå ŋăąőàőć őâ ğŋăçěŋĺľ (5.8) ĺáŕőńìğãîâáï ć łăçěáâćě őæěŋłĺ áĺáâěňăâĺçěáłőľ ŋěőŕàěďěńěŋŋőáâĺ ŕăàăňěâàőć ăŕŕàőłáĺňăæĺĺ áěçěŋĺï, áćïğăŋŋőľ á ŕàőæěďãàőľ ćëďěńěŋĺï áőąëâĺľ π^+π^−π^+π^− ĺ ŕőďăćńěŋĺěň äőŋă. İâĺ őæěŋłĺ ŕőłăğăŋë ć ŕěàćőľ áâàőłě âăąńĺæë 5.2.

Šăąńĺæă 5.3. Őŕâĺňăńìŋëě ğŋăçěŋĺï ŕăàăňěâàőć ăŕŕàőłáĺňăæĺĺ íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ áěçěŋĺï, ŕőńãçěŋŋëě ďńï âěáâőćëå ŋăąőàőć áőąëâĺľ π^+π^−π^+π^−

Ŋăąőà ďăŋŋëå Ŕăàăňěâàë ăŕŕàőłáĺňăæĺĺ σ_0, ŋą Re Z Im Z Ąăğőćëľ 1.114 ± 0.035 0.122 ± 0.027 −0.003 ± 0.025 TS1 1.127 ± 0.037 0.135 ± 0.029 0.032 ± 0.027 TS2 1.131 ± 0.039 0.120 ± 0.029 −0.007 ± 0.027 TS3 1.133 ± 0.059 0.124 ± 0.044 0.043 ± 0.042

Ňŋĺňăï çăáâì ĺŋâěàäěàěŋæĺőŋŋőľ ăňŕńĺâãďë Im Z őçěŋì çãćáâćĺâěńìŋă ł àěğőŋăŋáŋőňã äőŋã, áćïğăŋŋőňã á àăáŕăďăňĺ ϕ ňěğőŋă. Šăł, ŋăńĺçĺě áőąëâĺľ àěăłæĺľ (5.3) ĺ (5.1) áàěďĺ őâőąàăŋŋëå çěâëàěåŕĺőŋŋëå áőąëâĺľ, ďăěâ őáŋőćŋőľ ćłńăď (őłőńő 0.046 ŕő ăąáőńîâŋőľ ćěńĺçĺŋě) ć áĺáâěňăâĺçěáłãî ŋěőŕàěďěńěŋŋőáâì íâőčő ŕăàăňěâàă.

Ŕàĺ àăáçěâě àăďĺăæĺőŋŋëå ŕőŕàăćőł áőčńăáŋő àăąőâě [61] ŋěőąåőďĺňő ğŋăŋĺě ŕőàőčőćőľ íŋěàčĺĺ ΔE ďńï àěčĺáâàăæĺĺ ĺğńãçěŋŋëå äőâőŋőć. Ŕàĺ őâąőàě áőąëâĺľ π^+π^−π^+π^− ňë ŋě âàěąãěň àěčĺáâàăæĺĺ äőâőŋőć ć ďěâěłâőàě. Őčàăŋĺçěŋĺě, ŋăłńăďëćăěňőě ŋă íŋěàčĺî ŕĺőŋőć |ε_{4π} − 1| < 0.1, ďőŕãáłăěâ, çâő ŋăçăńìŋëě e^± ňőčãâ ĺğńãçăâì äőâőŋë á íŋěàčĺěľ ďő ≈100 ŇíĆ. Ŋěőŕàěďěńěŋŋőáâì ć ćěńĺçĺŋě ΔE ďăěâ ćłńăď őłőńő 1.6% ć áĺáâěňăâĺçěáłãî ŋěőŕàěďěńěŋŋőáâì ŕăàăňěâàă σ_0.

Śĺáâěňăâĺçěáłĺě őèĺąłĺ őŕàěďěńěŋĺï áćěâĺňőáâĺ ĺ íääěłâĺćŋőáâĺ àěłőŋáâàãłæĺĺ âàěłőć ć ďàěľäőćőľ łăňěàě ŕàĺćőďïâ ł áĺáâěňăâĺçěáłĺň ŋěőŕàěďěńěŋŋőáâïň ŕăàăňěâàőć σ_0, Re Z ĺ Im Z, áàăćŋĺňëň áő áâăâĺáâĺçěáłĺňĺ őèĺąłăňĺ íâĺå ŕăàăňěâàőć.

Ŕăàăňěâà σ_0 çãćáâćĺâěńěŋ ł ćëąőàã äãŋłæĺĺ f(E), łőâőàăï ăŕŕàőłáĺňĺàãěâ ŋěàěğőŋăŋáŋőě ŕőćěďěŋĺě áěçěŋĺï ć äőàňãńě (5.7). Ďńï őæěŋłĺ ćńĺïŋĺï ćëąőàă äãŋłæĺĺ f(E) ŋă ŕăàăňěâàë ăŕŕàőłáĺňăæĺĺ, ąëńă ŕàőćěďěŋă ăŕŕàőłáĺňăæĺï áěçěŋĺï á ńĺŋěľŋőľ äãŋłæĺěľ f(E) = 1 + A(E − m_ϕ), ă ŋě á íłáŕőŋěŋæĺăńìŋőľ, łăł ŕàĺ ŕőńãçěŋĺĺ (5.8). Őæěŋłă áĺáâěňăâĺçěáłőľ őèĺąłĺ ć σ_0, áćïğăŋŋőľ á ćëąőàőň f(E), áőáâăćĺńă őłőńő 3.8%.

Ĺáŕőńìğãï ďěľáâćĺâěńìŋãî Re Z ĺ ňŋĺňãî Im Z çăáâĺ ĺŋâěàäěàěŋæĺőŋŋőľ ăňŕńĺâãďë Z, ąëńĺ àăáçĺâăŋë ăąáőńîâŋăï ćěńĺçĺŋă ĺ äăğă íâőľ ăňŕńĺâãďë: |Z| = 0.122 ± 0.027 ± 0.033 ψ = (−1 ± 12 ± 27)^∘ Ćěàőïâŋőáâì àăáŕăďă ϕ → π^+π^−π^+π^− ňőęěâ ąëâì àăáçĺâăŋă á ĺáŕőńìğőćăŋĺěň áńěďãîéěčő ćëàăęěŋĺï:

Br(ϕ → π^+π^−π^+π^−) = σ_0|Z|^2 σ_ϕ = (3.9 ± 1.7 ± 2.1) · 10^{−6} , (5.9) čďě σ_ϕ = 12πBr(ϕ → e^+e^−)/m^2_ϕ = 4224 ± 113 ŋą [63] | áěçěŋĺě àőęďěŋĺï ϕ ňěğőŋőć.

5.3. Ŕőĺáł àăáŕăďőć ϕ ! ηπ^+π^− ĺ ϕ ! π^+π^−π^+π^−π^0

Šőâ ęě ŋăąőà çěâëàěåâàěłőćëå áőąëâĺľ, ŕàőèěďèĺå ãáńőćĺï ŕàěďćăàĺâěńìŋőčő őâąőàă SC_1{SC_3 (áň. àăğďěń 3.4), ĺğ łőâőàőčő ćëďěńïńĺáì áőąëâĺï ŕàőæěááă e^+e^− → π^+π^−π^+π^− ć őąńăáâĺ ϕ ňěğőŋă, ąëń ĺáŕőńìğőćăŋ ďńï ŕőĺáłă àăáŕăďőć ϕ → ηπ^+π^− ĺ ϕ → π^+π^−π^+π^−π^0. Ć íâőň ăŋăńĺğě ňë âàěąőćăńĺ, ŕőňĺňő ãáńőćĺľ SC_1{SC_3, çâőąë ć łăńőàĺňěâàě ąëńĺ ğăàěčĺáâàĺàőćăŋë ŕő łàăľŋěľ ňěàě ďćă äőâőŋă.

Ďńï őâőąàăŋŋëå âăłĺň őąàăğőň áőąëâĺľ ŕàőćőďĺńăáì ŕàőæěďãàă łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ, ć łőâőàőľ âàěąőćăńőáì ćëŕőńŋěŋĺě ğăłőŋőć áőåàăŋěŋĺï ĺňŕãńìáă ĺ íŋěàčĺĺ (ãáńőćĺï C_1{C_4, őŕĺáăŋŋëě ć àăğďěńě 3.4.1 ŋă áâà.58). Řěłőŋáâàãłæĺï ćëŕőńŋïńăáì ć ŕàěďŕőńőęěŋĺĺ, çâő ćáě ğăàïęěŋŋëě çăáâĺæë | π ňěğőŋë.

Őďŋőľ ĺğ őáŋőćŋëå ŕàőąńěň, ğăâàãďŋïîéĺå ăŋăńĺğ áőąëâĺľ, áőďěàęăéĺå ć łőŋěçŋőň áőáâőïŋĺĺ łăł ğăàïęěŋŋëě çăáâĺæë, âăł ĺ äőâőŋë, ïćńïěâáï àěčĺáâàăæĺï ć łăńőàĺňěâàě ďőŕőńŋĺâěńìŋëå (\ńĺèŋĺå") äőâőŋőć. Ŕàĺ ŕőĺáłě àăáŕăďőć ϕ → ηπ^+π^− ĺ ϕ → π^+π^−π^+π^−π^0 ňë ĺáŕőńìğőćăńĺ ŕàőæěďãàã ãďăńěŋĺï âăłĺå \ńĺèŋĺå" äőâőŋőć, őŕĺáăŋŋãî ć àăğďěńě 3.4.2. Ůĺáńő äőâőŋőć łőŋěçŋőčő áőáâőïŋĺï N^{fs}_γ , ĺáŕőńìğãěňőě ć íâőľ ŕàőæěďãàě, ŕőńăčăńőáì àăćŋëň 2.

Ďńï ŕőáńěďãîéěčő ăŋăńĺğă őâąĺàăńĺáì áőąëâĺï á åőàőèĺň łăçěáâćőň łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ: χ^2/N_{df} < 10/4. Šăł łăł äőâőŋë łőŋěçŋőčő áőáâőïŋĺï őąàăğãîâáï ĺğ àăáŕăďőć π^0 ňěğőŋă, ŋă ĺŋćăàĺăŋâŋãî ňăááã ŕăàë äőâőŋőć ŋăłńăďëćăńőáì áńěďãîéěě őčàăŋĺçěŋĺě: |M_{γγ} − m_π0 | < 30 ŇíĆ.

Őáŋőćŋëň äőŋőćëň ŕàőæěááőň ďńï ĺğãçăěňëå àăáŕăďőć ïćńïěâáï ĺňěîéĺľ âőçŋő âăłőě ęě łőŋěçŋőě áőáâőïŋĺě àăáŕăď ϕ → K^0_SK^0_L, á ŕőáńěďãîéĺňĺ àăáŕăďăňĺ K^0_S → π^+π^− ĺ K^0_L → π^+π^−π^0. Śőŕàőćőęďăěňăï \ńĺèŋĺňĺ" äőâőŋăňĺ àěăłæĺï ϕ → K^+K^−, łőčďă őďĺŋ ĺğ łăőŋőć ćğăĺňőďěľáâćãěâ ïďěàŋëň őąàăğőň á ćěéěáâćőň ďěâěłâőàă ĺ ŕàőďãłâë íâőčő ćğăĺňőďěľáâćĺï àăááěĺćăîâáï ŋăğăď ć ďàěľäőćãî łăňěàã, őąàăğãï ďćă ďőŕőńŋĺâěńìŋëå âàěłă, ńĺąő őďĺŋ ĺğ łăőŋőć àăáŕăďăěâáï ć łăŋăńě K^± → π^±π^+π^−, âăłęě ňőęěâ ďăćăâì äőŋ ł ĺğãçăěňëň àăáŕăďăň. Ěéě őďŋĺň ćőğňőęŋëň ĺáâőçŋĺłőň äőŋă ïćńïěâáï ŕàőæěáá e^+e^− → ωπ^0, ω → π^+π^−π^0 á łőŋćěàáĺőŋŋëň àăáŕăďőň őďŋőčő ĺğ ŋěľâàăńìŋëå ŕĺőŋőć: π^0 → e^+e^−γ.

Ďńï ŕőďăćńěŋĺï äőŋőćőčő ŕàőæěááă ϕ → K^+K^− ąëńĺ ĺáŕőńìğőćăŋë ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ âàěłőć, ĺğňěàěŋŋëě ć ďàěľäőćőľ łăňěàě. Ŋă ŕăàăňěâà ξ, ğăćĺáïéĺľ őâ ćěńĺçĺŋë ĺőŋĺğăæĺőŋŋëå ŕőâěàì, ă âăł ęě ĺňŕãńìáă ĺ ğŋăłă ğăàïďă âàěłă (áň. äőàňãńã (3.2) ŋă áâà.55), ŋăłńăďëćăńőáì őčàăŋĺçěŋĺě ξ < 2000, ăŋăńőčĺçŋőě ãáńőćĺî, ĺáŕőńìğőćăćèěňãáï ŕàĺ ăŋăńĺğě ŕàőæěááă e^+e^− → π^+π^−π^+π^−.

Řĺá. 5.6. Řăáŕàěďěńěŋĺě ŕő ĺŋćăàĺăŋâŋőľ ňăááě M_π+_π− ŕăàë ŕĺőŋőć á ŕàőâĺćőŕőńőęŋëňĺ ğŋăłăňĺ ğăàïďőć ć ğăćĺáĺňőáâĺ őâ ĺňŕãńìáă P_π+_π− = |⃗p_π+ + ⃗p_π− | íâőľ ęě ŕăàë; a) íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; b) ňőďěńĺàőćăŋĺě ŕàőæěááă ϕ → K^0_SK^0_L, K^0_S → π^+π^− ĺ K^0_L → π^+π^−π^0; c) ňőďěńĺàőćăŋĺě àăáŕăďă ϕ → ηπ^+π^−, η → π^+π^−π^0; d) ňőďěńĺàőćăŋĺě àăáŕăďă ϕ → π^+π^−π^+π^−π^0 á őďŋőàőďŋëň àăáŕàěďěńěŋĺěň łőŋěçŋëå çăáâĺæ ŕő äăğőćőňã őąêěňã

Řĺá. 5.7. Řăáŕàěďěńěŋĺě ŕő ŋěďőáâăîéěľ ňăááě ŕăàë π^+π^−; âőçłĺ á őèĺąłăňĺ ŋă őąőĺå àĺáãŋłăå | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; a) čĺáâőčàăňňă | ňőďěńĺàőćăŋĺě àăáŕăďă ϕ → ηπ^+π^−; b) čĺáâőčàăňňă | ňőďěńĺàőćăŋĺě ŕàőæěááă ϕ → K^0_SK^0_L

Ţăàăłâěàŋőľ őáőąěŋŋőáâìî łőŋćěàáĺőŋŋőčő àăáŕăďă ŋěľâàăńìŋőčő ŕĺőŋă π^0 → e^+e^−γ ć àěăłæĺĺ e^+e^− → ωπ^0, ω → π^+π^−π^0 ïćńïěâáï ňăńëľ ŕàőáâàăŋáâćěŋŋëľ ãčőń ňěęďã íńěłâàőŋőň ĺ ŕőğĺâàőŋőň. Ŕőíâőňã, ďńï ŕőďăćńěŋĺï áőąëâĺľ ωπ^0 ŕàőćőďĺńáï ŕőĺáł ŕăàë âàěłőć á ňĺŋĺňăńìŋëň ŕàőáâàăŋáâćěŋŋëň ãčńőň ňěęďã ŋĺňĺ ψ_{min}. Ďăńěě, ć ŕàěďŕőńőęěŋĺĺ, çâő ŋăľďěŋŋăï ŕăàă âàěłőć áőőâćěâáâćãěâ e^+e^− ŕăàě, ĺ ćëąĺàăï äőâőŋ á ňěŋìèěľ íŋěàčĺěľ, àăááçĺâëćăńăáì ĺŋćăàĺăŋâŋăï ňăááă M_e+_e−_γ . Şáńőćĺï ψ_{min} > 0.3 ĺ M_e+_e−_γ > 170 ŇíĆ/c^2 ãňěŋìèăîâ äőŋ ŕàőæěááă ωπ^0 ďő ãàőćŋï N^{ωπ0}_{bg} < 0.1.

Ŕő őŕĺáăŋŋëň ãáńőćĺïň ąëńő őâőąàăŋő 181 áőąëâĺě. Ŋă Řĺá.5.6a) ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕő ĺŋćăàĺăŋâŋőľ ňăááě M_π+_π− ŕăàë ŕĺőŋőć á ŕàőâĺćőŕőńőęŋëňĺ ğŋăłăňĺ ğăàïďőć ć ğăćĺáĺňőáâĺ őâ ĺňŕãńìáă P_π+_π− = |⃗p_π+ + ⃗p_π− | íâőľ ęě ŕăàë ďńï őâőąàăŋŋëå áőąëâĺľ. Ďńï áàăćŋěŋĺï ŋă àĺáãŋłăå 5.6b), 5.6c) ĺ 5.6d) ŕőłăğăŋő ňőďěńĺàőćăŋĺě ŕàőæěááă ϕ → K^0_SK^0_L, K^0_S → π^+π^− ĺ K^0_L → π^+π^−π^0, àăáŕăďă ϕ → ηπ^+π^− ĺ àăáŕăďă ϕ → π^+π^−π^+π^−π^0 áőőâćěâáâćěŋŋő. Ŕàĺ ňőďěńĺàőćăŋĺĺ àăáŕăďă ϕ → π^+π^−π^+π^−π^0 ŕàěďŕőńăčăńőáì őďŋőàőďŋőě àăáŕàěďěńěŋĺě çăáâĺæ łőŋěçŋőčő áőáâőïŋĺï ŕő äăğőćőňã őąêěňã. Łăł ćĺďŋő ĺğ ŕàĺćěďěŋŋëå àĺáãŋłőć, őáŋőćŋãî ďőńî őâőąàăŋŋëå áőąëâĺľ áőáâăćńïîâ áőąëâĺï K^0_SK^0_L.

Ďńï ŕőďăćńěŋĺï àěăłæĺĺ ϕ → K^0_SK^0_L ňë őâąĺàăńĺ áőąëâĺï, ć łőâőàëå ŋĺ őďŋă ŕăàă π^+π^− ŋě ãďőćńěâćőàïńă ãáńőćĺïň (5.6). Ćáěčő ąëńő őâőąàăŋő 8 âăłĺå áőąëâĺľ. Ďńï íâĺå áőąëâĺľ ŋă Řĺá.5.7a) ĺ b) âőçłăňĺ á őèĺąłăňĺ ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕő ŋěďőáâăîéěľ

Řĺá. 5.8. Řăáŕàěďěńěŋĺě ŕő ňăłáĺňăńìŋőňã ŕàĺæěńìŋőňã ŕăàăňěâàã âàěłőć; âőçłĺ á őèĺąłăňĺ ŋă őąőĺå àĺáãŋłăå | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; a) čĺáâőčàăňňă | ňőďěńĺàőćăŋĺě àăáŕăďă ϕ → ηπ^+π^−; b) ğăèâàĺåőćăŋŋăï čĺáâőčàăňňă | ňőďěńĺàőćăŋĺě ŕàőæěááă ϕ → K^0_SK^0_L, őâőąàăŋŋőčő ŕő łàĺâěàĺïň ηπ^+π^−, ŕàőğàăçŋăï čĺáâőčàăňňă | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě, őâőąàăŋŋëě ŕő ãáńőćĺïň K^0_SK^0_L

ňăááě ŕăàë π^+π^−:

M_{mis}(π^+_i π^−_j ) = √( 2E_{beam} − √ ⃗p^2_i + m^2_π − √ ⃗p^2_j + m^2_π

)_2 − (⃗p_i + ⃗p_j)^2 ,

čďě i ĺ j | ĺŋďěłáë, őąőğŋăçăîéĺě ŕĺőŋë ć ŕăàě, m_π | ňăááă ğăàïęěŋŋőčő π-ňěğőŋă. Łăęďőě áőąëâĺě ćåőďĺâ ć àăáŕàěďěńěŋĺě çěâëàě àăğă. Čĺáâőčàăňňă ŋă Řĺá.5.7a) ŕőłăğëćăěâ àăáŕàěďěńěŋĺě ďńï áőąëâĺľ ňőďěńĺàőćăŋĺï àăáŕăďă ϕ → ηπ^+π^−. Ňőďěńĺàőćăŋĺě K^0_SK^0_L áőąëâĺľ ŕőłăğăŋő čĺáâőčàăňňőľ ŋă Řĺá.5.7b). Ŋăąńîďăěňőě ć íłáŕěàĺňěŋâě àăáŕàěďěńěŋĺě M_{mis}(π^+π^−) ĺňěěâ ŕńőáłãî äőàňã, åőàőèő áőčńăáãîéãîáï á ňőďěńĺàőćăŋĺěň K^0_SK^0_L, ĺ ŋě áőďěàęĺâ ïàłő ćëàăęěŋŋőčő ŕĺłă, łăł ã áőąëâĺľ ňőďěńĺàőćăŋĺï àăáŕăďă ϕ → ηπ^+π^−.

Ŋă Řĺá.5.8a) ĺ b) ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕő ňăłáĺňăńìŋőňã ŕàĺæěńìŋőňã ŕăàăňěâàã âàěłőć d. Šőçłĺ á őèĺąłăňĺ ŋă őąőĺå àĺáãŋłăå | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě. Čĺáâőčàăňňă ŋă Řĺá.5.8a) | ňőďěńĺàőćăŋĺě àăáŕăďă ϕ → ηπ^+π^−. Ğăèâàĺåőćăŋŋăï čĺáâőčàăňňă ŋă Řĺá.5.8b) | ňőďěńĺàőćăŋĺě áőąëâĺľ K^0_SK^0_L. Łăł ćĺďŋő ĺğ íâĺå àĺáãŋłőć, àăáŕàěďěńěŋĺě ŕăàăňěâàă d, ŕőńãçěŋŋőě ć íłáŕěàĺňěŋâě, åőàőèő őŕĺáëćăěâáï ňőďěńĺàőćăŋĺěň àěăłæĺĺ ϕ → K^0_SK^0_L ĺ ŋě áőčńăáãěâáï á ňőďěńĺàőćăŋĺěň áőąëâĺľ àăáŕăďă ϕ → ηπ^+π^−. Šăłĺň őąàăğőň, ňë ŕàĺåőďĺň ł ğăłńîçěŋĺî, çâő ćáě 8 ŋăąńîďăěňëå áőąëâĺľ ïćńïîâáï áőąëâĺïňĺ ŕàőæěááă ϕ → K^0_SK^0_L.

Ďńï âőčő, çâőąë ãáâăŋőćĺâì őčàăŋĺçěŋĺě ŋă ćěàőïâŋőáâì àăáŕăďă ϕ → ηπ^+π^−, ąëńĺ őâőąàăŋë áőąëâĺï á ňăńëňĺ ğŋăçěŋĺïňĺ ŕàĺæěńìŋëå ŕăàăňěâàőć: d < 0.3 áň (íâő ĺňěŋŋő âă őąńăáâì, čďě, łăł ćĺďŋő ĺğ Řĺá.5.8a), ďőńęŋë čàãŕŕĺàőćăâìáï áőąëâĺï ηπ^+π^−). Ćáěčő ďćă áőąëâĺï-łăŋďĺďăâă, Ñ_{ηπ}+_π− = 2, ãďőćńěâćőàïîâ íâőňã ãáńőćĺî. Őáâăćèĺěáï èěáâì áőąëâĺľ á d > 0.3 áň | íâő áőąëâĺï K^0_SK^0_L: N_K0_{SK}0_L = 6. Ďăńěě, ĺáŕőńìğãï âě ęě ãáńőćĺï, çâő ĺ ďńï őâąőàă áőąëâĺľ ηπ^+π^−, ŋő âàěąãï ćëŕőńŋěŋĺï ãáńőćĺľ (5.6) åőâï ąë ďńï őďŋőľ ŕăàë π^+π^−, ąëń őâőąàăŋ âěáâőćëľ ŋăąőà, áőáâőïéĺľ ĺğ 173 áőąëâĺľ àěăłæĺĺ ϕ → K^0_SK^0_L, K^0_S → π^+π^− ĺ K^0_L → π^+π^−π^0. Řăáŕàěďěńěŋĺě ňăłáĺňăńìŋőčő ŕàĺæěńìŋőčő ŕăàăňěâàă d ďńï íâĺå áőąëâĺľ ŕőłăğăŋő ŋă Řĺá.5.8b) ŕàőğàăçŋőľ čĺáâőčàăňňőľ. İâő àăáŕàěďěńěŋĺě áőčńăáãěâáï łăł á ňőďěńĺàőćăŋĺěň áőąëâĺľ K^0_SK^0_L, őâőąàăŋŋëå ŕő ãáńőćĺïň ηπ^+π^− (ğăèâàĺåőćăŋŋăï čĺáâőčàăňňă), âăł ĺ á íłáŕěàĺňěŋâăńìŋëňĺ ďăŋŋëňĺ. Ĺğ àăáŕàěďěńěŋĺï d âěáâőćőčő ŋăąőàă K^0_SK^0_L ąëńő őŕàěďěńěŋő őâŋőèěŋĺě çĺáńă áőąëâĺľ K^0_SK^0_L á d < 0.3 áň ĺ 0.3 áň < d < 1 áň: N_K0_{SK}0_L (d < 0.3 áň) N_K0_{SK}0_L (0.3 áň < d < 1 áň)

= 0.20 ± 0.04 ,

áőčńăáãîéěěáï á ňőďěńĺàőćăŋĺěň: 0.19 ± 0.02. Ĺáŕőńìğãï íâő őâŋőèěŋĺě, ąëńă ŕőńãçěŋă őæěŋłă çĺáńă äőŋőćëå áőąëâĺľ K^0_SK^0_L áàěďĺ áőąëâĺľ-łăŋďĺďăâőć Ñ_{ηπ}+_π− : N_{bg} = 1.2^{+0.7}_{−0.4}, çâő ŕàĺćőďĺâ ł ćěàåŋěňã ŕàěďěńã ďńï çĺáńă áőąëâĺľ àăáŕăďă ϕ → ηπ^+π^−: N_{ηπ}+_π− < 5.1 ŕàĺ ãàőćŋě ďőáâőćěàŋőáâĺ 90%. Śőőâćěâáâćãîéěě ğŋăçěŋĺě ćěàåŋěčő ŕàěďěńă ďńï őâŋőáĺâěńìŋőľ ćěàőïâŋőáâĺ àăáŕăďă ŕàĺ ãàőćŋě ďőáâőćěàŋőáâĺ 90%: Br(ϕ → ηπ^+π^−) = N_{ηπ}+_π− N_ϕBr(η → π^+π^−π^0)ϵ_{ηπ}+_π−

< 1.8 · 10^{−5}, (5.10)

čďě N_ϕ ≈ 16 · 10^6 | ŕőńŋőě çĺáńő ϕ ňěğőŋőć, ğăàěčĺáâàĺàőćăŋŋëå ďěâěłâőàőň ŁŇĎ-2 ć íłáŕěàĺňěŋâě ŤĹ-98[54], Br(η → π^+π^−π^0) = 0.231 ± 0.005 [63] | ćěàőïâŋőáâì àăáŕăďă η ňěğőŋă ĺ ϵ_{ηπ}+_π− = 0.09 ± 0.01 | íääěłâĺćŋőáâì àěčĺáâàăæĺĺ, ŕőńãçěŋŋăï ĺğ ňőďěńĺàőćăŋĺï. Ďńï âőčő, çâőąë ãçěáâì ŕàĺ àăáçěâě ćěàåŋěčő ŕàěďěńă (5.10) ŋěőŕàěďěńěŋŋőáâĺ ć Br(η → π^+π^−π^0) ĺ ϵ_{ηπ}+_π− , ĺå ğŋăçěŋĺï ąëńĺ ãňěŋìèěŋë ŋă ćěńĺçĺŋã őďŋőčő áâăŋďăàâŋőčő őâłńőŋěŋĺï.

Őčàăŋĺçěŋĺě ďńï ćěńĺçĺŋë áěçěŋĺï e^+e^− → ϕ → ηπ^+π^− ć ňăłáĺňãňě àěğőŋăŋáă, áőőâćěâáâćãîéěě ćěàőïâŋőáâĺ (5.10), áőáâăćńïěâ: σ(e^+e^− → ϕ → ηπ^+π^−) < 76 ŕą. Ŕőíâőňã, őáŋőćëćăïáì ŋă àăąőâăå [74], čďě ąëńă ŕőńãçěŋă őæěŋłă ďńï ćěńĺçĺŋë ŋěàěğőŋăŋáŋőčő áěçěŋĺï e^+e^− → ηπ^+π^− ćąńĺğĺ ϕ àěğőŋăŋáă: σ(e^+e^− → ηπ^+π^−, E = m_ϕ) ∼ 5 ŕą, ŕàĺ őæěŋłě ćěàåŋěčő ŕàěďěńă (5.10) ňë ŕàěďŕőńăčăńĺ, çâő ŋěàěğőŋăŋáŋőě áěçěŋĺě ňŋőčő ňěŋìèě, çěň ćőğňőęŋëľ ćłńăď őâ àăáŕăďă ϕ ňěğőŋă.

İääěłâĺćŋőáâì àěčĺáâàăæĺĺ àăáŕăďă ϕ → π^+π^−π^+π^−π^0 ąëńă őŕàěďěńěŋă ĺğ ňőďěńĺàőćăŋĺï, łőâőàőě ŕàőćőďĺńőáì ć ŕàěďŕőńőęěŋĺĺ őďŋőàőďŋőčő àăáŕàěďěńěŋĺï ŕĺőŋőć łőŋěçŋőčő áőáâőïŋĺï ŕő äăğőćőňã őąêěňã (íâő áőőâćěâáâćãěâ ňăâàĺçŋőňã íńěňěŋâã, ŋěğăćĺáïéěňã őâ ĺňŕãńìáőć ĺ ãčńőć ćëńěâă łőŋěçŋëå çăáâĺæ): ϵ_{5π} = 0.08±0.01. Ĺáŕőńìğãï íâã íääěłâĺćŋőáâì ĺ őŕãáłăï ćěàőïâŋőáâì àăáŕăďă η → π^+π^−π^0 ć (5.10), ąëńő ŕőńãçěŋő őčàăŋĺçěŋĺě ŋă ćěàőïâŋőáâì ŕàïňőčő àăáŕăďă ϕ → π^+π^−π^+π^−π^0:

Br(ϕ → π^+π^−π^+π^−π^0) < 4.6 · 10^{−6} 90% CL .

5.4. Őąáãęďěŋĺě àěğãńìâăâőć

Ŋă Řĺá.5.9 ŕőłăğăŋë ŕőńãçěŋŋëě ć ďăŋŋőľ àăąőâě àěğãńìâăâë ĺğňěàěŋĺï áěçěŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ć ďĺăŕăğőŋě íŋěàčĺľ 0.65{1.06 ČíĆ. Ŋă íâőň ęě àĺáãŋłě ďńï áàăćŋěŋĺï ŕàĺćěďěŋë ďăŋŋëě ŁŇĎ-2 ŕő ĺğňěàěŋĺî áěçěŋĺï ć őąńăáâĺ íŋěàčĺľ 1.05{1.38 ČíĆ [6,7], ă âăłęě ŕőłăğăŋë àěğãńìâăâë ďàãčĺå íłáŕěàĺňěŋâőć ŕàĺ íŋěàčĺïå ďő 2 ČíĆ.

Ŕőńãçěŋŋőě ć ďăŋŋőľ àăąőâě ğŋăçěŋĺě ćěàőïâŋőáâĺ ŋăàãèăîéěčő ŕàăćĺńő Űćěľčă àăáŕăďă ϕ → π^+π^−π^+π^− (5.9) ïćńïěâáï ŕěàćëň ĺğňěàěŋĺěň íâőľ ćěńĺçĺŋë. Řăŋěě, ć íłáŕěàĺňěŋâě čàãŕŕë DM1 ŋă ŋăłőŕĺâěńě ACO ć ŕàěďŕőńőęěŋĺĺ, çâő ćáě ćĺďĺňőě áěçěŋĺě ŕàőæěááă e^+e^− → π^+π^−π^+π^− ć őąńăáâĺ ϕ ňěğőŋă ćőğŋĺłăěâ ĺğ àăáŕăďă ϕ → π^+π^−π^+π^−, ąëńő ãáâăŋőćńěŋő ńĺèì őčàăŋĺçěŋĺě ŋă ćěàőïâŋőáâì íâőčő àăáŕăďă: Br(ϕ → π^+π^−π^+π^−) < 8.7 · 10^{−4} ŕàĺ ãàőćŋě ďőáâőćěàŋőáâĺ 90%. Őčàăŋĺçěŋĺě Br(ϕ → π^+π^−π^+π^−) < 1 · 10^{−4} ąëńő âăłęě ãáâăŋőćńěŋő ŋă ŁŇĎ-2 á ĺáŕőńìğőćăŋĺěň çăáâĺ ŋăąàăŋŋëå ďăŋŋëå [75].

Ć ŋăáâőïéěě ćàěňï, ŋăáłőńìłő ŋăň ĺğćěáâŋő, ŋě ĺňěěâáï őŕãąńĺłőćăŋŋëå âěőàěâĺçěáłĺå àăąőâ, ŕőáćïéěŋŋëå àăáçěâã ćěńĺçĺŋë ćěàőïâŋőáâĺ àăáŕăďă Br(ϕ → π^+π^−π^+π^−). Ŕàőáâěľèăï őæěŋłă, ãçĺâëćăîéăï ŕěàěåőď ϕ−γ, ňőęěâ ąëâì áďěńăŋă á ĺáŕőńìğőćăŋĺěň áńěďãîéěčő áőőâŋőèěŋĺï [76]:

Br(ϕ → γ^∗ → π^+π^−π^+π^−) = 9 ·

(Br(ϕ → e^+e^−))^2 α^2 · σ_0 σ_ϕ = 4 · 10^{−6} ,

čďě σ_0 = 1.114 ŋą | ćěńĺçĺŋă ŋěàěğőŋăŋáŋőľ çăáâĺ áěçěŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ŕàĺ íŋěàčĺĺ, àăćŋőľ ňăááě ϕ ňěğőŋă; σ_ϕ = 4224 ŋą | áěçěŋĺě àőęďěŋĺï ϕ ňěğőŋőć. Ĺğňěàěŋŋőě ć ďăŋŋőľ àăąőâě ğŋăçěŋĺě Br(ϕ → π^+π^−π^+π^−) = (3.9 ± 1.7 ± 2.1) · 10^{−6} åőàőèő áőčńăáãěâáï á íâőľ őæěŋłőľ.

Ŕőńãçěŋŋőě ć ďăŋŋőľ àăąőâě őčàăŋĺçěŋĺě ŋă ćěàőïâŋőáâì àăáŕăďă ϕ → ηπ^+π^− ŕàĺąńĺğĺâěńìŋő ć 17 àăğ ňěŋìèě őčàăŋĺçěŋĺï Br(ϕ → ηπ^+π^−) < 3 · 10^{−4} ãáâăŋőćńěŋŋőčő âăłęě ŋă ŁŇĎ-2 á ĺáŕőńìğőćăŋĺěň çăáâĺ ŋăąàăŋŋëå ďăŋŋëå ć łăŋăńě àăáŕăďă η ňěğőŋă η → γγ [18,19]. Őčàăŋĺçěŋĺě, ŕőńãçěŋŋőě ďńï ŕàïňőčő àăáŕăďă ϕ → π^+π^−π^+π^−π^0, ŕàĺąńĺğĺâěńìŋő ć 25 àăğ ńãçèě, çěň ãáâăŋőćńěŋŋőě àăŋěě ŋă ŁŇĎ őčàăŋĺçěŋĺě Br(ϕ → π^+π^−π^+π^−π^0) < 1.5 · 10^{−4} [17].

Ć àăąőâăå [74,77], őáŋőćăŋŋëå ŋă àăğńĺçŋëň ňőďěńïå ϕ{ρ ĺ ϕ{ω áňěèĺćăŋĺï, ąëńă àăáçĺâăŋă ćěńĺçĺŋă őâŋőáĺâěńìŋőľ ćěàőïâŋőáâĺ àăáŕăďă ϕ → ηπ^+π^−: Br(ϕ → ηπ^+π^−) = 0.35 · 10^{−6} .

İâă ćěàőïâŋőáâì ŕàĺąńĺğĺâěńìŋő ć 50 àăğ ňěŋìèě ãáâăŋőćńěŋŋőčő ć ďăŋŋőľ àăąőâě őčàăŋĺçěŋĺï.

Řĺá. 5.9. Śěçěŋĺě àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ć ďĺăŕăğőŋě íŋěàčĺľ 0.65{2 ČíĆ. Řěğãńìâăâë ĺğňěàěŋĺï áěçěŋĺï ć ďĺăŕăğőŋě 0.65{1.06 ČíĆ, ŕőńãçěŋŋëě ć ďăŋŋőľ àăąőâě (■), áàăćŋĺćăîâáï á ĺğňěàěŋĺïňĺ ŁŇĎ-2 ć őąńăáâĺ íŋěàčĺľ 1.05{1.38 (őąőğŋăçěŋë á ŕőňőéìî ) [6,7], ă âăłęě á àěğãńìâăâăňĺ ďàãčĺå íłáŕěàĺňěŋâőć: △ | ŊĎ [11,12]; □ | ŐŃ§ [10]; ♦ | ŁŇĎ [17]; ∘ | ŚŊĎ [78]; ▼ | M3N [79]; | DM1 [80]; ▲ | γγ2 [81]; • | DM2 [62]

Čńăćă 6.

Ŋăąńîďěŋĺě àăáŕăďă ϕ ! η0γ

6.1. Ăŋăńĺğ ďăŋŋëå

Ć ąőńìèĺŋáâćě ŕàěďëďãéĺå àăąőâ, ŕőáćïéěŋŋëå ŋăąńîďěŋĺî àěďłőčő àăďĺăæĺőŋŋőčő àăáŕăďă ϕ → η^′γ [24,26{28], áőąëâĺï íâőčő àăáŕăďă àěčĺáâàĺàőćăńĺáì ć łăŋăńě η^′ → π^+π^−η, η → γγ. Čàãŕŕă KLOE ŋăąńîďăńă àăáŕăď ϕ → η^′γ âăłęě ĺ ć ŕőńŋőáâìî ŋěľâàăńìŋőľ ňőďě: η^′ → π^0π^0η, η → γγ [28].

Ć ďăŋŋőľ àăąőâě àăáŕăď ϕ → η^′γ ĺğãçăěâáï ć łăŋăńăå á çěâëàìňï ğăàïęěŋŋëňĺ çăáâĺæăňĺ ĺ äőâőŋăňĺ ć łőŋěçŋőň áőáâőïŋĺĺ:

ϕ → η^′γ , η^′ → π^+π^−η , η → π^+π^−π^0 ĺńĺ (6.1) ϕ → η^′γ , η^′ → π^+π^−η , η → π^+π^−γ . (6.2)

Ďńï ăŋăńĺğă ąëńĺ ĺáŕőńìğőćăŋë ďăŋŋëě, ŋăąàăŋŋëě ďěâěłâőàőň ŁŇĎ-2 ć íłáŕěàĺňěŋâě ŤĹ-98.

Ŕàěďćăàĺâěńìŋëľ őâąőà áőąëâĺľ ŕàőćőďĺńáï ć áőőâćěâáâćĺĺ á ãáńőćĺïňĺ SC_1{SC_3, őŕĺáăŋŋëňĺ ć àăğďěńě 3.4. Ďőŕőńŋĺâěńìŋő ł íâĺň ãáńőćĺïň âàěąőćăńőáì, çâőąë ć łăńőàĺňěâàě ąëńĺ ğăàěčĺáâàĺàőćăŋë ŕő łàăľŋěľ ňěàě ďćă äőâőŋă.

Ďńï őâőąàăŋŋëå âăłĺň őąàăğőň áőąëâĺľ ŕàőćőďĺńăáì ŕàőæěďãàă łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ, ć łőâőàőľ âàěąőćăńőáì ćëŕőńŋěŋĺě ğăłőŋőć áőåàăŋěŋĺï ŕőńŋőčő ĺňŕãńìáă ĺ íŋěàčĺĺ (ãáńőćĺï C_1{C_4, őŕĺáăŋŋëě ć àăğďěńě 3.4.1 ŋă áâà.58). Řěłőŋáâàãłæĺï ćëŕőńŋïńăáì ć ŕàěďŕőńőęěŋĺĺ, çâő ćáě ğăàïęěŋŋëě çăáâĺæë | π ňěğőŋë.

Łăł ĺ ŕàĺ ŕőĺáłě àăáŕăďőć ϕ → ηπ^+π^− ĺ ϕ → π^+π^−π^+π^−π^0, őŕĺáăŋŋőň ć àăğďěńě 5.3, őďŋőľ ĺğ őáŋőćŋëå ŕàőąńěň, ğăâàãďŋïîéĺå ćëďěńěŋĺě áőąëâĺľ ĺğãçăěňëå ŕàőæěááőć, ïćńïěâáï àěčĺáâàăæĺï ć łăńőàĺňěâàě ďőŕőńŋĺâěńìŋëå (\ńĺèŋĺå") äőâőŋőć. Śĺâãăæĺï ãáãčãąńïěâáï âěň, çâő çĺáńő \àěăńìŋëå" äőâőŋőć N^{fs}_γ ć łőŋěçŋőň áőáâőïŋĺĺ àăáŕăďőć (6.2) ĺńĺ (6.1) ňőęěâ ąëâì 2 ĺńĺ 3 áőőâćěâáâćěŋŋő. Ďńï ãďăńěŋĺï \ńĺèŋĺå" äőâőŋőć ąëń ĺáŕőńìğőćăŋ ĺğňěŋěŋŋëľ ćăàĺăŋâ ŕàőæěďãàë, őŕĺáăŋŋőľ ć àăğďěńě 3.4.2. Ĺğňěŋěŋĺï ğăłńîçăńĺáì ć áńěďãîéěň. Śŋăçăńă, ďńï áőąëâĺľ á çĺáńőň ğăàěčĺáâàĺàőćăŋŋëå äőâőŋőć, ąő́ńìèĺň ďćãå, N_γ > 2, ćëąĺàăńăáì ŕăàă γγ á ŋăĺňěŋìèěľ ćěńĺçĺŋőľ χ^2_γ łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ. Ğăâěň ć áőąëâĺïå á N_γ ≥ 3 ćëąĺàăńăáì âàőľłă äőâőŋőć á ňĺŋĺňăńìŋőľ ćěńĺçĺŋőľ χ^2_{3γ}. Ć ğăćĺáĺňőáâĺ őâ âőčő, łăłăï ĺğ ćěńĺçĺŋ χ^2_γ ĺńĺ χ^2_{3γ} őłăğëćăńăáì ňěŋìèěľ, áőąëâĺî ŕàĺŕĺáëćăńőáì łőŋěçŋőě áőáâőïŋĺě π^+π^−π^+π^−γγ ĺńĺ π^+π^−π^+π^−γγγ. Ďńï ŕőáńěďãîéěčő ăŋăńĺğă őâąĺàăńĺáì áőąëâĺï á åőàőèĺň łăçěáâćőň łĺŋěňăâĺçěáłőľ àěłőŋáâàãłæĺĺ: χ^2/N_{df} < 10/4, čďě χ^2 = min(χ^2_γ, χ^2_{3γ} ).

Ţőàőèő ĺğćěáâŋő [82], çâő ć àăáŕăďăå ϕ ňěğőŋă łőŋěçŋëě áőáâőïŋĺï, áőćŕăďăîéĺě á łőŋěçŋëňĺ áőáâőïŋĺïňĺ ĺğãçăěňëå àăáŕăďőć (6.1) ĺ (6.2), őąàăğãîâáï âőńìłő ć àěăłæĺïå:

ϕ → K^0_SK^0_L, K^0_S → π^+π^−, K^0_L → π^+π^−π^0 ĺ (6.3) ϕ → K^+K^−, K^± → π^±π^+π^−, K^∓ → π^∓π^0 . (6.4)

Őďŋăłő, ĺğ-ğă ąőńìèőčő ćàěňěŋĺ ęĺğŋĺ K ňěğőŋőć, ğăàïęěŋŋëě çăáâĺæë, ćőğŋĺłăîéĺě ć ĺå àăáŕăďăå, ĺňěîâ èĺàőłőě àăáŕàěďěńěŋĺě ŕő ŕàĺæěńìŋőňã ŕăàăňěâàã. Ĺňěŋŋő íâă őáőąěŋŋőáâì ĺ ĺáŕőńìğãěâáï ďńï ŕőďăćńěŋĺï äőŋă őâ ŕàőæěááőć (6.3) ĺ (6.4).

Ďàãčĺň ĺáâőçŋĺłőň äőŋă áńãęĺâ ŕàőæěáá

e^+e^− → ωπ^0, ω → π^+π^−π^0 , (6.5)

á ŕőáńěďãîéĺň łőŋćěàáĺőŋŋëň àăáŕăďőň őďŋőčő ĺğ ŋěľâàăńìŋëå π ňěğőŋőć: π^0 → e^+e^−γ. Ć íâőň áńãçăě àăáŕàěďěńěŋĺě ŕő ňĺŋĺňăńìŋőňã ŕàőáâàăŋáâćěŋŋőňã ãčńã ňěęďã âàěłăňĺ ĺňěěâ åăàăłâěàŋëľ ŕĺł ć őąńăáâĺ ňăńëå ğŋăçěŋĺľ ãčńőć.

Śőŕàőćőęďăěňăï \ńĺèŋĺňĺ" äőâőŋăňĺ àěăłæĺï ϕ → K^+K^−, łőčďă őďĺŋ ĺğ łăőŋőć ćğăĺňőďěľáâćãěâ ïďěàŋëň őąàăğőň á ćěéěáâćőň ďěâěłâőàă ĺ ŕàőďãłâë íâőčő ćğăĺňőďěľáâćĺï àăááěĺćăîâáï ŋăğăď ć ďàěľäőćãî łăňěàã, őąàăğãï ďćă ďőŕőńŋĺâěńìŋëå âàěłă, ńĺąő őďĺŋ ĺğ łăőŋőć àăáŕăďăěâáï ć łăŋăńě K^± → π^±π^+π^−, âăłęě ňőęěâ ďăćăâì äőŋ ł ĺğãçăěňëň àăáŕăďăň. Ďńï ãňěŋìèěŋĺï íâőčő äőŋă ąëńĺ ĺáŕőńìğőćăŋë ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ âàěłőć, ĺğňěàěŋŋëě ć ďàěľäőćőľ łăňěàě. Ŋă ŕăàăňěâà ξ, ğăćĺáïéĺľ őâ ćěńĺçĺŋë ĺőŋĺğăæĺőŋŋëå ŕőâěàì, ă âăłęě ĺňŕãńìáă ĺ ğŋăłă ğăàïďă âàěłă (áň. äőàňãńã (3.2) ŋă áâà.55), ŋăłńăďëćăńőáì őčàăŋĺçěŋĺě: ξ < 2000. Ďőŕőńŋĺâěńìŋőě ŕőďăćńěŋĺě äőŋă őâ áőąëâĺľ K^+K^− ąëńő ďőáâĺčŋãâő áńěďãîéĺň âàěąőćăŋĺěň, ŋăłńăďëćăćèĺňáï ŋă ŕőńŋãî ŋőàňĺàőćăŋŋãî íŋěàčĺî ğăàïęěŋŋëå ŕĺőŋőć: ε_{4π} > 0.7.

Ďńï ŕőďăćńěŋĺï áőąëâĺľ àěăłæĺĺ e^+e^− → ωπ^0 ĺáŕőńìğőćăńăáì ŕàőæěďãàă e/π àăğďěńěŋĺï, őŕĺáăŋŋăï ŋă áâà.56. Šăł łăł åăàăłâěàŋőľ őáőąěŋŋőáâìî łőŋćěàáĺőŋŋőčő àăáŕăďă π^0 → e^+e^−γ ïćńïěâáï ňăńëľ ŕàőáâàăŋáâćěŋŋëľ ãčőń ňěęďã íńěłâàőŋőň ĺ ŕőğĺâàőŋőň, ŕàőćőďĺńáï ŕőĺáł ŕăàë âàěłőć á ŕàőâĺćőŕőńőęŋëňĺ ğŋăłăňĺ ğăàïďőć. Ďńï íâĺå âàěłőć ŕő äőàňãńě (3.3) őŕàěďěńïńĺáì ćěàőïâŋőáâì W_π+_π− ąëâì ŕĺőŋăňĺ. Şáńőćĺě W_π+_π− > 0.5 ãňěŋìèăěâ äőŋ áőąëâĺľ ωπ^0 ć âàĺ àăğă. Ďńï ďőŕőńŋĺâěńìŋőčő ŕőďăćńěŋĺï áőąëâĺľ ωπ^0 á ňăńëňĺ ĺňŕãńìáăňĺ íńěłâàőŋőć ĺ(ĺńĺ) ŕőğĺâàőŋőć ĺáŕőńìğőćăńőáì âàěąőćăŋĺě, ŋăłńăďëćăćèěěáï ŋă ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ âàěłőć: ξ > 800 − 4p, čďě p | ćěńĺçĺŋă ĺňŕãńìáă ć ŇíĆ/c.

Řĺá. 6.1. Řăáŕàěďěńěŋĺě ŕő ĺŋćăàĺăŋâŋőľ ňăááě M_π+_π− . a) Šőçłĺ á őèĺąłăňĺ | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; ŕàőğàăçŋăï čĺáâőčàăňňă | ňőďěńĺàőćăŋĺě ŕàőæěááă ϕ → K^0_SK^0_L; ğăèâàĺåőćăŋŋăï čĺáâőčàăňňă | ňőďěńĺàőćăŋĺě àěăłæĺĺ ϕ → K^+K^−. b) Ňőďěńĺàőćăŋĺě àăáŕăďă ϕ → η^′γ; ŕàőğàăçŋăï čĺáâőčàăňňă | àăáŕăď η ŋă π^+π^−π^0; ğăèâàĺåőćăŋŋăï čĺáâőčàăňňă | àăáŕăď η → π^+π^−γ

Ŕőáńě ŕàĺňěŋěŋĺï ćáěå ŕěàěçĺáńěŋŋëå ãáńőćĺľ ąëńő őâőąàăŋő őłőńő 250 áőąëâĺľ. Ďńï íâĺå áőąëâĺľ ŋă Řĺá.6.1a) âőçłăňĺ á őèĺąłăňĺ ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕő ĺŋćăàĺăŋâŋőľ ňăááě M_π+_π− ŕăàë ğăàïęěŋŋëå ŕĺőŋőć. Łăęďőě áőąëâĺě ćåőďĺâ ć íâő àăáŕàěďěńěŋĺï çěâëàě àăğă, ć áőőâćěâáâćĺĺ á çĺáńőň áŕőáőąőć, łőâőàëňĺ ĺğ çěâëàěå ğăàïęěŋŋëå ŕĺőŋőć π^+π^−π^+π^− ňőęŋő ćëąàăâì ŕăàã π^+π^−. Ŕàőğàăçŋăï čĺáâőčàăňňă ŋă Řĺá.6.1a) ŕőłăğëćăěâ àăáŕàěďěńěŋĺě ŕő M_π+_π− ďńï áőąëâĺľ ňőďěńĺàőćăŋĺï ŕàőæěááă (6.3), ğăèâàĺåőćăŋŋăï čĺáâőčàăňňă ŋă íâőň ęě àĺáãŋłě | áőąëâĺï ňőďěńĺàőćăŋĺï àěăłæĺĺ (6.4). Ůĺáńő áőąëâĺľ ŕàĺ ňőďěńĺàőćăŋĺĺ ŕàőæěááőć ϕ → K^0_SK^0_L ĺ ϕ → K^+K^− ŕàĺąńĺğĺâěńìŋő áőőâćěâáâćőćăńő ĺŋâěčàăńã áćěâĺňőáâĺ, ŋăąàăŋŋőňã ć íłáŕěàĺňěŋâě ŤĹ-98. Ďńï áàăćŋěŋĺï ŋă Řĺá.6.1b) ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕő M_π+_π− ďńï ňőďěńĺàőćăŋĺï àăáŕăďă ϕ → η^′γ, η^′ → π^+π^−η, á ŕőáńěďãîéĺňĺ àăáŕăďăňĺ η → π^+π^−π^0 (ŕàőğàăçŋăï čĺáâőčàăňňă) ĺ η → π^+π^−γ (ğăèâàĺåőćăŋŋăï čĺáâőčàăňňă).

Łăł ćĺďŋő ĺğ àĺáãŋłőć 6.1, őáŋőćŋőľ ćłńăď ć őâőąàăŋŋëě áőąëâĺï ďăěâ ŕàőæěáá ϕ → K^0_SK^0_L, K^0_S → π^+π^− ĺ K^0_L → π^+π^−π^0. Ďńï ŕőďăćńěŋĺï áőąëâĺľ K^0_SK^0_L ŋăłńăďëćăńőáì őčàăŋĺçěŋĺě M_π+_π− < 450 ŇíĆ/c^2 (ŕőłăğăŋő áâàěńłőľ), ŕőáńě łőâőàőčő őáâăîâáï 23 áőąëâĺï.

Řĺá. 6.2. Řăáŕàěďěńěŋĺě ŕő ňĺŋĺňăńìŋőňã ãčńã ňěęďã âàěłăňĺ ψ_{min} ć ğăćĺáĺňőáâĺ őâ ňăłáĺňăńìŋőčő ğŋăçěŋĺï ŕàĺæěńìŋőčő ŕăàăňěâàă âàěłőć d. Ůěàŋëě łćăďàăâĺłĺ ŋă őąőĺå àĺáãŋłăå (■) | íłáŕěàĺňěŋâăńìŋëě áőąëâĺï; a) âőçłĺ | ňőďěńĺàőćăŋĺě àăáŕăďőć (6.1) ĺ (6.2); b) ∘ | ňőďěńĺàőćăŋĺě K^0_SK^0_L; □ | ňőďěńĺàőćăŋĺě K^+K^−; △ | ňőďěńĺàőćăŋĺě ωπ^0

Ďńï őłőŋçăâěńìŋőčő őâąőàă áőąëâĺľ àăáŕăďă ϕ → η^′γ, ă âăłęě ďńï őæěŋłĺ äőŋă őâ áőąëâĺľ K^0_SK^0_L, K^+K^− ĺ ωπ^0 ąëńő ŕàőăŋăńĺğĺàőćăŋő àăáŕàěďěńěŋĺě őáâăćèĺåáï 23 áőąëâĺľ ŕő ňĺŋĺňăńìŋőňã ŕàőáâàăŋáâćěŋŋőňã ãčńã ňěęďã âàěłăňĺ á ŕàőâĺćőŕőńőęŋëňĺ ğăàïďăňĺ ψ_{min} ĺ ňăłáĺňăńìŋőňã ğŋăçěŋĺî ŕàĺæěńìŋőčő ŕăàăňěâàă âàěłőć d. Ŋă Řĺá.6.2a) ďćãňěàŋőě àăáŕàěďěńěŋĺě ŕő ψ_{min} ć ğăćĺáĺňőáâĺ őâ d, ŕőńãçěŋŋőě ďńï íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå, áàăćŋĺćăěâáï á ňőďěńĺàőćăŋĺěň àăáŕăďőć (6.1) ĺ (6.2). Ŋă Řĺá.6.2b) âě ęě íłáŕěàĺňěŋâăńìŋëě áőąëâĺï ŕőłăğăŋë ć áàăćŋěŋĺĺ á ňőďěńĺàőćăŋĺěň K^0_SK^0_L, K^+K^− ĺ ωπ^0. Łăł ćĺďŋő ĺğ íâĺå àĺáãŋłőć, áőąëâĺï ĺğãçăěňőčő àăáŕăďă ϕ → η^′γ čàãŕŕĺàãîâáï ć őąńăáâĺ ňăńëå ŕàĺæěńìŋëå ŕăàăňěâàőć (çâő ćŕőńŋě ěáâěáâćěŋŋő, âăł łăł íâő | ŕãçłőćëě áőąëâĺï) ĺ ĺňěîâ èĺàőłőě àăáŕàěďěńěŋĺě ŕő ňĺŋĺňăńìŋőňã ãčńã, 0.3 ≲ ψ_{min} ≲ 2.5. Ťőŋőćëě áőąëâĺï ωπ^0 ŕőŕăďăîâ, ć őáŋőćŋőň, ć őąńăáâì ňăńëå ãčńőć ψ_{min} ≲ 0.2, ă áőąëâĺï K^0_SK^0_L ĺ K^+K^− ĺňěîâ èĺàőłőě àăáŕàěďěńěŋĺě ŕő ŕàĺæěńìŋëň ŕăàăňěâàăň d ≳ 0.3 áň. Šăłĺň őąàăğőň, ŕńőáłőáâì ŕăàăňěâàőć ψ_{min} ĺ d ňőęěâ ąëâì

Řĺá. 6.3. Řăáŕàěďěńěŋĺě ŕő ŋěďőáâăîéěľ ňăááě M_{mis}(π^+π^−γ_m) ŕăàë ğăàïęěŋŋëå π ňěğőŋőć ĺ äőâőŋă á íŋěàčĺěľ, ąńĺęăľèěľ ł íŋěàčĺĺ ňőŋőåàőňăâĺçěáłőčő äőâőŋă ĺğ ďćãåçăáâĺçŋőčő àăáŕăďă ϕ → η^′γ. Šőçłĺ á őèĺąłăňĺ | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; čĺáâőčàăňňă | ňőďěńĺàőćăŋĺě áãňňăàŋőčő ćłńăďă ŕàőæěááőć (6.1) ĺ (6.2) á łőńĺçěáâćőň áőąëâĺľ, ŕàőŕőàæĺőŋăńìŋëň ćěàőïâŋőáâïň áőőâćěâáâćãîéĺå àăáŕăďőć

ãáńőćŋő àăğďěńěŋă ŋă âàĺ őąńăáâĺ:

1) őąńăáâì η^′γ | ψ_{min} > 0.3 ĺ d < 0.3 áň;

2) őąńăáâì ωπ^0 | ψ_{min} < 0.3 ĺ d < 0.3 áň;

3) őąńăáâì KK̄ | ψ_{min} > 0.3 ĺ 0.3 áň < d < 1 áň.

Ć çěâćěàâãî őąńăáâì (ψ_{min} < 0.3 ĺ 0.3 áň < d < 1 áň) ďăîâ ŋěąőńìèőľ ćłńăď ćáě äőŋőćëě ŕàőæěááë.

Ć őąńăáâĺ η^′γ ąëńĺ őâőąàăŋë Ñ_η′_γ = 10 áőąëâĺľ-łăŋďĺďăâőć àăáŕăďa ϕ → η^′γ. Ďńï íâĺå áőąëâĺľ ŋă Řĺá.6.3 âőçłăňĺ á őèĺąłăňĺ ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕő ŋěďőáâăîéěľ ňăááě M_{mis}(π^+π^−γ_m) ŕăàë ğăàïęěŋŋëå π ňěğőŋőć ĺ äőâőŋă á íŋěàčĺěľ, ąńĺęăľèěľ ł íŋěàčĺĺ ňőŋőåàőňăâĺçěáłőčő äőâőŋă ĺğ ďćãåçăáâĺçŋőčő àăáŕăďă ϕ → η^′γ. Čĺáâőčàăňňă ŕőłăğëćăěâ áãňňã ćłńăďőć ňőďěńĺàőćăŋĺï ŕàőæěááőć (6.1) ĺ (6.2) á çĺáńăňĺ áőąëâĺľ, ŕàőŕőàæĺőŋăńìŋëňĺ ćěàőïâŋőáâïň áőőâćěâáâćãîéĺå àăáŕăďőć. Łăł ćĺďŋő ĺğ íâőčő àĺáãŋłă, ŋăąńîďăěňëě íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě åőàőèő áőčńăáãîâáï á ňőďěńĺàőćăŋĺěň áőąëâĺľ η^′γ. Ůĺáńő őâőąàăŋŋëå äőŋőćëå áőąëâĺľ áőáâăćĺńő áőőâćěâáâćěŋŋő: Ñ_{ωπ}0 = 3 áőąëâĺï ć őąńăáâĺ ωπ^0 ĺ Ñ_K¯_K = 8 áőąëâĺľ ć őąńăáâĺ KK̄.

Řĺá. 6.4. Řăáŕàěďěńěŋĺě ŕő ŋěďőáâăîéěľ ňăááě M_{mis}(4π) çěâëàěå ğăàïęěŋŋëå π ňěğőŋőć ć ğăćĺáĺňőáâĺ őâ ňăłáĺňăńìŋőčő ğŋăçěŋĺï ŕàĺæěńìŋëå ŕăàăňěâàőć âàěłőć. Ůěàŋëě łćăďàăâĺłĺ (■) ŋă őąőĺå àĺáãŋłăå | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; a) âőçłĺ | ňőďěńĺàőćăŋĺě áãňňë ćłńăďőć àăáŕăďőć (6.1) ĺ (6.2); b) □ | ňőďěńĺàőćăŋĺě àěăłæĺĺ ϕ → K^0_SK^0_L; △ | ňőďěńĺàőćăŋĺě ŕàőæěááă ϕ → K^+K^−

Ŋă Řĺá.6.4 ŕőłăğăŋő ďćãňěàŋőě àăáŕàěďěńěŋĺě ŕő ŋěďőáâăîéěľ ňăááě çěâëàěå ğăàïęěŋŋëå ŕĺőŋőć M_{mis}(4π) ć ğăćĺáĺňőáâĺ őâ ňăłáĺňăńìŋőčő ŕàĺæěńìŋőčő ŕăàăňěâàă âàěłőć d ďńï áőąëâĺľ, őâőąàăŋŋëå ŕő ãáńőćĺî ψ_{min} > 0.3. Ćáěčő, łăł íâő áńěďãěâ ĺğ ŕàěďëďãéěčő àăááňőâàěŋĺï, ĺňěěâáï Ñ_η′_γ + Ñ_K¯_K = 18 âăłĺå áőąëâĺľ. Ŋă ńěćőň àĺáãŋłě íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě áàăćŋĺćăîâáï á ňőďěńĺàőćăŋĺěň ĺğãçăěňëå àăáŕăďőć (6.1) ĺ (6.2), ă ŋă ŕàăćőň | á ňőďěńĺàőćăŋĺěň äőŋőćëå ŕàőæěááőć (6.3) ĺ (6.4). Ŕőłăğăŋŋëě àăáŕàěďěńěŋĺï ěéě àăğ ŕőďâćěàęďăîâ âőâ äăłâ, çâő áőąëâĺï η^′γ čàãŕŕĺàãîâáï ć őąńăáâĺ ňăńëå ğŋăçěŋĺľ ŕàĺæěńìŋëå ŕăàăňěâàőć, âőčďă łăł áőąëâĺï K^0_SK^0_L ĺ K^+K^−, ĺğ-ğă őâŋőáĺâěńìŋő ąőńìèĺå ćàěňěŋ ęĺğŋĺ łăőŋőć, åăàăłâěàĺğãîâáï ąőńìèĺňĺ őâńěâăňĺ őâ ňěáâă ćğăĺňőďěľáâćĺï.

Ĺğ ňőďěńĺàőćăŋĺï ąëńĺ őŕàěďěńěŋë ćěàőïâŋőáâĺ ŋăąńîďăâì äőŋőćëě áőąëâĺï ωπ^0, K^0_SK^0_L ĺ K^+K^− ć őąńăáâĺ őâąőàă áőąëâĺľ ĺğãçăěňőčő àăáŕăďă:

W_{ωπ}0 = N_{ωπ}0 (ψ_{min} > 0.3 , d < 0.3 áň) N_{ωπ}0 (ψ_{min} < 0.3 , d < 0.3 áň) = 0.14 ± 0.10 ,

W_K¯_K =

N_K¯_K(ψ_{min} > 0.3 , d < 0.3 áň) N_K¯_K(ψ_{min} > 0.3 , 0.3 áň < d < 1 áň)

= 0.10 ± 0.05 .

Řĺá. 6.5. Řăáŕàěďěńěŋĺě ŕő ĺŋćăàĺăŋâŋőľ ňăááě ŕăàë äőâőŋőć ďńï áőąëâĺľ K^0_SK^0_L. Šőçłĺ á őèĺąłăňĺ | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; čĺáâőčàăňňă | ňőďěńĺàőćăŋĺě

Řĺá. 6.6. Řăáŕàěďěńěŋĺě ŕő ňăłáĺňăńìŋőňã ğŋăçěŋĺî ŕàĺæěńìŋëå ŕăàăňěâàőć âàěłőć ďńï áőąëâĺľ K^0_SK^0_L. Šőçłĺ á őèĺąłăňĺ | íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; čĺáâőčàăňňă | ňőďěńĺàőćăŋĺě

Ĺáŕőńìğãï íâĺ ćěàőïâŋőáâĺ, ă âăłęě çĺáńă áőąëâĺľ Ñ_{ωπ}0 ĺ Ñ_K¯_K, ąëńĺ őæěŋěŋë ćěńĺçĺŋë ćłńăďőć äőŋőćëå áőąëâĺľ ć çĺáńő áőąëâĺľ-łăŋďĺďăâőć àăáŕăďă ϕ → η^′γ. Őłőŋçăâěńìŋőě çĺáńő áőąëâĺľ η^′γ àăááçĺâëćăńőáì áőčńăáŋő äőàňãńě:

N_η′_γ = Ñ_η′_γ − Ñ_K¯_KW_K¯_K − Ñ_{ωπ}0 W_{ωπ}0 = 8.8^{+3.8}_{−3.2} .

Ğďěáì ňë ŋě ãçĺâëćăěň ćőğňőęŋőáâĺ ŕőŕăďăŋĺï áőąëâĺľ η^′γ ć őąńăáâĺ äőŋă, ă âăłęě ŕěàěłàěáâŋëě ćěàőïâŋőáâĺ àěčĺáâàĺàőćăâì áőąëâĺï ωπ^0 ć őąńăáâĺ KK̄ ĺ ŋăőąőàőâ. Ćáě íâĺ íääěłâë ć áãňňě ďăîâ ćłńăď ć N_η′_γ ňěŋěě 3% ĺ ŕàĺ àăáçěâě ćěàőïâŋőáâĺ àăáŕăďă ãçĺâëćăîâáï ć őąéěľ áĺáâěňăâĺçěáłőľ őèĺąłě.

İääěłâĺćŋőáâì őâąőàă áőąëâĺľ η^′γ őŕàěďěńïńăáì ĺğ ňőďěńĺàőćăŋĺï àăáŕăďőć (6.1) ĺ (6.2) ĺ áőáâăćĺńă:

ϵ_{3π} = 0.097 ± 0.003 ĺ ϵ_{ππγ} = 0.091 ± 0.003 .

Ďńï ŋőàňĺàőćłĺ, ă âăłęě ďńï àăáçěâă ćěàőïâŋőáâĺ àăáŕăďă ϕ → η^′γ ĺáŕőńìğőćăńáï ŕàőæěáá (6.3). Őâąőà áőąëâĺľ K^0_SK^0_L ŕàőćőďĺńáï á ĺáŕőńìğőćăŋĺěň ãáńőćĺľ, ăŋăńőčĺçŋëå ãáńőćĺïň, ŕàĺňěŋïćèĺňáï ďńï őâąőàă áőąëâĺľ η^′γ, á őďŋĺň ĺáłńîçěŋĺěň. Šàěąőćăńőáì, çâőąë ĺŋćăàĺăŋâŋăï ňăááă M_π+_π− åőâï ąë őďŋőľ ŕăàë π^+π^− ãďőćńěâćőàïńă ãáńőćĺî:

M_π+_π− > 450 ŇíĆ/c^2. İâő ãáńőćĺě, łăł ćĺďŋő ĺğ Řĺá.6.1a), ćëďěńïěâ áőąëâĺï K^0_SK^0_L. Ğăňěâĺň âăłęě, çâő őčàăŋĺçěŋĺě ŋă M_π+_π− íääěłâĺćŋő ŕőďăćńïěâ áőąëâĺï K^+K^−.

Ćáěčő ąëńő őâőąàăŋő 216 áőąëâĺľ K^0_SK^0_L. Ďńï íâĺå áőąëâĺľ ŋă Řĺá.6.5 âőçłăňĺ á őèĺąłăňĺ ŕőłăğăŋő àăáŕàěďěńěŋĺě ĺŋćăàĺăŋâŋőľ ňăááë ŕăàë äőâőŋőć M_{γγ} . Ŕàăłâĺçěáłĺ ćáě áőąëâĺï ć íâőň àăáŕàěďěńěŋĺĺ čàãŕŕĺàãîâáï ćąńĺğĺ ňăááë π^0 ňěğőŋă, m_π0 ≈ 135 ŇíĆ/c^2. Ňőďěńĺàőćăŋĺě ŕàőæěááă (6.3), ŕőłăğăŋŋőě ŋă Řĺá.6.5 čĺáâőčàăňňőľ, áőčńăáãěâáï á íłáŕěàĺňěŋâăńìŋëň àăáŕàěďěńěŋĺěň. Ŋă Řĺá.6.6 ŕőłăğăŋő àăáŕàěďěńěŋĺě ňăłáĺňăńìŋőčő ğŋăçěŋĺï ŕàĺæěńìŋőčő ŕăàăňěâàă âàěłőć d: âőçłĺ á őèĺąłăňĺ | őâőąàăŋŋëě íłáŕěàĺňěŋâăńìŋëě áőąëâĺï, čĺáâőčàăňňă | ňőďěńĺàőćăŋĺě K^0_SK^0_L. İääěłâĺćŋőáâì őâąőàă áőąëâĺľ K^0_SK^0_L őŕàěďěńïńăáì ĺğ ňőďěńĺàőćăŋĺï ĺ áőáâăćĺńă:

ϵ_K0_{SK}0_L = (4.9 ± 0.3) · 10^{−4} .

Őâŋőáĺâěńìŋăï ćěàőïâŋőáâì àăáŕăďă ϕ → η^′γ àăááçĺâëćăńăáì á ĺáŕőńìğőćăŋĺěň áńěďãîéěčő ćëàăęěŋĺï: Br(ϕ → η^′γ) Br(ϕ → K^0_SK^0_L) = N_η′_γ N_K0_{SK}0_L · Br(K^0_S → π^+π^−)Br(K^0_L → π^+π^−π^0) Br(η^′ → π^+π^−η) × ϵ_K0_{S K}0_L ϵ_{3π}Br(η → π^+π^−π^0) + ϵ_{ππγ} Br(η → π^+π^−γ) (6.6)

= (1.46^{+0.64}_{−0.54} ± 0.18) · 10^{−4} .

Ćáě ćěàőïâŋőáâĺ àăáŕăďőć ć (6.6) ąëńĺ ćğïâë ĺğ Šăąńĺæ áćőľáâć çăáâĺæ [82]. Ŕěàćăï őèĺąłă ć ćěńĺçĺŋě^{Br(ϕ→η′γ)}

Br(ϕ→K0_SK0_L) őâàăęăěâ áâăâĺáâĺçěáłãî ŋěőŕàěďěńěŋŋőáâì, áćïğăŋŋãî á

äńãłâãăæĺïňĺ ğăàěčĺáâàĺàőćăŋŋőčő çĺáńă áőąëâĺľ. Ćâőàăï őèĺąłă | áĺáâěňăâĺçěáłăï, ćőğŋĺłăîéăï ĺğ áńěďãîéĺå ĺáâőçŋĺłőć:

• ãáâőľçĺćőáâì łàĺâěàĺěć őâąőàă | 7%

• ŋěâőçŋőáâì ć őŕàěďěńěŋĺĺ íääěłâĺćŋőáâěľ àěčĺáâàăæĺĺ ϵ_{3π}, ϵ_{ππγ} ĺ ϵ_K0_{SK}0_L | 6.7%

• ćëçĺâăŋĺě äőŋă ć Ñ_η′_γ | 6.4%;

• ŋěőŕàěďěńěŋŋőáâĺ ć ćěàőïâŋőáâïå àăáŕăďőć, ĺáŕőńìğãěňëå ć (6.6) | 4.1%.

Ŕőńŋăï áĺáâěňăâĺçěáłăï őèĺąłă ąëńă őæěŋěŋă ć 12.3%.

Őłőŋçăâěńìŋő, ĺáŕőńìğãï ćěńĺçĺŋã Br(ϕ → K^0_SK^0_L) ĺğ [82], ąëńő ŕőńãçěŋő áńěďãîéěě ğŋăçěŋĺě ďńï őâŋőáĺâěńìŋőľ ćěàőïâŋőáâĺ àăáŕăďă:

Br(ϕ → η^′γ) = (4.9^{+2.2}_{−1.8} ± 0.6) · 10^{−5} .

Šăąńĺæă 6.1. Śàăćŋěŋĺě àěğãńìâăâőć ĺğňěàěŋĺï ćěàőïâŋőáâĺ àăáŕăďă ϕ → η^′γ

İłáŕěàĺňěŋâ łăŋăń àăáŕăďă η^′ Br(ϕ→η^′γ) Br(ϕ→ηγ) , 10^{−3} Br(ϕ→η^′γ) Br(ϕ→K0_SK0_L) , 10^{−4} Br(ϕ → η^′γ), 10^{−5} ŁŇĎ-2[24] η^′ → π^+π^−η, η → γγ 9.5^{+5.2}_{−4.0} ± 1.4 12.0^{+7.0}_{−5.0} ± 1.8

ŚŊĎ [26] η^′ → π^+π^−η, η → γγ 6.7^{+3.4}_{−2.9} ± 1.0

ŁŇĎ-2 [27], ćłńîçăěâ [24] η^′ → π^+π^−η, η → γγ 6.5^{+1.7}_{−1.5} ± 0.8 8.2^{+2.1}_{−1.9} ± 1.1

KLOE [28] η^′ → π^+π^−η, η → γγ 7.1 ± 1.6 ± 0.3 8.9 ± 2.0 ± 0.6

η^′ → π^0π^0η, η → γγ 6.8^{+3.2}_{−2.5} ± 0.9

ŁŇĎ-2, ďăŋŋăï àăąőâă η^′ → π^+π^−η, η → π^+π^−π^0 ĺńĺ η → π^+π^−γ

1.46^{+0.64}_{−0.54} ± 0.18 4.9^{+2.2}_{−1.8} ± 0.6

Śàěďŋěňĺàőćőě ğŋăçěŋĺě

7.32 ± 1.22

6.2. Őąáãęďěŋĺě àěğãńìâăâőć

Ć âăąńĺæě 6.1 ŕőłăğăŋë őŕãąńĺłőćăŋŋëě ć ŋăáâőïéěě ćàěňï ďăŋŋëě ŕő àěğãńìâăâăň ĺğňěàěŋĺï ćěàőïâŋőáâĺ àăáŕăďă ϕ → η^′γ. Ć íâőľ ęě âăąńĺæě ŕàĺćěďěŋ àěğãńìâăâ, ŕőńãçěŋŋëľ ć ďăŋŋőľ àăąőâě. Ŋă Řĺá.6.7, ďńï ãďőąáâćă áàăćŋěŋĺï, ćáě àěğãńìâăâë ŕàěďáâăćńěŋë čàăäĺçěáłĺ. Łăł ćĺďŋő, ćěńĺçĺŋă Br(ϕ → η^′γ), ĺğňěàěŋŋăï ć ďăŋŋőľ àăąőâě, ňěŋìèě, çěň ćěńĺçĺŋë, ŕőńãçěŋŋëě àăŋěě ć àăąőâăå [26{28], ŋő, ć ŕàěďěńăå áâăâĺáâĺçěáłőľ ŋěőŕàěďěńěŋŋőáâĺ, ŋě ŕàőâĺćőàěçĺâ íâĺň àěğãńìâăâăň.

Ŕàěďëďãéěě ĺğňěàěŋĺě ćěńĺçĺŋë Br(ϕ → η^′γ) á ďěâěłâőàőň ŁŇĎ-2 ć łăŋăńě àăáŕăďă ϕ → η^′γ, η^′ → π^+π^−η ĺ η → γγ [27] őáŋőćăŋő ŋă ŋăąőàě ďăŋŋëå, łőâőàëľ ïćńïěâáï áâăâĺáâĺçěáłĺ ŋěğăćĺáĺňëň őâ ďăŋŋëå, ĺáŕőńìğőćăŋŋëå ć ŋăèěľ àăąőâě. Ŕőíâőňã ňë ňőęěň ŕőńãçĺâì ąőńěě áâăâĺáâĺçěáłĺ ğŋăçĺňëľ àěğãńìâăâ, łőňąĺŋĺàãï őąă ĺğňěàěŋĺï:

Br(ϕ → η^′γ)ŁŇĎ-2 = (6.4 ± 1.6) · 10^{−5} .

Şáàěďŋïï ćáě ŕěàěçĺáńěŋŋëě ć Šăąńĺæě 6.1 ďăŋŋëě, ŕőńãçăěň áńěďãîéãî ćěńĺçĺŋã ćěàőïâŋőáâĺ àăáŕăďă ϕ → η^′γ:

Br(ϕ → η^′γ) = (7.32 ± 1.22) · 10^{−5} . (6.7)

İâő ğŋăçěŋĺě ŕàěďáâăćńěŋő ć ŋĺęŋěľ áâàőłě Šăąńĺæë 6.1, ă âăłęě ŕőłăğăŋő ŋă Řĺá.6.7 ć ćĺďě ğăèâàĺåőćăŋŋőľ ŕőńőáë.

Řĺá. 6.7. Śàăćŋěŋĺě àěğãńìâăâőć ĺğňěàěŋĺï ćěàőïâŋőáâĺ àăáŕăďă ϕ → η^′γ. Ğăèâàĺåőćăŋŋăï ŕőńőáă ŕőłăğëćăěâ áàěďŋěě ğŋăçěŋĺě ćáěå ĺğňěàěŋĺľ

6.2.1. Řěğãńìâăâë àăąőâë á âőçłĺ ğàěŋĺï äěŋőňěŋőńőčĺĺ àăďĺăæĺőŋŋëå àăáŕăďőć

Ĺğãçěŋĺě àăďĺăæĺőŋŋëå àăáŕăďőć ńěčłĺå ňěğőŋőć âěáŋő áćïğăŋő á ŕàőąńěňőľ η/η^′ áňěèĺćăŋĺï [21,83], ă âăł ęě ćőğňőęŋőľ ŕàĺňěáĺ čńîőŋŋőľ łőňŕőŋěŋâë ć η^′ [84,85]. Őâŋőèěŋĺě ŕăàæĺăńìŋëå èĺàĺŋ àăáŕăďă ϕ-ňěğőŋă ŋă ηγ ĺ η^′γ ïćńïîâáï łàĺâĺçěáłĺň âěáâőň, ŕàěďńőęěŋŋëň Řőğŋěàőň [86], ŋă ŕàĺňěáì čńîőŋŋőčő áőáâőïŋĺï ć η^′-ňěğőŋě, ŕőáłőńìłã àăďĺăæĺőŋŋëľ ŕěàěåőď ϕ ć η^′ ïćńïěâáï ŋăŕàïňãî çãćáâćĺâěńìŋëň ł ćěńĺçĺŋě ćłńăďă ss̄ áőáâőïŋĺï ć ćőńŋőćãî äãŋłæĺî η^′-ňěğőŋă. Śőčńăáŋő őæěŋłě, ŕàőďěńăŋŋőľ ć àăąőâě [87], ć áńãçăě ěáńĺ η^′ ŕàěďáâăćńïěâ áőąőľ çĺáâëľ čńîőŋĺľ, őęĺďăěňăï ćěàőïâŋőáâì àăáŕăďă B_{ϕ→η}′_γ < 3.5 · 10^{−6}.

Řĺá. 6.8. İłáŕěàĺňěŋâăńìŋëě őčàăŋĺçěŋĺï ďńï ćěàőïâŋőáâěľ àăáŕăďőć ϕ → η^′γ, η^′ → ωγ, η^′ → ργ ĺ η^′ → γγ. Őąńăáâì ćŋãâàĺ íńńĺŕáă áőőâćěâáâćãěâ 90% ãàőćŋî ďőáâőćěàŋőáâĺ

Ŕàőąńěňă ŕàĺňěáĺ čńîőŋĺï ć η^′ ć ŕőáńěďŋěě ćàěňï ĺŋâěŋáĺćŋő őąáãęďăńăáì ć ńĺâěàăâãàě [88{90] ć áćïğĺ á őąŋăàãęěŋĺěň ć íłáŕěàĺňěŋâăå CLEO ŋěőęĺďăŋŋő ąőńìèőľ ćěàőïâŋőáâĺ àăáŕăďă B → η^′K, ă âăłęě ĺŋłńîğĺćŋőčő àăáŕăďă B → η^′X_s [91{93]. Ć łăçěáâćě ćőğňőęŋőčő ňěåăŋĺğňă, őąêïáŋïîéěčő ąőńìèĺě ğŋăçěŋĺï ŋăąńîďăěňëå ćěàőïâŋőáâěľ, ąëń ŕàěďńőęěŋ àăáŕăď b → sg^∗, á ŕőáńěďãîéĺň àăáŕăďőň g^∗ → gη^′, ŕàőĺáåőďïéĺň ĺğ-ğă ăŋőňăńìŋőľ áćïğĺ η^′ á ďćãňï čńîőŋăňĺ [88] (ğďěáì g^∗ čńîőŋ ćŋě ňăááőćőľ ŕőćěàåŋőáâĺ).

Ć ŕőïćĺćèěľáï ŋěďăćŋő àăąőâě [94] ąëńĺ ŕàőăŋăńĺğĺàőćăŋë íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ŕő àăďĺăæĺőŋŋëň àăáŕăďăň ńěčłĺå ćěłâőàŋëå ňěğőŋőć [63]. Ŋă őáŋőćăŋĺĺ íâőčő ăŋăńĺğă ąëń áďěńăŋ ćëćőď ő âőň, çâő ŕàĺňěáì čńîőŋŋőľ łőňŕőŋěŋâë ć η^′ ňőęěâ ďőáâĺčăâì 26%. Ĺďěï ăŋăńĺğă ğăłńîçăěâáï ć áńěďãîéěň. Śńěďãï [86], áőáâőïŋĺě η^′ ňőęěâ ąëâì ğăŕĺáăŋő ć ćĺďě: |η^′⟩ = X_η′ | | |uū + d d̄ √ 2 ⟩ + Y_η′ |ss̄⟩ + Z_η′ |gluonium⟩ , (6.8) čďě ćěńĺçĺŋë X_η′ , Y_η′ ĺ Z_η′ ãďőćńěâćőàïîâ áőőâŋőèěŋĺî ŋőàňĺàőćłĺ:

X^2_η′ + Y^2_η′ + Z^2_η′ = 1 . (6.9)

Ďăńěě, ĺáŕőńìğãï ňőďěńì ďőňĺŋăŋâŋőáâĺ ćěłâőàŋëå ňěğőŋőć ĺ łćăàłőćãî ňőďěńì SU(3)

(áň., ŋăŕàĺňěà, [20]), ćěàőïâŋőáâĺ àăáŕăďőć η^′ → ωγ, η^′ → ργ, ϕ → η^′γ ĺ η^′ → γγ ćëàăęăîâáï çěàěğ ćěńĺçĺŋë X_η′ ĺ Y_η′ :

Γ(η^′ → ωγ) = α 8 ( m^2_η′ − m^2_ω m_η′ )3 ( m_ω f_ωπ^2

)_2 ( X_η′ 4f_x )_2 , (6.10)

Γ(η^′ → ργ) = α 8 ( m^2_η′ − m^2_ρ m_η′ )3 ( m_ρ f_ρπ^2

)_2 ( 3X_η′ 4f_x )_2 , (6.11)

Γ(ϕ → η^′γ) = α 24 ( m^2_ϕ − m^2_η′ m_ϕ )3 ( m_ϕ f_ϕπ^2

)_2 ( −2 Y_η′ 4f_y )_2 , (6.12)

Γ(η^′ → γγ) = α^2 288π^3 m^3_η′ ( 5X_η′ f_x + √ 2Y_η′ f_y )_2 . (6.13)

Łőŋáâăŋâë áćïğĺ ćěłâőàŋëå ňěğőŋőć f_ω, f_ρ ĺ f_ϕ ňőčãâ ąëâì ćëàăęěŋë çěàěğ ćěàőïâŋőáâĺ àăáŕăďă ć e^+e^− [20]:

Γ(ρ → e^+e^−) = 4πα^2 3 f^2_ρ m_ρ 1 2 , Γ(ω → e^+e^−) = 4πα^2 3 f^2_ω m_ω sin^2 θ_V 6 , Γ(ϕ → e^+e^−) = 4πα^2 3 f^2_ϕ m_ϕ cos^2 θ_V 6 , čďě θ_V = 35.6^∘ | ãčőń áňěèĺćăŋĺï ć ćěłâőàŋőň áěłâőàě. Łőŋáâăŋâë f_x ĺ f_y, őŕàěďěńěŋŋëě ćëàăęěŋĺïňĺ [85]: if_xp_μ = ⟨ 0 | | |uγ^μγ^5ū + dγ^μγ^5 d̄ | | | uū + dd̄ √ 2 ⟩ , if_yp_μ = ⟨0|sγ^μγ_5s̄|ss̄⟩ , ňőęŋő àăááňăâàĺćăâì łăł łőŋáâăŋâë áćïğĺ SU(3) áĺŋčńěâŋëå áőáâőïŋĺľ ć ŕàěďěńě őâáãâáâćĺï ăŋőňăńĺĺ. Ŕàěďŕőńăčăï, çâő íääěłâë, áćïğăŋŋëě á ŋăàãèěŋĺěň ĺğőáŕĺŋă, ňăńë́, ňőęŋő ŕőńőęĺâì f_x ≈ f_π. Ć âőçŋőľ SU(3) áĺňňěâàĺĺ f_y = f_x, őďŋăłő, ãçĺâëćăï ŋăàãèěŋĺě áĺňňěâàĺĺ, ćëğćăŋŋőě àăğŋőáâìî ňăáá u, d ĺ s łćăàłőć, ňőęŋő ğăŕĺáăâì f_y ≈ √ 2f^2_K − f^2_π . Ğďěáì f_π = 131 ŇíĆ ĺ f_K = 160 ŇíĆ | łőŋáâăŋâë áćïğĺ π ĺ K ňěğőŋőć.

Śàăćŋĺćăï ćëàăęěŋĺï (6.10){(6.13) á íłáŕěàĺňěŋâăńìŋëňĺ ğŋăçěŋĺïňĺ ćěàőïâŋőáâěľ àăáŕăďőć, ňőęŋő ŕőńãçĺâì őčàăŋĺçěŋĺï ŋă X_η′ ĺ Y_η′ . Ŕàĺ íâőň, ć áĺńã ãáńőćĺï ŋőàňĺàőćłĺ (6.9), àěğãńìâăâ X^2_η′ + Y^2_η′ < 1 ňőęěâ őğŋăçăâì ŋăńĺçĺě ŕàĺňěáĺ čńîőŋĺï ć áőáâőïŋĺĺ η^′ (6.8). Ćěńĺçĺŋă ŕàĺňěáĺ őŕàěďěńïěâáï áőčńăáŋő ćëàăęěŋĺî: R = Z_η′ X_η′ + Y_η′ + Z_η′ . Ĺáŕőńìğãï ãâőçŋěŋŋëě íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ŕő àăďĺăæĺőŋŋëň àăáŕăďăň ńěčłĺå ćěłâőàŋëå ňěğőŋőć [82], ă âăłęě ğŋăçěŋĺě ćěàőïâŋőáâĺ àăáŕăďă ϕ → η^′γ (6.7), ŕőńãçěŋŋőě á ãçěâőň àěğãńìâăâőć ŋăèěľ àăąőâë, ňë ŕőćâőàĺńĺ ăŋăńĺğ, ćëŕőńŋěŋŋëľ ć

[94]. Ŕőńãçěŋŋëě őčàăŋĺçěŋĺï ŕőłăğăŋë ŋă Řĺá.6.8. Ğďěáì ãçâěŋë âőńìłő íłáŕěàĺňěŋâăńìŋëě ŋěőŕàěďěńěŋŋőáâĺ. Ňőďěńìŋăï ŋěőŕàěďěńěŋŋőáâì âăłőčő ŕőďåőďă, áőčńăáŋő [94], áőáâăćńïěâ őłőńő 15%. Őąńăáâì ćŋãâàĺ íńńĺŕáă áőőâćěâáâćãěâ 90% ãàőćŋî ďőáâőćěàŋőáâĺ. Őŕâĺňăńìŋëě ğŋăçěŋĺï ćěńĺçĺŋ X_η′ ĺ Y_η′ :

X_η′ = 0.610 ± 0.021 , Y_η′ = 0.657 ± 0.053 , (6.14)

çâő áőőâćěâáâćãěâ ŕàĺňěáĺ čńîőŋĺï:

R = 25.9 ± 4.5% .

Ćěńĺçĺŋă ãčńă áňěèĺćăŋĺï őłâěâŋőčő (η_8) ĺ áĺŋčńěâŋőčő (η_1) ŕáěćďőáłăńïàŋëå áőáâőïŋĺľ, őâćěçăîéăï ğŋăçěŋĺïň (6.14):

θ_p = arctan X_η′ Y_η′ + arctan 1 √ 2 − π 2 = (−11.9 ± 2.5)^∘ .

İâő ğŋăçěŋĺě áőčńăáãěâáï á őæěŋłăňĺ [94] ĺ, ć ŕàěďěńăå íłáŕěàĺňěŋâăńìŋőľ ŋěőŕàěďěńěŋŋőáâĺ, ŋě ŕàőâĺćőàěçĺâ ŕàěďćăàĺâěńìŋőňã àěğãńìâăâã KLOE [28]:

θ_p = (−18.9^{+3.6}_{−2.8} ± 0.6)^∘ .

Šăłĺň őąàăğőň, ć àăňłăå äěŋőňěŋőńőčĺçěáłőčő ŕőďåőďă, ŕàěďńőęěŋŋőčő ć [86,94], ňőęŋő áďěńăâì ćëćőď, çâő ŕàěďŕőńőęěŋĺě ő ŋăńĺçĺĺ čńîőŋŋőľ łőňŕőŋěŋâë ć ćőńŋőćőľ äãŋłæĺĺ η^′ ŋě ŕàőâĺćőàěçĺâ áãéěáâćãîéĺň íłáŕěàĺňěŋâăńìŋëň ďăŋŋëň ŕàĺ ãàőćŋě ŕàĺňěáĺ čńîőŋĺï ≲30%. Ďńï àěèěŋĺï ŕàőąńěňë áňěèĺćăŋĺï η^′ á čńîőŋŋőľ łőňŕőŋěŋâőľ âàěąãěâáï ďăńìŋěľèěě ãćěńĺçěŋĺě âőçŋőáâĺ ĺğňěàěŋĺľ, łőâőàőě ňőęŋő őęĺďăâì á ŋăçăńőň àăąőâë ϕ-äăąàĺłĺ ćő Ťàăáłăâĺ, Ĺâăńĺï.

Ğăłńîçěŋĺě

Ć ŕàěďáâăćńěŋŋőľ àăąőâě ąëńĺ ŕőńãçěŋë áńěďãîéĺě őáŋőćŋëě àěğãńìâăâë: 1) Ć áőáâăć áĺáâěňë ğăŕãáłă ďěâěłâőàă ŁŇĎ-2 ćłńîçěŋ ŋěľâàăńìŋëľ âàĺččěà. Řăğàăąőâăŋő ŕàőčàăňňŋőě őąěáŕěçěŋĺě ŊŠ, ŕőğćőńïîéěě ĺğňěŋïâì ŕăàăňěâàë âàĺččěàă; łőŋâàőńĺàőćăâì ěčő àăąőâã ć åőďě ŋăąőàă áâăâĺáâĺłĺ; őąàăąăâëćăâì ĺŋäőàňăæĺî, ćëďăćăěňãî âàĺččěàőň ć àěęĺňě o¸-line; ă âăłęě ŕàőćőďĺâì ňőďěńĺàőćăŋĺě őâłńĺłă ŋěľâàăńìŋőčő âàĺččěàă á ŕőňőéìî őąéěľ ŕàőčàăňňë ňőďěńĺàőćăŋĺï ďěâěłâőàă ŁŇĎ-2.

2) Řăğàăąőâăŋă ŕàőæěďãàă àěłőŋáâàãłæĺĺ łőőàďĺŋăâ äőâőŋőć, ğăàěčĺáâàĺàőćăŋŋëå ć CsI-łăńőàĺňěâàě ďěâěłâőàă ŁŇĎ-2.

3) Ĺğňěàěŋő áěçěŋĺě àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ć ďĺăŕăğőŋě íŋěàčĺľ 0.6{1.06 ČíĆ.

Ć őąńăáâĺ íŋěàčĺľ 0.6{0.97 íâő áďěńăŋő ćŕěàćëě. Ŕőńãçěŋă ćěàőïâŋőáâì àăáŕăďă ρ^0 → π^+π^−π^+π^−:

Br(ρ^0 → π^+π^−π^+π^−) = (1.8 ± 0.9 ± 0.3) · 10^{−5} .

4) Ćŕěàćëě ŋăąńîďăńőáì ĺŋâěàäěàěŋæĺőŋŋőě ŕőćěďěŋĺě áěçěŋĺï àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ćąńĺğĺ ϕ ňěğőŋă. Ĺğňěàěŋă ćěàőïâŋőáâì àăáŕăďă ϕ → π^+π^−π^+π^−, ŋăàãèăîéěčő G-çěâŋőáâì ĺ ŕàăćĺńő Űćěľčă:

Br(ϕ → π^+π^−π^+π^−) = (3.9 ± 1.7 ± 2.1) · 10^{−6} .

5) Ğăňěâŋő ãńãçèěŋë ğŋăçěŋĺï ćěàåŋĺå ŕàěďěńőć ďńï ćěàőïâŋőáâěľ àăáŕăďőć ϕ → ηπ^+π^− ĺ ϕ → π^+π^−π^+π^−π^0:

Br(ϕ → π^+π^−π^+π^−π^0) < 4.6 · 10^{−6} 90% CL, Br(ϕ → ηπ^+π^−) < 1.8 · 10^{−5} 90% CL.

6) Ćŕěàćëě àěďłĺľ àăďĺăæĺőŋŋëľ àăáŕăď ϕ → η^′γ ŋăąńîďăńáï ć łăŋăńě: ϕ → η^′γ, η^′ → π^+π^−η ĺ η → π^+π^−π^0 ĺńĺ η → π^+π^−γ. Ĺğňěàěŋŋăï ćěàőïâŋőáâì àăáŕăďă áőáâăćĺńă:

Br(ϕ → η^′γ) = (4.9^{+2.2}_{−1.8} ± 0.6) · 10^{−5} .

Ć ğăłńîçěŋĺě ï åőçã ćëàăğĺâì ĺáłàěŋŋîî ąńăčőďăàŋőáâì ňőěňã ŋăãçŋőňã àãłőćőďĺâěńî, ğăćěďãîéěňã ńăąőàăâőàĺěľ Ă.Ě.Ąőŋďăàî ğă ŕőáâőïŋŋőě ćŋĺňăŋĺě, âěàŕěńĺćőě àãłőćőďáâćő, ĺ, ŕő áãéěáâćã, ŕőńŋőæěŋŋőě ãçăáâĺě ć íâőľ àăąőâě. § åőçã ŕőąńăčőďăàĺâì Ś.Ĺ.İľďěńìňăŋă ğă ěčő áãéěáâćěŋŋëľ ćłńăď ć ŕőďčőâőćłã ł ŕãąńĺłăæĺĺ áâăâěľ á àěğãńìâăâăňĺ àăąőâë, ă âăłęě ğă âő, çâő őŋ ćğïń ŋă áěąï âàãď ŕàőçĺâăâì àãłőŕĺáì ďĺááěàâăæĺĺ ĺ ćŋěá æěŋŋëě ğăňěçăŋĺï. § őçěŋì ŕàĺğŋăâěńěŋ Ă.Ś.Łãğìňĺŋã, Ŋ.Ĺ. Řőőâã, Ą.Ă.Ÿćăàæã, Ń.Ň.Łãàďăďğě, Ě.Ŕ.Śőńőďőćã, Ą.Ĺ.Ţăğĺŋã, Č.Ć.Ťěďőâőćĺçã, Ŋ.Ĺ.Čăąëèěćã ĺ Ŕ.Ŕ.Łàőłőćŋőňã ğă ňŋőčőçĺáńěŋŋëě ŕőńěğŋëě áőćěâë ĺ őąáãęďěŋĺï, ŕőňőéì ĺ ŕőďďěàęłã. Řăğàăąőâłă ĺ ćłńîçěŋĺě ŋěľâàăńìŋőčő âàĺččěàă ŕàőåőďĺńă ć âěáŋőň áőâàãďŋĺçěáâćě á Ą.Ő.Ąăľąãáĺŋőćëň ĺ Ć.Ň.Šĺâőćëň. Ňŋě ŕàĺïâŋő ŕőąńăčőďăàĺâì Ă.Ĺ.Ňĺńìèâěľŋă ĺ Ŋ.Ŋ.Ăçăáőćă ğă őąáãęďěŋĺě àěğãńìâăâőć àăąőâë. Ć âěçěŋĺĺ ňŋőčĺå ńěâ ňŋě ďőáâăćńïńă ãďőćőńìáâćĺě áőćňěáâŋăï àăąőâă á İ.Ć.Ăŋăèłĺŋëň, Š.Ă.Ŕãàńăæ, Ď.Ć.Ąőŋďăàěćëň, Ď.Ć.Ůěàŋïłőň, Ď.Ŋ.Čàĺčőàìěćëň, Ĺ.Ą.Ńőčăèěŋłő, Ŕ.Ă.Ńãłĺŋëň, Ł.đ.Ňĺåăľńőćëň, Ă.Ś.Ŕőŕőćëň, Ŋ.Ś.Ąăèâőćëň ĺ Ć.Ś.Őåăŕłĺŋëň. § ąńăčőďăàěŋ ćáěň ãçăáâŋĺłăň łőńńăąőàăæĺĺ ŁŇĎ-2 ĺ ĆİŔŔ-2Ň, ŕàĺŋĺňăćèĺň ãçăáâĺě ć íłáŕěàĺňěŋâě, ă âăłęě ďĺàěłæĺĺ ĺŋáâĺâãâă ğă őąěáŕěçěŋĺě ŕàőćěďěŋĺï ĺ ŕőďďěàęłã íâőčő íłáŕěàĺňěŋâă.

Ĺ, ŋăłőŋěæ, ï åőçã ćëàăğĺâì őčàőňŋãî ąńăčőďăàŋőáâì ĺ ŕàĺğŋăâěńìŋőáâì ňőěľ ęěŋě Ňăďĺŋě ğă ěě ŋěćěàőïâŋőě âěàŕěŋĺě, ćáěáâőàőŋŋîî ŕőďďěàęłã ĺ ŕőŋĺňăŋĺě, ąěğ łőâőàëå íâă àăąőâă ćàïď ńĺ ąëńă ąë ďőćěďěŋă ďő ğăćěàèěŋĺï.

Ńĺâěàăâãàă

1. Č.Ă.Ăłáěŋőć, Ć.Ň.Ăãńìçěŋłő, Ń.Ň.Ąăàłőć ĺ ďà., Ŕàőěłâ ďěâěłâőàă ŁŇĎ-2, Ŕàěŕàĺŋâ Ĺ§Ť 85-118, Ŋőćőáĺąĺàáł, 1985.

2. E.V.Anashkin, V.M.Aulchenko, S.E.Baru et al., General Purpose Cryogenic Magnetic Detector CMD-2 for Experiments at the VEPP-2M Collider, ICFA Instrumentation Bulletin, 5 (1988) 18.

3. Ć.Ć.Ăŋăèĺŋ, Ĺ.Ą.Ćăááěàňăŋ, Ć.Č.Ćěéěàěćĺç ĺ ďà., İńěłâàőŋ-ŕőğĺâàőŋŋëľ ŋăłőŕĺâěńì-őåńăďĺâěńì ĄİŔ, Ŕàěŕàĺŋâ Ĺ§Ť 84-114, Ŋőćőáĺąĺàáł, 1984.

4. B.Bartoli, B.Coluzzi, F.Felicetti et al., Multiple particle production from e^+e^− interactions at c.m. energies between 1.6 and 2 GeV, Nuov. Cim. A70 (1970) 615.

5. L.M.Kurdadze, A.P.Onuchin, S.I.Serednyakov et al., Observation of multihadronic events in e^+e^− collisions at the energy of 1.18{1.34 GeV, Phys. Lett. B42 (1972) 515.

6. R.R.Akhmetshin, E.V.Anashkin, M.Arpagaus et al., a_1(1260)π dominance in the process e^+e^− → 4π at energies 1.05{1.38 GeV, Phys. Lett. B466 (1999) 392; Preprint Budker INP 98-83, Novosibirsk, 1998; hep-ex/9904024, 1999.

7. Ŋ.Ĺ.Řőőâ, Ĺğãçěŋĺě ŕàőæěááă e^+e^− → 4π ć őąńăáâĺ íŋěàčĺľ 1.05{1.38 ČíĆ á ďěâěłâőàőň ŁŇĎ-2, ďĺááěàâăæĺï ŋă áőĺáłăŋĺě ãçěŋőľ áâěŕěŋĺ łăŋďĺďăâă äĺğĺłőňăâěňăâĺçěáłĺå ŋăãł, Ĺŋáâĺâãâ ïďěàŋőľ äĺğĺłĺ ĺň. Ąãďłěàă ŚŐ ŘĂŊ, Ŋőćőáĺąĺàáł, 1999.

8. G.Cosme, A.Courau, B.Dudelzak et al., Multi-pion production below 1.1 GeV by e^+e^− annihilation, Phys. Lett. 63B (1976) 349.

9. A.Cordier, B.Delcourt, P.Eschstruth et al., Cross-section of the reaction e^+e^− → π^+π^−π^+π^− for center-of-mass energies from 890 MeV to 1100 MeV, Phys. Lett. 81B (1979) 389.

10. Ń.Ň.Łãàďăďğě, Ň.đ.Ńěńìçãł, Ě.Ć.Ŕăåâãáőćă ĺ ďà., Ĺááńěďőćăŋĺě àěăłæĺĺ e^+e^− → π^+π^−π^+π^− ŕàĺ 2E ďő 1.4 ČíĆ, Ŕĺáìňă ć ĘİŠŤ 47 (1988) 432.

11. S.I.Dolinsky, V.P.Druzhinin, M.S.Dubrovin et al., Summary of experiments with the Neutral Detector at the e^+e^− storage ring VEPP-2M, Phys. Reports 202 (1991) 99 12. Ś.Ĺ.Ďőńĺŋáłĺľ, Ć.Ŕ.Ďàãęĺŋĺŋ, Ň.Ś.Ďãąàőćĺŋ ĺ ďà., Őąğőà e^+e^− íłáŕěàĺňěŋâőć Ŋěľâàăńìŋőčő Ďěâěłâőàă ŋă łőńńăľďěàě ĆİŔŔ-2Ň, Ŕàěŕàĺŋâ Ĺ§Ť 86-104, Ŋőćőáĺąĺàáł, 1986.

13. G.Kramer, J.L.Uretsky, T.F.Walsh, Annihilation of electron-positron pairs into mesons, Phys. Rev. D3 (1971) 719.

14. M.Vaughn, P.Polito, Hard-pion current algebra and the reaction e^+ + e^− → A^± + π^∓, Lett. Nuovo Cim. 1 (1971) 74.

15. Ă.Ň.Ăńâãåőć, Ĺ.Ą.Ţàĺŕńőćĺç, Ő ňŋőęěáâćěŋŋőň àőęďěŋĺĺ π-ňěğőŋőć ć íłáŕěàĺňěŋâăå ŋă ćáâàěçŋëå íńěłâàőŋ-ŕőğĺâàőŋŋëå ŕãçłăå, §ďěàŋăï äĺğĺłă 14 (1971) 783.

16. J.Layssac, F.M.Renard, Multipion production in e^+e^− collisions, Lett. Nuovo Cim. 1 (1971) 197.

17. Ń.Ň.Ąăàłőć, Ĺ.Ą.Ćăááěàňăŋ, Ŕ.Ć.Ćőàőąìěć ĺ ďà., Ĺğãçěŋĺě àěăłæĺĺ ňŋőęěáâćěŋŋőčő àőęďěŋĺï ŕĺőŋőć ŋă ŋăłőŕĺâěńě ĆİŔŔ-2Ň á ŕőňőéìî Łàĺőčěŋŋőčő Ňăčŋĺâŋőčő Ďěâěłâőàă, §ďěàŋăï äĺğĺłă 47 (1988) 393.

18. R.R.Akhmetshin, G.A. Aksenov, E.V. Anashkin et al., Study of dynamics of ϕ → π^+π^−π^0 decay with CMD-2 detector, Phys. Lett. B434 (1998) 426.

19. Ă.Ś.Łãğìňĺŋ, Ĺğãçěŋĺě ŕàőæěááă e^+e^− → π^+π^−π^0 ć őąńăáâĺ íŋěàčĺľ ϕ ňěğőŋă á ďěâěłâőàőň ŁŇĎ-2, ďĺááěàâăæĺï ŋă áőĺáłăŋĺě ãçěŋőľ áâěŕěŋĺ łăŋďĺďăâă äĺğĺłőňăâěňăâĺçěáłĺå ŋăãł, Ĺŋáâĺâãâ ïďěàŋőľ äĺğĺłĺ ĺň. Ąãďłěàă ŚŐ ŘĂŊ, Ŋőćőáĺąĺàáł, 1998.

20. P.J.O’Donnell, Radiative decays of mesons, Rev. Mod. Phys. 53 (1981) 673. 21. M.Benayoun, L.DelBuono, S. Eidelman et al., Radiative decays, nonet symmetry and SU(3) breaking, Phys. Rev. D59 (1999) 114027; hep-ph/9902326, 1999.

22. M.Benayoun, L.DelBuono, H.B.O’Connel, VMD, the WZW lagrangian and ChPT: the third mixing angle, hep-ph/9905350, 1999.

23. M.Benayoun, L.DelBuono, P. Leruste, H.B. O’Connell, An e¸ective approach to VMD at one loop order and the departures from ideal mixing for vector mesons, nucl-th/0004005, 2000.

24. R.R.Akhmetshin, E.V.Anashkin, M.Arpagaus et al., First observation of the decay ϕ → η^′(958)γ. Phys. Lett. B415 (1997) 445.

25. Š.Ă.Ŕãàńăæ, Ĺğãçěŋĺě àăďĺăæĺőŋŋëå àăáŕăďőć ϕ → ηγ ĺ ϕ → η^′γ á ďěâěłâőàőň ŁŇĎ-2, ďĺááěàâăæĺï ŋă áőĺáłăŋĺě ãçěŋőľ áâěŕěŋĺ łăŋďĺďăâă äĺğĺłő-ňăâěňăâĺ-çěáłĺå ŋăãł, Ĺŋáâĺâãâ ïďěàŋőľ äĺğĺłĺ ĺň. Ąãďłěàă ŚŐ ŘĂŊ, Ŋőćőáĺąĺàáł, 1999.

26. Ć.Ň.Ăãńìçěŋłő, Ň.Ŋ.Ăçăáőć, Ă.Ć.Ąőęěŋőł ĺ ďà., Řăáŕăď ϕ → η^′γ, Ŕĺáìňă ć ĘİŠŤ 69 (1999) 97.

27. R.R.Akhmetshin, E.V.Anashkin, M.Arpagaus et al., New measurement of the rare decay ϕ → η^′γ with CMD-2, Phys. Lett. B473 (2000) 337; hep-ex/9911036, 1999.

28. M.Adinol˛, A.Aloisio, F.Ambrosino et al., (KLOE collaboration) KLOE ˛rst results on hadronic physics. Contributed paper to the XXX International Conference on High

Energy Physics, Osaka 27 Jul { 2 Aug 2000; hep-ex/0006036, 2000.

29. R.R.Akhmetshin, E.V.Anashkin, M.Arpagaus et al., Cross section of the reaction e^+e^− → π^+π^−π^+π^− below 1 GeV at CMD-2, Phys. Lett. B475 (2000) 190; Preprint Budker INP 99-102; hep-ex/9912020, 1999.

30. R.R.Akhmetshin, E.V.Anashkin, M.Arpagaus et al., Observation of the ϕ → π^+π^−π^+π^− decay, Phys. Lett. B491 (2000) 81; hep-ex/0008019, 2000.

31. R.R.Akhmetshin, E.V.Anashkin, M.Arpagaus et al., Observation of the ϕ → η^′γ decay with four charged particles and photons in the ˛nal state, Preprint Budker INP 2000-82, Novosibirsk, 2000; hep-ex/0010018, 2000; ŕàĺŋïâă ł ŕãąńĺłăæĺĺ ć Phys. Lett. B.

32. Řăąőçĺě ňăâěàĺăńë, Ŋăłőŕĺâěńìŋőě łőńìæő ĄİŔ, Ŕàěŕàĺŋâ Ĺ§Ť 83-98, Ŋőćőáĺąĺàáł, 1983.

33. Ć.Ň.Ăãńìçěŋłő, Ć.Ă.Ăłáěŋőć, Ŕ.Ň.Ąěáçăáâŋőć ĺ ďà., ŚŊĎ | Śäěàĺçěáłĺľ Ŋěľâàăńìŋëľ Ďěâěłâőà ďńï ĆİŔŔ-2Ň, Ŕàěŕàĺŋâ Ĺ§Ť 87-36, Ŋőćőáĺąĺàáł, 1987.

34. E.V.Anashkin, V.M.Aulchenko, S.E.Baru et al., A coordinate system of the CMD-2 detector, Nucl. Instrum. and Meth. A283 (1989) 752.

35. Ť.Ĺ.Ĺčŋăâőć, Ŕ.Ă.Ńãłĺŋ, Ă.Ś.Ŕőŕőć ĺ ďà., Ďàěľäőćăï łăňěàă ŁŇĎ-2, Ŕàěŕàĺŋâ Ĺ§Ť 99-64, Ŋőćőáĺąĺàáł, 1999.

36. Ć.Ň.Ăãńìçěŋłő, Ą.Ő.Ąăľąãáĺŋőć, Ć.Ň.Šĺâőć, Ĺŋäőàňăæĺőŋŋëě ŕńăâë Š, ŠŔ, Š2Ă áĺáâěňë áąőàă ďăŋŋëå ŁŃđŁĆĂ. Ŕàěŕàĺŋâ Ĺ§Ť 88-22, Ŋőćőáĺąĺàáł, 1988.

37. D.V. Chernyak, D.A.Gorbachev, F.V.Ignatov et al., The Performance of the Drift Chamber for the CMD-2 detector, Proceedings of the instrumentation conference in Vienna, Austria, 1998.

38. E.V. Anashkin, V.M.Aulchenko, V.E.Fedorenko et al., Z chamber and the trigger of the CMD-2 detector., Nucl. Instrum. and Meth. A323 (1992) 178.

39. İ.Ć.Ăŋăèłĺŋ, Ă.Ă.Čàěąěŋîł, Ĺ.Č.Śŋőŕłőć ĺ ďà., Z-łăňěàă ďěâěłâőàă ŁŇĎ-2, Ŕàěŕàĺŋâ Ĺ§Ť 99-84, Ŋőćőáĺąĺàáł, 1999.

40. V.M.Aulchenko, B.O. Baibusinov, A.E. Bondar et al., CMD-2 barrel calorimeter, Nucl.

Instrum. and Meth. A336 (1993) 53.

41. D.N.Grigoriev, R.R. Akhmetshin, P.M. Beshchastnov et al., Performance of the BGO endcap calorimeter with phototriode readout for the CMD-2 detector, IEEE Trans. Nuc. Sci. 42 (1995) 505.

42. Ĺ.Ą.Ńőčăèěŋłő, Ŕàěæĺğĺőŋŋőě ĺğňěàěŋĺě áěçěŋĺï e^+e^− → π^+π^− ć őąńăáâĺ íŋěàčĺľ 0.61{0.96 ČíĆ á ďěâěłâőàőň ŁŇĎ-2, ďĺááěàâăæĺï ŋă áőĺáłăŋĺě ãçěŋőľ áâěŕěŋĺ łăŋďĺďăâă äĺğĺłő-ňăâěňăâĺçěáłĺå ŋăãł, Ĺŋáâĺâãâ ïďěàŋőľ äĺğĺłĺ ĺň. Ąãďłěàă ŚŐ ŘĂŊ, Ŋőćőáĺąĺàáł, 1999.

43. V.M.Aulchenko, S.E.Baru, G.A.Savinov et al., Electronics of new detectors of the INP for colliding beam experiments. Proceedings of the International Symposium on Position

Detectors in High Energy Physics, Dubna, 1988, 371.

44. Ąńőłĺ ćëŕőńŋěŋŋëě ć áâăŋďăàâě ŁĂŇĂŁ, Ĺŋäőàňăæĺőŋŋëľ ňăâěàĺăń, Ŕàěŕàĺŋâ Ĺ§Ť, Ŋőćőáĺąĺàáł, 1985.

45. R.Brun, J.Zoll, ZEBRA User Guide, CERN program library entry Q100, CERN, Switzerland.

46. Ŕ.Ă.Ńãłĺŋ. Ćőááâăŋőćńěŋĺě âàěłőć ğăàïęěŋŋëå çăáâĺæ ć ĎŁ ŁŇĎ-2, ďĺŕńőňŋăï àăąőâă, ŊČŞ, Ŋőćőáĺąĺàáł, 1996.

47. İ.Ć.Ăŋăèłĺŋ, Ă.Ě.Ąőŋďăàì, Ŋ.Ĺ.Čăąëèěć ĺ ďà, Ňőďěńĺàőćăŋĺě ďěâěłâőàă ŁŇĎ-2, Ŕàěŕàĺŋâ Ĺ§Ť 99-1, Ŋőćőáĺąĺàáł, 1999.

48. Ă.Ś.Ďćőàěæłĺľ, Łăńĺąàőćłă ĺ ĺğãçěŋĺě àăğàěèěŋĺï æĺńĺŋďàĺçěáłőčő łăńőàĺňěâàă ďěâěłâőàă ŁŇĎ-2, ďĺŕńőňŋăï àăąőâă, ŊČŞ, Ŋőćőáĺąĺàáł, 1997.

49. Ć.Ň.Ăãńìçěŋłő, Č.Ś.Ŕĺáłãŋőć, Ě.Ŕ.Śőńőďőć, Ć.Ň.Šĺâőć, Šàěłőćëľ ŕàőæěááőà ďńï ŁŇĎ-2, Ŕàěŕàĺŋâ Ĺ§Ť 88-43, Ŋőćőáĺąĺàáł, 1988.

50. Ć.Ň.Ăãńìçěŋłő, Ą.Ő.Ąăľąãáĺŋőć, Ă.Ě.Ąőŋďăàì ĺ ďà., İńěłâàőŋĺłă łăńőàĺňěâàă ŁŇĎ-2, Ŕàěŕàĺŋâ Ĺ§Ť 92-28, Ŋőćőáĺąĺàáł, 1992.

51. Ă.Ĺ.Śãåăŋőć, Ćőğňőęŋőáâì àěčĺáâàăæĺĺ ŋěľâàăńìŋëå ŕàőæěááőć ďěâěłâőàőň ŁŇĎ- 2, ďĺŕńőňŋăï àăąőâă, ŊČŞ, Ŋőćőáĺąĺàáł, 1993.

52. C.M.Carloni Calame, C.Lunardini, G.Montagna et al., Large-angle Bhabha scattering and luminosity at ‚avour factories, hep-ph/0003268, 2000.

53. Ŕ.Ŕ.Łàőłőćŋëľ, Ĺğãçěŋĺě ŕàőæěááőć e^+e^− → ηγ → 3π^0γ, e^+e^− → π^0π^0γ c ďěâěłâőàőň ŁŇĎ-2, łćăńĺäĺłăæĺőŋŋăï àăąőâă ŋă áőĺáłăŋĺě áâěŕěŋĺ ňăčĺáâàă, ŊČŞ, 2000.

54. R.R.Akhmetshin, G.A.Aksenov, E.V.Anashkin et al., Recent results from CMD-2 detector at VEPP-2M, Preprint Budker INP 99-11, Novosibirsk, 1999.

55. G.V.Fedotovich, Measurement of the e^+e^− → π^+π^− cross section in the energy range between ρ and ϕ mesons, Proc. of the Second Workshop on Physics and Detectors for DAϕNE, Frascati, 1995.

56. F.A. Berends, R. Kleiss, Distributions in the process e^+e^− → e^+e^−(γ), Nucl. Phys. B228 (1983) 537.

57. Ł.đ.Ňĺåăľńőć, Łăńĺąàőćłă íŋěàčĺĺ ňăčŋĺâŋőčő áŕěłâàőňěâàă ďěâěłâőàă ŁŇĎ-2, ďĺŕńőňŋăï àăąőâă, Ŋőćőáĺąĺàáł, ŊČŞ, 1998.

58. R.R.Akhmetshin, G.A.Aksenov, E.V.Anashkin et al., Measurement of Φ meson parameters with CMD-2 detector at VEPP-2M collider, Preprint Budker INP 95-35, Novosibirsk, 1995.

59. İ.Ć.Ăŋăèłĺŋ, Ň.Ăàŕăčăãá, Ř.Ř.Ăåňěâèĺŋ ĺ ďà., Ĺğãçěŋĺě łőŋćěàáĺőŋŋëå àăáŕăďőć ϕ → π^0e^+e^−, η → e^+e^−γ ĺ ϕ → ηe^+e^−. Ŕàěŕàĺŋâ Ĺ§Ť 99-97, Ŋőćőáĺąĺàáł, 1999.

60. Ć.Ŋ.Ĺćăŋçěŋłő, Ŋěľâàăńìŋëě àăďĺăæĺőŋŋëě àăáŕăďë ńěčłĺå ćěłâőàŋëå ňěğőŋőć, Ďĺááěàâăæĺï ŋă áőĺáłăŋĺě ãçěŋőľ áâěŕěŋĺ ďőłâőàă äĺğĺłő-ňăâěňăâĺçěáłĺå ŋăãł,

Ĺŋáâĺâãâ ïďěàŋőľ äĺğĺłĺ ĺň. Ąãďłěàă ŚŐ ŘĂŊ, Ŋőćőáĺąĺàáł, 1997. 61. İ.Ć.Łãàăěć, Ć.Ś.Ťăďĺŋ, Ő àăďĺăæĺőŋŋëå ŕőŕàăćłăå ł áěçěŋĺî őďŋőäőâőŋŋőľ ăŋŋĺčĺńïæĺĺ e^+e^−-ŕăàë ąőńìèőľ íŋěàčĺĺ, §ďěàŋăï äĺğĺłă 41 (1985) 733.

62. D.Bisello, e^+e^− Annihilation into multihadrons in the 1350{2400 MeV energy range, Nucl.

Phys. B (Proc. Suppl.) 21 (1991) 111.

63. C.Caso, G.Conforto, A.Gurtu et al., Review of particle physics, Eur. Phys. J. C3 (1998) 1. 64. R.L.Goble, J.L.Rosner, Soft-pion production in electron-positron collisions, Phys. Rev.

D5 (1972) 2345.

65. M.C.Birse, E¸ective chiral lagrangians for spin 1 mesons, Z.Phys. A355 (1996) 231; hepph/9603251, 1996.

66. D.Parashar, ρ(770) → 4π decay in a broken SU(6) × O(3) quark model, Phys. Rev. D26 (1982) 1183.

67. A.Bramon, A.Grau, G.Pancheri, The ρ^0 → π^+π^−π^+π^− decay in e¸ective lagrangians incorporating vector-meson, Phys. Lett. B317 (1993) 190.

68. S.I.Eidelman, Z.K.Silagadze, E.A.Kuraev, ρ → 4π decay, Phys. Lett. B346 (1995) 186. 69. R.S.Plant, M.C.Birse, ρ → 4π in chirally symmetric models, Phys. Lett. B365 (1996) 292.

70. N.N.Achasov, A.A.Kozhevnikov, Chiral dynamics of many-pion systems, Phys.Rev. D61 (2000) 077904; hep-ph/9911279, 1999.

71. N.N.Achasov, A.A.Kozhevnikov, Many pion decays of ρ(770) and ω(782) mesons in chiral theory, Phys. Rev. D62 (2000) 056011; hep-ph/0003049, 2000.

72. A.E.Bondar, S.I.Eidelman, A.I.Milstein, N.I.Root, On the role of a_1(1260) meson in the τ → 4πν_τ decay, Phys. Lett. B466 (1999) 403;

Preprint Budker INP 99-56, Novosibirsk, 1999; hep-ph/9907283, 1999. 73. K.W.Edwards, R. Janicek, P.M. Patel et al., Resonant structure of τ → 3ππ^0ν_τ and τ → ωπν_τ decays, Phys. Rev. D61 (2000) 072003; hep-ex/9908024, 1999.

74. Ŋ.Ŋ.Ăçăáőć, Ć.Ă.Łăàŋăłőć, Ł ĺááńěďőćăŋĺî àěăłæĺĺ e^+e^− → ηπ^+π^−, Ŕĺáìňă ć ĘİŠŤ 39 (1984) 285;

Ć.Ă.Łăàŋăłőć, Ŋăàãèăîéĺě G-çěâŋőáâì àăáŕăďë ϕ → ππ, ϕ → ηπ^+π^− ĺ ϕ → πω, §ďěàŋăï äĺğĺłă 42 (1985) 1001.

75. R.R. Akhmetshin, G.A.Aksenov, E.V. Anashkin, et al., Recent results of the ϕ meson study with CMD-2 at VEPP-2M and relevance to future CP, CPT ϕ-factory studies, Preprint Budker INP 95-62, Novosibirsk, 1995.

76. Ŋ.Ŋ.Ăçăáőć, Ůăáâŋőě áőőąéěŋĺě.

77. N.N.Achasov, A.A.Kozhevnikov, Decays of ϕ-meson suppressed by OZI and G-parity.

Role of mixing and direct transition, Int. J. Mod. Phys. A7 (1992) 4855;

Ŋ.Ŋ.Ăçăáőć, Ă.Ă.Łőęěćŋĺłőć, Řěďłĺě àăáŕăďë ϕ-ňěğőŋă, ğăŕàěéěŋŋëě ŕő OZI ĺ Gçěâŋőáâĺ, §ďěàŋăï äĺğĺłă 55 (1992) 809.

78. M.N.Achasov, V.M.Aulchenko, S.E.Baru et al., Experiments at VEPP-2M with SND detectors, Preprint Budker INP 98-65, Novosibirsk, 1998.

79. G.Cosme, B.Dudelzak, B.Grelaud et al., Hadronic cross sections study in e^+e^− collisions from 1.350 to 2.125 GeV, Nucl. Phys. B152 (1979) 215.

80. A.Cordier, D.Bisello, J.-C.Bizot et al., Study of the e^+e^− → π^+π^−π^+π^− reaction in the 1.4{2.18 GeV energy range, Phys. Lett. 109B (1982) 129.

81. C.Bacci, G.DeZorzi, G.Penso, B.Stella, Measurement of the e^+e^− → π^+π^−π^+π^− cross section in the ρ^′(1600) energy region, Phys. Lett. 95B (1980) 139.

82. D.E.Groom, M.Aguilar-Benitez, C.Amsler et al., Review of particle physics, Eur. Phys.

J. C15 (2000) 1.

83. A.Bramon, R.Escribano, M.D.Scadron, The η − η^′ mixing angle revisited, Eur. Phys. J.

C7 (1999) 271; hep-ph/9711229, 1997.

84. P.Ball, J.M.Frere, M.Tytgat, Phenomenological evidence for the gluon content of η and η^′, Phys. Lett. B365 (1996) 367.

85. T.Feldmann, P.Kroll, B.Stech, Mixing and decay constants of pseudoscalar mesons, Phys.

Rev. D58 (1998) 114006; hep-ph/9802409, 1998 T.Feldmann, P.Kroll, B.Stech, Mixing and decay constants of pseudoscalar mesons: the sequel, Phys. Lett. B449 (1999) 339; hep-ph/9812269, 1998.

86. J.L.Rosner, Quark content of neutral mesons, Phys.Rev. D27 (1983) 1101. 87. N.G.Deshpande, G.Eilam, Decays of vectors into η^′γ and the structure of η^′, Phys. Rev.

D25 (1982) 270.

88. D.Atwood, A. Soni, B → η^′ + X and the QCD anomaly, Phys. Lett. B405 (1997) 150;

hep-ph/9704357, 1997.

89. M.R.Ahmady, E.Kou, A.Sugamoto, Nonspectator contribution: a mechanism for inclusive B → X_sη^′ and exclusive B → K^{(∗)}η^′ decays, Phys. Rev. D58 (1998) 014015; hepph/9710509, 1997.

90. W.-S.Hou, B.Tseng, Enhanced b → sg decay, inclusive η^′ production, and the gluon anomaly, Phys. Rev. Lett. 80 (1998) 434; hep-ph/9705304, 1997.

91. J.G.Smith (CLEO Collaboration), First observation of ˛ve charmless hadronic B decays, Invited talk presented at the Seventh International Symposium On Heavy Flavor Physics, Santa Barbara, CA, July 7{11, 1997; hep-ex/9803028, 1998.

92. T.E.Browder, Y.Li, J.L.Rodriguez et al., Observation of high momentum η^′ production in B decay, Phys. Rev. Lett. 81 (1998) 1786; hep-ex/9804018, 1998.

93. S.J.Richichi, H.Severini, P.Skubic et al., Two-body B meson decays to η and η^′:

Observation of B → ηK^∗, Phys. Rev. Lett. 85 (2000) 520; hep-ex/9912059, 1999.

94. E.Kou, On the η^′ gluonic admixture, hep-ph/9908214, 1999.