hep-ex/9902007 5 Feb 1999

Čőáãďăàáâćěŋŋëľ ŋăãçŋëľ æěŋâà ŘŤ

Ĺŋáâĺâãâ âěőàěâĺçěáłőľ ĺ íłáŕěàĺňěŋâăńìŋőľ äĺğĺłĺ

ŔŘŐČŘĂŇŇĂ

ĺááńěďőćăŋĺľ ŋă ăďàőŋŋëå ŕãçłăå ãáłőàĺâěńï Ş-10 ĹŠİŤ

Śąőàŋĺł ŕàěďńőęěŋĺľ íłáŕěàĺňěŋâőć ŕőď àěďăłæĺěľ Ć.Ć. Ćńăďĺňĺàáłőčő, Ć.Ŕ. Łăŋăćæă ĺ Ć.Š. Śňőńïŋłĺŋă

Ň ő á ł ć ă 1998

Ŕàěďńőęěŋĺï ŕàěďáâăćĺńĺ:

Ĺ.Č. Ăńěłáěěć, Ć.Ś. Ąőàĺáőć, Ń.Ś. Ćőàőąìěć, Ă.Č. Ďőńčőńěŋłő, Ć.Ŕ. Łăŋăćěæ, đ.Š. Łĺáěńěć, Ć.Ň. Łőńëąăáőć (ŤĹĂŊ), Ň.Ć. Łőáőć, Ă.Ŕ. Łàãâěŋłőćă, Ć.Ć. Łãńĺłőć, Č.Ă. Ńěłáĺŋ, Ŋ.Ă. Ŕĺćŋîł, Ć.Ć. Řëńìæőć, Ď.Ŋ. Śćĺàĺďă, Ć.Ă. Śňĺàŋĺâáłĺľ, Ć.Š. Śňőńïŋłĺŋ, Ć.Ń. Śâőńĺŋ, Ć.Ć. Śãňăçěć (ŔĹ§Ť), đ.Ć. Šàěąãåőćáłĺľ, Ć.Ŕ. Ůěàŋëèěć, Ć.Ă. Ÿěľŋłňăŋ.

Őčńăćńěŋĺě

1. Ććěďěŋĺě 2

2. Ăďàőŋ-ăďàőŋŋëě ŕàőæěááë 4

2.1. Ŕőĺáłĺ ĺ ĺááńěďőćăŋĺě íłğőâĺçěáłĺå áőáâőïŋĺľ . . . . . . . . . 4 2.2. Ĺááńěďőćăŋĺě ŋĺğłőńěęăéĺå áłăńïàŋëå ňěğőŋőć . . . . . . . . . 12 2.3. Ĺğňěàěŋĺě ŕăàăňěâàőć ćàăéěŋĺï áŕĺŋă ŕàĺ ŕàőňěęãâőçŋëå

íŋěàčĺïå ĺ ąăàĺőŋŋăï áŕěłâàőáłőŕĺï . . . . . . . . . . . . . . . 13

2.4. Ĺááńěďőćăŋĺě áâàãłâãàë η^′- ĺ f_0-ňěğőŋőć ĺ ĺğãçěŋĺě ňěåăŋĺğňă

ňěğőŋ-ŋãłńőŋŋőčő ćğăĺňőďěľáâćĺï . . . . . . . . . . . . . . . . . 17

2.5. Ŕàőćěàłă ŕàăćĺńă OZI . . . . . . . . . . . . . . . . . . . . . . . 18 2.6. Ŕőńïàĺğăæĺőŋŋëě ŕăàăňěâàë ć àěăłæĺïå àőęďěŋĺï áâàăŋŋëå

çăáâĺæ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.7. Ŕőĺáł ăŋőňăńìŋëå ïćńěŋĺľ ć ŕőàőčőćőň ŕőćěďěŋĺĺ áěçěŋĺï àő-

ęďěŋĺï ďćãå čĺŕěàőŋőć ć pp-ćğăĺňőďěľáâćĺĺ . . . . . . . . . . . 22

2.8. Ŕőĺáł àăáŕăďă ω → π^+π^−γ . . . . . . . . . . . . . . . . . . . . . 25 2.9. Ĺğňěàěŋĺě íńěłâàőňăčŋĺâŋëå äőàň-äăłâőàőć η-, η^′- ĺ ω-ňěğőŋőć 26

3. Ăďàőŋ-ïďěàŋëě ŕàőæěááë 29

3.1. Ĺğňěàěŋĺě àăğňěàőć őąńăáâĺ őąàăğőćăŋĺï ŕàőâőŋőć ć čńã-

ąőłőŋěãŕàãčĺå ïďěàŋëå àěăłæĺïå á æěńìî őæěŋłĺ àăğňěàă äńãłâőŋă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.2. Ĺááńěďőćăŋĺě ćğăĺňőďěľáâćĺï äńãłâőŋőć (ňŋőčőłćăàłőćëå

ňěèłőć) ć ïďàő-ïďěàŋëå áâőńłŋőćěŋĺïå . . . . . . . . . . . . . . 30

3.3. Ĺááńěďőćăŋĺě áćőľáâć ïďěàŋőľ ňăâěàĺĺ ŋă ňăńëå ňěęŋãłńőŋ-

ŋëå àăááâőïŋĺïå ć ŕőďŕőàőčőćőň őąàăğőćăŋĺĺ ăďàőŋőć . . . . . 31

3.4. Ĺááńěďőćăŋĺě ïćńěŋĺï ïďěàŋőľ łàĺâĺçěáłőľ őŕăńěáæěŋæĺĺ . . . 34 3.5. Ĺááńěďőćăŋĺě “ćëąàőáă” ïďěàŋőľ ňăâěàĺĺ ć ïďàő-ïďěàŋëå ćğă-

ĺňőďěľáâćĺïå ŕàĺ íŋěàčĺĺ ïďàă-áŋăàïďă ďő 3–4 ČíĆ/N . . . . 39

3.6. İääěłâë ňŋőčőŕĺőŋŋëå ŕàőňěęãâőçŋëå áőáâőïŋĺľ ć ďćőľŋőľ

ŕěàěğăàïďłě ŕĺőŋőć ŋă ïďàăå ŕàĺ íŋěàčĺĺ ćëèě 1 ČíĆ . . . . . 43

3.7. Ĺğãçěŋĺě ćěłâőàŋëå (ρ, ω, φ) ĺ áłăńïàŋëå (η, η^′) ňěğőŋőć, őąàă-

ğőćăŋŋëå ŕàĺ ćğăĺňőďěľáâćĺĺ ŕĺőŋőć á âïęěńëňĺ ïďàăňĺ . . . 44

3.8. Ăďàőŋ-ïďěàŋëě ćğăĺňőďěľáâćĺï á àőęďěŋĺěň áĺáâěň ppπ^−, pp,

pn ć őąńăáâĺ, ďăńěłőľ őâ łćăğĺáćőąőďŋőľ łĺŋěňăâĺłĺ . . . . . . 46

3.9. Ĺááńěďőćăŋĺě áâàãłâãàë ńěčłĺå àăďĺőăłâĺćŋëå ĺ áâăąĺńìŋëå

ïďěà ŕàĺ ŕàőňěęãâőçŋëå íŋěàčĺïå . . . . . . . . . . . . . . . . 48 4. İłáŕěàĺňěŋâăńìŋăï ãáâăŋőćłă 51

5. Ğăłńîçěŋĺě 54

– 2 –

1. Ććěďěŋĺě

Ć ŋăáâőïéěě ćàěňï ŕàőňěęãâőçŋëě íŋěàčĺĺ ŕàěďáâăćńïîâáï őáőąěŋŋő ŕěàáŕěłâĺćŋëň ŕőńěň ĺááńěďőćăŋĺľ ďńï àăğćĺâĺï âěőàĺĺ áĺńìŋëå ćğăĺňőďěľáâćĺľ. İâő — őąńăáâì ŕàĺňěŋěŋĺï ąëáâàő àăğćĺćăîéěľáï ŋěŕěàâãàąăâĺćŋőľ łćăŋâőćőľ åàőňőďĺŋăňĺłĺ ĺ áćïğăŋŋëå á ŋěľ ňőďěńěľ, őŕĺàăîéĺåáï ŋă ąăğőćëě áćőľáâćă íâőľ âěőàĺĺ. Ďăńìŋěľèĺľ ŕàőčàěáá äĺğĺłĺ ŕàőňěęãâőçŋëå íŋěàčĺľ âàěąãěâ ŕàőćěďěŋĺï ŋőćëå ŕàěæĺğĺőŋŋëå íłáŕěàĺňěŋâőć ć ĺŋâěàćăńě (1–10) ČíĆ. Őą íâőň, ŋăŕàĺňěà, ãąěďĺâěńìŋő áćĺďěâěńìáâćãěâ ććőď ć ďěľáâćĺě ŋőćëå ĺááńěďőćăâěńìáłĺå ãáłőàĺâěńěľ COSY, CELSIUS ć Ěćàőŕě,

CEBAF ć ŚŸĂ, àăąőâăîéĺå ć ĺŋâěàćăńě (1–6) ČíĆ. Śĺŋåàőâàőŋ ĹŠİŤ Ş-10

őąěáŕěçĺćăěâ íłáŕěàĺňěŋâăńìŋëě ãáâăŋőćłĺ ŕàőâőŋŋëňĺ ŕãçłăňĺ ć ğŋăçĺâěńìŋő ąőńěě èĺàőłőň íŋěàčěâĺçěáłőň ĺŋâěàćăńě (1–10) ČíĆ ĺ, çâő őáőąěŋŋő ćăęŋő, ŕãçłăňĺ ŕĺőŋőć á ĺňŕãńìáăňĺ (0.5–5) ČíĆ/c, áěčőďŋï ďőáâãŕŋëňĺ ńĺèì ŋă âàěå ãáłőàĺâěńïå ňĺàă: ĹŠİŤ, ŁĚŁ (§ŕőŋĺï), BNL (ŚŸĂ). Ŕńăŋĺàãěâáï âăłęě ćëćőď ĺőŋŋëå ŕãçłőć á íŋěàčĺïňĺ ďő 5 ČíĆ/ŋãłńőŋ. İâĺ ćőğňőęŋőáâĺ Ş-10 ŕőğćőńïîâ ĺááńěďőćăâì àïď ćăęŋëå ćőŕàőáőć äĺğĺłĺ ăďàőŋăďàőŋŋëå, ăďàőŋ-ïďěàŋëå ĺ ïďàő-ïďěàŋëå ćğăĺňőďěľáâćĺľ.

Ŋă áĺŋåàőâàőŋě ĹŠİŤ ňőęěâ ąëâì ćëŕőńŋěŋă ąőńìèăï ŕàőčàăňňă ĺááńěďőćăŋĺľ ŕő ăďàőŋŋőľ äĺğĺłě, âàěąãîéăï ćőááâăŋőćńěŋĺï àěęĺňă ãáłőàěŋĺï ŕàőâőŋőć ďő 8–10 ČíĆ. Şáńőćŋő íâĺ àăąőâë ňőęŋő àăğďěńĺâì ŋă ďćě čàãŕŕë: àăąőâë, ňăłáĺňăńìŋő ŕàĺąńĺęěŋŋëě ł ãáńőćĺïň ŕőńŋőčő őŕëâă, ĺňěîéĺě łőŋěçŋőľ æěńìî ŕăàæĺăńìŋő-ćőńŋőćőľ ăŋăńĺğ, ĺ àăąőâë ŕőĺáłőćőčő âĺŕă, ŋăŕàăćńěŋŋëě ŋă őâłàëâĺě ŋőćëå ŋěĺğćěáâŋëå àăáŕăďőć ĺğćěáâŋëå ăďàőŋőć ĺ ŋă ŕőĺáłĺ ŋőćëå íłğőâĺçěáłĺå áőáâőïŋĺľ, łőâőàëě ŋě ãłńăďëćăîâáï ć łńăááĺäĺłăæĺî ŋăĺćŋőľ łćăàłőćőľ ňőďěńĺ. Őąă íâĺ ŋăŕàăćńěŋĺï ďőŕőńŋïîâ ďàãč ďàãčă ĺ ĺňěîâ őąéãî æěńì — àăáèĺàěŋĺě áãéěáâćãîéěľ íłáŕěàĺňěŋâăńìŋőľ ąăğë ďăŋŋëå ďńï àăğćĺâĺï âěőàĺĺ áĺńìŋëå ćğăĺňőďěľáâćĺľ.

Śěľçăá ďőáâăâőçŋő ŋăďěęŋő ãáâăŋőćńěŋő, çâő őáŋőćŋëě ňěğőŋë ĺ ąăàĺőŋë áőáâăćńěŋë ĺğ łćăàłőć (ĺ ăŋâĺłćăàłőć), ă ćğăĺňőďěľáâćĺě ňěęďã ŋĺňĺ ŕěàěŋőáĺâáï čńîőŋŋëň ŕőńěň. Šěň ŋě ňěŋěě, ŕàőąńěňă łőŋäăľŋňěŋâă ěéě ŋě ĺňěěâ àěèěŋĺï ŋă őáŋőćě őąéĺå ŕàĺŋæĺŕőć âěőàĺĺ. Ďńï íâőľ ŕàőąńěňë ňőęěâ őłăğăâìáï àěèăîéĺň ąőńěě ďěâăńìŋőě ğŋăŋĺě áćőľáâć čńîőŋŋőčő ĺ łćăàłőćőčő łőŋďěŋáăâőć. Ğă ŕőáńěďŋĺě ďěáïâĺńěâĺï ŋăłőŕńěŋ ğŋăçĺâěńìŋëľ íłáŕěàĺňěŋâăńìŋëľ ĺ âěőàěâĺçěáłĺľ ňăâěàĺăń, ŋě ãłńăďëćăîéĺľáï ć ŋăĺąőńěě ŕàőáâëě ŕàěďáâăćńěŋĺï ő čńîőŋŋëå ĺ łćăàłőćëå ŕőńïå. Ś ĺáŕőńìğőćăŋĺěň ŕàăćĺń áãňň ĹŠİŤ ąëńő ãáâăŋőćńěŋő, çâő ćăłããň čńîőŋŋëå ĺ łćăàłőćëå ŕőńěľ ŋě áőćŕăďăěâ á ćăłããňőň âěőàĺĺ ćőğňãéěŋĺľ — áãéěáâćãîâ čńîőŋŋëľ ĺ łćăàłőćëľ łőŋďěŋáăâë. Ĺğ íâőčő ňőęŋő ğăłńîçĺâì, çâő, ŋăàïďã á ăďàőŋŋëňĺ áőáâőïŋĺïňĺ őąëçŋëå âĺŕőć qq̄ ĺ qqq, ňőčãâ áãéěáâćőćăâì ŋěáâăŋďăàâŋëě ăďàőŋë, áćïğăŋŋëě á ćőğąãęďěŋĺïňĺ łćăàłőćőčő ĺ čńîőŋŋőčő łőŋďěŋáăâőć. Ŕőłă ŋěâ őąéěŕàĺŋïâőčő àăğćěàŋãâőčő âěőàěâĺçěáłőčő őŕĺáăŋĺï ŋěŕěàâãàąăâĺćŋőčő ćăłããňă, ŕàěďáłăğăâì áćőľáâćă âăłĺå ŋěáâăŋďăàâŋëå áőáâőïŋĺľ ğăâàãďŋĺâěńìŋő; őŋĺ ňőčãâ őąńăďăâì ŋěőąëçŋëňĺ áćőľáâćăňĺ àő-

– 3 –

ęďěŋĺï ĺ àăáŕăďă ĺ ăŋőňăńìŋőľ çěâŋőáâìî. Łăŋďĺďăâăňĺ ć âăłĺě ŋěáâăŋďăàâŋëě ăďàőŋë ïćńïîâáï åőàőèő ãáâăŋőćńěŋŋëě àěğőŋăŋáë f0(980), a0(980) ĺ, ćőğňőęŋő, ŋăąńîďěŋŋëě ŋěďăćŋő ŋă èěáâĺňěâàőćőň áŕěłâàőňěâàě ĹŠİŤ ãğłĺě àěğőŋăŋáë ć K^0_S K^0_S -áĺáâěňě. Őďĺŋ ĺğ ŋĺå, ŕőłă ŋăďěęŋő ŋě ŕőďâćěàęďěŋŋëľ, á ŕàěďŕőńăčăěňëňĺ łćăŋâőćëňĺ çĺáńăňĺ f2(1245) ňőęěâ ąëâì ĺááńěďőćăŋ ŋă ŕàőâőŋŋőň áĺŋåàőâàőŋě ĹŠİŤ. Őąńăáâì ňăáá őłőńő 980 ŇíĆ ćŕőńŋě ďőáâãŕŋă ďńï ĺááńěďőćăŋĺľ ŋă áĺŋåàőâàőŋě ĹŠİŤ ĺ, ŕő-ćĺďĺňőňã, ěéě ŋě ĺáçěàŕăŋă. Łàőňě âăłĺå ŋěáâăŋďăàâŋëå ňěğőŋőć, áãéěáâćãěâ àïď łăŋďĺďăâőć ć čńîąőńë, łńăááĺäĺłăæĺï łőâőàëå ŕőłă ŋě ãáâăŋőćńěŋă; çăáâì ĺğ ŋĺå ŋăåőďĺâáï ć őąńăáâĺ ňăáá, ďőáâãŕŋőľ ďńï ĺááńěďőćăŋĺï ŋă áĺŋåàőâàőŋě ĹŠİŤ. İłáŕěàĺňěŋâăńìŋëě ĺ âěőàěâĺçěáłĺě ĺááńěďőćăŋĺï čńîőŋĺěć, ĺå áňěèĺćăŋĺï á őąëçŋëňĺ qq̄-áőáâőïŋĺïňĺ, àőęďěŋĺï ĺ àăáŕăďőć ąëńĺ ąë ğăňěâŋëň ćłńăďőň ć äĺğĺłã ăďàőŋőć.

Ňěğőŋŋăï áŕěłâàőáłőŕĺï ć ĺŋâěàćăńě íŋěàčĺľ ãáłőàĺâěńï ĹŠİŤ ŕő áàăćŋěŋĺî á ąőńěě ćëáőłĺňĺ íŋěàčĺïňĺ őąńăďăěâ ŕàěĺňãéěáâćăňĺ ąőńìèĺå áěçěŋĺľ čěŋěàăæĺĺ, âăł łăł ňŋőčĺě ĺğ ŋěãŕàãčĺå ŕàőæěááőć őŕĺáëćăîâáï őďŋőŕĺőŋŋëň ĺńĺ ąăàĺőŋŋëň őąňěŋăňĺ, ăňŕńĺâãďë łőâőàëå ąëáâàő ãňěŋìèăîâáï á íŋěàčĺěľ. Ćő ňŋőčĺå áńãçăïå ĺğňěàěŋĺě áŕĺŋőćëå åăàăłâěàĺáâĺł íłáłńîğĺćŋëå ŕàőæěááőć ŕőğćőńïěâ ŕãâěň ąěğňőďěńìŋőčő ăŋăńĺğă ŋăďěęŋő àăğďěńĺâì ĺŋâěŋáĺćŋőáâĺ ãçăáâćãîéĺå ćőńŋ.

Őâďěńìŋőľ őâàăáńìî ăďàőŋŋőľ äĺğĺłĺ ïćńïěâáï ąăàĺőŋŋăï áŕěłâàőáłőŕĺï. Ĺŋâěàćăńë ĺňŕãńìáőć ŕĺőŋŋëå ĺ łăőŋŋëå ŕãçłőć ĹŠİŤ ŕěàěłàëćăîâ ćáî őąńăáâì ąăàĺőŋŋëå àěğőŋăŋáőć N, Δ, Λ, Σ. Ďńï ąăàĺőŋŋëå áőáâőïŋĺľ ćőğňőęŋë àěăłæĺĺ ŕàïňőčő àőęďěŋĺï ŋă π- ĺ K^−-ŕãçłăå. Őáőąěŋŋő ĺŋâěàěáŋë ĺááńěďőćăŋĺï ŋěãŕàãčĺå łăŋăńőć, âăł łăł ŋěłőâőàëě ĺğ ŋĺå, ŋăŕàĺňěà

πN → ΛK, πN → Nη, ćëďěńïîâ àěğőŋăŋáë á ĺğőáŕĺŋőň 1/2.

Śĺáâěňăâĺłă, őáŋőćăŋŋăï ŋă ŕăàæĺăńìŋő-ćőńŋőćëå ăŋăńĺğăå ãŕàãčĺå ĺ ŋěãŕàãčĺå łăŋăńőć, ěéě ŋě ĺáçěàŕăŋă, ĺ ĺňěěâáï őąèĺàŋőě ŕőńě ďěïâěńìŋőáâĺ ŋă áĺŋåàőâàőŋě ĹŠİŤ ŕàĺ ňĺŋĺňăńìŋőľ łőŋłãàěŋæĺĺ. Őáőąëľ ĺŋâěàěá ŕàěďáâăćńïěâ ĺğãçěŋĺě ŋěãŕàãčĺå àěăłæĺľ á àőęďěŋĺěň ϕ-ňěğőŋőć (áň. [1]), ŋăæěńěŋŋőě ŋă őâłàëâĺě àěğőŋăŋáőć áő áłàëâőľ áâàăŋŋőáâìî. Ĺŋâěàěáŋë ĺ àěăłæĺĺ á àőęďěŋĺěň ňŋőčĺå ňěğőŋőć, ďńï łőâőàëå ŕőńãçěŋë ŋă 2-ňěâàőćőľ łăňěàě ĹŠİŤ ãłăğăŋĺï ŋă łăáłăďŋőě àőęďěŋĺě íłğőâĺçěáłőčő ąăàĺőŋă á ĺğőáŕĺŋőň 5/2.

Ćěáìňă ŕěàáŕěłâĺćŋőľ ŕàěďáâăćńïěâáï ĺ ŕàőčàăňňă ŕő ăďàőŋ-ïďěàŋőľ ĺ ïďàő-ïďěàŋőľ äĺğĺłě. Őáŋőćŋëě ŋăŕàăćńěŋĺï ğďěáì áćïğăŋë á ĺğãçěŋĺěň ňěåăŋĺğňőć ćğăĺňőďěľáâćĺï çăáâĺæ ć ïďěàŋőľ áàěďě. Ąőńìèőě ćŋĺňăŋĺě ŕàĺćńěłăîâ ĺááńěďőćăŋĺï łőńńěłâĺćŋëå ïćńěŋĺľ ć ïďěàŋëå àěăłæĺïå, âăłĺå łăł ŕőďŕőàőčőćőě àőęďěŋĺě, àőęďěŋĺě łãňãńïâĺćŋëå çăáâĺæ, ŋěŋãłńőŋŋëě áâěŕěŋĺ áćőąőďë ć ïďàăå, ăďàőŋĺğăæĺï łćăàłőć ć ïďěàŋőľ áàěďě. Ĺŋâěàěáŋë ĺğňěàěŋĺï ŕàőáâàăŋáâćěŋŋő-ćàěňěŋŋëå åăàăłâěàĺáâĺł őąàăğőćăŋĺï çăáâĺæ ć ŕàőâőŋ(ïďàő)-ïďěàŋëå ćğăĺňőďěľáâćĺïå. Ćáě íâĺ àăąőâë ăłâĺćŋő àăğćĺćăńĺáì ć ĹŠİŤ, ĺ ąëńĺ ŕőńãçěŋë ŕĺőŋěàáłĺě àěğãńìâăâë. Ŋă áâëłě ïďěàŋőľ äĺğĺłĺ ćëáőłĺå íŋěàčĺľ ĺ àěğőŋăŋáŋőľ äĺğĺłĺ áâőïâ ŕőĺáłĺ ňŋő-

– 4 –

čőŋãłńőŋŋëå őąàăğőćăŋĺľ ć áćőąőďŋőň áőáâőïŋĺĺ. Ŕàĺňěàőň ňőęěâ ąëâì

d^′-ďĺąăàĺőŋ, áãéěáâćőćăŋĺě łőâőàőčő ĺááńěďőćăńőáì âěőàěâĺłăňĺ ĺ íłáŕěàĺ-

ňěŋâăâőàăňĺ ć ĹŠİŤ. Ŕàěďńăčăěâáï âăłęě ŕàőćěàłă ŕàěďáłăğëćăěňőľ ňőďĺäĺłăæĺĺ áćőľáâć ăďàőŋŋëå àěğőŋăŋáőć ć ïďěàŋőľ áàěďě. Ňőčãâ ąëâì ŕőńãçěŋë ďăŋŋëě ő ćëğëćăîéĺå ć ŕőáńěďŋěě ćàěňï ąőńìèőľ ĺŋâěàěá áőáâőïŋĺïå á ąőńìèőľ äăğőćőľ ŕńőâŋőáâìî, łőâőàëě ć ĺŋëå ãáńőćĺïå ŕàěďńăčăěâáï ĺááńěďőćăâì ŋă ãáâăŋőćłě ALICE (LHC).

Ŕàěďáâăćńěŋŋăï ŋĺęě ŕàěďćăàĺâěńìŋăï ŕàőčàăňňă, àăğàăąőâăŋŋăï íłáŕěàĺňěŋâăńìŋëňĺ ńăąőàăâőàĺïňĺ ĺ čàãŕŕăňĺ, őåćăâëćăěâ ńĺèì çăáâì ŕěàěçĺáńěŋŋëå ćőğňőęŋőáâěľ. Ŕàĺ áőőâćěâáâćãîéěľ ňőàăńìŋőľ ĺ ňăâěàĺăńìŋőľ ŕőďďěàęłě ňőęěâ ąëâì àăğàăąőâăŋă ąőńěě èĺàőłăï ŕàőčàăňňă íłáŕěàĺňěŋâőć ŋă áĺŋåàőâàőŋě ĹŠİŤ.

2. Ăďàőŋ-ăďàőŋŋëě ŕàőæěááë

2.1. Ŕőĺáłĺ ĺ ĺááńěďőćăŋĺě íłğőâĺçěáłĺå áőáâőïŋĺľ

Łăł áńěďãěâ ĺğ łćăàłőćőľ ňőďěńĺ, ćáě ĺğćěáâŋëě ňěğőŋë ïćńïîâáï áćïğăŋŋëňĺ áőáâőïŋĺïňĺ ŕăàë łćăàł-ăŋâĺłćăàł (qq̄), ă ąăàĺőŋë — âàěå łćăàłőć. Őďŋăłő ŋĺ őďŋă âěőàěâĺçěáłăï ňőďěńì ŋě ğăłàëćăěâ ćőğňőęŋőáâì áãéěáâćőćăŋĺï ąőńěě áńőęŋëå őąêěłâőć âĺŕă ňŋőčőłćăàłőćëå qqq̄q̄-ňěğőŋőć, qqqqq̄- ąăàĺőŋőć ĺ qqqqqq-ďĺąăàĺőŋőć, ă âăłęě čĺąàĺďőć ĺ čńîąőńőć. Ŕőĺáłĺ âăłĺå ŋěáâăŋďăàâŋëå íłğőâĺçěáłĺå őąàăğőćăŋĺľ ïćńïîâáï ćăęŋěľèěľ ğăďăçěľ ăďàőŋŋőľ áŕěłâàőáłőŕĺĺ ć ŋăáâőïéěě ćàěňï.

Ăďàőŋŋëě íłğőâĺçěáłĺě áőáâőïŋĺï ňőčãâ ąëâì âàěå ćĺďőć.

1. Ś ïćŋőľ (őâłàëâőľ) íłğőâĺłőľ — ĺňěîéĺě íłğőâĺçěáłĺě čńăćŋëě łćăŋâőćëě çĺáńă (ňěğőŋë á ğăàïďőň ĺńĺ áâàăŋŋőáâìî ±2, ĺğőáŕĺŋőň > 1, ąăàĺőŋë á ğăàïďőň > 2 ĺ â.ď.). Šăłĺě őąêěłâë ďőńęŋë ąëâì ňŋőčőłćăàłőćëňĺ.

2. Őąàăğőćăŋĺï á íłğőâĺçěáłĺň ŋăąőàőň łćăŋâőćëå çĺáěń J, P , C, ŋăŕàĺňěà, ňěğőŋë á J^{P C} = 0^{+−}, 0^{−−}, 1^{−+} ĺ â.ď.

3. Śőáâőïŋĺï áő áłàëâőľ íłğőâĺłőľ, őâńĺçăîéĺěáï ăŋőňăńìŋëňĺ ďĺŋăňĺçěáłĺňĺ áćőľáâćăňĺ: ăŋőňăńìŋő ňăńőľ èĺàĺŋőľ, ŋěőąëçŋëňĺ łăŋăńăňĺ àăáŕăďă, áŕěæĺăńìŋëňĺ łăŋăńăňĺ őąàăğőćăŋĺï ĺ â.ď.

Śńěďãěâ ğăňěâĺâì, çâő ďő áĺå ŕőà ŋěâ ŋăďěęŋő ãáâăŋőćńěŋŋëå íłğőâĺçěáłĺå ăďàőŋőć, åőâï ňőęŋő ŋăğćăâì ŋěáłőńìłő áěàìěğŋëå łăŋďĺďăâőć, łőâőàëě ňőčãâ áçĺâăâìáï âăłőćëňĺ [2]. Ŋăńĺçĺě ŋă ãáłőàĺâěńě ĹŠİŤ ĺŋâěŋáĺćŋëå ŕãçłőć π^−-ňěğőŋőć á ĺňŕãńìáăňĺ ć ďĺăŕăğőŋě 3÷5 ČíĆ/c ĺ ŕàőâőŋőć á ĺňŕãńìáăňĺ ć ďĺăŕăğőŋě 3÷8 ČíĆ/c ŕàěďőáâăćńïěâ åőàőèãî ćőğňőęŋőáâì ŕàőćěáâĺ ďěâăńìŋőě ĺğãçěŋĺě íłğőâĺçěáłĺå áőáâőïŋĺľ ćáěå âàěå ćĺďőć.

Łăł ŕőłăğëćăîâ ŕőáńěďŋĺě íłáŕěàĺňěŋâë (áň., ŋăŕàĺňěà, [3]), őęĺďăěňëě áěçěŋĺï őąàăğőćăŋĺï íłğőâĺçěáłĺå áőáâőïŋĺľ ńěęăâ ć ŋăŋőąăàŋőćőľ őąńăáâĺ.

– 5 –

Ňăááë íłğőâĺçěáłĺå ąăàĺőŋŋëå áőáâőïŋĺľ, âăłĺå łăł E55, Δ^{++}π^+, pφ, pη,

ΣK, Σ^∗K ĺ ďà., ńěęăâ ć ďĺăŕăğőŋě 1.5 ÷ 3 ČíĆ, ďőáâãŕŋőň ŋă ãáłőàĺâěńě

ĹŠİŤ. Ŕàőďãłâë àăáŕăďă âăłĺå âïęěńëå àěğőŋăŋáőć ąãďãâ ćëńěâăâì ć èĺàőłőň âěńěáŋőň ãčńě. Ŕőĺáłĺ áłàëâőľ íłğőâĺłĺ ŕàěďŕőńăčăîâ ĺğãçěŋĺě, ć ŕěàćãî őçěàěďì, ãğłĺå àěğőŋăŋáőć. Ćáě íâĺ őąáâőïâěńìáâćă âàěąãîâ ĺáŕőńìğőćăŋĺï ĺŋâěŋáĺćŋëå ŕěàćĺçŋëå ŕãçłőć (∼ 10^6 çăáâĺæ/áěł.) ĺ èĺàőłőăŕěàâãàŋőčő (ąńĺğłőčő ł 4π) ŕàěæĺğĺőŋŋőčő (Δm = 5 ÷ 10 ŇíĆ) áŕěłâàőňěâàă á ćőğňőęŋőáâìî àěčĺáâàăæĺĺ ğăàïęěŋŋëå ĺ ŋěľâàăńìŋëå çăáâĺæ.

Řăááňőâàĺň ŋěłőâőàëě ŕàőæěááë, ć łőâőàëå ňőęŋő őęĺďăâì őąàăğőćăŋĺï íłğőâĺçěáłĺå áőáâőïŋĺľ, ĺ áőőâćěâáâćãîéĺě ňěâőďë ĺááńěďőćăŋĺï.

2.1.1. Śłăŋĺàőćăŋĺě ŕő íŋěàčĺĺ ŋăçăńìŋőľ çăáâĺæë áěçěŋĺľ íłáłńîğĺćŋëå

łăŋăńőć àěăłæĺľ, ŋăŕàĺňěà:

π^− + p → N_φ → Σ^−K^+ ,

→ N_φ → Σ^{∗−}(1385)K^+ , ↘Λπ− → N_φ → φ + n , ↘K+K− ŕőğćőńĺâ ŕàőćěáâĺ ŕőĺáłĺ íłğőâĺçěáłőčő ąăàĺőŋă ć ŕàïňőň łăŋăńě.

2.1.2. Ŕàěæĺğĺőŋŋőě ĺğňěàěŋĺě áŕěłâàőć íääěłâĺćŋëå ňăáá ć àěăłæĺïå π^−(p) + p → pφ + X , ↘K+K− → Λ(1520)K^+ + X , ↘pK− → Σ^0K^+ + X , ↘Λγ → Σ^{∗0}(1385)K^+ + X , ↘Λπ0 → pω + X ↘π+π−π0 ĺ ďà. ďăěâ ćőğňőęŋőáâì ŕàőćěáâĺ ŕőĺáłĺ ãğłĺå ąăàĺőŋőć áő áłàëâőľ íłğőâĺłőľ. Şłăğăŋĺï ŋă áãéěáâćőćăŋĺě íłğőâĺçěáłĺå áőáâőïŋĺľ ć áĺáâěňăå Σ^0K^+ ĺ Σ^{∗0}(1385)K^+ ąëńĺ ŕőńãçěŋë ć àăąőâě [4].

2.1.3. Ŕőĺáłĺ íłğőâĺçěáłĺå ňěğőŋőć ć ŕàőæěááăå á ąăàĺőŋŋëň őąňěŋőň.

Ňőęŋő őęĺďăâì, çâő ćőğąãęďěŋĺě ćŋãâàěŋŋĺå áâěŕěŋěľ áćőąőďë, ŕàĺćőďïéĺå ł őąàăğőćăŋĺî íłğőâĺçěáłĺå áőáâőïŋĺľ, ąãďěâ ŕàőĺáåőďĺâì ŕàĺ ąőńìèĺå ŕěàěďăŋŋëå ĺňŕãńìáăå, ŋăŕàĺňěà, ć àěăłæĺïå á ąăàĺőŋŋëň őąňěŋőň. Ŋăĺąőńěě ãďőąŋő, á âőçłĺ ğàěŋĺï íłáŕěàĺňěŋâă, ĺğãçăâì âăłĺě

– 6 –

ŕàőæěááë ć pp-, ă ŋě ć π^−p-àěăłæĺïå: ć íâőň áńãçăě íłğőâĺçěáłĺě ňěğőŋë ąãďãâ ćëńěâăâì ćŕěàěď ĺ ğăåćăâëćăâìáï áŕěłâàőňěâàőň á èĺàőłőľ ăŕěàâãàőľ. Őáőąëľ ĺŋâěàěá ŕàěďáâăćńïěâ ŕőĺáł íłğőâĺçěáłőčő ňěğőŋă á ğăàïďőň +2 ć àěăłæĺĺ

p + p → M^{++} + [pπ^−n] (Δ^−-őąňěŋ).

Ĺğćěáâŋő, çâő áěçěŋĺï á ąăàĺőŋŋëň őąňěŋőň ąëáâàő ŕăďăîâ á íŋěàčĺěľ

(E^{−n}, čďě n ≈ 3 ÷ 5 ďńï íŋěàčĺľ 2 ÷ 50 ČíĆ), ŕőíâőňã ďĺăŕăğőŋ íŋěàčĺľ,

ďőáâãŕŋëľ ŋă ãáłőàĺâěńě ĹŠİŤ, çàěğćëçăľŋő ćëčőďěŋ ďńï ĺááńěďőćăŋĺï âăłőčő àőďă ŕàőæěááőć.

2.1.4. Ŕőĺáłĺ ąăàĺőŋŋőčő àěğőŋăŋáă E_{55}.

Łăł ňë ãŕőňĺŋăńĺ ćëèě, àïď âěőàěâĺçěáłĺå ňőďěńěľ ŕàěďáłăğëćăěâ áãéěáâćőćăŋĺě íłğőâĺçěáłĺå ąăàĺőŋőć. Ć çăáâŋőáâĺ, ŕàĺňěŋěŋĺě ňěâőďă ŕàăćĺń áćěàåáåőďïéĺåáï áãňň ł àăááěïŋĺî àěďęěőŋőć áő áŕĺŋőň

J = 1 (π, ρ) ŋă ŋãłńőŋăå ĺ Δ_{33}-ĺğőąăàě [5] ŕàĺćěńő ł ŕàěďáłăğăŋĺî áã-

éěáâćőćăŋĺï áěàĺĺ íłğőâĺçěáłĺå ąăàĺőŋőć á ĺğőáŕĺŋőň I ≥ 5/2, áŕĺŋőň

J = 1 ĺ ŕőńőęĺâěńìŋőľ Ř-çěâŋőáâìî. Śăňëľ ńěčłĺľ çńěŋ íâőčő áěňěľ-

áâćă íłğőâĺçěáłĺå ąăàĺőŋőć ĺňěěâ łćăŋâőćëě çĺáńă J = 5/2, I = 5/2 ĺ ďőáâăâőçŋő ňăńěŋìłãî ňăááã M = 1.4 ÷ 1.7 ČíĆ.

E_{55}-ąăàĺőŋ ïćńïěâáï ăŋăńőčőň N ĺ Δ_{33} ć ňĺàě àěğőŋăŋáőć á I = 5/2;

íâő — őáŋőćŋőě áőáâőïŋĺě áàěďĺ íâĺå àěğőŋăŋáőć. Ŋăĺąőńěě ćěàőïâŋëľ łăŋăń àăáŕăďă E55 ěáâì łăáłăďŋëľ ŕàőæěáá E55 → Δ33π → Nππ. Ŕàĺ ňăńëå ĺňŕãńìáăå àăáŕăďă E55 → Δ33π ďńï àăğńĺçŋëå ňăáá ME ŕàěďáłăğăŋë èĺàĺŋë ΓE [6], ğŋăçěŋĺï łőâőàëå ŕàĺćěďěŋë ć âăąńĺæě.

M_E, ČíĆ 1.42 1.44 1.52 1.56 1.60 1.65

Γ_{E→Δπ}, ŇíĆ 21 36 140 215 307 443

Řěğîňĺàãï ďăŋŋëľ àăğďěń, ňőęŋő áłăğăâì, çâő ŋãęŋő ďěâăńìŋő ĺááńěďőćăâì àěğőŋăŋáë ć pπ^+π^+-áĺáâěňě ć őąńăáâĺ ňăáá Mŕőàőč<M_{pπ}+_π+<1.8 ČíĆ, ŋăńőęĺć őčàăŋĺçěŋĺï ŋă ňăááã pπ^+-ŕőďáĺáâěňë ć őąńăáâĺ àěğőŋăŋáă

Δ(1232).

Ŕěàćëě íłáŕěàĺňěŋâë ŕő ĺááńěďőćăŋĺî pπ^+π^+-áĺáâěňë ąëńĺ ŕàőćěďěŋë ć ŋăçăńě èěáâĺďěáïâëå čőďőć; ć çăáâŋőáâĺ, íâőňã ćőŕàőáã ąëńă ŕőáćïéěŋă àăąőâă [7], ć łőâőàőľ ŕàěďáâăćńěŋë àěğãńìâăâë ĺğãçěŋĺï àěăłæĺĺ

π^+p → π^−π^+π^+p ŕàĺ p_π+ = 3.65 ČíĆ/c.

Ć ďăńìŋěľèěň ŕőïćĺńáï àïď àăąőâ, ŕőáćïéěŋŋëå ŕőĺáłăň E55-ąăàĺőŋă (áň. àăąőâã [8] ĺ ááëńłĺ ć ŋěľ). Ć ĹŠİŤ íâőľ ŕàőąńěňőľ ğăŋĺňăńáï àïď íłáŕěàĺňěŋâăńìŋëå čàãŕŕ, ĺáŕőńìğőćăćèĺå łăł ňěâőďĺłã ŕãğëàìłőćëå łăňěà, âăł ĺ íńěłâàőŋŋãî ăŕŕăàăâãàã [5, 9, 10, 11].

Śńěďãěâ ŕőďçěàłŋãâì, çâő íłáŕěàĺňěŋâăńìŋăï áĺâãăæĺï á E55 łàăľŋě ŕàőâĺćőàěçĺćă. Ć őďŋĺå àăąőâăå áőőąéăěâáï ő ŋăąńîďěŋĺĺ E55 ĺ ŕàĺćőďïâáï ěčő ňăááë, èĺàĺŋë ĺ áěçěŋĺï őąàăğőćăŋĺï. Ć ďàãčĺå àăąőâăå E55

– 7 –

ŋě ŋăąńîďăěâáï, ĺ ďăěâáï ćěàåŋĺľ ŕàěďěń ŋă áěçěŋĺě ěčő őąàăğőćăŋĺï. Łàőňě âőčő, ć àăąőâăå, čďě áőőąéăěâáï ő ŋăąńîďěŋĺĺ íâőčő ąăàĺőŋă, áãéěáâćãîâ ŕàőâĺćőàěçĺï ŕő ŕőńőęěŋĺî ňăáá ĺ èĺàĺŋ. Ŋăĺąőńěě íääěłâĺćŋő ĺáłăâì E^{+++}-àěğőŋăŋáë ć ŕàőæěááăå ŋă πňěğőŋŋőň ŕãçłě ć íłáłńîğĺćŋőľ àěăłæĺĺ

π^+p → pπ^+π^+π^− (1)

ć łĺŋěňăâĺłě, ć łőâőàőľ pπ^+π^+-áĺáâěňă ńěâĺâ ŕő ŋăŕàăćńěŋĺî ŕãçłă. Ćëąőà âăłőľ łĺŋěňăâĺłĺ ňőęěâ ąëâì őáãéěáâćńěŋ á ŕőňőéìî ŕàőáâőčő âàĺččěàă, łőčďă π^− ć ńăąőàăâőàŋőľ áĺáâěňě ćëńěâăěâ ŋăğăď. Ďĺăčàăňňă, őŕĺáëćăîéăï íâőâ ŕàőæěáá, áőőâćěâáâćãěâ őąňěŋã ć u-łăŋăńě Δ-ĺğőąăàőľ (áň. àĺá. 1).qqqqqqqqqqqqqqqqqqqq

π^+ E^{+++}

qqqqqqqqqqqqqqqqqqqqq p π^− �^{++}

Řĺá. 1: Őąňěŋ Δ-ĺğőąăàőľ.

Ć íâőľ łĺŋěňăâĺłě ćăęŋő âő, çâő äőŋőćëě ŕàőæěááë, őâàăęăîéĺěáï ŋă Δπ-áĺáâěňě, âăłęě ŕàőĺáåőďïâ ğă áçěâ ąăàĺőŋŋőčő őąňěŋă. Ąńăčőďăàï íâőňã, őâŋőèěŋĺě ćěàőïâŋőáâěľ ćëåőďőć äőŋőćëå áĺáâěň ĺ àěğőŋăŋáőć ňőęěâ ąëâì ŋě âăłĺň ąőńìèĺň, łăł ć őąńăáâĺ ŕàőâőŋŋőľ äàăčňěŋâăæĺĺ. Ŋă àĺá. 2 ŕőłăğăŋă ďĺăčàăňňă äőŋőćőčő ŕàőæěááă π^+p → Δ^{++}V^0.

qqqqqqqqqqqqqqqqqqqq

π^+ �^{++}

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqq p π−π^+ N, �^+

V^0¯˘˚ˇ̄˘˚ˇ

Řĺá. 2: Ďĺăčàăňňă ŕàőæěááă π^+p → Δ^{++}V^0.

Łàőňě àěăłæĺĺ (1) ŕàěďáâăćńïěâ ĺŋâěàěá àěăłæĺï π^+p → pπ^+π^+π^−π^0, ć łőâőàőľ ňőęŋő ĺáłăâì áőćňěáâŋőě àőęďěŋĺě E^{+++} ĺ ρ, ĺďãéăï áőčńăáŋő ďĺăčàăňňě àĺá. 3. Śãéěáâćãěâ ĺŋâěàěáŋăï ćőğňőęŋőáâì ŕőĺáłă

E_{55}-àěğőŋăŋáőć ć àěăłæĺïå

pp → π^−_f pπ^+π^+n , (2) pp → n_f pπ^+π^+π^−

– 8 –

qqqqqqqqqqqqqqqqqqqq

π^+ E^{+++}

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq p ρ^− �^{++}

Řĺá. 3: Ďĺăčàăňňă áőćňěáâŋőčő àőęďěŋĺï E^{+++} ĺ ρ.

ŕàĺ áŕěæĺăńìŋőľ łőŋäĺčãàăæĺĺ ĺňŕãńìáőć, ĺňĺâĺàãîéĺå ŕàőæěáá àăááěïŋĺï ŋăğăď. Ďĺăčàăňňë ďńï íâĺå ŕàőæěááőć ŕőłăğăŋë ŋă àĺá. 4.

qqqqqqqqqqqqqqqqqqqqq p E^{+++} π^+

p n �^{++} q q_{π+}

qqqqqqqqqqqqqqqqqqqqq p E^{+++} π^− p n �^{++}q q q_{π+}

Řĺá. 4: Ďĺăčàăňňë ŕàőæěááőć àőęďěŋĺï E55 ć pp-ćğăĺňőďěľáâćĺĺ.

Šăł łăł ňŋőęěáâćěŋŋőáâì ğăàïęěŋŋëå çăáâĺæ ć àěăłæĺĺ (2) ňěŋìèě, çěň ć àěăłæĺĺ pp → π^−_f pπ^+π^+π^−p, âő ŕěàćăï àěăłæĺï áâăŋőćĺâáï ąőńěě ŕàěďŕőçâĺâěńìŋőľ ĺğ-ğă âőčő, çâő çĺáńő äőŋőćëå ŕàőæěááőć ďńï ŋěě ňěŋìèě.

Őďŋĺň ĺğ ŋăĺąőńěě ŕàïňëå áŕőáőąőć ŕàőïáŋěŋĺï íłáŕěàĺňěŋâăńìŋőľ áĺâãăæĺĺ á ćőğňőęŋëň àőęďěŋĺěň áőáâőïŋĺï E^{+++} ňőęěâ ąëâì ŋăąőà ğŋăçĺâěńìŋőčő áâăâĺáâĺçěáłőčő ňăâěàĺăńă ŕő àěăłæĺïň π^+p → Δ^{++} +π^+π^− ĺ π^+p → Δ^{++} + π^+π^−π^0 ŕàĺ ĺňŕãńìáě ŕěàćĺçŋőčő π^+ őâ 3 ďő 4 ČíĆ/c ĺ, ćőğňőęŋő, àěăłæĺľ á ąőńìèĺň çĺáńőň ćâőàĺçŋëå ŕĺőŋőć. Ĺňěŋŋő ć íâĺå àěăłæĺïå ŋă őčàăŋĺçěŋŋőň áâăâĺáâĺçěáłőň ňăâěàĺăńě ďćãåňěâàőćőľ ęĺďłőćőďőàőďŋőľ łăňěàë ĹŠİŤ ąëńĺ ŕőńãçěŋë ãłăğăŋĺï ŋă àőęďěŋĺě áőáâőïŋĺï E^{+++} ć ŕàőæěááăå łăáłăďŋőčő àăáŕăďă âïęěńëå Δ-ĺğőąăà:

π^+p → Δ^{∗++} → E^{+++} + π^−(ρ^−). Šăłőľ ŕàőæěáá s-łăŋăńìŋőčő âĺŕă ŋě

ĺňěěâ ňăńőáâĺ, ŕàĺáãéěľ àěăłæĺïň ąăàĺőŋŋőčő őąňěŋă, ĺ ňőč ąë ąëâì ĺááńěďőćăŋ ŋă ňŋőčőçăáâĺçŋőň áŕěłâàőňěâàě.

2.1.5. Ŕőĺáłĺ íłğőâĺçěáłőčő ďĺąăàĺőŋŋőčő àěğőŋăŋáă d^′ (M ≈ 2.06 ČíĆ,

Γ < 10 ŇíĆ) ć àěăłæĺĺ pd → pd^′ → pppπ^−.

Ďĺąăàĺőŋŋëľ àěğőŋăŋá d^′ á őâłàëâőľ íłğőâĺłőľ ňőęěâ àăááňăâàĺćăâìáï łăł ňŋőčőłćăàłőćëľ ňěèőł ć áćőąőďŋőň áőáâőïŋĺĺ. Śàăćŋěŋĺě åăàăłâěàĺáâĺł ňŋőčőłćăàłőćëå ňěèłőć ć ïďàăå (äńãłâőŋë) ĺ ć áćőąőďŋőň áőáâőïŋĺĺ ŕőğćőńïîâ ć ŕàĺŋæĺŕě áãďĺâì ő àăďĺãáě łőŋäăľŋňěŋâă ć ćă-

– 9 –

łããňě ĺ ïďěàŋőľ áàěďě. Řăďĺãá łőŋäăľŋňěŋâă ć ïďěàŋőľ ňăâěàĺĺ, ŋěáőňŋěŋŋő, ćăęŋěľèăï åăàăłâěàĺáâĺłă łćăŋâőćőľ åàőňőďĺŋăňĺłĺ áàěď. Ć àïďě âěőàěâĺçěáłĺå àăąőâ [12] ŕàěďáłăğëćăěâáï áãéěáâćőćăŋĺě d^′ łăł ňŋőčőłćăàłőćőčő ňěèłă. Ŋăąńîďěŋĺě d^′ ąãďěâ âěáâőň áŕàăćěďńĺćőáâĺ íâĺå âěőàěâĺçěáłĺå ŕőďåőďőć.

Śãéěáâćãěâ àïď áâăâĺáâĺçěáłĺ ďőáâőćěàŋëå ïćńěŋĺľ (ŋăŕàĺňěà, àěğőŋăŋáŋőě ŕőćěďěŋĺě áěçěŋĺï ”ãŕàãčőľ” ďćőľŋőľ ŕěàěğăàïďłĺ ŕĺőŋőć [13]), łőâőàëě ňőęŋő âàăłâőćăâì, łăł áãéěáâćőćăŋĺě ïďěàŋëå áĺáâěň, ćłńîçăîéĺå ďĺąăàĺőŋ d^′.

Ĺňěîâáï íłáŕěàĺňěŋâăńìŋëě ãłăğăŋĺï ŋă áãéěáâćőćăŋĺě d^′ ć áćőąőďŋőň áőáâőïŋĺĺ, ŕěàćőě ĺğ łőâőàëå ąëńő ŕőńãçěŋő ć ĹŠİŤ [14]. Ŋěőąåőďĺňő ŋăąàăâì ąő́ńìèãî áâăâĺáâĺłã ĺ ŕőďâćěàďĺâì ĺńĺ őŕàőćěàčŋãâì áãéěáâćőćăŋĺě áćőąőďŋőčő d^′. Ěáńĺ d^′ ěáâì, âő áãéěáâćãîâ d^′- ïďàă, ěáńĺ ŋěâ, âő ŋăďő ĺáłăâì ăńìâěàŋăâĺćŋëě őąêïáŋěŋĺï ąěğãáńőćŋő ŋăąńîďěŋŋëå ăŋőňăńĺľ ć őąàăğőćăŋĺĺ ŕĺőŋőć á íŋěàčĺěľ 50 ŇíĆ.

Őąŋăàãęěŋĺě d^′ ĺ ćëďěńěŋĺě áőőâćěâáâćãîéĺå áőąëâĺľ ŕőğćőńïâ ć ŕěàáŕěłâĺćě őæěŋĺâì àăğňěà d^′ áâăŋďăàâŋëň ňěâőďőň pp-łőààěńïæĺľ ĺ, áńěďőćăâěńìŋő, ěčő ŕńőâŋőáâì ĺ áàăćŋĺâì á ŕńőâŋőáâìî äńãłâőŋőć.

Śćőľáâćă d^′. Ĺğ ŕàïňőčő íłáŕěàĺňěŋâă ĺ ăŋăńĺğă ďăŋŋëå ŕő ŕěàěğăàïďłě ŋă ïďàăå ĺğćěáâŋă áńěďãîéăï ĺŋäőàňăæĺï ő d^′:

ă) Md0 ≈ 2.06 ČíĆ;

ą) d^′ → ppπ^− ĺńĺ nnπ^+, I = 0, J^P = 0^−; ć) íŋěàčőćëďěńěŋĺě ∼ 50 ŇíĆ;

č) ŕő-ćĺďĺňőňã, őąàăğãěâáï ŕàĺ ćğăĺňőďěľáâćĺĺ á âěáŋëňĺ čàãŕŕăňĺ ŋãłńőŋőć ć ïďàăå ĺńĺ ŋă ňăńëå àăááâőïŋĺïå ć pp-ćğăĺňőďěľáâćĺïå;

ď) ć pp-ćğăĺňőďěľáâćĺïå d^′ ãďăńőáì ćëďěńĺâì ńĺèì áàěďĺ áőąëâĺľ, ďńï łőâőàëå ňăááă áĺáâěňë pp Mpp − 2mp < 18 ŇíĆ – ãğłĺě pp-ŕăàë ć łőŋæě àěăłæĺĺ;

ě) Γ^{íłáŕ}_d0 < 10 ŇíĆ ĺ, ŕő-ćĺďĺňőňã, ≤ 1 ŇíĆ; íłáŕěàĺňěŋâăńìŋăï èĺàĺŋă őąãáńőćńěŋă àăğàěèěŋĺěň ãáâăŋőćłĺ;

ę) ãğőáâì àěğőŋăŋáă, ćőğňőęŋő, áćïğăŋă á ěčő áâàőěŋĺěň — őŋ ŕàěďáâăćńïěâáï [15] łćăďàőłćăàł-ďĺłćăàłőćëň ňěèłőň, çâő åőàőèő áőčńăáãěâáï á åăàăłâěàĺáâĺłőľ, ãłăğăŋŋőľ ć ŕ. ď).

Ćëąőà àěăłæĺĺ, łĺŋěňăâĺłă.

I. Ŕàěďńăčăěâáï ĺáłăâì d^′ ć łćăğĺąăàĺőŋŋőľ àěăłæĺĺ pd → pd^′; d^′ — őçěŋì ãğłĺľ àěğőŋăŋá (ŕ. ě)).

II. Őâąĺàăâì âăłĺě áőąëâĺï àěăłæĺĺ pd → pd^′ → pppπ^− , (3)

– 10 –

ć łőâőàëå p ńěâĺâ ŋăğăď ć ń.á. İâő, łőŋěçŋő, ęěáâłĺľ őâąőà, ŋő őŋ ćëďěńïěâ áőąëâĺï, ć łőâőàëå ŋăńěâăîéĺľ ŕàőâőŋ ćğăĺňőďěľáâćãěâ á d ć ”áęăâőň” áőáâőïŋĺĺ, łăł ŕàĺ őąàăâŋőň pd-àăááěïŋĺĺ pd → dp . (4) Šăłőćë ãáńőćĺï àőęďěŋĺï d^′ (áň. ŕ.ŕ. č), ď), ę)).

III. Řěăłæĺï pd → dp ąëáâàő ćëňĺàăěâ á ŋăçăńìŋőľ íŋěàčĺěľ, ŋő ěě

áěçěŋĺě ćŕőńŋě ĺğňěàĺňő ć ďĺăŕăğőŋě íŋěàčĺľ őâ ŕőàőčă ŕĺőŋŋőčő àőęďěŋĺï ďő ŋěáłőńìłĺå ČíĆ. Şčńőćőě àăáŕàěďěńěŋĺě ŕàőâőŋőć ŕőğćőńïěâ ŕàěďŕőńăčăâì ćłńăď ďĺăčàăňňë àĺá. 5 c őąňěŋőň ŋãłńőŋőň, çâő őąěáŕěçĺćăěâ ňăńőáâì àăááâőïŋĺľ ŕàĺ ćğăĺňőďěľáâćĺĺ. p d

d p N

Řĺá. 5: Ďĺăčàăňňă ŋãłńőŋŋőčő őąňěŋă.

IV. Řěăłæĺï (3) ňőęěâ ĺďâĺ áőčńăáŋő ďĺăčàăňňě àĺá. 6 á őąňěŋőň N^∗, p d^′

d p N^∗

Řĺá. 6: Ďĺăčàăňňă őąňěŋă N^∗.

çâő âőńìłő ãňěŋìèăěâ ňěęŋãłńőŋŋőě àăááâőïŋĺě ŕàĺ ćğăĺňőďěľáâćĺĺ ĺ áŕőáőąáâćãěâ ŕěàěáâàőľłě 6q-ňěèłă. Ćěàőïâŋőáâì àěăłæĺĺ

(3), łőŋěçŋő, ňěŋìèě çěň (4), ŋő ĺğ-ğă őąňěŋă ĺğőąăàőľ — ŋě áńĺè-

łőň: áàăćŋĺâì őąàăâŋőě àăááěïŋĺě π^+p (ŋãłńőŋŋëľ ŕőńîá) ĺ π^−p (ć ŕàőŕăčăâőàě ĺğőąăàă).

V. Ć áńãçăě ďěâěłâĺàőćăŋĺï ćëńěâă ŕàőâőŋă ŋăğăď łĺŋěňăâĺłă d^′ ęěáâłő ğăďăŋă. Ćőğňőęěŋ ăŋăńĺğ ŕő ňěâőďã ŋěďőáâăîéĺå ňăáá, ŋő ŕàěďŕőńăčăěâáï àěčĺáâàĺàőćăâì ćáě ŕàőďãłâë àăáŕăďă d^′ → ppπ^− ĺ ćĺďěâì ěčő ŕő ĺŋćăàĺăŋâŋőľ ňăááě ŋă ćëďěńěŋŋőľ çăáâĺ äăğőćőčő őąêěňă.

VI. d^′ — ňăńőćőğąãęďěŋŋőě áőáâőïŋĺě, áĺáâěňă ďćãå ŕàőâőŋőć ńěâĺâ ŕő

ŋăŕàăćńěŋĺî d^′ (ŕàĺ ŋăçăńìŋőľ íŋěàčĺĺ 1 ČíĆ őâłńőŋěŋĺě < 5^o).

– 11 –

Šăł łăł ŋěőąåőďĺňő őâąĺàăâì ”ãğłĺě” ŕăàë ŕàőâőŋőć (áň. ŕ. ď)), âő ĺ ŕàőâőŋë ńěâïâ ŕő ŋăŕàăćńěŋĺî d^′. İâő âě ŕàőâőŋë, łőâőàëě ć áĺáâěňě d^′ ńěâïâ ŋăğăď.

VII. Ŕĺőŋë őâ àăáŕăďă d^′, ńěâïéĺě ć ěčő áĺáâěňě ćŕěàěď, őâåőďïâ őâ

ŋăŕàăćńěŋĺï d^′ ŋă ãčńë ďő 30^o ĺ ĺňěîâ ŕàĺ T ∼ 1 ČíĆ ďő 300 ÷ 400 ŇíĆ/c.

IX. Ćáě çăáâĺæë ňőčãâ ąëâì ğăàěčĺáâàĺàőćăŋë áçěâçĺłăňĺ áĺáâěňë ŁŐŘĎ (”ŁŐŘàěńïæĺőŋŋëľ Ďěâěłâőà” [16]). Ŕàěďëďãéĺľ íłáŕěàĺňěŋâ ŕàőćőďĺńáï á áĺáâěňőľ ĄĂŚ (”Ąěğňăčŋĺâŋëľ Ăďàőŋŋëľ Śŕěłâàőňěâà”). ŁŐŘĎ ïćńïěâáï ãáőćěàèěŋáâćőćăŋŋëň ćăàĺăŋâőň ŕőáńěďŋěľ.

Ŕőáâăŋőćłă őŕëâă ćëâěłăěâ ĺğ àăáŕőńőęěŋĺï áçěâçĺłőć ŁŐŘĎ. Ŋăçăńìŋăï íŋěàčĺï őŕàěďěńïěâáï áńěďãîéĺňĺ áőőąàăęěŋĺïňĺ:

* ćëńěâăîéĺľ ŋăğăď ŕàőâőŋ ďőńęěŋ ĺňěâì ďőáâăâőçŋëľ ĺňŕãńìá ďńï àěčĺáâàăæĺĺ áĺáâěňőľ ŁŐŘĎ (1-ľ áńőľ), ŕàĺ Tŋăç. = 1 ČíĆ pp ≈

250 ÷ 350 ŇíĆ/c;

* áńěďãěâ őâőľâĺ ććěàå ŕő íŋěàčĺĺ őâ ŕőàőčă őąàăğőćăŋĺï d^′ ďńï ãćěńĺçěŋĺï áěçěŋĺï;

* ŕàěćëèěŋĺě ŕőàőčă ďőńęŋő ąëâì ŋěąőńìèĺň, çâőąë ŕőďăćĺâì äőŋë, áćïğăŋŋëě á àőęďěŋĺěň ďàãčĺå ŕĺőŋőć.

Ŕàěďŕőńăčăěâáï àăąőâă ŋă ęĺďłőďěľâěàĺěćőľ ňĺèěŋĺ, çâőąë ĺğąěęăâì àăğŋőáâŋőčő őŕëâă âĺŕă C^2H2 − C. Ůâőąë ĺğąěęăâì őŕëâă

(d + Ňĺèěŋì) − Ňĺèěŋì ŋăďő ĺňěâì áĺáâěňã łőőàďĺŋăâŋëå ďěâěłâőàőć,

ćëďěńïîéĺå ć ŕàőáâőľ čěőňěâàĺĺ áńãçăĺ ŋă ďěľâěàĺĺ ć ňĺèěŋĺ. İâő íääěłâĺćŋő ŕőňőęěâ ãćěńĺçěŋĺî áâăâĺáâĺçěáłőľ âőçŋőáâĺ.

2.1.6. Őąàăğőćăŋĺě íłğőâĺçěáłĺå áőáâőïŋĺľ ć àěăłæĺïå őďŋőŕĺőŋŋőčő őą-

ňěŋă.

Ŋěďăćŋő őąŋăàãęěŋŋëě ňěğőŋë, ïćńïîéĺěáï łăŋďĺďăâăňĺ ć íłğőâĺçěáłĺě áőáâőïŋĺï, ŋăŕàĺňěà, gT (2010), G(1590) ĺ ďà., őąàăğãîâáï ć ğăàïďőćő-őąňěŋŋőľ àěăłæĺĺ π^−p → M^0n, ć łőâőàőľ ďőňĺŋĺàãěâ őďŋőŕĺőŋŋëľ őąňěŋ. İâĺ íłáŕěàĺňěŋâë ŕàőćěďěŋë ŕàĺ ĺňŕãńìáě π^−-ňěğőŋőć

25 ÷ 32 ČíĆ/c. Ŕőáłőńìłã áěçěŋĺě âăłĺå àěăłæĺľ ŕăďăěâ á àőáâőň íŋěà-

čĺĺ łăł E^{−2}_π , ĺááńěďőćăŋĺě íâĺå ĺ ŕőĺáł ďàãčĺå áőáâőïŋĺľ ňőčãâ ąëâì ŕàőćěďěŋë ŋă ãáłőàĺâěńě ĹŠİŤ á áãéěáâćěŋŋő ąőńìèěľ áâăâĺáâĺçěáłőľ őąěáŕěçěŋŋőáâìî, çěň ć ŕàěďëďãéĺå àăąőâăå. Ŋăŕàĺňěà, çĺáńő áőąëâĺľ, łőâőàëě ňőęŋő ŕőńãçĺâì ŋă èĺàőłőăŕěàâãàŋőň áŕěłâàőňěâàě ğă 100 çăáőć àăąőâë ãáłőàĺâěńï ĹŠİŤ ďńï àěăłæĺĺ π^−p → ωn (áěçěŋĺě àěăłæĺĺ ≈ 200 ňłą), áőáâăćĺâ ≈ 10^8, ă ďńï àěăłæĺĺ π^−p → η^′n — ≈ 10^7 (áěçěŋĺě àěăłæĺĺ ≈ 30 ňłą).

– 12 –

Ć àïďě áńãçăěć ŕàĺ àăąőâě ŋă ŕĺőŋŋőň ŕãçłě ňőęŋő ąãďěâ ŕàőćěáâĺ ŕăàæĺăńìŋő-ćőńŋőćőľ ăŋăńĺğ, łőâőàëľ áãéěáâćěŋŋő ãćěńĺçĺâ ćőğňőęŋőáâĺ ĺ ŋăďěęŋőáâì ĺğãçěŋĺï íłğőâĺçěáłĺå ăďàőŋŋëå áőáâőïŋĺľ.

2.2. Ĺááńěďőćăŋĺě ŋĺğłőńěęăéĺå áłăńïàŋëå ňěğőŋőć

Ŕàěďńăčăěâáï ĺááńěďőćăŋĺě àěăłæĺľ

π^−p_↑ → π^+π^−n , (5)

π^−p_↑ → π^0π^0n , (6)

π^−p_↑ → K^+K^−n (7)

ŋă ŕőńïàĺğőćăŋŋőľ ŕàőâőŋŋőľ ĺ ęĺďłőćőďőàőďŋőľ ňĺèěŋïå ć ĺŋâěàćăńě ŋăçăńìŋëå ĺňŕãńìáőć (2.5–4.0) ČíĆ/c, őąěáŕěçĺćăîéěň ŕěàěłàëâĺě őąńăáâěľ áłăńïàŋëå àěğőŋăŋáőć f0(750), f0(980), a0(980) ĺ f0(1370). İâă ŕàőčàăňňă ïćńïěâáï ŕàőďőńęěŋĺěň ĺ àăáèĺàěŋĺěň íłáŕěàĺňěŋâă ŕő ĺğãçěŋĺî čěŋěàăæĺĺ ŕĺőŋőć ŕĺőŋăňĺ ŋă ŕőńïàĺğőćăŋŋëå ŕàőâőŋăå, ćëŕőńŋěŋŋőčő ć ŕőáńěďŋĺě čőďë ŋă áĺŋåàőâàőŋě ĹŠİŤ [17].

Őáŋőćŋăï æěńì ŕàěďŕőńăčăěňëå íłáŕěàĺňěŋâőć áőáâőĺâ ć ĺááńěďőćăŋĺĺ áłăńïàŋőčő áěłâőàă ąőğőŋŋőľ áŕěłâàőáłőŕĺĺ. Ĺğćěáâŋő, çâő ďő ŋăáâőïéěčő ćàěňěŋĺ ŋě ãáâăŋőćńěŋ ŋőŋěâ áłăńïàŋëå ňěğőŋőć J^{P C} = 0^{++}, åőâï ĺ ğăŕőńŋěŋë ŋőŋěâë ŕáěćďőáłăńïàŋëå, ćěłâőàŋëå ĺ âěŋğőàŋëå ňěğőŋőć. Ďńï áłăńïàŋőčő ŋőŋěâă ĺňěîâáï łăŋďĺďăâë á ĺğőáŕĺŋőň 1: a0(980) ĺ a0(1450), ĺ á ĺğőáŕĺŋőň 0: f0(400 ÷ 1200), f0(980) ĺ f0(1370), ŋő ŋěłőâőàëě ĺğ ŋĺå ŕàőąńěňăâĺçŋë, âăł łăł áàăćŋĺâěńìŋő ãğłĺě (Γ = 40 ÷ 100 ŇíĆ) f0(980) ĺ a0(980) ňőčãâ őłăğăâìáï áćïğăŋŋëňĺ K^¯K-áőáâőïŋĺïňĺ ĺńĺ ”ŋőćëňĺ ăďàőŋăňĺ” [18]. Ś ďàãčőľ áâőàőŋë, ŕőĺáł íłğőâĺçěáłĺå áőáâőïŋĺľ (4-łćăàłőćëå (qq̄qq̄) ňěğőŋőć, čĺąàĺďŋëå (qq̄g) ňěğőŋőć ĺ čńîąőńőć (gg)) őáőąěŋŋő ŕěàáŕěłâĺćěŋ ć áłăńïàŋőň áěłâőàě, âăł łăł ňőęŋő őęĺďăâì, çâő ŋĺğèĺě áőáâőïŋĺï íâĺå őąêěłâőć ïćńïîâáï áłăńïàăňĺ. Őáőąëľ ĺŋâěàěá ŕàěďáâăćńïěâ áĺčňă-ňěğőŋ

f_0(400 ÷ 1200), ĺňěîéĺľ ďńĺŋŋãî ĺ ŕàőâĺćőàěçĺćãî ĺáâőàĺî. Ŋă áãéě-

áâćőćăŋĺě íâőčő ňěğőŋă ãłăğëćăěâ àïď âěőàěâĺçěáłĺå àăąőâ ĺ íłáŕěàĺňěŋâăńìŋëå àěğãńìâăâőć. Šăł, ć ňőďěńĺ “ąăèěŋ”, áőáâőïéĺå ĺğ ćëàőęďěŋŋëå àěğőŋăŋáőć á çěàěďãîéěľáï çěâŋőáâìî [19], σ-ňěğőŋ á J^{P C} = 0^{++} ćőğŋĺłăěâ łăł çńěŋ ŕěàćőľ ąăèŋĺ (mσ = mρ), ŕàĺŋăďńěęăéĺľ ďőçěàŋěľ âàăěłâőàĺĺ Řěďęě, áňěéěŋŋőľ ć j-ŕńőáłőáâĺ ćŋĺğ ŋă ěďĺŋĺæã őâŋőáĺâěńìŋő őąňěŋŋőćëàőęďěŋŋőľ ńĺďĺàãîéěľ âàăěłâőàĺĺ á σ · P = 1. Śãéěáâćőćăŋĺě âăłĺå “ąăèěŋ” áńěďőćăńő ĺğ őâáãâáâćĺï u-łăŋăńìŋëå àěğőŋăŋáőć (ĺ ŕĺłă ŋăğăď) ć àěăłæĺïå π^+π^− → π^+π^−. Ĺňěîéĺěáï íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ŕő ňěğőŋŋëň àěğőŋăŋáăň ŋě ŕàőâĺćőàěçăâ áãéěáâćőćăŋĺî ŕàïňőńĺŋěľŋëå ďőçěàŋĺå âàăěłâőàĺľ, ěáâěáâćěŋŋő ćőğŋĺłăîéĺå ć áâàãŋŋëå ňőďěńïå, ŕő łàăľŋěľ ňěàě ć őąńăáâĺ ňăáá ćëèě 1 ČíĆ [20]. Ŕőńěćăï ňőďěńì Ŋăňąã-Ĺőŋă-Ńăáĺŋĺő [21] ŕàěďáłăğëćăěâ mσ = 2mq, čďě mq — ňăááă łőŋáâĺâãěŋâŋőčő łćăàłă. Śőćàěňěŋŋëě ŕőńěćëě ňőďěńĺ, ãďőćńěâćőàïîéĺě łĺàăńìŋőľ ĺŋćăàĺăŋâŋőáâĺ ŁŢĎ

– 13 –

(áň., ŋăŕàĺňěà, àăąőâã Ďěńìąőàčő ĺ Śłăďàőŋă [22]), ŕàěďáłăğëćăîâ áĺčňăňěğőŋ á mσ = 2mq ≈ 650 ŇíĆ.

İłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ŕő àěăłæĺĺ (5), ŕőńãçěŋŋëě ŕàĺ 1.78, 6, 12 ĺ 17 ČíĆ/c, áćĺďěâěńìáâćãîâ ő áńőęŋőľ áâàãłâãàě ĺŋâěŋáĺćŋőáâĺ S-ćőńŋë, áőďěàęăéěľ, ć çăáâŋőáâĺ, ŕĺł ŕàĺ ňăááě ∼ 750 ŇíĆ á èĺàĺŋőľ (100–200) ŇíĆ. Ŕőćěďěŋĺě őâŋőáĺâěńìŋőľ äăğë S- ĺ P -ćőńŋ âăłęě áőőâćěâáâćãěâ áãéěáâćőćăŋĺî áàăćŋĺâěńìŋő ãğłőčő àěğőŋăŋáă. Ć âő ęě ćàěňï áâăŋďăàâŋăï AMPŕăàăňěâàĺğăæĺï ãŕàãčőčő ππ-àăááěïŋĺï ŕàőâĺćőàěçĺâ ŋăńĺçĺî ãğłőčő àěğőŋăŋáă, åőâï ĺ ňőęěâ ąëâì áőčńăáőćăŋă á èĺàőłĺň (Γ = 400 ÷ 600 ŇíĆ) áĺčňă-ňěğőŋőň.

Ďăńìŋěľèĺľ ŕàőčàěáá ć ĺğãçěŋĺĺ áłăńïàŋëå ňěğőŋőć âàěąãěâ åőàőèő áâăâĺáâĺçěáłĺ őąěáŕěçěŋŋëå ĺğňěàěŋĺľ ňăâàĺçŋëå íńěňěŋâőć àěăłæĺľ (5), (6),

(7). Ćő ćáěå íâĺå àěăłæĺïå ćëďěńïîâáï ąőğőŋŋëě àěğőŋăŋáë á ŋăâãàăńìŋőľ

áŕĺŋ-çěâŋőáâìî, ć àěăłæĺî (6) ćŋőáïâ ćłńăď ńĺèì àěğőŋăŋáë á çěâŋëň áŕĺŋőň, àěăłæĺěľ (7) ćëďěńïîâáï ąőğőŋŋëě àěğőŋăŋáë á ąőńìèőľ ćěàőïâŋőáâìî àăáŕăďă ŕő łăŋăńã K^¯K. Ć őąáãęďăěňőľ íŋěàčěâĺçěáłőľ őąńăáâĺ ŋěâ ďăŋŋëå ő áŕĺŋőćőľ ğăćĺáĺňőáâĺ àěăłæĺĺ (6). Őâáãâáâćãîâ âăłęě áćěďěŋĺï ő áŕĺŋőćőľ ğăćĺáĺňőáâĺ àěăłæĺĺ (7) ć őąńăáâĺ f0(980).

Ĺááńěďőćăŋĺě ŕàőæěááőć (5), (6), (7) őąěáŕěçĺâ ŕàïňőě ňőďěńìŋőŋěğăćĺáĺňőě ćőááâăŋőćńěŋĺě ĺŋâěŋáĺćŋőáâěľ ĺ őâŋőáĺâěńìŋëå äăğ ãçăáâćãîéĺå ăňŕńĺâãď. Őęĺďăěňëě àěğãńìâăâë âăłęě ŕàĺŋěáãâ æěŋŋãî ĺŋäőàňăæĺî ő ďĺŋăňĺłě íâĺå àěăłæĺľ, ćłńîçăï íŋěàčěâĺçěáłãî ğăćĺáĺňőáâì ňăâàĺçŋëå íńěňěŋâőć ĺ ăňŕńĺâãď ĺ őæěŋłĺ ćłńăďőć “ŋě-ŕĺőŋŋëå” ňěåăŋĺğňőć őąňěŋă. Őŋĺ âăłęě ŕőğćőńïâ ŕàőćěàĺâì ňőďěńĺ áŕĺŋőćőľ ğăćĺáĺňőáâĺ ňěåăŋĺğňőć čěŋěàăæĺĺ ďĺŕĺőŋőć (ďĺłăőŋőć) ŕĺőŋăňĺ (ŋăŕàĺňěà, Łĺňěńì- Őãíŋá [23]).

Ŕàĺ àěăńĺğăæĺĺ íłáŕěàĺňěŋâőć ňőęěâ ąëâì ĺáŕőńìğőćăŋ őŕëâ àăğàăąőâłĺ ĺ íłáŕńãăâăæĺĺ ŕőńïàĺğőćăŋŋëå ňĺèěŋěľ ć ĹŠİŤ, ĺňěîéĺěáï łàĺőćăłããňŋăï ĺŋäàăáâàãłâãàă ãáâăŋőćłĺ ŚŔĹŊ ĺ ŕăłěâë ŕàőčàăňň ćőááâăŋőćńěŋĺï ňăâàĺçŋëå íńěňěŋâőć ĺ ăňŕńĺâãďŋőčő ăŋăńĺğă.

2.3. Ĺğňěàěŋĺě ŕăàăňěâàőć ćàăéěŋĺï áŕĺŋă ŕàĺ ŕàőňěęãâőçŋëå

íŋěàčĺïå ĺ ąăàĺőŋŋăï áŕěłâàőáłőŕĺï

Ąăàĺőŋŋăï áŕěłâàőáłőŕĺï ïćńïěâáï őďŋőľ ĺğ őáŋőć áőćàěňěŋŋőľ äĺğĺłĺ áĺńìŋëå ćğăĺňőďěľáâćĺľ ŕàĺ ŕàőňěęãâőçŋëå íŋěàčĺïå. Řăğŋőőąàăğŋëě ňőďěńĺ ćğăĺňőďěľáâćĺï łőŋáâĺâãíŋâőć, ćłńîçăï áâàãŋŋëě, ďćãåçăáâĺçŋëě àěńïâĺćĺáâáłĺě ĺ ŋěàěńïâĺćĺáâáłĺě ŕőâěŋæĺăńìŋëě ňőďěńĺ, ňőďěńĺ ňěèłőć, áłĺàňĺőŋë ĺ ŕàăćĺńă áãňň ŁŢĎ [24], ŋãęďăîâáï ć ďěâăńìŋőľ ĺŋäőàňăæĺĺ ő ňăááăå, èĺàĺŋăå ĺ ňőďăå àăáŕăďă àěğőŋăŋáőć. Ŋěłőâőàëě ĺğ íâĺå ňőďěńěľ ďőćőńìŋő ãáŕěèŋő őŕĺáëćăîâ áŕěłâà ĺ àïď åăàăłâěàĺáâĺł ăďàőŋőć çěàěğ łőŋáâĺâãěŋâŋëě łćăàłĺ. Ŋő áćïğĺ íâĺå ňőďěńěľ á őáŋőćőŕőńăčăîéěľ âěőàĺěľ ŁŢĎ ŋěďőáâăâőçŋő őąőáŋőćăŋë.

Śãéěáâćãîâ ŕàĺŋæĺŕĺăńìŋő ćăęŋëě őâłàëâëě ćőŕàőáë ąăàĺőŋŋőľ áŕěł-

– 14 –

âàőáłőŕĺĺ, ć çăáâŋőáâĺ, ő àőńĺ čńîőŋŋëå áâěŕěŋěľ áćőąőďë ŕàĺ ŋĺğłĺå íŋěàčĺïå. Ŋăŕàĺňěà, ŋěáňőâàï ŋă âőâ äăłâ, çâő ŁŢĎ ŋě ğăŕàěéăěâ áãéěáâćőćăŋĺě čĺąàĺďŋëå (qqqg) àěğőŋăŋáőć, ŋĺ őďĺŋ ĺğ âăłĺå àěğőŋăŋáőć ŋě ãáâăŋőćńěŋ íłáŕěàĺňěŋâăńìŋő. Ĺňěîâ ňěáâő ĺ ğăčăďőçŋëě ïćńěŋĺï áãéěáâćőćăŋĺï łńăáâěàőć àěğőŋăŋáőć, ĺňěîéĺå ŕőçâĺ őďĺŋăłőćëě ňăááë, ŋő àăğŋëě áŕĺŋë. Ůăáâĺçŋőě őąêïáŋěŋĺě íâőčő íääěłâă, ćőğňőęŋő, áőďěàęĺâáï ć áãéěáâćőćăŋĺĺ ďãąńěâőć àěğőŋăŋáőć, ćëàőęďěŋŋëå ŕő çěâŋőáâĺ. Ŕőáńěďŋěě ïćńěŋĺě ňőęěâ ąëâì őąêïáŋěŋő łăł áńěďáâćĺě ŕàïňőńĺŋěľŋőáâĺ âàăěłâőàĺľ Řěďęě [25] ĺńĺ łăł ŕàőïćńěŋĺě ŕàĺąńĺğĺâěńìŋőľ łĺàăńìŋőľ áĺňňěâàĺĺ ŁŢĎ [26].

Ć őąńăáâĺ ŋăçăńìŋëå ĺňŕãńìáőć ďő 2 ČíĆ/c áőáâőïŋĺě íłáŕěàĺňěŋâăńìŋőľ ąăàĺőŋŋőľ áŕěłâàőáłőŕĺĺ âàěąãěâ áãéěáâćěŋŋőčő ãńãçèěŋĺï. Ć ŋăáâőïéěě ćàěňï ć ãłăğăŋŋőň ďĺăŕăğőŋě ĺğćěáâŋő âàĺ čàãŕŕë ŕăàæĺăńìŋő-ćőńŋőćëå ăŋăńĺğőć: CMB80 [27], KH80 ĺ KA84 [28], SM90, SM95, SP98 ĺ ďàãčĺě ăŋăńĺğë VPI [29]. Ć âăąń. 1 ŕàĺćěďěŋë åăàăłâěàĺáâĺłĺ Δ-àěğőŋăŋáőć ćő ćâőàőľ àěğőŋăŋáŋőľ őąńăáâĺ ŕő àěğãńìâăâăň íâĺå âàěå äăğőćëå ăŋăńĺğőć. Ďěľáâćĺâěńìŋő, ŕő ďăŋŋëň PDG [30] ĺğ 20 ŋăąńîďăěňëå àěğőŋăŋáőć âőńìłő ŕőńőćĺŋã ňőęŋő áçĺâăâì âćěàďő ãáâăŋőćńěŋŋëňĺ. Ąőńěě âőčő, ŕàěďáłăğăŋĺï àăğńĺçŋëå ŕăàæĺăńìŋő-ćőńŋőćëå ăŋăńĺğőć (ŔĆĂ) ğăňěâŋő àăğńĺçăîâáï łăł ć őâŋőèěŋĺĺ áŕěłâàă ĺ áćőľáâć àěğőŋăŋáőć, âăł ĺ ć íłáŕěàĺňěŋâăńìŋëå ŋăąńîďăěňëå. Ćőğŋĺłăîâ ďăęě ćőŕàőáë őâŋőáĺâěńìŋő áãéěáâćőćăŋĺï łăğăńőáì ąë àăŋěě âćěàďő ãáâăŋőćńěŋŋëå àěğőŋăŋáőć. Šăł, ć ŋěďăćŋěľ àăąőâě Č. Ţěńěà ŕàĺćěń ďőłăğăâěńìáâćő őâáãâáâćĺï S11(1535) [31].

Šăąńĺæă 1: Řěğőŋăŋáë I = 3/2 ćő ćâőàőľ àěğőŋăŋáŋőľ őąńăáâĺ.

Śâăâãá ŕő PDG KH80 CMB VPI(SM90) S_{31}(1990) *** 1908(140) 1890(170) ŋěâ

P_{31}(1910) **** 1888(280) 1910(225) 1950(400)

P_{33}(1920) *** 1868(200) 1920(200) ŋěâ

D_{33}(1940) * ŋěâ 1940(200) ŋěâ

D_{35}(1930) *** 1901(195) 1940(320) 2018(400)

F_{35}(1905) **** 1905(260) 1910(400) 1794(230)

F_{37}(1950) **** 1913(224) 1950(340) 1884(240)

Ć ŕőáńěďŋĺě čőďë ć áćïğĺ á ŕãáłőň ŋőćőčő ãáłőàĺâěńï CEBAF (Jefferson

Laboratory) ĺ ŕàĺŋïâőľ ŋă íńěłâàőŋŋëå ãáłőàĺâěńïå ŕàőčàăňňăå àăğćĺâĺï

ąăàĺőŋŋőľ áŕěłâàőáłőŕĺĺ á ĺáŕőńìğőćăŋĺěň íńěłâàőňăčŋĺâŋëå ŕàőąŋĺłőć ŕőćëáĺńáï ĺ ĺŋâěàěá ł ăŋăńőčĺçŋëň àăąőâăň á ăďàőŋŋëňĺ ŕàőąŋĺłăňĺ. Śćěďěŋĺï ő ŕăàăňěâàăå àěğőŋăŋáőć ŋă ŕĺőŋŋëå (łăőŋŋëå) ŕãçłăå ŋěőąåőďĺňë ďńï ĺŋâěàŕàěâăæĺĺ àěğãńìâăâőć àăąőâ ŕő íńěłâàő- ĺ äőâőàőęďěŋĺî ąăàĺőŋŋëå àěğőŋăŋáőć ĺ ŕőńŋőâë őŕĺáăŋĺï ĺå àăáŕăďőć.

İâă àăąőâă ŕàěďáâăćńïěâ áőąőľ ŕàïňőě ŕàőďőńęěŋĺě àăąőâë ŋă ãáâăŋőćłě ŚŔĹŊ-ŃŇ ŕő ĺğňěàěŋĺî ŕăàăňěâàőć ćàăéěŋĺï áŕĺŋă [32, 33, 34].

Ĺğňěàěŋĺï ŕăàăňěâàőć ćàăéěŋĺï áŕĺŋă, ŕàěďáâăćńïîéĺě áőąőľ âàãďŋëľ ”ďćãåáŕĺŋőćëľ” íłáŕěàĺňěŋâ, ďő ŕàőćěďěŋŋëå ć ĹŠİŤ őŕëâőć ąëńĺ àěăńĺğőćăŋë âőńìłő ńăąőàăâőàĺïňĺ ŔĹ§Ť [35] ĺ LAMPF [36] ć ŕěàćőľ àěğőŋăŋáŋőľ őąńăáâĺ ŕàĺ ĺňŕãńìáăå, ňěŋìèĺå 750 ŇíĆ/c, â.ě. ńĺèì ć ŕěàćőľ âàěâĺ àě-

– 15 –

ğőŋăŋáŋőľ őąńăáâĺ. Ĺŋäőàňăæĺï ő ŕăàăňěâàăå ćàăéěŋĺï áŕĺŋă ďőŕőńŋïěâ ďăŋŋëě ŕő ďĺääěàěŋæĺăńìŋëň áěçěŋĺïň ĺ ŕőńïàĺğăæĺĺ ďő ”ŕőńŋőčő őŕëâă”, ŕőğćőńïîéěčő őáãéěáâćĺâì ŕàïňőě ćőááâăŋőćńěŋĺě ãçăáâćãîéĺå ăňŕńĺâãď. Őâáãâáâćĺě íâĺå ďăŋŋëå ŕàĺćőďĺâ ł âăł ŋăğëćăěňëň ďĺáłàěâŋëň (Ąăàěńńěâőćáłĺň) ŋěőďŋőğŋăçŋőáâïň äăğőćőčő ăŋăńĺğă ĺ ïćńïěâáï ŕőâěŋæĺăńìŋő őŕăáŋëň ďńï ŕàăćĺńìŋőčő ćëąőàă ĺáâĺŋŋëå àěèěŋĺľ ŔĆĂ. Ŕàĺŋïâëě ć ŋăáâőïéěě ćàěňï áŕěłâà ĺ åăàăłâěàĺáâĺłĺ àěğőŋăŋáőć őŕĺàăîâáï, ć őáŋőćŋőň, ŋă àěğãńìâăâë ćěáìňă áâăàëå ăŋăńĺğőć CMB ĺ KH, ŋě ćłńîçăîéĺå ďăŋŋëå ŕő ŕăàăňěâàăň ćàăéěŋĺï áŕĺŋă. Őďŋőćàěňěŋŋő á íâĺň ăŋăńĺğë čàãŕŕë VPI, ĺáŕőńìğãï ąőńěě ŋőćëě ĺ âőçŋëě ďăŋŋëě, ŕàěďáłăğëćăîâ ğăňěâŋő őâńĺçŋëě ŕăàăňěâàë àěğőŋăŋáőć ĺ ŋăåőďïâáï ć ïćŋőň ŕàőâĺćőàěçĺĺ á CMB ĺ KH ć ŕàěďáłăğăŋĺïå ŕő ŕăàăňěâàăň ćàăéěŋĺï áŕĺŋă, őáőąěŋŋő ïàłő ćëàăęěŋŋëå ćő ćâőàőľ àěğőŋăŋáŋőľ őąńăáâĺ.

Ŋěďăćŋĺě ĺğňěàěŋĺï ŕăàăňěâàőć ćàăéěŋĺï A ĺ R [32] ąëńĺ ŕàőćěďěŋë ć ĹŠİŤ ć áőâàãďŋĺçěáâćě á ŔĹ§Ť ŕàĺ ŋăçăńìŋőň ĺňŕãńìáě 1.43 ČíĆ/c ďńï ãŕàãčőčő π^+p-àăááěïŋĺï. İâőâ ĺňŕãńìá áőőâćěâáâćãěâ ŕőńőęěŋĺî łńăáâěàă áěňĺ ŕőçâĺ ćëàőęďěŋŋëå ĺğőąăà á ňăááőľ, ąńĺğłőľ ł 1.9 ČíĆ. Řěğãńìâăâë íłáŕěàĺňěŋâă őłăğăńĺáì ŋěőęĺďăŋŋëňĺ: ďăŋŋëě ąěááŕőàŋő ŕőďâćěàďĺńĺ ŕàěďáłăğăŋĺï VPI (àĺá. 7). Ďăńìŋěľèĺľ ăŋăńĺğ á ŕàĺňěŋěŋĺěň ňěâőďă

Řĺá. 7: Ŕăàăňěâà ćàăéěŋĺï áŕĺŋă A ć àěăłæĺĺ ãŕàãčőčő àăááěïŋĺï π^+p →

π^+p ŕàĺ P_π+ = 1.43 ČíĆ/c łăł äãŋłæĺï ãčńă àăááěïŋĺï ć ŚŰŇ. Łàĺćëě —

ŕàěďáłăğăŋĺï äăğőćëå ăŋăńĺğőć. İłáŕěàĺňěŋâăńìŋëě àěğãńìâăâë ŕőńãçěŋë ŋă ãáłőàĺâěńě ĹŠİŤ.

ŋãńěľ ŕőŕěàěçŋëå ăňŕńĺâãď (ňěâőď Ąăàěńńě) [37] ŕőłăğăń, çâő ãłăğăŋŋëě àăğŋőčńăáĺï ïćńïîâáï ŕàőïćńěŋĺěň Ąăàěńńěâőćáłőľ ŋěőďŋőğŋăçŋőáâĺ, ŕàĺćěďèěľ ł ćëąőàã ŋěŕàăćĺńìŋőľ ćěâćĺ àěèěŋĺï ăŋăńĺğăňĺ CMB ĺ KH ć âőçłě ćěâćńěŋĺï őłőńő 1 ČíĆ/c. Řăğćĺâĺě ňěâőďă âàăěłâőàĺľ ŋãńěľ ŕőŕěàěçŋëå ăňŕńĺâãď ŕőğćőńĺńő ćŋěáâĺ łőààěłæĺî ć áãéěáâćãîéĺě äăğőćëě ăŋăńĺğë á ãçěâőň ŕőńãçěŋŋëå ďăŋŋëå, ŕàĺćőďïéãî ł ãáâàăŋěŋĺî ĺå àăğŋőčńăáĺľ ŕő ŕăàăňěâàăň ćàăéěŋĺï áŕĺŋă ć èĺàőłőň íŋěàčěâĺçěáłőň ďĺăŕăğőŋě

(CMB CONJ ŋă àĺá. 7 áőőâćěâáâćãěâ áłőààěłâĺàőćăŋŋőňã ăŋăńĺğã CMB).

– 16 –

Ăŋăńĺğ ďĺăčàăňň Ăàčăŋă ŕőłăğăń, çâő áőčńăáĺě ŕàěďáłăğăŋĺľ äăğőćëå ăŋăńĺğőć VPI áő áłőààěłâĺàőćăŋŋëňĺ ăŋăńĺğăňĺ čàãŕŕ KH ĺ CMB áãéěáâćěŋŋő ãńãçèăěâáï ďńï åőàőèő ćëàăęěŋŋëå àěğőŋăŋáőć (áň. àĺá. 8ą). Ć âő ęě ćàěňï ćőğŋĺłăîâ áãéěáâćěŋŋëě ĺğňěŋěŋĺï ŕăàăňěâàőć àěğőŋăŋáőć á àěľâĺŋčőň âàĺ ğćěğďë, áĺńìŋő ãňěŋìèăěâáï ãŕàãčőáâì (áň. àĺá. 8ă); áőčńăáĺě ć ŕőćěďěŋĺĺ ďĺăčàăňň Ăàčăŋă ãńãçèăěâáï ĺ ć íâőň áńãçăě; íâő, ćőğňőęŋő, őąêïáŋïěâ őâáãâáâćĺě ŋěłőâőàëå ĺğ àěğőŋăŋáőć ć àěğãńìâăâăå ăŋăńĺğă VPI (áň. âăąń. 1 ćëèě).

ă) ą)

Řĺá. 8: Ďĺăčàăňňë Ăàčăŋă ďńï ćőńŋ P33 (ă) ĺ F37 (ą). Śŕńőèŋăï łàĺćăï ŋă őąőĺå àĺáãŋłăå őąőğŋăçăěâ áłőààěłâĺàőćăŋŋëľ ăŋăńĺğ.

Ŕàěďńăčăěâáï ŕàőďőńęĺâì ĺğňěàěŋĺï ŕăàăňěâàőć ćàăéěŋĺï ć àïďě ďàãčĺå łĺŋěňăâĺçěáłĺå őąńăáâěľ ć ďĺăŕăğőŋě 1 ÷ 2 ČíĆ/c, ć łőâőàëå ńĺąő ĺňěîâáï áěàìěğŋëě àăğŋőčńăáĺï ć ŕàěďáłăğăŋĺïå áãéěáâćãîéĺå äăğőćëå ăŋăńĺğőć, ńĺąő áãéěáâćãîâ ŕőďőğàěŋĺï ŋă ďćãğŋăçŋőáâì àěèěŋĺï ŔĆĂ, ŕőńãçěŋŋëě ŕãâěň ăŋăńĺğă ĺå ŕőćěďěŋĺï ňěâőďőň Ąăàěńńě. İâőâ ňěâőď, ŕőńãçĺćèĺľ ďăńìŋěľèěě àăğćĺâĺě ŋă ŕěàćőň íâăŕě àăąőâë, ŕőğćőńïěâ íääěłâĺćŋő ŕńăŋĺàőćăâì ćëąőà őąńăáâěľ ĺğňěàěŋĺľ.

Śńěďãěâ őáőąő ŕőďçěàłŋãâì, çâő áãéěáâćãîéĺě ŕĺőŋŋëě ŕãçłĺ ãáłőàĺâěńï Ş-10 őąěáŕěçĺćăîâ ćőğňőęŋőáâì íääěłâĺćŋőčő àăğćĺâĺï àăąőâ ŕő ĺğňěàěŋĺïň áŕĺŋőćëå ŋăąńîďăěňëå ďńï ąăàĺőŋŋőľ áŕěłâàőáłőŕĺĺ. Şáłőàĺâěńì ĹŠİŤ ćŕőńŋě łőŋłãàěŋâőáŕőáőąěŋ ŕő áàăćŋěŋĺî á ďàãčĺňĺ ãáłőàĺâěńïňĺ ć ňĺàě ŕő łăçěáâćã ĺ ĺŋâěŋáĺćŋőáâĺ ŕĺőŋŋëå ŕãçłőć.

İłáŕěàĺňěŋâ ŕàőćőďĺâáï ć âěáŋőň áőâàãďŋĺçěáâćě á Ŕěâěàąãàčáłĺň ĺŋáâĺâãâőň ïďěàŋőľ äĺğĺłĺ. Ňë àăááçĺâëćăěň âăłęě ŋă ŕàőďőńęěŋĺě áőćňěáâŋőľ àăąőâë á čàãŕŕőľ VPI (Ćĺàďęĺŋĺï, ŚŸĂ) ŕő ĺŋâěàŕàěâăæĺĺ àěğãńìâăâőć.

– 17 –

2.4. Ĺááńěďőćăŋĺě áâàãłâãàë η^′- ĺ f_0-ňěğőŋőć ĺ ĺğãçěŋĺě ňěåă-

ŋĺğňă ňěğőŋ-ŋãłńőŋŋőčő ćğăĺňőďěľáâćĺï

Űěńìî íłáŕěàĺňěŋâă ïćńïěâáï ĺğňěàěŋĺě äőàňë áŕěłâàă ŋěďőáâăîéĺå ňăáá ć àěăłæĺĺ àőęďěŋĺï ňěğőŋőć, ă âăłęě őâŋőáĺâěńìŋëå èĺàĺŋ ĺå àăáŕăďőć ďńï ćëïáŋěŋĺï łćăàłőćőľ áâàãłâãàë ńěčłőčő áłăńïàŋőčő ňěğőŋă f0(980) ĺ ŕàőćěàłĺ âěőàěâĺçěáłĺå ŕàěďáâăćńěŋĺľ ő ňěåăŋĺğňě ćğăĺňőďěľáâćĺï f0(980)- ĺ

η^′(958)-ňěğőŋőć á ŋãłńőŋăňĺ. Śěłâőà áłăńïàŋëå ňěğőŋőć ĺčàăěâ őçěŋì ćăę-

ŋãî àőńì ć äĺğĺłě ăďàőŋőć. Őďŋăłő áâàãłâãàă ńěčłĺå áłăńïàŋëå ňěğőŋőć

a_0(980) ĺ f_0(980) ŋě ćŕőńŋě ïáŋă. Őŋĺ ňőčãâ ąëâì qq̄- ĺńĺ qqq̄q̄-áőáâőïŋĺïňĺ,

”ňőńěłãńăňĺ” ĺńĺ ďàãčĺňĺ ŋěáâăŋďăàâŋëňĺ áőáâőïŋĺïňĺ.

Šăłőčő àőďă ĺğňěàěŋĺï ĺ íłáŕěàĺňěŋâë á η^′- ĺ f0-ňěğőŋăňĺ ŕőłă ěéě ŋě ćëŕőńŋěŋë ŋĺčďě. Ůăáâì ŕńăŋĺàãěňëå ĺğňěàěŋĺľ ňőęěâ ąëâì ćëŕőńŋěŋă ŋă ãáłőàĺâěńě COSY, ŋő ć áãéěáâćěŋŋő ąőńěě ãğłĺå àăňłăå, â.ł. ňăłáĺňăńìŋăï íŋěàčĺï ŕàőâőŋŋőčő ŕãçłă COSY ćáěčő ńĺèì 2.6 ČíĆ. Łàőňě âőčő, őąáãęďăěňëě ğďěáì äĺğĺçěáłĺě ğăďăçĺ ŋě ćőèńĺ ďő áĺå ŕőà ć ĺááńěďőćăâěńìáłĺě ŕàőčàăňňë ŋă COSY.

Ŕàěďńăčăěâáï ĺáŕőńìğőćăâì ćŋãâàěŋŋîî ćőďőàőďŋãî (ďěľâěàĺěćãî) ňĺèěŋì ĺğ ğăňőàőęěŋŋëå ňĺłàőłăŕěńì čăğă (pellet target). Ůâőąë ćëďěńĺâì âĺŕ ĺ åăàăłâěà ňěåăŋĺğňă ćğăĺňőďěľáâćĺľ η^′- ĺ f0-ňěğőŋőć á ŋãłńőŋăňĺ, ŕàěďńăčăěâáï ĺğãçăâì ĺå ć őŕàěďěńěŋŋëå ĺğőáŕĺŋőćëå áőáâőïŋĺïå. Ďńï íâőčő ŕàěďŕőńăčăěâáï ĺğňěàïâì őłőńőŕőàőčőćőě ŕőćěďěŋĺě áěçěŋĺľ àěăłæĺľ őąàăğőćăŋĺï ňěğőŋőć ć áńěďãîéĺå àěăłæĺïå: pp → pp + X , (8) pd → pd + X , pn → d + X , pd →^3He + X , dd →^4He + X . Ŋă ćâőàőľ áâăďĺĺ íłáŕěàĺňěŋâă ŕàěďŕőńăčăěâáï ĺğňěàïâì èĺàĺŋë íńěłâàőňăčŋĺâŋëå àăáŕăďőć ňěğőŋőć á ŕőňőéìî ąëáâàőčő LXe/LKr-łăńőàĺňěâàă:

η^′ → π^0π^0η (20.8 ± 1.3)%,

η^′ → 2γ (2.12 ± 0.13)%.

Şńãçèěŋĺě âőçŋőáâĺ ĺğňěàěŋĺï őâŋőáĺâěńìŋëå èĺàĺŋ ŕàĺňěàŋő ŋă ŕőàïďőł ŕàőïáŋĺâ ďćě ŕàőąńěňë:

• áőďěàęăŋĺï čńîőŋŋőľ łőňŕőŋěŋâë ĺ ďőńĺ áâàăŋŋëå łćăàłőć ć η^′; • áňěèĺćăŋĺï η- ĺ η^′-ňěğőŋőć.

Ĺğňěàěŋĺï èĺàĺŋë àăáŕăďă

f_0 → π^0π^0 (∼ 30%)

ŕőňőčãâ ŕàőïáŋĺâì łćăàłőćãî áâàãłâãàã f0-ňěğőŋă.

– 18 –

Ćŋãâàěŋŋïï ňĺèěŋì pellet target ďőńęŋă ąëâì ãáâăŋőćńěŋă ć őďŋőň ĺğ ŕàïňőńĺŋěľŋëå ŕàőňěęãâłőć ŋőćőčő âàěåčíćŋőčő ãáłőàĺâěńï (ŋăłőŕĺâěńìŋőčő łőńìæă) ĹŠİŤ. Ŋőćëľ ãáłőàĺâěńì ĺňěěâ ĺáłńîçĺâěńìŋő åőàőèĺě åăàăłâěàĺáâĺłĺ ďńï ŕàőćěďěŋĺï ŕàěæĺğĺőŋŋëå őŕëâőć ŕő ĺááńěďőćăŋĺî ăďàőŋŋëå áŕěłâàőć ć àăľőŋě 1 ČíĆ. Őâňěâĺň ńĺèì ŋěłőâőàëě ĺğ ŋĺå:

– ćëáőłăï ňőŋőåàőňăâĺçŋőáâì ŕãçłă ŕàőâőŋőć (ąěğ ćŋěèŋěčő őåńăęďěŋĺï)

— Δp/p ∼ 5 · 10^{−4};

– ćőğňőęŋőáâì ŕőńãçěŋĺï ŕãçłőć ňăńőčő ďĺăňěâàă < 3 ňň; – áćěàåćëáőłĺľ ćăłããň ć łőńìæě, áŋĺęăîéĺľ őąéĺľ äőŋ; – ŋăńĺçĺě ąőńìèĺå ŕàïňőńĺŋěľŋëå ŕàőňěęãâłőć, ŕőğćőńïîéĺå áćőąőďŋő àăğňěéăâì ďěâěłâőàë;

– ćőğňőęŋőáâì ĺğňěŋïâì ć èĺàőłĺå ŕàěďěńăå íŋěàčĺî ŕãçłă ŕàőâőŋőć, æĺàłãńĺàãîéěčő ć łőńìæě ãáłőàĺâěńï.

Ŕàěďńăčăěâáï ćëŕőńŋïâì ćáî ŕàőčàăňňã ĺğňěàěŋĺľ ć ďćă íâăŕă:

ă) őâŋőáĺâěńìŋő ďěèěćëľ ćăàĺăŋâ á ĺáŕőńìğőćăŋĺěň ŕőćőàăçĺćăîéěčő ňăčŋĺâă áăňőčő ãáłőàĺâěńï ć łăçěáâćě ňăčŋĺâă áŕěłâàőňěâàă;

ą) çâőąë ŕőćëáĺâì âőçŋőáâì ĺğňěàěŋĺľ, áńěďãěâ ãćěńĺçĺâì ăłáěŕâăŋá ãáâăŋőćłĺ, ĺáŕőńìğãï ňăčŋĺâ ŋőćőľ áŕěłâàőňěâàĺçěáłőľ áĺáâěňë.

Ďńï àěăńĺğăæĺĺ ŕěàćőčő íâăŕă íłáŕěàĺňěŋâă ňë ŕàěďńăčăěň àăáŕőńőęĺâì

pellet target ŕěàěď ŕőćőàőâŋëň ňăčŋĺâőň ãáłőàĺâěńï. Ğăàïęěŋŋëě çăáâĺæë,

ćëńěâăîéĺě ĺğ âőçłĺ ćğăĺňőďěľáâćĺï, őâłńőŋïîâáï ňăčŋĺâŋëň ŕőńěň ãáłőàĺâěńï. Ŕőáłőńìłã âőçłă ćğăĺňőďěľáâćĺï ŕàőáâàăŋáâćěŋŋő åőàőèő őŕàěďěńěŋă, ă ŕőŕěàěçŋëľ ĺňŕãńìá ŕàőâőŋŋőčő ŕãçłă ňăń, âő ĺňŕãńìá ćëńěâěćèĺå çăáâĺæ ňőęěâ ąëâì őŕàěďěńěŋ ďőáâăâőçŋő åőàőèő. Ŋăńĺçĺě áàăćŋĺâěńìŋő ąőńìèőľ ŕàőńěâŋőľ ąăğë — ďő 3-4 ňěâàőć ŕőğćőńĺâ ďőáâăâőçŋő ŋăďěęŋő ĺďěŋâĺäĺæĺàőćăâì çăáâĺæë. Śâàãłâãàă âăłőľ ãáâăŋőćłĺ ŕőďőąŋă ãáâăŋőćłě

COSY-11, ŋő ŕàěĺňãéěáâćă ŕàěďńăčăěňőľ áőáâőïâ ć ąőńìèěň ăłáěŕâăŋáě

áŕěłâàőňěâàă ĺ ąő́ńìèěľ íŋěàčĺĺ ŕãçłă.

Ňăááă àěğőŋăŋáă (ŋăŕàĺňěà, ć àěăłæĺĺ (8)) ňőęěâ ąëâì ĺğňěàěŋă, łăł ŋěďőáâăîéăï ňăááă ł ďćãň ŕàőâőŋăň, ćëńěâěćèĺň ćŕěàěď. Ĺňŕãńìá ĺ

dE/dx íâĺå ŕàőâőŋőć ŕàěďŕőńăčăěâáï ĺğňěàïâì ŕěàěďŋĺň ďěâěłâőàőň, łő-

âőàëľ ďőńęěŋ áőáâőïâì ňĺŋĺňãň ĺğ èěáâĺ ŕńőáłőáâěľ ŕàőŕőàæĺőŋăńìŋëå łăňěà ĺ T OF − dE/dx áçěâçĺłőćőľ ďěâěłâĺàãîéěľ áĺáâěňë. Ŕàőâőâĺŕë íâőľ ăŕŕăàăâãàë àěăńĺğőćăŋë ŋă ãáâăŋőćłăå COSY-11 ĺ ANKE. Ŕàěďŕőńăčăěâáï őďŋőćàěňěŋŋő ĺğňěàïâì ďàãčĺě ćëńěâăîéĺě ğăàïęěŋŋëě çăáâĺæë (π- ĺ K-ňěğőŋë).

2.5. Ŕàőćěàłă ŕàăćĺńă OZI

Ŕàăćĺńő OZI (Őłãąő, Űćěľčă, Ĺĺďğãłĺ) [38] ŕàěďáłăğëćăěâ áĺńìŋőě ŕőďăćńěŋĺě ŕàőæěááőć, őŕĺáëćăěňëå ďĺăčàăňňăňĺ, ć łőâőàëå ŕàőĺáåőďĺâ őąàăğőćă-

– 19 –

ŋĺě ŕăàë łćăàł-ăŋâĺłćăàł ĺńĺ ěě ăŋŋĺčĺńïæĺï ć čńîőŋë. Ĺŋëňĺ áńőćăňĺ, ć áńãçăïå, łőčďă ŋăàãèăěâáï ŋěŕàěàëćŋőáâì łćăàłőćëå ńĺŋĺľ (áň. àĺá. 9). π^− { d ū d d̄ } ω

p { u u d d u d } n π^− { d ū s s̄ } φ

p { u u d d u d } n

φ { s s̄ s ū } K^− u s̄ } K^+ f^′_2 { s s̄ d ū } π^− u d̄ } π^+

ă) ą)

- œ - - -

- œ - - -

- œ - œ - œ

qqqqqq^-œ_- - -

- œ - - - qqqqqq^-œ^{-œ}_{-œ}

Řĺá. 9: Ŕàőæěááë: ă) – àăğàěèěŋŋëě ĺ ą) – ğăŕàěéěŋŋëě ŕàăćĺńőň OZI.

Ŋăŕàĺňěà, őâŋőèěŋĺï łćăďàăâőć ňăâàĺçŋëå íńěňěŋâőć àăáŕăďőć φ- ĺ ωňěğőŋőć ĺ f^′_2- ĺ f-ňěğőŋőć, áőőâćěâáâćěŋŋő, ŋă ňěğőŋë, ŋě áőďěàęăéĺě áâàăŋŋëě łćăàłĺ, àăćŋë

|M(φ → π^+π^−π^0)/M(ω → π^+π^−π^0)|^2 ≈ 0.01,

|M(f^′_2 → π^+π^−)/M(f → π^+π^−)|^2 ≈ 0.002.

Ć ŕőáńěďŋěě ćàěňï ćőŕàőá ő âéăâěńìŋőľ ŕàőćěàłě ŕàăćĺńă OZI ŕàĺőąàěń őáőąëľ ĺŋâěàěá, çâő áćïğăŋő á ŕőĺáłăňĺ íłğőâĺçěáłĺå ňěğőŋŋëå ĺ ąăàĺőŋŋëå áőáâőïŋĺľ. Ć íâőň áńãçăě ć áĺńã áńőęŋőľ æćěâőćőľ áâàãłâãàë âăłĺå áőáâőïŋĺľ ňőęŋő őęĺďăâì áãéěáâćěŋŋőčő ŋăàãèěŋĺï ŕàăćĺńă OZI ŕàĺ ĺå őąàăğőćăŋĺĺ, çâő ŕőğćőńĺâ ńěčçě ćëďěńĺâì íłğőâĺçěáłĺě őąêěłâë ŋă äőŋě ŕőďăćńěŋŋëå ŕàăćĺńőň OZI áőáâőïŋĺľ.

Śńěďãěâ ğăňěâĺâì, çâő ğŋăçĺâěńìŋëě ŋăàãèěŋĺï ŕàăćĺńă OZI ŋăąńîďěŋë ć àěăłæĺïå ăŋŋĺčĺńïæĺĺ pp̄ (pp̄ → φπ^0, pp̄ → ωπ^0 ĺ ďà.

Ćëŕőńŋěŋĺě ŕàăćĺńă OZI ŕàőăŋăńĺğĺàőćăŋő áőâàãďŋĺçěáâćőň ŚŤĹŊŁŚ (ĹŠİŤ-ĹŤĆİ) ć àěăłæĺïå π^−p → φ + n ĺ π^−p → ω + n ŋă ãáâăŋőćłě LEPTON-F ŕàĺ ĺňŕãńìáě π^−-ňěğőŋőć 32.5 ČíĆ/c ĺ ć ŕàőæěááăå őąàăğőćăŋĺï áĺáâěň pφ ĺ pω ć ŕàőâőŋ-ïďěàŋőň ćğăĺňőďěľáâćĺĺ ŋă ãáâăŋőćłě ŚŤĹŊŁŚ ŕàĺ íŋěàčĺĺ ŕàőâőŋőć 70 ČíĆ [39]. Ć ŕőáńěďŋěň áńãçăě ĺğãçăńĺáì àěăłæĺĺ p + N → (pφ) + N ĺ p + N → (pω) + N.

– 20 –

Ďăŋŋëě ŕő áěçěŋĺïň ŕàőæěááőć őąàăğőćăŋĺï φ- ĺ ω-ňěğőŋőć ĺáŕőńìğőćăńĺáì ďńï ŕàőćěàłĺ ŕàăćĺńă őâąőàă OZI ć ăďàőŋŋëå ŕàőæěááăå. Ăŋăńĺğ ŕőłăğăń, çâő ďńï ŕĺőŋŋëå àěăłæĺľ őâŋőèěŋĺě ćëåőďőć íâĺå ňěğőŋőć

R(φ/ω) ≈ (3 ± 1) · 10^{−3} ŋăåőďĺâáï ć åőàőèěň áőčńăáĺĺ á ŕàěďáłăğăŋĺïňĺ ŋă-

ĺćŋőľ łćăàłőćőľ ňőďěńĺ, őáŋőćăŋŋëňĺ ŋă ďăŋŋëå őą ãčńě áňěèĺćăŋĺï ć ŋőŋěâě ćěłâőàŋëå ňěğőŋőć ĺ ŋă ŕàăćĺńě őâąőàă OZI (R(φ/ω)|_{OZI} = tan^2 ΔθV ≈

≈ 4 · 10^{−3}). Őďŋăłő ć ŕàőâőŋŋëå àěăłæĺïå íääěłâĺćŋőě őâŋőèěŋĺě ćëåőďőć

φ- ĺ ω-ňěğőŋőć áőáâăćńïěâ ≈ (4 ± 7) · 10^{−2}, â.ě. ĺňěěâ ňěáâő áĺńìŋőě ŋăàãèěŋĺě ŕàăćĺńă OZI ć íâĺå ŕàőæěááăå. Ćőğňőęŋő, íâő áćĺďěâěńìáâćãěâ ő áãéěáâćőćăŋĺĺ íłğőâĺçěáłőľ ss̄-łőňŕőŋěŋâë ć łćăàłőćőň áőáâăćě ŕàőâőŋă.

Ŕàĺŋĺňăï ćő ćŋĺňăŋĺě âő, çâő ŕàăćĺńő OZI ĺňěěâ, ŕő-ćĺďĺňőňã, ąőńěě èĺàőłőě ŕàĺňěŋěŋĺě, ŕàěďáâăćńïěâáï ćăęŋëň ěčő âéăâěńìŋăï ŕàőćěàłă ć ćőğňőęŋő ąőńěě èĺàőłőň ŋăąőàě ŕàőæěááőć.

2.6. Ŕőńïàĺğăæĺőŋŋëě ŕăàăňěâàë ć àěăłæĺïå àőęďěŋĺï áâàăŋŋëå

çăáâĺæ

Ĺğňěàěŋĺě áŕĺŋ-ğăćĺáïéĺå ŕăàăňěâàőć àăááěïŋĺï ďőŕőńŋĺâěńìŋő ł ďĺääěàěŋæĺăńìŋëň áěçěŋĺïň ïćńïěâáï ćăęŋőľ íłáŕěàĺňěŋâăńìŋőľ ğăďăçěľ, àěèěŋĺě łőâőàőľ őąńěčçĺâ ĺğãçěŋĺě äãŋďăňěŋâăńìŋëå ćőŕàőáőć ŕő ąăàĺőŋŋőľ áŕěłâàőáłőŕĺĺ ĺ ďĺŋăňĺłě áĺńìŋëå ćğăĺňőďěľáâćĺľ á ãçăáâĺěň áâàăŋŋëå łćăàłőć. Ğŋăŋĺě ŕőńïàĺğăæĺőŋŋëå ŕăàăňěâàőć ŋěőąåőďĺňő ďńï ąěğňőďěńìŋőčő ćőááâăŋőćńěŋĺï ăňŕńĺâãď ĺ őáãéěáâćńěŋĺï őďŋőğŋăçŋőčő ŕăàæĺăńìŋőćőńŋőćőčő ăŋăńĺğă. Ŋěáňőâàï ŋă âő, çâő ŕőńïàĺğăæĺőŋŋőě áőáâőïŋĺě Λ- ĺ

Σ^+- (Σ^−-) čĺŕěàőŋőć ŕőńŋőáâìî őŕàěďěńïěâáï ŕő ăáĺňňěâàĺĺ ĺå áńăąőčő àăá-

ŕăďă, ă ďńï Σ^0 (Σ^0 → Λγ) áŕàăćěďńĺćő áőőâŋőèěŋĺě ⟨PΛ⟩ = −1/3PΣ, âő ěáâì ŋěâ ŋěőąåőďĺňőáâĺ ćő ćâőàőň ăŋăńĺğĺàãîéěň àăááěïŋĺĺ, íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ć ąőńìèĺŋáâćě áńãçăěć ŋěďőáâăâőçŋë ďńï ŕàïňőčő ćőááâăŋőćńěŋĺï ăňŕńĺâãď. Řěăłæĺĺ πp → KΛ(Σ) á íłáŕěàĺňěŋâăńìŋőľ âőçłĺ ğàěŋĺï ŋě őâŋőáïâáï ł çĺáńã ŕàőáâëå. Ŋãęŋő àăğďěńĺâì ŕàőæěááë á àőęďěŋĺěň Λ ĺ Σ^0, łőâőàëě ïćńïîâáï äőŋőćëňĺ ŕő őâŋőèěŋĺî ďàãč ł ďàãčã. Řăğŋőáâì ňăáá íâĺå čĺŕěàőŋőć áőáâăćńïěâ 77 ŇíĆ.

Ŕàĺ Pπ < 3 ČíĆ/c (àěğőŋăŋáŋăï őąńăáâì íŋěàčĺľ, ć łőâőàőľ őąŋăàãęěŋő ąőńìèőě çĺáńő ŋãłńőŋŋëå ĺ ĺğőąăàŋëå áőáâőïŋĺľ) ęěńăâěńìŋë ąőńěě ŕőďàőąŋëě ĺğňěàěŋĺï ć íłáŕěàĺňěŋâě á ŕőńïàĺğőćăŋŋőľ ŕàőâőŋŋőľ ňĺèěŋìî ŕăàăňěâàőć ŕőćőàőâă áŕĺŋă ć π^+p → K^+Σ^+ [40] ďńï ŕàőćěďěŋĺï ŋőćőčő ŔĆĂ, çâőąë ãáâăŋőćĺâì áćïğì àěğőŋăŋáőć Δ^{++} á łăŋăńőň K^+Σ^+. Őâňěâĺň, çâő ŕőńŋëľ őŕëâ ć π^−p → K^0Λ ĺ ŕőáńěďãîéĺľ ŔĆĂ [41] ŕàĺćěńĺ ł őąŋăàãęěŋĺî áćïğĺ áőáâőïŋĺľ N(1650)S11, N(1710)P11, N(1720)P13 c K^0Λ. §ćńïěâáï ńĺ őâáãâáâćĺě ăŋăńőčĺçŋëå àěğãńìâăâőć ŕő Δ áńěďáâćĺěň ŋěďőáâăâłă íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ĺńĺ ĺňěěâáï äĺğĺçěáłăï ŕàĺçĺŋă áãéěáâćěŋŋőčő àăğńĺçĺï ňěęďã Δ ĺ N^∗ — ćőŕàőá, őâćěâ ŋă łőâőàëľ ňőęěâ ąëâì ŕőńãçěŋ ŋă őáŋőćě ŋőćëå ĺğňěàěŋĺľ.

Ŕàĺ Pπ > 3 ČíĆ/c ĺğňěàěŋĺě ĺŋďĺćĺďãăńìŋëå áŕĺàăńìŋëå ăňŕńĺâãď

– 21 –

ć ąĺŋăàŋëå àěăłæĺïå π^−p → K^0Λ, π^−p → K^0Σ^0, π^+p → K^+Σ^+ őąěáŕěçĺâ ŕàăćĺńìŋëľ ćëąőà ňěęďã łőŋłãàĺàãîéĺňĺ äěŋőňěŋőńőčĺçěáłĺňĺ ňőďěńïňĺ [42], őáŋőćăŋŋëňĺ ŋă äãŋďăňěŋâăńìŋő àăğńĺçăîéĺåáï äĺğĺçěáłĺå ŕőáâãńăâăå: àěďęě-ŕőńîáŋëě ňőďěńĺ ĺ ňőďěńĺ áĺńìŋőčő ŕőčńőéěŋĺï. Ĺ âě ĺ ďàãčĺě ćőáŕàőĺğćőďïâ őďĺŋăłőćő åőàőèő ĺňěîéĺěáï ďăŋŋëě ŕő ďĺääěàěŋæĺăńìŋëň áěçěŋĺïň ĺ ŋőàňăńìŋőľ ŕőńïàĺğăæĺĺ, ŋő ŕàěďáłăğëćăîâ àěğłő àăğńĺçăîéěěáï ŕőćěďěŋĺě ŕăàăňěâàőć ŕőćőàőâă áŕĺŋă. Ŕőíâőňã, ŋăçĺŋăï á łőŋæă 60-å čőďőć, ć àăąőâăå, ŕőáćïéěŋŋëå ăŋăńĺğã ŕőïćńïîéĺåáï ćàěňï őâ ćàěňěŋĺ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå, ŋěőďŋőłàăâŋő ŕőďçěàłĺćăěâáï ăłâãăńìŋőáâì ĺğňěàěŋĺľ ŕăàăňěâàőć ŕőćőàőâă áŕĺŋă. Ŕőáâăćńěŋŋëľ á íâőľ æěńìî íłáŕěàĺňěŋâ S134 ć ŰĚŘŊě ć 1975 čőďã ğăłőŋçĺńáï ŋěãďăçŋő, âăł łăł âàěąőćăńĺáì ąőńěě áőćěàèěŋŋëě âàěłőćëě ďěâěłâőàë. Ğăďăçă àăááňăâàĺćăńăáì ĺ ć ąőńěě èĺàőłőň ŕńăŋě — ĺğňěàĺâì ŕăàăňěâàë ć łàőááĺŋčáĺňňěâàĺçŋëå àěăłæĺïå á æěńìî àăğďěńěŋĺï ćłńăďőć ćěłâőàŋőčő K^∗(890)- ĺ âěŋğőàŋőčő K^∗(1420)-őąňěŋőć á ŋăâãàăńìŋőľ çěâŋőáâìî [43]. Ŕàĺ áàăćŋěŋĺĺ àěăłæĺľ á őąňěŋőň čĺŕěàğăàïďőň ĺ àěăłæĺľ ŕěàěğăàïďłĺ (π^−p → π^0n ĺ

π^−p → ηn — áőőâćěâáâćěŋŋő ρ- ĺ a_2-őąňěŋë) ŋăąńîďăěâáï ăŋőňăńìŋőě àăğ-

ńĺçĺě ć ŕőćěďěŋĺĺ ďĺääěàěŋæĺăńìŋëå áěçěŋĺľ, łőâőàőě ňőęěâ ŋăľâĺ áćőě őąêïáŋěŋĺě ć àăňłăå ňőďěńěľ, áćïğăŋŋëå á ŋěŕěàâãàąăâĺćŋőľ ŁŢĎ [44].

Śńěďãîéăï ĺŋâěàěáŋăï áěàĺï íłáŕěàĺňěŋâőć őâŋőáĺâáï ł łćăğĺďćãåçăáâĺçŋëň àěăłæĺïň π^−p → K^∗(890)Λ ĺ π^−p → K^∗(890)Σ^0 ŋă ćőďőàőďŋőľ ňĺèěŋĺ. Ďőáâãŕŋő ĺğňěàěŋĺě íńěňěŋâőć ňăâàĺæë ŕńőâŋőáâĺ K^∗ → K^+π^−, ŋőàňăńìŋőľ ŕőńïàĺğăæĺĺ Λ, Σ^0 ĺ ãčńőćëå łőààěńïæĺľ ćâőàĺçŋëå çăáâĺæ ć

K^∗(890)Λ, çâő ŕőğćőńïěâ ŕőńãçĺâì ĺŋäőàňăæĺî őą íńěňěŋâăå ďćőľŋőľ ňă-

âàĺæë ŕńőâŋőáâĺ K^∗(890)Λ. Ć àěğãńìâăâě ãďăěâáï ćőááâăŋőćĺâì èěáâì ăňŕńĺâãď A±,S±,D±, áłőŋáâàãĺàőćăŋŋëå ĺğ áŕĺàăńìŋëå ăňŕńĺâãď F^μ_{λ,λ}0, čďě

λ, λ^′ ĺ μ — áŕĺàăńìŋőáâĺ ŕàőâőŋă, Λ ĺ K^∗, áőőâćěâáâćěŋŋő, ŋăŕàĺňěà,

A_± = (F^0_{++} ∓ iF^0_{+−})/ √ 2 . Ňőčãâ ąëâì ćőááâăŋőćńěŋë őâŋőáĺâěńìŋëě äăğë ć ŕàěďěńăå łăęďőčő ĺğ ďćãå ŋăąőàőć ăňŕńĺâãď (A^+, S^−, D^+) ĺ (A^−, S^+, D^−). Őâŋőáĺâěńìŋăï äăğă ňěęďã íâĺňĺ ďćãňï ŋăąőàăňĺ ňőęěâ ąëâì őŕàěďěńěŋă ĺğ íłáŕěàĺňěŋâă á ŕàőďőńìŋő-ŕőńïàĺğőćăŋŋőľ ňĺèěŋìî. Ć íâĺå àěăłæĺïå àăğàěèěŋ őąňěŋ á ŋăâãàăńìŋőľ ĺ ŋěŋăâãàăńìŋőľ çěâŋőáâìî. Śőőâćěâáâćěŋŋő ćłńăďë őąňěŋőć á ŋăâãàăńìŋőľ ĺ ŋěŋăâãàăńìŋőľ çěâŋőáâìî ć ďĺääěàěŋæĺăńìŋőě áěçěŋĺě őŕàěďěńïîâáï ćëàăęěŋĺïňĺ (ρ11 + ρ1−1)dσ/dt ĺ

(1 − ρ_{11} − ρ_{1−1})dσ/dt, áőőâćěâáâćěŋŋő. Ŕàěďáâăćńïěâ ĺŋâěàěá áàăćŋěŋĺě ćěńĺ-

çĺŋ (ρ11 +ρ1−1)dσ/dt ďńï π^−p → K^∗(890)Λ(Σ^0) ĺ dσ/dt ďńï π^−p → K^0Λ(Σ^0), ă âăłęě áőőâćěâáâćãîéĺå ŕőńïàĺğăæĺľ. Ć ďăŋŋëå, ŕőńãçěŋŋëå ŋă ŕãğëàìłőćëå łăňěàăå, ňőęŋő ãćĺďěâì ãłăğăŋĺě ŋă áãéěáâćěŋŋőě àăğńĺçĺě ć ŕőćěďěŋĺĺ ŕàĺćěďěŋŋëå ćěńĺçĺŋ ć őąńăáâĺ ňăńëå ŕěàěďăŋŋëå ĺňŕãńìáőć. Šàěąãîâáï ąőńěě âőçŋëě íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě, çâőąë ćőááâăŋőćĺâì ăňŕńĺâãďë, ć çăáâŋőáâĺ, âăłęě, çâőąë őŕàěďěńĺâì ćěńĺçĺŋã äăğë ňěęďã ďćãňï ŋăĺąőńěě ćăęŋëňĺ ăňŕńĺâãďăňĺ A+ ĺ S− . Śńěďãěâ őâňěâĺâì, çâő áŕĺŋő-ğăćĺáïéĺě ŕăàăňěâàë àěăłæĺĺ π^−p → K^∗(890)Λ, ĺğňěàěŋŋëě ŋă ćőďőàőďŋőľ ňĺèěŋĺ, ć âőľ ęě áâěŕěŋĺ ĺŋäőàňăâĺćŋë, çâő ĺ ŕőńïàĺğăæĺőŋŋëě ďăŋŋëě ć π^−p → ρ^0n,

– 22 –

ŕőńãçěŋŋëě ŋă ŕőŕěàěçŋő-ŕőńïàĺğőćăŋŋőľ ňĺèěŋĺ [45].

Ďàãčăï ğăďăçă, ďńï àěèěŋĺï łőâőàőľ ęěńăâěńìŋë ŕőńïàĺğăæĺőŋŋëě ĺğňěàěŋĺï, őâŋőáĺâáï ł ŕàőąńěňě ”ğăŕàěéěŋŋőčő” àăááěïŋĺï ćŕěàěď ć π^−p → K^+Σ^−, łőâőàőě ňőčńő ąë őáãéěáâćńïâìáï ąńăčőďăàï őąňěŋã íłğőâĺçěáłĺň Kπ-àěğőŋăŋáőň á I = 3/2. Ěáńĺ őąňěŋ ŋě íłğőâĺçěáłĺľ, ă őáãéěáâćńïěâáï ďćãňï çăáâĺæăňĺ (ŋăŕàĺňěà, Kπ ĺńĺ ρK^∗), âő ĺŋâěàäěàěŋæĺï áőőâćěâáâćãîéĺå ăňŕńĺâãď ňőęěâ ŕàĺćěáâĺ ł ŕőńïàĺğăæĺĺ Λ ĺğ àăáŕăďőć

Σ^−(1385) → Λπ^−. Ŕőłă ŕĺł ŕàĺ àăááěïŋĺĺ ćŕěàěď ć íâőľ àěăłæĺĺ ŋě ãďăńőáì

őąêïáŋĺâì ŋĺ ğă áçěâ łăłĺå-ńĺąő ĺğćěáâŋëå łĺŋěňăâĺçěáłĺå őâàăęěŋĺľ, ŋĺ ŕàőáâëňĺ s-łăŋăńìŋëňĺ íääěłâăňĺ [45].

Śãéěáâćãěâ ŕő łàăľŋěľ ňěàě ďćă íłáŕěàĺňěŋâăńìŋëå áćĺďěâěńìáâćă âőčő, çâő ŕàőæěááë á Λ ĺ Σ^0 ňőčãâ ąëâì àăğďěńěŋë. Ć íłáŕěàĺňěŋâě á ňăčŋĺâŋëň áŕěłâàőňěâàőň íâő ãďăńőáì áďěńăâì ğă áçěâ åőàőèěčő àăğàěèěŋĺï ŕő ŋěďőáâăîéěľ ňăááě ł K^0 ŕàĺ 4 ČíĆ/c [46]. Ć ćőďőàőďŋëå łăňěàăå ĺğňěàïńĺáì łĺŋěňăâĺçěáłĺě ŕăàăňěâàë ćáěå ğăàïęěŋŋëå çăáâĺæ, ĺ àăğďěńěŋĺě őáãéěáâćńïńőáì ŕő χ^2. Šăłĺň őąàăğőň, ěáńĺ ć ňăčŋĺâŋőň áŕěłâàőňěâàě ćěàèĺŋŋëľ ďěâěłâőà ąãďěâ őąńăďăâì áćőľáâćăňĺ ŕãğëàìłőćőľ łăňěàë, ąńĺğłĺň ł 4π ăłáěŕâăŋáőň, ĺ ćëáőłĺň ĺňŕãńìáŋëň àăğàěèěŋĺěň, âő ŕěàěçĺáńěŋŋëě ćëèě àěăłæĺĺ ąãďãâ ĺğãçěŋë ŋă ąőńìèőň áâăâĺáâĺçěáłőň ňăâěàĺăńě. Šăłĺň ćěàèĺŋŋëň ďěâěłâőàőň ňőęěâ ąëâì ćàěňï-ŕàőěłæĺőŋŋăï ďàěľäőćăï łăňěàă.

2.7. Ŕőĺáł ăŋőňăńìŋëå ïćńěŋĺľ ć ŕőàőčőćőň ŕőćěďěŋĺĺ áěçěŋĺï

àőęďěŋĺï ďćãå čĺŕěàőŋőć ć pp-ćğăĺňőďěľáâćĺĺ

Ś æěńìî ŕàőćěàłĺ âěőàěâĺçěáłĺå ňőďěńìŋëå ŕàěďáłăğăŋĺľ ő áãéěáâćőćăŋĺĺ čĺŕěàőŋ-čĺŕěàőŋŋëå áćïğăŋŋëå áőáâőïŋĺľ ŕàěďńăčăěâáï ŕàőćěáâĺ ĺááńěďőćăŋĺě ŕőàőčőćőčő ŕőćěďěŋĺï àěăłæĺľ á àőęďěŋĺěň ŕăà čĺŕěàőŋőć ĺńĺ łăáłăďŋëå čĺŕěàőŋőć, áőŕàőćőęďăîéĺåáï ćëńěâőň ďćãå K^+-ňěğőŋőć ĺ ŕőĺáł ăďàőŋŋëå áćïğăŋŋëå áőáâőïŋĺľ á ďćőľŋőľ áâàăŋŋőáâìî.

Ĺááńěďőćăŋĺě ŕőàőčőćőčő ŕőćěďěŋĺï àěăłæĺľ á àőęďěŋĺěň ďĺčĺŕěàőŋă ĺńĺ łăáłăďŋëå čĺŕěàőŋőć, áőŕàőćőęďăîéĺåáï ćëńěâőň ďćãå K^+-ňěğőŋőć, ć ŕàőâőŋ-ŕàőâőŋŋëå ĺ ŕàőâőŋ-ïďěàŋëå áâőńłŋőćěŋĺïå ŕàěďáâăćńïěâ ąőńìèőľ âěőàěâĺçěáłĺľ ĺ íłáŕěàĺňěŋâăńìŋëľ ĺŋâěàěá. Śćïğăŋŋëě áőáâőïŋĺï áő áâàăŋŋőáâìî −2 ć áĺáâěňě ďćãå čĺŕěàőŋőć ĺ čĺŕěàőŋ-ŋãłńőŋă ŕàěďáłăğăŋë ŁŢĎ, ŋő ďő áĺå ŕőà ěáâì ńĺèì ãłăğăŋĺï ŋă čĺŕěàőŋ-ŋãłńőŋŋëě łćăğĺïďàă.

Čĺŕěàőŋ-čĺŕěàőŋŋëě áćïğăŋŋëě áőáâőïŋĺï ŕőłă ŋě ŋăąńîďăńĺáì, åőâï ĺňěŋŋő ğďěáì ňőčãâ ąëâì ŋăľďěŋë ŕãâĺ ł àěèěŋĺî ŕàőąńěňë áãéěáâćőćăŋĺï ”áâàăŋŋőľ ăďàőŋŋőľ ňăâěàĺĺ”. Őŕëâ ŕàěďŕőńăčăěâáï ŕàőćěáâĺ ŋă ćŋãâàěŋŋěň ŕãçłě áĺŋåàőâàőŋă ĹŠİŤ. Ć łăçěáâćě ňĺèěŋĺ ąãďãâ ĺáŕőńìğőćăŋë âőŋłĺě ïďěàŋëě ňĺèěŋĺ ĺ łàĺőčěŋŋăï ňĺèěŋì-ĺŋęěłâőà ğăňőàőęěŋŋëå ňĺłàőłăŕěńì àăğńĺçŋëå čăğőć (pellet target), ć âőň çĺáńě ćőďőàőďă ĺ ďěľâěàĺï. Ąãďãâ ĺğãçăâìáï áńěďãîéĺě àěăłæĺĺ:

– 23 –

Řěăłæĺï Pŕőàőč, ČíĆ/c

pp → H(2220) + K^+K^+ 4.45

pp → ΛΛ + K^+K^+ 4.485

pp → ΛΣ^0 + K^+K^+ 4.757

pp → Σ^+Σ^− + K^+K^+ 5.08

pp → Ξ^0n + K^+K^+ 4.567

pp → Ξ^−p + K^+K^+ 4.585

pp → ppK^−K^− + K^+K^+ 6.9

Ć ŕàěďńăčăěňőľ ŕőáâăŋőćłě őŕëâă ãáłőàĺâěńì ïćńïěâáï çăáâìî íłáŕěàĺňěŋâăńìŋőľ ãáâăŋőćłĺ. K^+-ňěğőŋë ąãďãâ ćëďěńïâìáï ňŋőčőáńőľŋëň ďěâěłâőàőň-ĺďěŋâĺäĺłăâőàőň, ă ĺå âàěłĺ àěčĺáâàĺàőćăâìáï ŕàőŕőàæĺőŋăńìŋëňĺ łăňěàăňĺ.

Řěăłæĺĺ pp-ćğăĺňőďěľáâćĺï á őąàăğőćăŋĺěň ďćãå K^+-ňěğőŋőć ĺňěîâ ćěáìňă ŋěąőńìèĺě áěçěŋĺï ĺ, ŕőíâőňã, ĺááńěďőćăŋë ŋěďőáâăâőçŋő ŕőďàőąŋő, åőâï ŋěłőâőàëě ĺå ăáŕěłâë ŕàěďáâăćńïîâ ŋěáőňŋěŋŋëľ ĺŋâěàěá. Ŕàőčàěáá ć âěåŋĺłě íłáŕěàĺňěŋâă ŕőğćőńïěâ ŋăďěïâìáï ŕőńãçĺâì ŋőćëě áćěďěŋĺï őą íâĺå ŕàőæěááăå.

Ŕàĺćěďěň ŋěłőâőàëě ĺğ ĺğćěáâŋëå ďăŋŋëå. Ć àăąőâě [47] ŕàĺ ĺňŕãńìáě ŋăńěâăîéĺå ŕàőâőŋőć 5.4 ĺ 5.9 ČíĆ/c ŕàĺćěďěŋë ğŋăçěŋĺï 23.4 ± 10.0 ĺ

360 ± 90 ŋą ďńï ĺŋłńîğĺćŋőčő áěçěŋĺï àőęďěŋĺï ďćãå K^+-ňěğőŋőć. Ţőńň-

čàěŋ ĺ ďà. [48] ŕőńãçĺńĺ ŕàĺ ĺňŕãńìáě ŕàőâőŋőć 10 ČíĆ/c ćěńĺçĺŋã áěçěŋĺï

7 ± 5 ňłą ďńï łăŋăńă KKΞ^−. Ć [49] ĺğňěàěŋő ĺŋłńîğĺćŋőě áěçěŋĺě àőęďě-

ŋĺï Ξ^− ŕàĺ 19.1 ČíĆ/c: 30 ± 20 ňłą.

Čàãąëě őæěŋłĺ áěçěŋĺľ àěăłæĺľ á őąàăğőćăŋĺěň ďćãå K^+-ňěğőŋőć ćąńĺğĺ ŕőàőčă àőęďěŋĺï čĺŕěàőŋŋëå ŕăà ŕàĺćőďïâ ł ćěńĺçĺŋăň íâĺå áěçěŋĺľ őâ 100 ŕą ďő 1 ŋą.

Řěăłæĺï pp-ćğăĺňőďěľáâćĺï, łőčďă ć łőŋěçŋőň áőáâőïŋĺĺ őąàăğãîâáï ďćă

K^+-ňěğőŋă, ĺŋâěàěáŋă ěéě ĺ ŕőâőňã, çâő ć ŋěľ ďőńęŋă ŕàőïćĺâìáï čĺ-

ŕőâěâĺçěáłăï çăáâĺæă — H^0-ďĺąăàĺőŋ áő áâàăŋŋőáâìî −2, ŕàěďáłăğăŋŋăï Ďęăääě [50] ć 1977 čőďã. Řăąőâă [47] łăł àăğ ĺ ŕőáćïéěŋă ŕőĺáłã íâőčő ďĺąăàĺőŋă. Ć ŋěľ ŕőńãçěŋë ćěàåŋĺě ŕàěďěńë áěçěŋĺľ àőęďěŋĺï H^0. Šăł, ŕàĺ 5.1 ČíĆ/c ĺ ďńï ĺŋâěàćăńă ňăáá 2.1÷2.33 ČíĆ ŕőńãçěŋő őčàăŋĺçěŋĺě – 50 ŋą. Ďńï ĺňŕãńìáă ŕàőâőŋőć 5.4 ČíĆ/c ć ĺŋâěàćăńě 2.1 ÷ 2.23 ČíĆ ćěàåŋĺľ ŕàěďěń

– 40 ŋą, ă ďńï ĺŋâěàćăńă 2.23 ÷ 2.35 ČíĆ — 30 ŋą.

Ć àăąőâăå [51] ĺ [52] ć äőâőíňãńìáĺĺ ŋăąńîďăńĺáì čĺŕěàïďàă ΛΛBe^{10} ĺ

ΛΛHe^6, çâő ďěńăěâ őąńăáâì 1.9 ÷ 2.2 ČíĆ ďńï ňăááë H^0 ňăńőćěàőïâŋőľ. Őď-

ŋăłő, ć ŕőáńěďŋěě ćàěňï ąëńĺ ŕàěďŕàĺŋïâë ŕőŕëâłĺ ŋăľâĺ íâőâ ďĺąăàĺőŋ áő ćàěňěŋěň ęĺğŋĺ 10 ŋáěł ĺ ćëèě (őąńăáâì ňăáá 2.15 ČíĆ ĺ ŋĺęě). Šăł, ć àăąőâě [53] ŕőńãçěŋő őčàăŋĺçěŋĺě ŋă áěçěŋĺě àőęďěŋĺï ďĺąăàĺőŋă áő ćàěňěŋěň ęĺğŋĺ ąőńìèě 10^{−8} áěł ć áâőńłŋőćěŋĺïå ŕàőâőŋőć á ĺňŕãńìáőň 24.1 ČíĆ/c á ïďàăňĺ ŕńăâĺŋë — 1 ňą/áà.

Ć Ąàãłåěľćěŋě ŕàőďőńęăîâáï 4 íłáŕěàĺňěŋâă ŕő ŕőĺáłã H-ďĺąăàĺőŋă. Ŕàĺćőďĺňëě ŋĺęě áćěďěŋĺï ćğïâë ĺğ ŋěąőńìèőčő őąğőàă [54].

– 24 –

Ć íłáŕěàĺňěŋâě Ě813 ĺááńěďãěâáï àěăłæĺï K^−p → K^+Ξ^− á őáâăŋőćłőľ čĺŕěàőŋă ć ďěľâěàĺěćőľ ňĺèěŋĺ ĺ őąàăğőćăŋĺěň łćăğĺăâőňă, łőâőàëľ ňőč ąë ŕàěćàăâĺâáï ć H^0 ĺ ŋěľâàőŋ. Śŋĺňăěâáï áŕěłâà ŋěľâàőŋőć, ć łőâőàőň ĺáłőňőľ àěăłæĺĺ ďőńęŋă áőőâćěâáâćőćăâì ňőŋőåàőňăâĺçěáłăï ńĺŋĺï. Śĺčŋăń ő áãéěáâćőćăŋĺĺ H^0 ŕőłă ŋě őąŋăàãęěŋ, őŕëâ ŕàőďőńęăěâáï.

İłáŕěàĺňěŋâ Ě888 ŋăæěńěŋ ŋă àěčĺáâàăæĺî àăáŕăďőć H^0 ŋă ńěâã ŕő ňőďăň H^0 → Λn ĺńĺ Σ^0n. Ďĺąăàĺőŋë àőęďăîâáï ŕãçłőň ŕàőâőŋőć á ĺňŕãńìáőň 24 ČíĆ/c ŋă ïďěàŋőľ ňĺèěŋĺ. Řěğãńìâăâ ŕőłă őâàĺæăâěńìŋëľ, őŕëâ ŕàőďőńęăěâáï.

İłáŕěàĺňěŋâ Ě836 — íâő àăğćĺâĺě Ě813 á ĺáŕőńìğőćăŋĺěň őďŋőľ ňĺèěŋĺ

—^3He. Ć íâőň áńãçăě K^− +^3 He → K^+H^0n. İłáŕěàĺňěŋâăńìŋëå ďăŋŋëå

ŕőłă ŋěâ.

Ć àăąőâě [55] ŕàĺ áâőńłŋőćěŋĺĺ àěńïâĺćĺáâáłĺå ĺőŋőć Au c ïďàăňĺ ŕńăâĺŋë ŕőńãçěŋő őčàăŋĺçěŋĺě ŋă áěçěŋĺě àőęďěŋĺï H^0-ïďěà (H^{0 3}He) ĺ (H^0 d) ŕőàïďłă 10^{−5} ňą/ČíĆ^2 őłőńő y = 0.6 ĺ pt/Z = 0.18 ČíĆ/c.

Ć ěęěčőďŋőň őâçěâě ĺŋáâĺâãâă ïďěàŋëå ĺááńěďőćăŋĺľ ãŋĺćěàáĺâěâă Šőłĺő ŕàĺćěďěŋă àăąőâă [56], čďě ĺááńěďãěâáï àőęďěŋĺě H^0 ŋă ïďàě ãčńěàőďă

K^−-ňěğőŋăňĺ, ĺ ďńï őąńăáâĺ ňăáá 2200 ÷ 2230 ŇíĆ ŕőńãçěŋő őčàăŋĺçěŋĺě

0.6 ÷ 0.7% őâ áěçěŋĺï àőęďěŋĺï Ξ^−.

Ć àăąőâăå [57] ĺ ąőńěě àăŋŋĺå âěå ęě ăćâőàőć őąŋăàãęěŋă æěńăï čàãŕŕă ďĺąăàĺőŋőć, ŋő őčàăŋĺçěŋŋőáâì áâăâĺáâĺłĺ ŋě ŕőğćőńïěâ áçĺâăâì ĺå ŋăďěęŋő ãáâăŋőćńěŋŋëňĺ. Śěçěŋĺï àőęďěŋĺï H^0 ŕàőâőŋăňĺ á ĺňŕãńìáőň 10 ČíĆ/c ŋă ŕàőŕăŋě, áőčńăáŋő íâĺň àăąőâăň, àăćŋő 40 ŋą (mH = 2.174 ČíĆ). Śěçěŋĺï àőęďěŋĺï áőáâőïŋĺľ áő áâàăŋŋőáâìî −2 ĺ ňăááőľ, ąőńìèěľ, çěň ňăááă ďćãå Λ, àăćŋë ďěáïâłăň ňĺłàőąăàŋ.

Ć àăąőâě [58] ŕàĺ ĺááńěďőćăŋĺĺ ćğăĺňőďěľáâćĺľ ŋěľâàőŋőć á ïďàăňĺ őąŋăàãęěŋő ďćă áőąëâĺï, ďőŕãáłăîéĺå ĺŋâěàŕàěâăæĺî łăł àőęďěŋĺě ĺ ŕőáńěďãîéĺľ àăáŕăď H^0. Ćěńĺçĺŋă áěçěŋĺï őæěŋěŋă ăćâőàăňĺ ć 138 ŋą ŋă ïďàő ãčńěàőďă. Ŋěľâàőŋë ĺňěńĺ èĺàőłĺľ áŕěłâà á ňăłáĺňãňőň őłőńő 8 ČíĆ/c.

Ĺğãçěŋĺě ŕőďŕőàőčőćőčő őąàăğőćăŋĺï áőáâőïŋĺľ á ãďćőěŋŋőľ áâàăŋŋőáâìî ŕàőćőďĺńőáì ć ĹŠİŤ ć ĺááńěďőćăŋĺĺ ăŋŋĺčĺńïæĺľ ăŋâĺŕàőâőŋőć á ïďàăňĺ łáěŋőŋă. Ĺááńěďőćăńăáì àěăłæĺï p + Xe → K^+K^+Y Y + X ĺ ŕőńãçěŋő ńãçèěě ć ŋăáâőïéěě ćàěňï őčàăŋĺçěŋĺě ŋă ćěàőïâŋőáâì àőęďěŋĺï H-ďĺąăàĺőŋă

(S = −2) ć ăŋâĺŕàőâőŋŋëå ćğăĺňőďěľáâćĺïå [59, 60].

Šăłĺň őąàăğőň ćĺďŋő, çâő ĺááńěďőćăŋĺě ćğăĺňőďěľáâćĺľ čĺŕěàőŋőć ĺ, őáőąěŋŋő, ŕőĺáłĺ H-ďĺąăàĺőŋă (S = −2) ïćńïîâáï ć ŋăáâőïéěě ćàěňï őďŋĺň ĺğ ćăęŋěľèĺå ŋăŕàăćńěŋĺľ ć äĺğĺłě íńěňěŋâăàŋëå çăáâĺæ. Šăłĺě ĺááńěďőćăŋĺï ŕàőćőďïâáï ŕőçâĺ ćő ćáěå łàãŕŋěľèĺå ãáłőàĺâěńìŋëå ńăąőàăâőàĺïå ňĺàă. Ĺğãçěŋĺě ŕőćěďěŋĺï čĺŕěàőŋŋëå ŕăà ŋă ŕőàőčě àőęďěŋĺï ć ppćğăĺňőďěľáâćĺïå, ŋěáőňŋěŋŋő, ďăáâ ćăęŋěľèãî ĺŋäőàňăæĺî łăł ďńï ŕàőćěàłĺ ňőďěńìŋëå ŕàěďáłăğăŋĺľ ĺ ăŋăńĺğă ćğăĺňőďěľáâćĺľ čĺŕěàőŋőć, âăł ĺ àěèěŋĺï ŕàőąńěňë ”áâàăŋŋőľ ňăâěàĺĺ”.

– 25 –

2.8. Ŕőĺáł àăáŕăďă ω → π^+π^−γ

Ĺááńěďőćăŋĺï íńěłâàőňăčŋĺâŋëå àăáŕăďőć ăďàőŋőć ĺčàăîâ ćăęŋãî àőńì ć äĺğĺłě íńěňěŋâăàŋëå çăáâĺæ. İâĺ ŕàőæěááë, őŕàěďěńïěňëě ćğăĺňőďěľáâćĺěň àěăńìŋëå ĺ ćĺàâãăńìŋëå äőâőŋőć á íńěłâàĺçěáłĺňĺ ğăàïďăňĺ łćăàłőć, ŕőğćőńïîâ ŕőńãçĺâì ãŋĺłăńìŋãî ĺŋäőàňăæĺî ő åăàăłâěàě àăğńĺçŋëå łćăàłőćëå łőŋäĺčãàăæĺľ ć ăďàőŋăå. Ąőńìèőľ ĺŋâěàěá ćëğëćăîâ àăďĺăæĺőŋŋëě àăáŕăďë ńěčłĺå ćěłâőàŋëå ňěğőŋőć. Ďńï ĺå ăŋăńĺğă ąëńă àăğćĺâă âěőàĺï íääěłâĺćŋőčő łĺàăńìŋőčő ńăčàăŋęĺăŋă, őŕĺáëćăîéěčő ćğăĺňőďěľáâćĺě ćěłâőàŋëå ĺ ŕáěćďőáłăńïàŋëå ňěğőŋŋëå ŕőńěľ. Ć àăňłăå íâőčő ŕőďåőďă ãďăńőáì őŕĺáăâì àăáŕăďë âĺŕă V → P γ (ŋăŕàĺňěà, ω, ρ → πγ ĺ â.ŕ.), ććěďï ćáěčő őďŋã łőŋáâăŋâã áćïğĺ ćěłâőàŋëå ĺ ŕáěćďőáłăńïàŋëå ŕőńěľ g_{V V P} = 7 ÷ 10 ČíĆ^{−1}. Őŕĺáăŋĺě ęě àăáŕăďőć V → P P γ (ω, ρ, ϕ → ππγ) ŋăâăńłĺćăěâáï ŋă ŋěőŕàěďěńěŋŋőáâĺ, áćïğăŋŋëě á ćłńăďőň â.ŋ. ăŋőňăńìŋőčő Ćěáá-Ğãňĺŋőćáłőčő çńěŋă ć ńăčàăŋęĺăŋě, ă âăłęě ŋă ćőğňőęŋëľ ćłńăď çěâëàěåłćăàłőćëå áłăńïàŋëå ňěğőŋőć V → Sγ → ππγ. Ŕőíâőňã ĺğňěàěŋĺě àăáŕăďőć V → P P γ ŕőğćőńĺńő ąë ŕàőćěàĺâì ŋă ŋőćőň łńăááě àăáŕăďőć âěőàĺî íääěłâĺćŋőčő łĺàăńìŋőčő ńăčàăŋęĺăŋă, ąőńěě âőçŋő őŕàěďěńĺâì ŕăàăňěâàë ňőďěńĺ ĺ őæěŋĺâì àőńì ňŋőčőłćăàłőćëå áőáâőïŋĺľ ć íâĺå àăáŕăďăå.

Őďŋăłő ďő ŋăáâőïéěčő ćàěňěŋĺ ŋĺ őďĺŋ ĺğ âăłĺå àăáŕăďőć ŋě ąëń ŋăľďěŋ ć íłáŕěàĺňěŋâě (ĺáłńîçěŋĺě áőáâăćńïěâ àăáŕăď ρ → π^+π^−γ, łőâőàëľ ĺďěâ ğă áçěâ âőàňőğŋőčő ĺğńãçěŋĺï, çâő ŋě ŕőğćőńïěâ ŋăąńîďăâì őąáãęďăěňëě ğďěáì íääěłâë, ĺňěîéĺě áãéěáâćěŋŋő ňěŋìèãî ćěàőïâŋőáâì). Ŋăĺąőńěě ąńĺğłő áãéěáâćãîéĺě íłáŕěàĺňěŋâë ŕàĺąńĺğĺńĺáì ł őąŋăàãęěŋĺî àăáŕăďă ω → π^+π^−γ, ŕăàæĺăńìŋăï ćěàőïâŋőáâì łőâőàőčő őęĺďăěâáï ŋă ãàőćŋě

(3 ÷ 5) · 10^{−4}, ŕàĺ ćěàåŋěľ čàăŋĺæě ć 3 · 10^{−3} (ŋă 95% ãàőćŋě ďőáâőćěàŋőáâĺ),

ďőáâĺčŋãâőľ ć íłáŕěàĺňěŋâě ASTERIX ć CERN [61]. Řăáŕăď ω → π^+π^−γ ĺňěěâ ěéě ĺ őáőąëľ ĺŋâěàěá. Ć ŋěň ćěàőïâŋőáâĺ âőàňőğŋőčő ňěåăŋĺğňă ĺ áâàãłâãàŋőčő (Ćěáá-Ğãňĺŋőćáłőčő) ĺňěîâ őďĺŋ ĺ âőâ ęě ŕőàïďőł, ŕőíâőňã, ć ŕàĺŋæĺŕě, ňőęŋő ŋăąńîďăâì ĺŋâěàäěàěŋæĺőŋŋëě íääěłâë íâĺå ňěåăŋĺğňőć. Řăáŕăď ω → π^+π^−γ ĺáłăńáï á 60-å čőďőć, áŋăçăńă ć ŕãğëàìłőćőľ łăňěàě, ă ğăâěň ŋă ąőńěě áńőęŋëå ãáâăŋőćłăå: ŋă ćáâàěçŋëå e^+e^−-ŕãçłăå ć Ŋőćőáĺąĺàáłě, ŋă ąőńìèĺå ňăčŋĺâŋëå áŕěłâàőňěâàăå ŃĚŔŠŐŊ-Ť ŋă ŕãçłě 38 ČíĆ/c őâàĺæăâěńìŋëå ŕĺőŋőć ć ĹŤĆİ ĺ ŋă ASTERIX ŋă ŕãçłě őáâăŋăćńĺćăîéĺåáï ăŋâĺŕàőâőŋőć ć CERN.

Şáłőàĺâěńì ĹŠİŤ ĺňěěâ ŕãçłĺ ŕĺőŋőć ĺ ŕàőâőŋőć, őŕâĺňăńìŋëě ďńï ŕőĺáłă íâőčő àăáŕăďă. Ŋăĺąőńìèěě áěçěŋĺě àőęďěŋĺï ω ĺňěěâ ć àěăłæĺĺ

π^−p → ωn ŕàĺ íŋěàčĺïå ćąńĺğĺ ŕőàőčă (ŕőàőč 1.1 ČíĆ/c). Őďŋăłő, ďńï ŕő-

ĺáłă àăáŕăďă âàěąãěâáï ćëáőłőâőçŋăï àěčĺáâàăæĺï ĺňŕãńìáőć ŋěľâàőŋă ĺ γ-łćăŋâă. Ďàãčőľ ŕãâì — íâő àőęďěŋĺě ω ć àěăłæĺĺ pp → ppω. Śěçěŋĺě íâőľ àěăłæĺĺ ćąńĺğĺ ŕőàőčă ŋěďăćŋő ąëńő ĺğňěàěŋő ŋă ãáłőàĺâěńě Śăâãàŋ ć Śăłńě. Őŋő áőáâăćńïěâ 1 ňłą ŕàĺ íŋěàčĺĺ ŕàőâőŋőć Tp = 1940 ŇíĆ (ŕőàőč 1890 ŇíĆ, p = 2.67 ČíĆ/c). Ŕàĺ ĺŋâěŋáĺćŋőáâĺ ŕàőâőŋőć 10^7 ğă áąàőá,

1000 áąàőáăå ć çăá ĺ ďńĺŋě ęĺďłőćőďőàőďŋőľ ňĺèěŋĺ 25 áň ąãďěâ àőęďăâìáï

– 26 –

10^4 ω/çăá. Ěáńĺ őàĺěŋâĺàőćăâìáï ŋă ŕàěďáłăğëćăěňãî ćěàőïâŋőáâì àăáŕăďă 5 · 10^{−4} ĺ íääěłâĺćŋőáâì àěčĺáâàăæĺĺ àăáŕăďă 0.1 ÷ 0.01, âő ğă 100 çăáőć

àăąőâë ňőęŋő ąãďěâ ğăàěčĺáâàĺàőćăâì 50 ÷ 5 àăáŕăďőć. Šăłĺň őąàăğőň ĺňěîâáï ćëáőłĺě èăŋáë őąŋăàãęĺâì íâőâ àăáŕăď ŋă őęĺďăěňőň ãàőćŋě.

2.9. Ĺğňěàěŋĺě íńěłâàőňăčŋĺâŋëå äőàň-äăłâőàőć η-, η^′- ĺ ω-

ňěğőŋőć

Śâàãłâãàă ăďàőŋőć ïćńïěâáï ćăęŋëň âěáâőň ďńï ŋěŕěàâãàąăâĺćŋőčő àěęĺňă łćăŋâőćőľ åàőňőďĺŋăňĺłĺ. Řăáŕàěďěńěŋĺě ğăàïďă ĺ ňăčŋěâĺğňă ć ăďàőŋăå őŕĺáëćăěâáï áőőâćěâáâćãîéĺňĺ äőàň-äăłâőàăňĺ. Ć âő ćàěňï łăł ŕàőáâàăŋáâćěŋŋő-ŕőďőąŋëě äőàň-äăłâőàë ĺğãçěŋë ďőćőńìŋő åőàőèő, ŋăŕàĺňěà, ć àăááěïŋĺĺ íńěłâàőŋőć, ćő ćàěňěŋĺŕőďőąŋőľ őąńăáâĺ íńěłâàőňăčŋĺâŋëě äőàň-äăłâőàë ĺğćěáâŋë ŕńőåő. Őŋĺ ňőčãâ ąëâì ĺğãçěŋë ŕãâěň ŋăąńîďěŋĺï ĺğńãçěŋĺï ďĺńěŕâőŋőć ĺńĺ Ďăńĺâæ-àăáŕăďőć ąăàĺőŋŋëå àěğőŋăŋáőć ĺńĺ ŋěľâàăńìŋëå ňěğőŋőć.

Ĺğãçěŋĺě ŕěàěåőďŋëå ŕàőæěááőć âĺŕă àĺá. 10 ćő ćàěňěŋĺŕőďőąŋőľ őąńă-

ă) ą)

Řĺá. 10: Őŕàěďěńěŋĺě ŕěàěåőďŋőčő äőàň-äăłâőàă FAB (ă) ĺ ŕěàěåőďŋëľ äőàňäăłâőà ŕàĺ Ďăńĺâæ-àăáŕăďě ŕáěćďőáłăńïàŋőčő ňěğőŋă (ą).

áâĺ (q^2 = m^2_{ll} > 0) ďńï ŋěľâàăńìŋëå ňěğőŋőć ŕőğćőńïěâ őŕàěďěńĺâì ŕěàěåőďŋëľ äőàň-äăłâőà, åăàăłâěàĺğãîéĺľ áńőęŋãî ďĺŋăňĺçěáłãî áâàãłâãàã ŕěàěåőďŋőľ ćěàèĺŋë. İâő ćőğňőęŋő őáãéěáâćĺâì ŕãâěň ĺğňěàěŋĺï áŕěłâàă íääěłâĺćŋëå ňăáá ńěŕâőŋŋëå ŕăà

dΓ/dq^2 = (dΓ/dq^2)_{ŠŐŮĚŮŊŐĚ} · |F_{AB}(q^2)|^2 (q^2 = m^2_l+_l�),

čďě (dΓ/dq^2)ŠŐŮĚŮŊŐĚ – áŕěłâà ňăáá ďĺńěŕâőŋőć ŕàĺ âőçěçŋőň ćğăĺňőďěľáâćĺĺ ŕő ŁİĎ.

Ć àăąőâě [62] ŋă ãáâăŋőćłě ”Lepton-G”, őąńãçěŋŋőľ ŕãçłőň π^−-ňěğőŋőć á ĺňŕãńìáőň 32.5 ČíĆ/c Śěàŕãåőćáłőčő ãáłőàĺâěńï, ĺğãçăńĺáì ŕěàěåőďŋëě ŕàőæěááë η → μ^+μ^−γ ,

– 27 – η^′ → μ^+μ^−γ , ω → π^0μ^+μ^− ↘2γ ć àěăłæĺïå π^−p → μ^+μ^−γn , π^−p → μ^+μ^−γγn . Łăł ćĺďŋő ĺğ àĺá. 11, ďăŋŋëě ŕő ŕěàěåőďŋőňã äőàň-äăłâőàã η-ňěğőŋă ĺňěîâ åőàőèãî áâăâĺáâĺçěáłãî őąěáŕěçěŋŋőáâì (őąàăğěæ áőďěàęăń ≈ 500 áőąëâĺľ àăáŕăďőć η → μ^+μ^−γ). Őďŋăłő ďăŋŋëě ŕő η^′- ĺ ω-ňěğőŋăň áâăâĺáâĺçěáłĺ ŋě

ă) ą) ć)

Řĺá. 11: İłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ŕő ŕěàěåőďŋëň äőàň-äăłâőàăň ĺ ŕàěďáłăğăŋĺï âěőàěâĺçěáłĺå ňőďěńěľ. Ŕãŋłâĺàŋăï łàĺćăï ŋă àĺá. ą) – ŕàěďáłăğăŋĺï ŋěńőłăńìŋőľ łćăàłőćőľ ňőďěńĺ. Ŋă àĺá. ć): łàĺćăï 1 – àěğãńìâăâ íłáâàăŕőńïæĺĺ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå, łàĺćăï 2 – ŕàěďáłăğăŋĺï VDM á ňőďĺäĺæĺàőćăŋŋëň ρ-ŕàőŕăčăâőàőň, łàĺćăï 3 – ŕàěďáłăğăŋĺï VDM.

őąěáŕěçěŋë (őąàăğěæ η^′ áőďěàęăń ∼ 25 áőąëâĺľ, ă ω-ňěğőŋőć – ∼ 50). Śàăćŋěŋĺě íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå á àăáçěâăňĺ ŕő ňőďěńĺ ćěłâőàŋőľ ďőňĺŋăŋâŋőáâĺ (VDM) ŕőğćőńïěâ áďěńăâì áńěďãîéěě ğăłńîçěŋĺě.

1. Ďńï η-ňěğőŋă íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ãďőćńěâćőàĺâěńìŋő áőčńăáãîâáï á ŕàěďáłăğăŋĺïňĺ ňőďěńĺ VDM.

2. Ďńï η^′-ňěğőŋă íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ĺňěîâ áńĺèłőň ąőńìèĺě őèĺąłĺ, ŋě ŕőğćőńïîéĺě ŕàőćěáâĺ ŋăďěęŋőě áàăćŋěŋĺě á àăáçěâăňĺ ŕő ňőďěńĺ VDM.

– 28 –

3. İłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ďńï ω-ňěğőŋă ŕàőâĺćőàěçăâ ŕàěďáłăğăŋĺïň

VDM, őáőąěŋŋő ŕàĺ ąőńìèĺå q^2 = m^2_μ+_μ�. Řăğŋĺæă ŕàěćëèăěâ 4 áâăŋ-

ďăàâŋëå őâłńőŋěŋĺï.

Şçĺâëćăï, çâő ŕàĺćěďěŋŋëě ďăŋŋëě ŕőńãçěŋë âőńìłő ć őďŋőľ àăąőâě, ŕàěďáâăćńïěâáï ćăęŋëň ŕàőćěáâĺ âéăâěńìŋëě ĺğňěàěŋĺï ŕěàěåőďŋëå äőàňäăłâőàőć ŋěľâàăńìŋëå ňěğőŋőć η, η^′, ω, ă âăłęě φ-ňěğőŋă (φ → ηl^+l^−).

Ŕàĺ ĺňŕãńìáě π^−-ňěğőŋőć 4 ÷ 5 ČíĆ/c áěçěŋĺě őąàăğőćăŋĺï ŋěľâàăńìŋëå ňěğőŋőć ŋăňŋőčő ćëèě, çěň ŕàĺ ĺňŕãńìáě 32.5 ČíĆ/c. Ŋăŕàĺňěà, áěçěŋĺě àěăłæĺĺ π^−p → nω ŕàĺ ĺňŕãńìáě 3 ÷ 5 ČíĆ/c áőáâăćńïěâ ≈ 1.5 ÷ 2.0 ňą, ă ŕàĺ ĺňŕãńìáě 32.5 ČíĆ/c ćáěčő ńĺèì ≈ 0.003 ňą. Ăŋăńőčĺçŋăï łăàâĺŋă ŋăąńîďăěâáï ĺ ďńï η-, η^′-, φ-ňěğőŋőć. Ŕőďőąŋëě ĺğňěàěŋĺï ŋă ãáłőàĺâěńě ĹŠİŤ ćŕőńŋě ćőğňőęŋë ŕàĺ áâăâĺáâĺłě, ŕő łàăľŋěľ ňěàě, ŋă ŕőàïďőł ŕàěćëèăîéěľ ĺáŕőńìğőćăŋŋãî ć àăąőâě [62] ŋă Śěàŕãåőćáłőň ãáłőàĺâěńě. Ĺğňěŋěŋĺě ĺňŕãńìáă ŋăçăńìŋëå π^−-ňěğőŋőć ŕőğćőńĺâ őąàăğőćăâì ćâőàĺçŋëě ňěğőŋë ć ŕőłőě, çâő ŕàěďáâăćńïěâ ĺŋâěàěá ďńï ĺááńěďőćăŋĺï ĺå ŕőćěďěŋĺï.

Ćăęŋëň ïćńïěâáï âăłęě ĺğňěàěŋĺě ŕàïňëå àăďĺăæĺőŋŋëå àăáŕăďőć ćěłâőàŋëå ĺ ŕáěćďőáłăńïàŋëå ňěğőŋőć âĺŕă V → P + γ , P → V + γ , ŋăŕàĺňěà, ω → π^0γ, ω → ηγ, η^′ → ωγ ĺ ďà.

Šőçŋőě őŕàěďěńěŋĺě ĺå àăďĺăæĺőŋŋëå èĺàĺŋ ĺ äőàň-äăłâőàőć (âăłęě łăł ĺ ŕěàěåőďŋëå ŕàőæěááőć) ŕőğćőńĺâ ŕàőćěáâĺ ŋăďěęŋőě áàăćŋěŋĺě á ŕàěďáłăğăŋĺïňĺ ňőďěńĺ VDM ĺ ďàãčĺå, ŋăąńîďăâì ćőğňőęŋãî ăŋőňăńĺî ć ňăčŋĺâŋëå ňőňěŋâăå łćăàłőć, ŕőńãçĺâì ďàãčĺě ćăęŋëě áćěďěŋĺï.

Ğďěáì áńěďãěâ ãŕőňïŋãâì âăłęě ő ćăęŋőáâĺ èĺàőłőľ ŕàőčàăňňë ĺğãçěŋĺï íńěłâàőňăčŋĺâŋëå äőàň-äăłâőàőć ąăàĺőŋőć âăłĺå, ŋăŕàĺňěà, łăł ĺğőąàăęěŋŋëľ ŋă àĺá. 12.

Řĺá. 12: Ŕěàěåőďŋëľ äőàň-äăłâőà FΛn.

– 29 –

3. Ăďàőŋ-ïďěàŋëě ŕàőæěááë

3.1. Ĺğňěàěŋĺě àăğňěàőć őąńăáâĺ őąàăğőćăŋĺï ŕàőâőŋőć ć čńã-

ąőłőŋěãŕàãčĺå ïďěàŋëå àěăłæĺïå á æěńìî őæěŋłĺ àăğňěàă äńãłâőŋă

Śãéěáâćãěâ łńăáá ćŕěàćëě ćëďěńěŋŋëå ć ĹŠİŤ [63] â.ŋ. čńãąőłőŋěãŕàãčĺå ïďěàŋëå àěăłæĺľ (ČŊ§Ř), łőâőàëě ŕàőâěłăîâ ŋě ŋă őâďěńìŋëå ŋãłńőŋăå ïďàă, ă ŋă âěáŋëå čàãŕŕăå ŋãłńőŋőć — äńãłâőŋăå. Ţőàőèĺň ŕàĺňěàőň ČŊ§Ř ïćńïîâáï àěăłæĺĺ á őąàăğőćăŋĺěň łãňãńïâĺćŋëå çăáâĺæ, ŋăŕàĺňěà, ŕàőâőŋőć, ńěâïéĺå ŋăğăď ć ńăą. áĺáâěňě. Őďŋăłő, ć àěğãńìâăâě ČŊ§Ř ňőčãâ őąàăğőćăâìáï ŕàőâőŋë (ĺ ĺå íłáŕőŋěŋæĺăńìŋő ąőńìèě) łőâőàëě ńěâïâ ćŕěàěď. Ŋă âïęěńëå ïďàăå ďőńï âăłĺå ŕàőâőŋőć ŕő áàăćŋěŋĺî á łćăğĺáćőąőďŋëňĺ ďőňĺŋĺàãěâ.

Ś áőćàěňěŋŋőľ âőçłĺ ğàěŋĺï äńãłâőŋ ŕàěďáâăćńïěâ áőąőľ ňŋőčőłćăàłőćőě őąàăğőćăŋĺě ć ïďàě ĺńĺ, ňőęěâ ąëâì, łăŕěńìłã ąăàĺőŋŋő-ŋăáëéěŋŋőľ łćăàłčńîőŋŋőľ ŕńăğňë (ŁČŔ). Ŕőáńěďŋěě őąáâőïâěńìáâćő ŕàĺćńěłăěâ őáőąőě ćŋĺňăŋĺě ł őŕàěďěńěŋĺî ŕńőâŋőáâĺ äńãłâőŋőć, ă áńěďőćăâěńìŋő — ł őæěŋłě ĺå àăğňěàőć.

ČŊ§Ř ŕőďàőąŋő ĺğãçăńĺáì ć ĹŠİŤ ć âěçěŋĺě ňŋőčĺå ńěâ [64, 65]. Ĺå ŋěâàĺćĺăńìŋőě áćőľáâćő (áłěľńĺŋč, ăŋőňăńìŋăï A-ğăćĺáĺňőáâì, åăàăłâěà ćëåőďă ŋă áłěľńĺŋč ĺ â.ď.) ŕàĺćěńĺ ł áńěďãîéěľ ňőďěńĺ ŕàőâěłăŋĺï ČŊ§Ř. Ŋăńěâăîéăï çăáâĺæă ďćĺčăěâáï áłćőğì ïďàő, ŕőáńěďőćăâěńìŋő ćőğąãęďăï ŋă áćőěň ŕãâĺ äńãłâőŋë ĺ âěàïï ŕàĺ íâőň ŕàĺąńĺğĺâěńìŋő 1 ČíĆ íŋěàčĺĺ ŋă 1 äěàňĺ ŕãâĺ [66]. Ĺğãçěŋĺě łőààěńïæĺľ ŕőğćőńĺńĺ ňěâőďőň Łőŕëńőćă ĺ Ŕőďčőàěæłőčő [67] ŋě âőńìłő ĺğňěàĺâì ďńĺŋã ŕãâĺ, ŋő ĺ ãáâăŋőćĺâì äăłâ âőčő, çâő ŕőŕěàěçŋëľ àăğňěà őąńăáâĺ, ĺğ łőâőàőľ ćëńěâăěâ ŋãłńőŋ, ć ŋěáłőńìłő àăğ ňěŋìèě ŕàőďőńìŋőčő àăğňěàă [68]. Őæěŋłă ŕőŕěàěçŋőčő àăğňěàă ďăěâ ćěńĺçĺŋã 1 ± 1 äěàňĺ, â.ě. ĺğćěáâŋă áěčőďŋï áő 100%-őľ őèĺąłőľ. Ąëńő ŋăľďěŋő, çâő ŕàőďőńìŋëľ àăğňěà ğăćĺáĺâ őâ ãčńă ŋăąńîďěŋĺï, ŕőáłőńìłã ńěâïéăï ćâőàĺçŋăï çăáâĺæă ďőčőŋïěâ ĺńĺ, ŋăŕàőâĺć, ãńěâăěâ őâ ŋăńěâăîéěľ çăáâĺæë. Ŋăłőŋěæ, ąëńő ŕőłăğăŋő [69], çâő ŕàőďőńìŋëľ àăğňěà ãňěŋìèăěâáï ďńï çăáâĺæ, őąàăğãîéĺåáï ŕőď ďěľáâćĺěň çăáâĺæ á őâŋőáĺâěńìŋő ňăńőľ ŋăçăńìŋőľ íŋěàčĺěľ, ć áőőâćěâáâćĺĺ á ãłăğăŋŋëňĺ ćëèě ŕőâěàïňĺ ĺňĺ íŋěàčĺĺ. Ŕàőďőńìŋëľ àăğňěà âàãąłĺ ćďőńì âàăěłâőàĺĺ çăáâĺæë, łăł ĺ áńěďőćăńő őęĺďăâì ć àăňłăå ćëèěőŕĺáăŋŋőľ ňőďěńĺ, ŕőàïďłă àăğňěàă ïďàă ňĺèěŋĺ. Ŕőŕěàěçŋëľ àăğňěà âàãąłĺ ğăćĺáĺâ őâ àăğňěàőć ŋăńěâăîéěľ çăáâĺæë, àăğňěàă äńãłâőŋă ĺ, ňőęěâ ąëâì, őâ àăááěïŋĺï ć ïďěàŋőň ćěéěáâćě ćâőàĺçŋëå çăáâĺæ. Šăł ĺńĺ ĺŋăçě, ěáńĺ ĺğćěáâŋë ŕőŕěàěçŋëě àăğňěàë, âő ĺğćěáâŋő őčàăŋĺçěŋĺě ŋă àăğňěà äńãłâőŋă áćěàåã. Ňë ğŋăěň ĺğ ğŋăçěŋĺï łãňãńïâĺćŋőčő çĺáńă ňĺŋĺňăńìŋő ćőğňőęŋãî ňăááã äńãłâőŋă, ŋěőąåőďĺňãî ďńï őąàăğőćăŋĺï ŋãłńőŋă ďăŋŋőčő ĺňŕãńìáă, â.ě. ňőęŋő őæěŋĺâì ňĺŋĺňăńìŋãî ŕńőâŋőáâì äńãłâőŋă ĺ ąńĺğőáâì íâőčő őąêěłâă ł čàăŋĺæě łćăàł-čńîőŋŋőľ ŕńăğňë ŋă ĺğćěáâŋőľ ďĺăčàăňňě ŕńőâŋőáâì–âěňŕěàăâãàă ďńï ïďěàŋőčő ćě-

– 30 –

éěáâćă.

Ŕàěďńăčăěâáï ĺğňěàĺâì łőààěńïæĺőŋŋëě äãŋłæĺĺ ďćãå ŕàőâőŋőć á ňăńëňĺ őâŋőáĺâěńìŋëňĺ ĺňŕãńìáăňĺ, łőâőàëě őąàăğãîâáï ć àěăłæĺĺ p + A(C, P b) → pp + X . Ŕàőâőŋë ďőńęŋë àěčĺáâàĺàőćăâìáï ć ĺňŕãńìáŋőň ďĺăŕăğőŋě 500 ÷ 800 ŇíĆ/c. Ŋăçăńìŋăï íŋěàčĺï ŕàőâőŋőć ć ďĺăŕăğőŋě őâ 2 ďő 10 ČíĆ. Ňőęŋő ŋăçăâì á íŋěàčĺĺ ŕőàïďłă 2 ČíĆ, çâő ďőáâăâőçŋő ďńï ćőğąãęďěŋĺï őďŋőčő äńãłâőŋă, ŋő őčàăŋĺçĺćăěâ ćőğąãęďěŋĺě ŋěáłőńìłĺå äńãłâőŋőć ćďőńì âàãąłĺ, ďěńăï ŕàőďőńìŋëľ àăğňěà ňăńëň. İâő őąáâőïâěńìáâćő ŋě ŕőğćőńïěâ ãćĺďěâì ąőńìèőľ àăğŋĺæë ć ŕàőďőńìŋőň ĺ ŕőŕěàěçŋőň àăğňěàě, łăł íâő ąëńő ć [68], ŋő ŕőğćőńïěâ ŋăľâĺ ŕőŕěàěçŋëľ àăğňěà áâăŋďăàâŋëň áŕőáőąőň ŕő ćěńĺçĺŋě ŕĺłă, łőâőàëľ, ć őáŋőćŋőň, őąãáńőćńěŋ áĺńìŋëň ćğăĺňőďěľáâćĺěň. Ŕőńŋăï ŕàőčàăňňă ĺááńěďőćăŋĺľ ďőńęŋă ćłńîçăâì ĺğňěàěŋĺě ŕăà ŕàőâőŋőć, ćëńěâăîéĺå ŋă ãčńë 5^o, 90^o, 175^o. İâő ďăáâ ćőğňőęŋőáâì őæěŋĺâì ćńĺïŋĺě àăááěïŋĺï, ĺğãçĺâì ĺğňěŋěŋĺě àăğňěàőć á ĺğňěŋěŋĺěň ŕőàïďłă łãňãńïâĺćŋőáâĺ. Ĺğňěàěŋĺě ňőęŋő ŋăçăâì á ãčńă ŕőàïďłă 5^o, âőčďă ŕàěďńőęěŋŋëľ íłáŕěàĺňěŋâ ŕőńŋőáâìî áőćňěáâĺň á ŕàěďńőęěŋĺěň ĺğãçěŋĺï äăğőćőľ ŕńőâŋőáâĺ çăáâĺæ. Ŕàěďŕőńăčăěňăï âőçŋőáâì ĺğňěàěŋĺľ łăł ŕěàŕěŋďĺłãńïàŋőčő, âăł ĺ ŕàőďőńìŋőčő àăğňěàőć 0.2 äěàňĺ.

3.2. Ĺááńěďőćăŋĺě ćğăĺňőďěľáâćĺï äńãłâőŋőć (ňŋőčőłćăàłőćëå

ňěèłőć) ć ïďàő-ïďěàŋëå áâőńłŋőćěŋĺïå

Őąëçŋő ŕőďàăğãňěćăěâáï, çâő áâőńłŋőćěŋĺě ąëáâàőčő ŋãłńőŋă á ïďàőň áćőďĺâáï ł áâőńłŋőćěŋĺïň á őâďěńìŋëňĺ łćăğĺáćőąőďŋëňĺ ŋãłńőŋăňĺ ïďàă. Őďŋăłő, ć áńãçăě ČŊ§Ř ŕàőĺáåőďĺâ ćğăĺňőďěľáâćĺě ŋăńěâăîéěľ çăáâĺæë á ŕńőâŋőľ äńãłâãăæĺěľ ïďěàŋőľ ňăâěàĺĺ — äńãłâőŋőň (Ťń.), łőâőàëľ ňőęŋő ŕàěďáâăćńïâì áěąě łăł ňŋőčőłćăàłőćëľ ňěèőł ĺ, ňőęěâ ąëâì, łăŕěńìłã łćăàł-čńîőŋŋőľ ŕńăğňë. ČŊ§Ř ąëńĺ ćëďěńěŋë ŋă äőŋě łćăğĺáćőąőďŋëå ćğăĺňőďěľáâćĺľ á őâďěńìŋëňĺ ŋãłńőŋăňĺ ŕãâěň ŕàőćěďěŋĺï ĺğňěàěŋĺľ ć łĺŋěňăâĺçěáłĺ ğăŕàěéěŋŋőľ ďńï NN-ćğăĺňőďěľáâćĺľ őąńăáâĺ. Ŋăŕàĺňěà, ŕàőâőŋë ňőčãâ ńěâěâì ŋăğăď ć ń.á., çâő ğăŕàěéěŋő ć NN-áâőńłŋőćěŋĺïå. ČŊ§Ř őąńăďăîâ, łăł őłăğăńőáì, àïďőň ãďĺćĺâěńìŋëå ŋěâàĺćĺăńìŋëå áćőľáâć, ŋěĺğćěáâŋëå ć NN-ćğăĺňőďěľáâćĺĺ.

Ć ïďàő-ïďěàŋëå áâőńłŋőćěŋĺïå, łőŋěçŋő, ěáâì łăł NN-, âăł ĺ NŤń.- ŕàőæěááë, łőâőàëě ňőčãâ ąëâì ĺğãçěŋë ŕàĺ NA-ćğăĺňőďěľáâćĺïå, ŋő ěáâì Ťń.Ťń.-ŕàőæěááë, ŋě áćőďïéĺěáï ł NN- ĺ NA-ćğăĺňőďěľáâćĺïň.

Ňőęŋő ńĺ ĺå ćëďěńĺâì? Őłăğëćăěâáï, ňőęŋő łĺŋěňăâĺçěáłĺ [70]. Ŋă àĺá. 13 ŕőď łàĺćőľ 2.2 ŕőłăğăŋă âăłăï łĺŋěňăâĺçěáłăï őąńăáâì ŕàĺ ąëáâàőâăå y ∼ 0 ŕàĺ ąőńìèĺå pT , łőâőàăï áőőâćěâáâćãěâ Ťń.Ťń.-ćğăĺňőďěľáâćĺïň. Řěčĺáâàĺàãï áőąëâĺï ć íâőľ őąńăáâĺ, ĺğňěàïï áŕěłâàë çăáâĺæ ć íâőľ őąńăáâĺ, ĺğãçăï ĺå A-ğăćĺáĺňőáâì, ňőęŋő:

• őâłàëâì ŋőćőě ïćńěŋĺě — ďćăęďë łãňãńïâĺćŋőě őąàăğőćăŋĺě çăáâĺæ;

– 31 –

Řĺá. 13: Řăğńĺçŋëě łĺŋěňăâĺçěáłĺě őąńăáâĺ ć ŕńőáłőáâĺ pT (y), őčàăŋĺçěŋŋëě áćěàåã łàĺćëňĺ 1.1, 1.2 ĺ 1.4, 2.1 ĺ 4.1, 2.2, łőâőàëě áőőâćěâáâćãîâ

NN-, NŤń.-, Ťń.N-, Ťń.Ťń.-áőãďăàěŋĺïň.

• ĺğãçĺâì áćőľáâćă Ťń.Ťń.-ćğăĺňőďěľáâćĺï, łőâőàőě ňőęěâ őłăğăâìáï ŋěâàĺćĺăńìŋëň;

• ĺğãçĺâì ąőńěě ŕńőâŋëě, çěň äńãłâőŋë, őąàăğőćăŋĺï, â.ě. ŕàőďćĺŋãâìáï ŕő èłăńě ρ/ρ0 ć ŕńőáłőáâĺ (T , ρ/ρ0) ďńï ŕőĺáłőć łćăàł-čńîőŋŋőľ ŕńăğňë.

3.3. Ĺááńěďőćăŋĺě áćőľáâć ïďěàŋőľ ňăâěàĺĺ ŋă ňăńëå ňěęŋãłńőŋ-

ŋëå àăááâőïŋĺïå ć ŕőďŕőàőčőćőň őąàăğőćăŋĺĺ ăďàőŋőć

Ĺááńěďőćăŋĺě áćőľáâć čőàïçěľ ĺ ŕńőâŋőľ ăďàőŋŋőľ ňăâěàĺĺ, őąàăğãîéěľáï ć áâőńłŋőćěŋĺïå àěńïâĺćĺáâáłĺå ïďěà, ïćńïěâáï őďŋőľ ĺğ áăňëå ăłâãăńìŋëå ğăďăç áőćàěňěŋŋőľ ïďěàŋőľ äĺğĺłĺ. Ĺŋâěàěá ł íâőľ őąńăáâĺ áćïğăŋ á ŕőĺáłăňĺ ŋőćőčő áőáâőïŋĺï ăďàőŋŋőľ ňăâěàĺĺ — łćăàł-čńîőŋŋőľ ŕńăğňë [71] ĺ ŕàěďáłăğăŋŋëå ňőâĺćĺàőćăŋŋëňĺ ŁŢĎ ňőďěńïňĺ íääěłâőć ćőááâăŋőćńěŋĺï łĺàăńìŋőľ áĺňňěâàĺĺ [72].

Ĺğãçěŋĺě ïďàő-ïďěàŋëå ćğăĺňőďěľáâćĺľ ŕàőćőďĺâáï áěľçăá ć èĺàőłőň ďĺăŕăğőŋě íŋěàčĺľ áâőńłŋőćěŋĺľ őâ 1 ÷ 2 ČíĆ/ŋãłńőŋ (SIS GSI) ĺ 10 ČíĆ/ŋãłńőŋ (AGS BNL) ďő 200 ČíĆ/ŋãłńőŋ (SPS CERN). Ć ŋăçăńě áńěďãîéěčő âëáïçěńěâĺï ŋăçŋãâ àăąőâăâì ïďěàŋëě łőńńăľďěàë á íŋěàčĺěľ ŋěáłőńìłő ŠíĆ/ŋãłńőŋ (RHIC, LHC).

Ŕőáłőńìłã áńőęŋőáâì ĺŋâěàŕàěâăæĺĺ àěğãńìâăâőć íłáŕěàĺňěŋâőć áãéěáâćěŋŋő ćőğàăáâăěâ á ãćěńĺçěŋĺěň íŋěàčĺĺ ĺ àăğňěàőć áâăńłĺćăîéĺåáï ïďěà, íłáŕěàĺňěŋâë ŋă ŕãçłăå ŕàőâőŋőć ĺ ńěčłĺå ïďěà ŕàĺ íŋěàčĺïå ŋěáłőńìłő ČíĆ/ŋãłńőŋ ïćńïîâáï ŋěőąåőďĺňëň íâăŕőň ĺğãçěŋĺï áâőńłŋőćěŋĺľ ćëáőłőíŋěàčĺçŋëå âïęěńëå ïďěà.

– 32 –

Ĺğãçěŋĺě áâàãłâãàë ïďàă ŋă ňăńëå ňěęŋãłńőŋŋëå àăááâőïŋĺïå ïćńïěâáï őďŋĺň ĺğ ăłâãăńìŋëå ŋăŕàăćńěŋĺľ àěńïâĺćĺáâáłőľ ïďěàŋőľ äĺğĺłĺ. Őáőąãî àőńì ć íâĺå ĺááńěďőćăŋĺïå ĺčàăîâ íłáŕěàĺňěŋâë ŕő ŕőďŕőàőčőćőňã àőęďěŋĺî ăďàőŋőć ć ŕàőâőŋ-ïďěàŋëå ćğăĺňőďěľáâćĺïå. Ŋă ãáłőàĺâěńě ĹŠİŤ ąëńĺ ćëŕőńŋěŋë íłáŕěàĺňěŋâë ŕő ŕőďŕőàőčőćőňã őąàăğőćăŋĺî ăŋâĺŕàőâőŋőć [73] ĺ K^+-ňěğőŋőć [74]. Śŕěæĺăńìŋëľ ćëąőà łĺŋěňăâĺçěáłĺå ãáńőćĺľ ĺğňěàěŋĺľ ŕőğćőńĺń ćëďěńĺâì őąńăáâì ďőňĺŋĺàőćăŋĺï ŕàïňőčő ňěåăŋĺğňă àőęďěŋĺï ĺ ćŕěàćëě ć áĺńìŋëå ćğăĺňőďěľáâćĺïå ŕőńãçĺâì ĺŋäőàňăæĺî őą ĺňŕãńìáŋőň àăáŕàěďěńěŋĺĺ ćŋãâàĺïďěàŋëå ŋãłńőŋőć ŋă ňěęŋãłńőŋŋëå àăááâőïŋĺïå ňěŋìèĺå, çěň ďőáâãŕŋëě áěčőďŋï ďńï ĺğãçěŋĺï ć íłáŕěàĺňěŋâăå ŋă íńěłâàőŋŋëå ŕãçłăå. Ŋă àĺá. 14 áŕńőèŋőľ łàĺćőľ ŕàěďáâăćńěŋő ĺňŕãńìáŋőě àăáŕàěďěńěŋĺě ŋãłńőŋőć ć ïďàě Be, ĺğćńěçěŋŋőě ĺğ íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ ŕőďŕőàőčőćőčő őąàăğőćăŋĺï K^+-ňěğőŋőć. Ůěàŋëňĺ łćăďàăâăňĺ ŕőłăğăŋë áãéěáâćãîéĺě áěčőďŋï ďăŋŋëě, ŕőńãçěŋŋëě ĺğ ăŋăńĺğă (e, e^′p)-àěăłæĺľ.

Řĺá. 14: Ĺňŕãńìáŋőě àăáŕàěďěńěŋĺě ŋãłńőŋőć ć ïďàě Be

Ć ŋăáâőïéěě ćàěňï ć ĹŠİŤ ŕàőćőďĺâáï ĺááńěďőćăŋĺě ŕàőæěááă àőęďěŋĺï ŕőďŕőàőčőćëå K^−-ňěğőŋőć ŕàőâőŋăňĺ ŋă ïďàăå. Łàőňě áăňőáâőïâěńìŋőčő ĺŋâěàěáă, áćïğăŋŋőčő á ŕőńŋëň őâáãâáâćĺěň ďăŋŋëå őą íâĺå àěăłæĺïå, íâĺ íłáŕěàĺňěŋâë ĺŋâěàěáŋë ěéě ĺ âěň, çâő áőďěàęăâ ĺŋäőàňăæĺî ő ŕàěďáłăğăŋŋëå łĺàăńìŋëňĺ ňőďěńïňĺ íääěłâăå ňőďĺäĺłăæĺĺ ňăáá łăőŋőć ć ąăàĺőŋŋőň őłàãęěŋĺĺ. Šěőàěâĺçěáłĺě àăáçěâë (áňőâàĺ, ŋăŕàĺňěà, [72]) áćĺďěâěńìáâćãîâ, çâő, ć őâńĺçĺě őâ ŕőńőęĺâěńìŋő ğăàïęěŋŋőčő łăőŋă, ňăááă őâàĺæăâěńìŋőčő łăőŋă ć ïďàě ňěŋìèě ěčő ňăááë ć ćăłããňě ŋă 20% ãęě ŕàĺ ŋőàňăńìŋőľ ïďěàŋőľ ŕńőâŋőáâĺ. İłáŕěàĺňěŋâ ěéě ŋě ğăłőŋçěŋ, őďŋăłő ŕàőćěďěŋŋëľ áőćňěáâŋëľ ăŋăńĺğ ŕőńãçěŋŋëå ďăŋŋëå őą őąàăğőćăŋĺĺ K^+- ĺ K^−-ňěğőŋőć

– 33 –

áćĺďěâěńìáâćãěâ ő ŋăńĺçĺĺ âăłőčő íääěłâă.

Śőčńăáŋő łĺàăńìŋëň ňőďěńïň, őáŋőćăŋŋëň ŋă ĺáŕőńìğőćăŋĺĺ íääěłâĺćŋëå ńăčàăŋęĺăŋőć, ŋě âőńìłő áćőľáâćă ňěğőŋőć, ŋő âăłęě áćőľáâćă ŋãłńőŋőć ĺ čĺŕěàőŋőć ğăňěâŋő ĺğňěŋïîâáï ć áàěďě ãęě ŕàĺ ŋőàňăńìŋőľ ïďěàŋőľ ŕńőâŋőáâĺ [75]. Ĺňěŋŋő ŕőďŕőàőčőćëě àěăłæĺĺ ňőčãâ áâăâì çãćáâćĺâěńìŋëň ĺŋáâàãňěŋâőň ďńï ĺááńěďőćăŋĺï ňőďĺäĺłăæĺĺ ňăáá, âăł łăł ĺğ-ğă ďěäĺæĺâă íŋěàčĺĺ áâőńłŋőćěŋĺï ãňěŋìèěŋĺě ňăááë àőęďěŋŋőľ áĺáâěňë çăáâĺæ ćáěčő ŋă 10 ÷ 20 ŇíĆ ŕàĺćőďĺâ ł ãćěńĺçěŋĺî ć ŋěáłőńìłő àăğ àăáçěâŋőľ ćěàőïâŋőáâĺ ěě őąàăğőćăŋĺï [76].

Ŕàěďńăčăěňăï ŕàőčàăňňă ĺááńěďőćăŋĺï ïďàő-ïďěàŋëå áâőńłŋőćěŋĺľ őâŋőáĺâáï ł ŋěĺğãçěŋŋőľ ĺ ŋěďőáâãŕŋőľ ďńï ĺááńěďőćăŋĺï ŋă ďàãčĺå ãáłőàĺâěńïå őąńăáâĺ íŋěàčĺľ ĺőŋŋëå ŕãçłőć 2 ÷ 4.5 ČíĆ/ŋãłńőŋ. İâă őąńăáâì áőőâćěâáâćãěâ ŕőďŕőàőčőćőňã ĺ őłőńőŕőàőčőćőňã őąàăğőćăŋĺî ňěğőŋőć ĺ ąăàĺőŋőć, čďě ĺğ-ğă ďěäĺæĺâă íŋěàčĺĺ áâőńłŋőćěŋĺï çĺáńő őâłàëâëå łăŋăńőć ĺå čěŋěàăæĺĺ ňĺŋĺňăńìŋő. İâő őąáâőïâěńìáâćő áãéěáâćěŋŋő ďńï őďŋőğŋăçŋőľ ĺŋâěàŕàěâăæĺĺ àěğãńìâăâőć ĺğňěàěŋĺľ. Ĺňěîéĺěáï áěčőďŋï íłáŕěàĺňěŋâăńìŋëě ĺ àăáçěâŋëě ďăŋŋëě [77] ďăîâ ćőğňőęŋőáâì ŕàőćěáâĺ àěăńĺáâĺçěáłĺě őæěŋłĺ áłőàőáâĺ ŋăąőàă ĺŋäőàňăæĺĺ.

Ĺááńěďőćăŋĺě àőęďěŋĺï ăŋâĺąăàĺőŋőć, ąăàĺőŋŋëå àěğőŋăŋáőć, áłăńïàŋëå ĺ ćěłâőàŋëå ňěğőŋőć ć áâőńłŋőćěŋĺïå ńěčłĺå ïďěà ďěľâěàĺï ĺ čěńĺï á ńěčłĺňĺ ňĺèěŋïňĺ ŕàěďáâăćńïěâáï çàěğćëçăľŋő ćăęŋëň ĺ ĺŋäőàňăâĺćŋëň íâăŕőň őąéěľ ŕàőčàăňňë, ŋěőąåőďĺňëň ďńï őďŋőğŋăçŋőľ ĺŋâěàŕàěâăæĺĺ àěğãńìâăâőć íłáŕěàĺňěŋâőć á âïęěńëňĺ ĺőŋăňĺ. Ăŋőňăńìŋő ąőńìèĺě áěçěŋĺï ŕőďŕőàőčőćőčő àőęďěŋĺï ăŋâĺŕàőâőŋőć ŕő áàăćŋěŋĺî á ŋăąńîďăěňëňĺ ć ŕàőâőŋ-ïďěàŋëå àěăłæĺïå ąëńĺ őąŋăàãęěŋë ć LBL [78] ĺ GSI [79] ć áâőńłŋőćěŋĺïå áàěďŋĺå ĺ âïęěńëå ïďěà. İâő ïćńěŋĺě ãďăńőáì őŕĺáăâì ćłńîçěŋĺěň łăŋăńőć čěŋěàăæĺĺ ŕőďŕőàőčőćëå ăŋâĺŕàőâőŋőć ć łăáłăďŋëå ŕàőæěááăå á ãçăáâĺěň ĺğőąăà [80], ńĺąő ãňěŋìèěŋĺěň ňăááë àőęďěŋŋëå ăŋâĺŕàőâőŋőć ć ąăàĺőŋŋőň őłàãęěŋĺĺ [81]. Őąă őąêïáŋěŋĺï âàěąãîâ ãćěńĺçěŋĺï ąăàĺőŋŋőľ ŕńőâŋőáâĺ ć ğőŋě ŕěàěłàëâĺï áâăńłĺćăîéĺåáï ïďěà. Őďŋăłő ŋěďăćŋĺě íłáŕěàĺňěŋâë ć ŁĚŁ [82] ŕőłăğăńĺ, çâő áĺńìŋëľ íääěłâ 100(!) ŋăąńîďăěâáï ãęě ć àěăłæĺïå, ĺŋďãæĺàőćăŋŋëå ďěľâàőŋăňĺ, čďě âàãďŋő őęĺďăâì áãéěáâćěŋŋőčő ćőğàăáâăŋĺï ŕńőâŋőáâĺ. İääěłâ ãćěńĺçěŋĺï ćëåőďă ăŋâĺŕàőâőŋőć ŕàĺ őąńãçěŋĺĺ ńěčłĺå ňĺèěŋěľ ŕãçłőň^4He áőáâăćńïěâ 1000. Śàăćŋěŋĺě äàăčňěŋâăàŋëå ďăŋŋëå [82] ŕő ŕőďŕőàőčőćőňã àőęďěŋĺî K^−-ňěğőŋőć ć ďěľâàőŋ-ïďěàŋëå ćğăĺňőďěľáâćĺïå á ŕőńãçěŋŋëňĺ ć ĹŠİŤ ć ŕàőâőŋ-ïďěàŋëå áâőńłŋőćěŋĺïå ďěňőŋáâàĺàãîâ ŋăńĺçĺě áâőńì ęě áĺńìŋőčő íääěłâă ďńï őâàĺæăâěńìŋëå łăőŋőć. İâĺ ŋăąńîďěŋĺï ãłăğëćăîâ ŋă âő, çâő ŕàĺàőďă íâőčő ŋěőęĺďăŋŋőčő ĺ, ŕő-ćĺďĺňőňã, ãŋĺćěàáăńìŋőčő ďńï ćáěå àőęďăîéĺåáï áĺáâěň ïćńěŋĺï ňőęěâ ąëâì ĺğãçěŋă ć íłáŕěàĺňěŋâăå á ńěčłĺňĺ ïďàăňĺ. Śěčőďŋï ĺŋäőàňăæĺï ő ŕőďŕőàőčőćőň ĺ őłőńőŕőàőčőćőň őąàăğőćăŋĺĺ ńěčłĺňĺ ïďàăňĺ ďàãčĺå áłăńïàŋëå ňěğőŋőć, ćáěå ćěłâőàŋëå ňěğőŋőć ĺ ąăàĺőŋŋëå àěğőŋăŋáőć ŕőńŋőáâìî őâáãâáâćãěâ. Ďăŋŋëě ŕő àőęďěŋĺî ňěğőŋŋëå ĺ ąăàĺőŋŋëå àěğőŋăŋáőć ńěčçăľèĺňĺ ïďàăňĺ ćăęŋë łăł ďńï ĺááńěďőćăŋĺï ďĺŋăňĺłĺ àăğćĺâĺï ïćńěŋĺľ,

– 34 –

ğăćĺáïéĺå őâ âěňŕěàăâãàë ĺ ŕńőâŋőáâĺ ïďěàŋőčő ćěéěáâćă, âăł ĺ ďńï ĺğãçěŋĺï íääěłâőć ĺğňěŋěŋĺï ĺå áćőľáâć ć ąăàĺőŋŋőň őłàãęěŋĺĺ.

Ŕőĺáłĺ ŕàěďáłăğăŋŋëå łĺàăńìŋëňĺ ňőďěńïňĺ íääěłâőć ňőďĺäĺłăæĺĺ áćőľáâć ăďàőŋőć ć ŕńőâŋőľ ąăàĺőŋŋőľ áàěďě ŕàőćőďïâáï áěľçăá ćő ňŋőčĺå ŋăãçŋëå æěŋâàăå. İłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ŕő őąàăğőćăŋĺî ňîőŋŋëå ŕăà ć áâőńłŋőćěŋĺïå ïďěà S+Au ĺ S+W ŕàĺ íŋěàčĺĺ 200 ČíĆ/ŋãłńőŋ, ŕőńãçěŋŋëě ć CERN łőńńăąőàăæĺïňĺ CERES [83] ĺ HELIOS-3 [84], ĺŋâěàŕàěâĺàãîâáï łăł áćĺďěâěńìáâćő ãňěŋìèěŋĺï ňăááë ρ-ňěğőŋă [85, 86]. Łőńńăąőàăæĺï KAOS

(GSI) áőőąéĺńă ő ŋăąńîďěŋĺĺ áãéěáâćěŋŋőčő ãňěŋìèěŋĺï ňăááë K^−-ňěğőŋă

ć áâőńłŋőćěŋĺïå ïďěà Ni + Ni ŕàĺ íŋěàčĺĺ 2 ČíĆ/ŋãłńőŋ [87]. Ŕàěďáłăğăŋŋăï ďőáâăâőçŋő ąőńìèăï ćěńĺçĺŋă íääěłâőć ĺğňěŋěŋĺï áćőľáâć ăďàőŋőć áâĺňãńĺàőćăńă ĺå ŕőĺáłĺ ŕàĺ ŋőàňăńìŋőľ ïďěàŋőľ ŕńőâŋőáâĺ. Łőńńăąőàăæĺï TAGX (Šőłĺő) ğăàěčĺáâàĺàőćăńă ğŋăçĺňőě ãňěŋìèěŋĺě ňăááë ρ-ňěğőŋőć ć ŕàőæěááě ĺå äőâőàőęďěŋĺï ŋă ńěčłĺå ïďàăå ć őłőńőŕőàőčőćőľ őąńăáâĺ íŋěàčĺĺ [88]. Ćëŕőńŋïěňëľ áěľçăá íłáŕěàĺňěŋâ Ě-325 ć ŁĚŁ ŋăŕàăćńěŋ ŋă ŕőĺáłĺ ňőďĺäĺłăæĺĺ áćőľáâć ϕ-ňěğőŋă ć ŕàőâőŋ-ïďěàŋëå ćğăĺňőďěľáâćĺïå ŕàĺ 12 ČíĆ [89].

Ć áńãçăě áâőńłŋőćěŋĺï ńěčłĺå ïďěàŋëå áĺáâěň łĺŋěňăâĺçěáłĺě åăàăłâěàĺáâĺłĺ ŕàőďãłâőć àăáŕăďă àőęďăîéĺåáï őąêěłâőć ňĺŋĺňăńìŋő ĺáłăęěŋë ćğăĺňőďěľáâćĺïňĺ ć łőŋěçŋőň áőáâőïŋĺĺ, çâő ŕàěďőáâăćńïěâ ćőğňőęŋőáâì ĺğãçăâì ĺå áćőľáâćă, ĺáŕőńìğãï ăďàőŋŋëě àăáŕăďë, èĺàĺŋë łőâőàëå ŕàěćőáåőďïâ ńěŕâőŋŋëě ŋă ŋěáłőńìłő ŕőàïďłőć ćěńĺçĺŋë [90]. Ő ćőğňőęŋőáâĺ ŕőńãçěŋĺï őąèĺàŋőľ ĺŋäőàňăæĺĺ ãęě ć áőãďăàěŋĺïå ńěčłĺå ïďěà áćĺďěâěńìáâćãěâ ŋăąńîďěŋŋőě ć ŁĚŁ [82] àőęďěŋĺě ăŋâĺŕàőâőŋőć á ĺňŕãńìáăňĺ ďő 1.5 ČíĆ/c ć áőãďăàěŋĺïå ïďěà čěńĺï-4 á íŋěàčĺěľ 2.5 ČíĆ/ŋãłńőŋ á ãčńěàőďőň. Ĺŋćăàĺăŋâŋăï ňăááă àőęďěŋŋőľ áĺáâěňë ŕàĺ íâőň ŕàěćőáåőďĺâ 2 ČíĆ, ă ŋăąńîďăěňőě áěçěŋĺě áőáâăćńïěâ 30 ňłą.

Şęě ŕőńãçěŋŋëě ć ŁĚŁ, GSI ĺ ĹŠİŤ ďăŋŋëě ŕő ŕőďŕőàőčőćőňã àőęďěŋĺî łăőŋőć ĺ ăŋâĺŕàőâőŋőć ć ŕàőâőŋ-ïďěàŋëå áâőńłŋőćěŋĺïå ąãďãâ áńãęĺâì őáŋőćőľ ďńï ćëďěńěŋĺï áŕěæĺäĺçěáłĺå ïďàő-ïďěàŋëå íääěłâőć.

3.4. Ĺááńěďőćăŋĺě ïćńěŋĺï ïďěàŋőľ łàĺâĺçěáłőľ őŕăńěáæěŋæĺĺ

Ŕàĺ ãćěńĺçěŋĺĺ ŕńőâŋőáâĺ ïďěàŋőľ ňăâěàĺĺ ć ŋěáłőńìłő àăğ ćğăĺňőďěľáâćĺě ŕĺőŋă áő áàěďőľ áâăŋőćĺâáï ŋăáâőńìłő áĺńìŋëň, çâő őŋ ŕàěćàăéăěâáï ĺğ çăáâĺæë ć łćăğĺçăáâĺæã, łőâőàãî Ă.Ą. Ňĺčďăń ŋăğëćăń “0-ğćãłőćëň ćőğąãęďěŋĺěň” ïďěàŋőčő ćěéěáâćă [91]. Ŕàĺ ďőáâăâőçŋőľ ŕńőâŋőáâĺ ïďěàŋőčő ćěéěáâćă ŕőńŋăï íŋěàčĺï ŕĺőŋă áâăŋőćĺâáï àăćŋőľ ŋãńî, ĺ ćőğŋĺłăîâ ãáńőćĺï ďńï àăğćĺâĺï Ąőğě-łőŋďěŋáăæĺĺ âăłĺå łćăğĺçăáâĺæ (ŕĺőŋŋëľ łőŋďěŋáăâ). Ňăłáĺňăńìŋăï íŋěàčĺï áćïğĺ 0-ğćãłőćëå ŕĺőŋőć őŕàěďěńïěâ ĺå łàĺâĺçěáłĺľ ĺňŕãńìá, łőâőàëľ, áőčńăáŋő àăáçěâăň, ąńĺğőł ł ĺňŕãńìáã Ťěàňĺ ïďàă

(k_C ≈ p_F ). Ŋăŕàăćńěŋĺě ćőńŋőćőčő ćěłâőàă k_C 0-ğćãłőćőľ áâőïçěľ ćőńŋë ć

ïďàě őŕàěďěńïěâ ŋăŕàăćńěŋĺě, ć łőâőàőň ňőč ąë ŕàőĺáåőďĺâì äăğőćëľ ŕěàěåőď ïďěàŋőľ áàěďë ĺğ ęĺďłőľ äăğë ć äăğã ęĺďłőłàĺáâăńńĺçěáłãî, âő ěáâì

– 35 –

ć äăğã, čďě ŕěàĺőďĺçěáłăï áâàãłâãàă àăáŕàěďěńěŋĺï ŋãłńőŋőć ćőğŋĺłăěâ ć őďŋőň ĺğňěàěŋĺĺ, ă ŋě ć âàěå ĺğňěàěŋĺïå, łăł ć łàĺáâăńńě. Čĺŕőâěğă, çâő âăłőľ äăğőćëľ ŕěàěåőď ňőč ĺňěâì ňěáâő ć ŋőàňăńìŋëå ïďàăå, ąëńă őâćěàčŋãâă íłáŕěàĺňěŋâăńìŋő [91], őďŋăłő ć łőŋěçŋëå ïďàăå äăğőćëľ ŕěàěåőď, ěáńĺ ąë őŋ ďăęě ĺ áãéěáâćőćăń, ŋě ňőč ąë ŕàĺąńĺęăâìáï ł ŕőćěàåŋőáâĺ ïďàă ŋă àăááâőïŋĺě ąńĺęě, çěň Δ = h/kC . Šăłĺň őąàăğőň, ďăęě ĺ ć áńãçăě àăğćĺâőčő äăğőćőčő ŕěàěåőďă ęĺďłőłàĺáâăńńĺçěáłăï äăğă ąëńă ąë áłàëâă ŕőď ęĺďłĺň ïďěàŋëň áńőěň čńãąĺŋőľ ŕàĺňěàŋő ć 1 äěàňĺ.

Ć àăąőâě Ň. İàĺłáőŋ ĺ Ďę. Ďěńőàňă [92] ąëńő ŕőłăğăŋő, çâő ćáńěďáâćĺě áĺńìŋëå äńãłâãăæĺľ ïďěàŋőľ ŕńőâŋőáâĺ őłăğëćăěâáï ćőğňőęŋëň ńőłăńìŋëľ äăğőćëľ ŕěàěåőď, ŕőďőąŋëľ ïćńěŋĺî łàĺâĺçěáłőľ őŕăńěáæěŋæĺĺ ęĺďłőáâěľ: ĺğ-ğă äńãłâãăæĺľ ćőğŋĺłăěâ ňŋőęěáâćő łőàőâłőęĺćãéĺå ňĺłàőŕãğëàìłőć ŋőćőľ äăğë, ďěńăîéĺå ęĺďłőáâì ŕőńãŕàőğàăçŋőľ. Ŕàěďłàĺâĺçěáłĺě ïďěàŋëě íääěłâë őąŋăàãęĺâì ĺ ğăłàëâì őçěŋì âàãďŋő, ŕőáłőńìłã őŋĺ ŋě âőńìłő àěďłĺ, łăł ćáïłĺľ äńãłâãăæĺőŋŋëľ ŕàőæěáá, ŋő ĺ áłàëâë ęĺďłőľ äăğőľ ŕőćěàåŋőáâĺ ïďàă. Őďŋăłő, łăł ąëńő őâňěçěŋő ć [92], ŕàěďłàĺâĺçěáłĺě íääěłâë ĺňěîâ ĺ áćőě ŕàěĺňãéěáâćő. Ěáńĺ çăáâĺæă ŋăńěâăěâ ŋă ïďàő, ć łőâőàőň äăğőćëľ ŕěàěåőď ãęě ŕàőĺğőèěń, âő ãčőń ňěęďã ŋăŕàăćńěŋĺěň ŕăďěŋĺï ĺ őáìî ęĺďłőčő łàĺáâăńńă ňőęěâ ąëâì ŕàőĺğćőńìŋëň. Ć áńãçăě ęě íääěłâă łàĺâĺçěáłőľ őŕăńěáæěŋæĺĺ ńőłăńìŋăï łàĺáâăńńĺğăæĺï (ćőğŋĺłŋőćěŋĺě âőŋłĺå ŕńőáłĺå áńőěć ŕàőâőŋőć ĺ ŋěľâàőŋőć) ŕàőĺáåőďĺâ ŕő ŋăŕàăćńěŋĺî ŋăńěâăîéěľ çăáâĺæë. Ŕőáłőńìłã ĺňŕãńìá ŋăńěâăîéěľ çăáâĺæë ŕőàïďłă 1 ČíĆ/c, ŕàőďőńìŋëľ àăğňěà äńãłâãăæĺĺ ďőńęěŋ ąëâì ŕőàïďłă ŋěáłőńìłĺå ďěáïâëå äěàňĺ. Ć áńãçăě àăğćĺâőčő äăğőćőčő ŕěàěåőďă ĺğ-ğă âőčő, çâő ŋăŕàăćńěŋĺě 0-ğćãłőćőľ ćőńŋë ŋěĺğćěáâŋő, ŋěćőğňőęŋő ćëçĺáńĺâì ŕőńŋãî íŋěàčĺî ćğăĺňőďěľáâćĺï ŋăńěâăîéěľ çăáâĺæë á 0-ğćãłőćëň ŕĺőŋőň, âőčďă łăł ć áńãçăě ŕàěďłàĺâĺçěáłőčő ïćńěŋĺï, łőčďă őáì äńãłâãăæĺĺ áőćŕăďăěâ á ŋăŕàăćńěŋĺěň ŋăńěâăîéěľ çăáâĺæë, ćëçĺáńěŋĺě ŕőńŋőľ íŋěàčĺĺ ćğăĺňőďěľáâćĺï ćőğňőęŋő: m^2_r = −k^2 +2kpin +m^2_{in} , čďě pin ĺ min — ĺňŕãńìá ĺ ňăááă ŋăńěâăîéěľ çăáâĺæë, k — ĺňŕãńìá őŕăńěáæěŋâŋőčő ŕĺőŋă, ă mr - ňăááă őąàăğőćăŋŋőčő àěğőŋăŋáă.

Őŕăńěáæěŋâŋëľ ňěğőŋ ňőęŋő ŕàěďáâăćĺâì łăł t-łăŋăńìŋëľ ŕĺőŋ, ŕőčńőéăěňëľ ïďěàŋőľ ňăâěàĺěľ á őąàăğőćăŋĺěň ŕăàë łćăğĺçăáâĺæ ŋãłńőŋ-ďëàłă (àĺá. 15a). Řăááňőâàĺň ćğăĺňőďěľáâćĺě ňïčłőčő ŋãłńőŋă á őŕăńěáæěŋâŋëň ŕĺőŋőň (àĺá. 15c). Ŕàőâőŋ á ĺňŕãńìáőň 125 ŇíĆ/c (Tp = 8 ŇíĆ) àěğőŋăŋáŋő ãŕàãčő őâàăęăěâáï ŋăğăď, ŕőčńőéăï őŕăńěáæěŋâŋëľ ŕĺőŋ (mr = min = mN ). Ŕőáłőńìłã ć áâőïçěľ ćőńŋě őŕăńěáæěŋâŋëě ňěğőŋë ćőğŋĺłăîâ ŕăàăňĺ á ĺňŕãńìáăňĺ, ŋăŕàăćńěŋŋëňĺ ć ŕàőâĺćőŕőńőęŋëě áâőàőŋë, ŕàőâőŋ, őâàăęěŋŋëľ őâ őďŋőčő őŕăńěáæěŋâŋőčő ŕĺőŋă, ňőęěâ àěğőŋăŋáŋő őâàăğĺâìáï ĺ őâ ćâőàőčő őŕăńěáæěŋâŋőčő ŕĺőŋă, ĺňěîéěčő ŕàőâĺćőŕőńőęŋőě ŋăŕàăćńěŋĺě łàĺâĺçěáłőčő ĺňŕãńìáă. Šăłĺň őąàăğőň, ŕàőâőŋ ćěďěâ áěąï ŕőďőąŋő äőâőŋã ć àěğőŋăŋáŋőň ĺŋâěàäěàőňěâàě. Ć àěğãńìâăâě ïďěàŋőľ àěăłæĺĺ, ŋăŕàĺňěà, ŕőčńőéěŋĺï äőâőŋă, ŋãłńőŋ ňőęěâ ŕőŕăáâì ć àěğőŋăŋá á ïďěàŋëň ćěéěáâćőň, őąãáńőćńěŋŋëľ íääěłâőň łàĺâĺçěáłőľ őŕăńěáæěŋæĺĺ ïďàă. İâőâ íääěłâ ňőęŋő

– 36 –

Řĺá. 15: Ďĺăčàăňňë: a) — őŕăńěáæěŋâŋëľ ŕĺőŋ ć ïďàě, b) — ćğăĺňőďěľáâćĺě ŕĺőŋă á őŕăńěáæěŋâŋëň ŕĺőŋőň, c) — ćğăĺňőďěľáâćĺě ŕàőâőŋă á őŕăńěáæěŋâŋëň ŕĺőŋőň, d) — àěğőŋăŋáŋőě ćğăĺňőďěľáâćĺě á őŕăńěáæěŋâŋëň ŕĺőŋőň.

áőŕőáâăćĺâì á ćőğąãęďěŋĺěň čĺčăŋâáłőčő àěğőŋăŋáă ć ïďàě. Şàőćŋĺ čĺčăŋâáłőčő àěğőŋăŋá ćďćőě ćëèě, çěň 8 ŇíĆ, ŕőáłőńìłã ŋěőąåőďĺňő ğăâàăâĺâì ďőŕőńŋĺâěńìŋãî íŋěàčĺî ŋă ŕàěőďőńěŋĺě íŋěàčĺĺ áćïğĺ ŋãłńőŋă ć ïďàě. Ąőńěě ćëáőłĺě ãàőćŋĺ čĺčăŋâáłőčő àěğőŋăŋáă őąãáńőćńěŋë ŋěáłőńìłĺňĺ ŕàőâőŋăňĺ ć “őŕăńěáæěŋâŋőň ĺŋâěàäěàőňěâàě”.

Ăŋăńőčĺçŋëľ “őŕăńěáæěŋâŋëľ ĺŋâěàäěàőňěâà” ňőęěâ ğăåćăâëćăâì ŕĺőŋë á ĺňŕãńìáőň 125 ŇíĆ/c (àĺá. 15b). Řăááěïŋĺě ŋă őďŋőň ĺğ őŕăńěáæěŋâŋëå ŕĺőŋőć ňőęěâ őąêïáŋĺâì íääěłâ ïďěàŋőľ ŕőńãŕàőğàăçŋőáâĺ

(translucencě). Śěçěŋĺě ćğăĺňőďěľáâćĺï ŕĺőŋőć á ŋãłńőŋăňĺ ć őąńăáâĺ

íŋěàčĺľ ŋĺęě (3,3)-ĺğőąăàë ŕőçâĺ ŋă ŕőàïďőł ŋĺęě, çěň ć őąńăáâĺ (3,3)- ĺğőąăàë. Ěáńĺ ŕĺőŋ á łĺŋěâĺçěáłőľ íŋěàčĺěľ 200 ŇíĆ ĺňěěâ ďńĺŋã áćőąőďŋőčő ŕàőąěčă ć ïďàě ŕőàïďłă ŋěáłőńìłĺå ďěáïâëå äěàňĺ, âő ŕĺőŋ á łĺŋěâĺçěáłőľ íŋěàčĺěľ 50 ŇíĆ ĺňěěâ ďńĺŋã áćőąőďŋőčő ŕàőąěčă ŕőàïďłă ŋěáłőńìłĺå äěàňĺ. Ć íâőň áňëáńě ïďěàŋãî ňăâěàĺî ňőęŋő áçĺâăâì őâŋőáĺâěńìŋő ŕàőğàăçŋőľ ďńï ňïčłĺå ŕĺőŋőć. Ś ďàãčőľ áâőàőŋë, ć őąńăáâĺ ňïčłĺå ŕĺőŋőć

(T_π = 50 ŇíĆ) ąëń őąŋăàãęěŋ æěńëľ àïď ăŋőňăńìŋëå ïćńěŋĺľ. Ŕěàćăï

ăŋőňăńĺï ŕàĺ íâőľ íŋěàčĺĺ ąëńă őąŋăàãęěŋă ć àăááěïŋĺĺ ŕĺőŋőć ŋă ïďàě ãčńěàőďă á ćëďěńěŋĺěň 0^+- ĺ 2^+-ćőğąãęďěŋĺľ ïďàă ć łőŋěçŋőň áőáâőïŋĺĺ ïďàă [93]. Łăçěáâćěŋŋő őąŋăàãęěŋŋëľ íääěłâ ćëčńïďěń łăł ćğăĺňőďěľáâćĺě

– 37 –

ŕĺőŋă á ïďàőň, ŕàĺ łőâőàőň ğŋăçĺâěńìŋő ćőğàăáâăěâ ćěàőïâŋőáâì àăááěïŋĺï ŕĺőŋă ŋă ąőńìèĺě ãčńë ŕàĺ őâŋőáĺâěńìŋő ŋĺğłőň áěçěŋĺĺ ŕőčńőéěŋĺï, çâő ňőęŋő áàăćŋĺâì á àăááěïŋĺěň áćěâă ć ŕőńãŕàőğàăçŋőň áâěłńě. Ŕőğęě ŕőńőáă ŕőńãŕàőğàăçŋőáâĺ ŕàĺ âőľ ęě íŋěàčĺĺ ąëńă ŋăľďěŋă ć íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ àěăłæĺľ á ŕěàěğăàïďłőľ ŕĺőŋă^{15}N(π^+, π^0)^{15}O ĺ^7Li(π^+, π^0)^7Be [94]. Ć łőŋæě 80-å čőďőć ăŋőňăńĺï ŕàĺ íŋěàčĺĺ ŕĺőŋőć 50 ŇíĆ ąëńă ŋăľďěŋă ć ćĺďě ãáĺńěŋĺï áěçěŋĺï ďćőľŋőľ ŕěàěğăàïďłĺ ŕĺőŋőć ŋă ïďàăå [95]. Čĺŕőâěğă àěğőŋăŋáŋőčő “őŕăńěáæěŋâŋőčő ĺŋâěàäěàőňěâàă” ŕőğćőńïěâ, ŕő łàăľŋěľ ňěàě łăçěáâćěŋŋő, őąêïáŋĺâì íâĺ íääěłâë. Ć çăáâŋőáâĺ, ďćőľŋăï ŕěàěğăàïďłă ŕĺőŋőć á ĺňŕãńìáőň 125 ŇíĆ/c (Tπ = 50 ŇíĆ) ňőęěâ ąëâì ãáĺńěŋă, ŕőáłőńìłã âăłőľ ŕĺőŋ ňőęěâ őâàăęăâìáï őâ őąőĺå “ğěàłăń ĺŋâěàäěàőňěâàă”, łăęďëľ àăğ ŕěàěğăàïęăïáì.

Ŋă àěğőŋăŋáŋëě áćőľáâćă ïďěàŋőľ ŕőńãŕàőğàăçŋőáâĺ ćŕěàćëě őąàăâĺń ćŋĺňăŋĺě Ş. Čĺąąá, ğăňěâĺć, çâő ŕőńãŕàőğàăçŋőáâì ĺňěěâ ćĺď őâŋőáĺâěńìŋő ãğłőľ ŕőńőáë ĺ äăğă őŕâĺçěáłőčő ŕőâěŋæĺăńă, őŕĺáëćăîéěčő àăááěïŋĺě ŕĺőŋă ïďàőň, ąńĺğłă ł 90^o, ŕőíâőňã äőàňăńìŋő “ïďěàŋãî ŕőńãŕàőğàăçŋőáâì” ňőęŋő ąëńő ąë ĺŋâěàŕàěâĺàőćăâì łăł ”ŕĺőŋ-ïďěàŋëľ àěğőŋăŋá” [96]. Őďŋăłő áãéěáâćãěâ ňŋőčő ďàãčĺå ŕőďåőďőć ł őąêïáŋěŋĺî ăŋőňăńìŋőčő íääěłâă ãáĺńěŋĺï ďćőľŋőľ ŕěàěğăàïďłĺ ŕĺőŋőć ŕàĺ íŋěàčĺĺ 50 ŇíĆ [97]. Őďŋĺň ĺğ ăńìâěàŋăâĺćŋëå őąêïáŋěŋĺľ íääěłâă ïćńïěâáï čĺŕőâěğă áãéěáâćőćăŋĺï ńőłăńìŋőčő πNN-àěğőŋăŋáă (d^′-ďĺąăàĺőŋă) á ňăááőľ 2062 ŇíĆ [98]. Şłăğăŋĺě ŋă áãéěáâćőćăŋĺě âăłőčő àěğőŋăŋáă ąëńő ŕőńãçěŋő ć ĹŠİŤ ć àěăłæĺĺ p(p, π^+)ppπ^−

[14]. Ćőğąãęďěŋĺě “ŕĺőŋ-ïďěàŋőčő àěğőŋăŋáă” ć àěğãńìâăâě ćğăĺňőďěľáâćĺï

çăáâĺæ ćëáőłőľ íŋěàčĺĺ á ïďàőň ňőęěâ ŕàőïćńïâìáï łăł ňăłáĺňãň ć áŕěłâàě ňïčłĺå (Tπ = 50 ŇíĆ) ŕĺőŋőć. Şłăğăŋĺě ŋă áãéěáâćőćăŋĺě âăłőčő ňăłáĺňãňă ąëńő ŕőńãçěŋő ŕàĺ ăŋăńĺğě áŕěłâàőć ŕĺőŋőć ć ïďàő-ïďěàŋëå ćğăĺňőďěľáâćĺïå [99] ğăďőńčő ďő őąŋăàãęěŋĺï ïďěàŋőľ ŕőńãŕàőğàăçŋőáâĺ ŕàĺ âőľ ęě íŋěàčĺĺ. Ć ĹŠİŤ ăŋőňăńĺï ć íŋěàčěâĺçěáłőň áŕěłâàě ŕĺőŋőć ąëńă őąŋăàãęěŋă ć ŕĺőŋ-ïďěàŋëå àěăłæĺïå [100, 101]. Ć [100] ãáĺńěŋĺě ćëåőďă ŕĺőŋőć á ĺňŕãńìáőň 125 ŇíĆ/c (Tπ = 50 ŇíĆ) ąëńő őąŋăàãęěŋő ŕàĺ ćğăĺňőďěľáâćĺĺ ŕĺőŋă á íŋěàčĺěľ 3 ČíĆ á ïďàăňĺ C ĺ Xe ŕàĺ őâąőàě áőąëâĺľ á ěďĺŋáâćěŋŋëň ćâőàĺçŋëň ŕĺőŋőň, ĺáŕãéěŋŋëň ć ğăďŋîî ŕőńãáäěàã (àĺá. 16ă).

Şłăğăŋĺě ŋă áãéěáâćőćăŋĺě íääěłâă łàĺâĺçěáłőľ őŕăńěáæěŋæĺĺ ć ïďàě ąëńő ŕőńãçěŋő ć âàěå íłáŕěàĺňěŋâăå, ŕàőćěďěŋŋëå ć ĹŠİŤ. Ć ŕěàćőň íłáŕěàĺňěŋâě ĺğãçăńăáì àěăłæĺï (π, ππ) ŋă ïďàě. Ąëńĺ őâőąàăŋë áőąëâĺï á ňăńőľ ŕěàěďăŋŋőľ ïďàã íŋěàčĺěľ (ΔE < 50 ŇíĆ), ŋő áàăćŋĺâěńìŋő ąőńìèĺň ŕěàěďăŋŋëň ĺňŕãńìáőň [101]. Ŕőáńě ćëçĺâăŋĺï ćłńăďă æěŋâàăńìŋëå ćğăĺňőďěľáâćĺľ á ïďàőň ĺ àěăłæĺľ ŋă łćăğĺáćőąőďŋőň ŋãłńőŋě ć ĺňŕãńìáŋőň áŕěłâàě ćĺàâãăńìŋëå ïďěàŋëå ŕĺőŋőć ŕàőïćĺńáï ňăłáĺňãň. Śőőâćěâáâćãîéĺě áőąëâĺï ňőęŋő ąëńő ĺŋâěàŕàěâĺàőćăâì łăł ćğăĺňőďěľáâćĺě á őŕăńěáæěŋâŋëň ŕĺőŋőň. Ďńï áàěďŋĺå ïďěà (T i, F e) ĺňŕãńìá őŕăńěáæěŋâŋëå ŕĺőŋőć ąëń ŋăľďěŋ àăćŋëň 249.4 ŇíĆ/c (àĺá. 16ą). Ćő ćâőàőň íłáŕěàĺňěŋâě ŕàĺ ĺğňěàěŋĺĺ íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ ćëåőďă ňïčłĺå ňěğőŋőć (Tπ = 30–70 ŇíĆ) ąëńő őąŋăàãęěŋő (àĺá. 16ć), çâő ć őąńăáâĺ ĺňŕãńìáőć ŋăńěâăîéěčő ŕĺőŋă

– 38 –

ă) Śŕěłâà ŕőńőęĺâěńìŋëå ŕĺőŋőć, ćëńěâăîéĺå ŋăğăď ŕàĺ ćğăĺňőďěľáâćĺĺ ŕĺőŋőć á íŋěàčĺěľ 3 ČíĆ á ïďàăňĺ C ĺ Xe, ŕàĺ őâąőàě áőąëâĺľ á ěďĺŋáâćěŋŋëň ćâőàĺçŋëň ŕĺőŋőň [100] ĺ ŋěáłőńìłĺňĺ ŕàőâőŋăňĺ.

ą) Ĺğňěàěŋĺě łàĺâĺçěáłőčő ĺňŕãńìáă őŕăńěáæěŋâŋőčő ňěğőŋă ć àěăłæĺĺ (π, ππ) ŋă áàěďŋĺå ïďàăå (T i, F e) [101].

ć) İŋěàčěâĺçěáłăï ğăćĺáĺňőáâì ćëåőďă ňïčłĺå ŕĺőŋőć ć àěăłæĺĺ Be(π, π)X, ĺğňěàěŋŋőčő ŕőď ãčńőň 90^o.

č) İłáŕěàĺňěŋâăńìŋëľ áĺčŋăń ćğăĺňőďěľáâćĺï ŕĺőŋă á őŕăńěáæěŋâŋëň ŕĺőŋőň ïďàă, ŕőńãçěŋŋëľ ć íłáŕěàĺňěŋâě, ĺááńěďőćăćèěň A-ğăćĺáĺňőáâì ŕőńŋëå ŋěãŕàãčĺå ăďàőŋ-ïďěàŋëå áěçěŋĺľ [102].

Řĺá. 16:

– 39 –

ćąńĺğĺ pπ = 1.27 ČíĆ/c ćëåőď ňïčłĺå ňěğőŋőć ğŋăçĺâěńìŋő ŕàěćëèăěâ őęĺďăěňãî ćěńĺçĺŋã, àăááçĺâëćăěňãî łăł àěğãńìâăâ àőęďěŋĺï ρ-ňěğőŋőć ŋă łćăğĺáćőąőďŋëå ŋãłńőŋăå. Ŋăłőŋěæ, ŕàĺ ŕěàěőąàăąőâłě íłáŕěàĺňěŋâă, ć łőâőàőň ĺğňěàïńăáì A-ğăćĺáĺňőáâì ŕőńŋëå ŋěãŕàãčĺå áěçěŋĺľ ćğăĺňőďěľáâćĺï ŕĺőŋőć á ïďàőň [102], ąëńő ŕőńãçěŋő ãłăğăŋĺě ŋă áãéěáâćőćăŋĺě àěğőŋăŋáŋőčő ćğăĺňőďěľáâćĺï á őŕăńěáæěŋâŋëňĺ ŕĺőŋăňĺ ŋě âőńìłő ć őąńăáâĺ ρ, ŋő ĺ ć őąńăáâĺ ąőńěě ćëáőłĺå ππ-àěğőŋăŋáőć. Ĺğňěàěŋŋăï A-ğăćĺáĺňőáâì ŕőńŋëå ŋěãŕàãčĺå áěçěŋĺľ ŕĺőŋőć á ïďàőň ĺňěńă áâěŕěŋŋőľ åăàăłâěà. İŋěàčěâĺçěáłăï ğăćĺáĺňőáâì ŕőłăğăâěńï áâěŕěŋĺ A őąŋăàãęĺńă ŋěàěčãńïàŋőáâĺ, łőâőàëě ňőęŋő ĺŋâěàŕàěâĺàőćăâì łăł ćğăĺňőďěľáâćĺě ŋăńěâăîéěčő ŕĺőŋă á őŕăńěáæěŋâŋëň ŕĺőŋőň ïďàă, ãćěńĺçĺćăîéĺň ŕőńŋőě ŋěãŕàãčőě áěçěŋĺě ćğăĺňőďěľáâćĺï ŕĺőŋőć á ńěčłĺňĺ ïďàăňĺ. Ŕàĺ íŋěàčĺïå, áőőâćěâáâćãîéĺå ŕőńőęěŋĺî ππ-àěğőŋăŋáőć, ŋăąńîďăńőáì áŋĺęěŋĺě ŕőłăğăâěńï áâěŕěŋĺ A-ğăćĺáĺňőáâĺ (àĺá. 16č).

Şáĺńěŋĺě ćëåőďă ňïčłĺå ŕĺőŋőć (T = 40–70 ŇíĆ) ŕő őâŋőèěŋĺî ł ęěáâłĺň ŕĺőŋăň (T > 100 ŇíĆ), ćőğŋĺłăîéĺň ć àěğãńìâăâě àăáŕăďă Δ-ĺğőąăàë, ĺááńěďőćăńőáì ć ŕàőâőŋ-ïďěàŋëå ćğăĺňőďěľáâćĺïå ć Ďãąŋě [103] ĺ ŋă ğăàãąěęŋëå ãáłőàĺâěńïå [104]. Ć ŋěďăćŋěľ àăąőâě [105] ąëńő ŕőłăğăŋő, çâő ãáĺńěŋĺě ćëåőďă ňïčłĺå ňěğőŋőć ĺňěěâ áĺńìŋãî ğăćĺáĺňőáâì őâ íŋěàčĺĺ ŋăńěâăîéěčő ŕàőâőŋă. Ŕàĺ íŋěàčĺĺ ŕàőâőŋőć 350 ŇíĆ ŕőď ãčńőň 90^o őąŋăàãęěŋő ãćěńĺçěŋĺě ćďćőě őâŋőèěŋĺï ćëåőďă ňïčłĺå ňěğőŋőć ł ćëåőďăň ŕĺőŋőć á íŋěàčĺïňĺ ŕőàïďłă 100 ŇíĆ.

İääěłâë, ïćńïîéĺěáï ãłăğăŋĺěň ŋă áãéěáâćőćăŋĺě ïďěàŋőľ łàĺâĺçěáłőľ őŕăńěáæěŋæĺĺ, âàěąãîâ ďőŕőńŋĺâěńìŋëå ĺááńěďőćăŋĺľ. Ŋěőąåőďĺňő ĺááńěďőćăâì íŋěàčěâĺçěáłãî ğăćĺáĺňőáâì ćëåőďă ňïčłĺå ŕĺőŋőć á íŋěàčĺěľ 50 ŇíĆ ŋă ŕãçłăå ŕĺőŋőć ĺ ŕàőâőŋőć. Ďĺăŕăğőŋ ŕĺőŋŋëå ŕãçłőć ďőńęěŋ ŕěàěłàëćăâì őąńăáâì őâ 0.8 ďő 1.5 ČíĆ/c, ă ďĺăŕăğőŋ ŕàőâőŋŋëå ŕãçłőć ďőńęěŋ ŕěàěłàëćăâì őąńăáâì őâ 0.9 ďő 2.0 ČíĆ/c. İâő őâŋőáĺâěńìŋő ďěèěćëě ĺŋłńîğĺćŋëě ĺğňěàěŋĺï, ć łőâőàëå ňőęŋő ĺáŕőńìğőćăâì áæĺŋâĺńńïæĺőŋŋëě áçěâçĺłĺ âĺŕă ŁŐŘĎ [16], ãáâăŋőćńěŋŋëě ŋă ąăğě 2–2.5 ňěâàă. Ďőáâăâőçŋő ĺááńěďőćăâì âàĺ ïďěàŋëě ňĺèěŋĺ C, F e, P b.

3.5. Ĺááńěďőćăŋĺě “ćëąàőáă” ïďěàŋőľ ňăâěàĺĺ ć ïďàő-ïďěàŋëå

ćğăĺňőďěľáâćĺïå ŕàĺ íŋěàčĺĺ ïďàă-áŋăàïďă ďő 3–4 ČíĆ/N

Ŕàěďńăčăěâáï ĺğãçěŋĺě ”ćëąàőáă” ïďěàŋőľ ňăâěàĺĺ (ĺáŕãáłăŋĺě ňŋőčőğăàïďŋëå äàăčňěŋâőć) ć ŋăŕàăćńěŋĺĺ, ŕěàŕěŋďĺłãńïàŋőň ł ŕńőáłőáâĺ àěăłæĺĺ. Ć őŕëâăå ŋă ãáâăŋőćłě Plastic Ball [106] ąëńő ŕőłăğăŋő, çâő ŕńőáłőáâì ïďěàŋőľ àěăłæĺĺ ňőęěâ ąëâì őŕàěďěńěŋă ŋăŕàăćńěŋĺěň ŕãçłă ĺ ąő́ńìèěľ őáìî âàěåňěàŋőčő íńńĺŕáőĺďă, őŕĺáëćăîéěčő ŕőâőł íŋěàčĺĺ. İâő ŕőğćőńïěâ áãňňĺàőćăâì ćáě ćğăĺňőďěľáâćĺï âăłĺň őąàăğőň, çâőąë áőćŕăńĺ ĺå ŕńőáłőáâĺ àěăłæĺĺ. Ć íâőň áńãçăě ŋă ąőńìèőľ áâăâĺáâĺłě ćğăĺňőďěľáâćĺľ ąëńő ŕőłăğăŋő, çâő ć ăğĺňãâăńìŋőň àăáŕàěďěńěŋĺĺ (őâŋőáĺâěńìŋő ćěłâőàă, ŋăŕàăćńěŋŋőčő ćďőńì ąő́ńìèěľ őáĺ íńńĺŕáőĺďă) ŋăąńîďăěâáï ăáĺňňěâàĺï ćëńěâă

– 40 –

çăáâĺæ. Ćěńĺçĺŋă őâŋőèěŋĺï

R_N =

N(+90^o) + N(−90^o)

N(0^o) + N(180^o)

łőńĺçěáâćă çăáâĺæ, ćëńěâěćèĺå ŕěàŕěŋďĺłãńïàŋő ŕńőáłőáâĺ àěăłæĺĺ, ł ĺå ŕőâőłã ć ŕńőáłőáâĺ àěăłæĺĺ ŕőłăğăŋă ďńï àăğńĺçŋëå ïďěà ŋă àĺá. 17 ć ğăćĺáĺňőáâĺ őâ ŋőàňĺàőćăŋŋőľ ňŋőęěáâćěŋŋőáâĺ çăáâĺæ ć áàěďŋěľ őąńăáâĺ ŕáěćďőąëáâàőâ. Łăł ćĺďŋő ĺğ íâĺå ďăŋŋëå, íääěłâ ăáĺňňěâàĺĺ áĺńìŋő ğăćĺáĺâ őâ ňăááë áŋăàïďă.

Ąëń ĺğňěàěŋ ”ćëąàőá” ďńï őďŋő- ĺ ďćãåğăàïďŋëå äàăčňěŋâőć. Ŕàĺçěň ŋăąńîďăńáï ąőńìèőľ àőáâ ăáĺňňěâàĺĺ ďńï α-çăáâĺæ. Ĺááńěďőćăŋĺě ŕàőćěďěŋő âőńìłő ďő íŋěàčĺĺ 1.2 ČíĆ/A ąěğ ćëďěńěŋĺï äàăčňěŋâőć á ğăàïďőň ąőńìèě 2. Řěğãńìâăâë ĺğňěàěŋĺľ ŕőłăğăŋë ŋă àĺá. 18. Ćĺďŋő, çâő ŋăąńîďăěâáï áĺńìŋăï ğăćĺáĺňőáâì őâ ňăááë (ğăàïďă) äàăčňěŋâă. Ŋă àĺá. 19 ŕőłăğăŋő ăğĺňãâăńìŋőě àăáŕàěďěńěŋĺě ďńï áàěďŋěľ őąńăáâĺ ŕáěćďőąëáâàőâ ĺ àăğńĺçŋëå ćěńĺçĺŋ ŕàĺæěńìŋőčő ŕăàăňěâàă. MUL1 áőőâćěâáâćãěâ ŕěàĺäěàĺçěáłőňã, ă

MUL5 – æěŋâàăńìŋőňã áőãďăàěŋĺî. Ŋăĺąőńìèĺľ íääěłâ ŋăąńîďăěâáï ã âï-

ęěńőčő ïďàă-áŋăàïďă ŕàĺ áàěďŋěľ ňŋőęěáâćěŋŋőáâĺ, áőőâćěâáâćãîéěľ ”ąőłőćőňã” áőãďăàěŋĺî ïďěà (MUL3 ĺ MUL4).

Řĺá. 17: Ğăćĺáĺňőáâì ćěńĺçĺŋë RN őâ ŋőàňĺàőćăŋŋőľ ňŋőęěáâćěŋŋőáâĺ ďńï àăğńĺçŋëå ïďěà-áŋăàïďőć ŕàĺ íŋěàčĺĺ 400 ŇíĆ/ŋãłńőŋ.

Řĺá. 18: Ğăćĺáĺňőáâì ćěńĺçĺŋë

R_N őâ ğăàïďă äàăčňěŋâőć ďńï

ïďàă-áŋăàïďă Au ŕàĺ íŋěàčĺĺ 400 ŇíĆ/ŋãłńőŋ.

Ŕàěďńăčăěâáï ňěâőďőň ïďěàŋëå äőâőíňãńìáĺľ ĺğãçĺâì ”ćëąàőá” ňŋőčőğăàïďŋëå ïďěàŋëå äàăčňěŋâőć ŕàĺ íŋěàčĺĺ àăğńĺçŋëå ŋăńěâăîéĺå ïďěàáŋăàïďőć ďő 3 ÷ 4 ČíĆ/N. Ňěâőď őąńăďăěâ ćëáőłĺň ŕàőáâàăŋáâćěŋŋëň àăğàěèěŋĺěň, 4π-čěőňěâàĺěľ ĺ áàăćŋĺâěńìŋőľ ŕàőáâőâőľ őŕàěďěńěŋĺï ğăàïďőć ïďěàŋëå äàăčňěŋâőć. Ć ŋăáâőïéĺľ ňőňěŋâ àăğàăąőâăŋă ňěâőďĺłă őŕàěďěńěŋĺï ğăàïďőć á ŕőňőéìî ňĺłàőáłőŕă, áćïğăŋŋőčő ć ńĺŋĺî á İĆŇ. Ŋă àĺá. 20

– 41 –

Řĺá. 19: Ăğĺňãâăńìŋőě àăáŕàěďěńěŋĺě őâŋőáĺâěńìŋő őáěľ ŕőâőłă íŋěàčĺĺ ďńï àăğńĺçŋëå ïďěà-áŋăàïďőć ĺ ňŋőęěáâćěŋŋőáâěľ.

Řĺá. 20: Ğăćĺáĺňőáâì çĺáńă ŕàőáćěâőć á ďńĺŋőľ ąőńìèě li őâ ğăàïďă çăáâĺæë.

– 42 –

ŕàĺćěďěŋë łăńĺąàőćőçŋëě ĺğňěàěŋĺï őŕàěďěńěŋĺï ğăàïďă ŕő ãčńã ŋăłńőŋă ĺŋâěčàăńìŋőčő àăáŕàěďěńěŋĺï ďńĺŋ ŕàőáćěâőć, ă ŋă àĺá. 21 — ŋőàňĺàőćăŋŋőě ğŋăçěŋĺě ďńï ŕàőáćěâőć ąőńìèě 0.25 ňłň ć ğăćĺáĺňőáâĺ őâ ćěńĺçĺŋë ğăàïďă. Łăł ćĺďŋő ĺğ ďćãå ŕàőćěďěŋŋëå łăńĺąàőćőł, ĺňěěâáï àăğàăąőâăŋŋăï ňěâőďĺłă ĺğňěàěŋĺï ğăàïďőć ńěčłĺå äàăčňěŋâőć ďő Z = 5 ÷ 6.

Řĺá. 21: Ğăćĺáĺňőáâì ŋőàňĺàőćăŋŋőľ áãňňăàŋőľ ďńĺŋë ŕàőáćěâőć ąőńìèě

l = 0.25 ňłň őâ ğăàïďă çăáâĺæ.

Ĺááńěďőćăŋĺï ”ćëąàőáă” äàăčňěŋâőć ć ïďàő-ïďěàŋëå ćğăĺňőďěľáâćĺïå ŕőğćőńĺâ ”ğăčńïŋãâì çěàěğ őłŋő” ć čőàïçãî őąńăáâì ŕńőâŋőľ ïďěàŋőľ ňăâěàĺĺ, ŋăąńîďăï àőęďěŋĺě çăáâĺæ, ŋě ğăňăğăŋŋőě ĺå ŕàőåőęďěŋĺěň çěàěğ ćěéěáâćő ňĺèěŋĺ-áŋăàïďă. Śåěňăâĺçěáłĺ íâă łăàâĺŋă ŕőłăğăŋă ŋă àĺá. 22.

Řĺá. 22: ”Ćëąàőá” ňăâěàĺĺ ć ïďàő-ïďěàŋëå ćğăĺňőďěľáâćĺïå.

– 43 –

3.6. İääěłâë ňŋőčőŕĺőŋŋëå ŕàőňěęãâőçŋëå áőáâőïŋĺľ ć ďćőľ-

ŋőľ ŕěàěğăàïďłě ŕĺőŋőć ŋă ïďàăå ŕàĺ íŋěàčĺĺ ćëèě 1 ČíĆ

Ć ĺááńěďőćăŋĺĺ ďćőľŋőľ ŕěàěğăàïďłĺ ŕĺőŋőć ŋă ïďàăå (ĎŔŔ) ć ĹŠİŤ ć 1995-1997 čőďăå ąëńă őąŋăàãęěŋă áĺńìŋăï ăŋőňăńĺï ć íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ áěçěŋĺï íâőčő ŕàőæěááă ŕàĺ T0 > 0.6 ČíĆ ć őąńăáâĺ, łĺŋěňăâĺçěáłĺ ğăŕàěéěŋŋőľ ďńï àěăłæĺĺ (π, 2π) [107, 108]. Ŕàĺ őęĺďăěňőň àěğłőň ŕăďěŋĺĺ íâőčő áěçěŋĺï á íŋěàčĺěľ, ĺğňěàěŋĺï ďăńĺ őâŋőáĺâěńìŋő áńăąãî íŋěàčěâĺçěáłãî ğăćĺáĺňőáâì ŕàőæěááă ĎŔŔ á ŕàěćëèěŋĺěň ŕőçâĺ ŋă ŕőàïďőł ćěńĺçĺŋë ŋăąńîďăěňőčő ćëåőďă ŕĺőŋőć ŋăď âěőàěâĺçěáłĺň, łőâőàëľ ŕőńãçěŋ ć ŕàěďŕőńőęěŋĺĺ őą őąëçŋőň ňěåăŋĺğňě ďćãå ŕőáńěďőćăâěńìŋëå ŕěàěğăàïďőł ŋă ďćãå ŋãłńőŋăå. Šěőàěâĺçěáłĺľ ăŋăńĺğ [109] ŕěàćëå ďăŋŋëå ŕő ĎŔŔ ŕàĺ íŋěàčĺïå & 1 ČíĆ ŕőłăğăń, çâő ŕàőæěáá ĎŔŔ ŕàěďőáâăćńïěâ ãŋĺłăńìŋãî ćőğňőęŋőáâì ŋăąńîďăâì íääěłâ ŋěãŕàãčĺå čńăãąěàőćáłĺå ŕěàěàăááěïŋĺľ łăł őáŋőćŋőľ, ãęě ŋăçĺŋăï á ∼ 0.7 ČíĆ. Ďěľáâćĺâěńìŋő, ć őąńăáâĺ íâĺå íŋěàčĺľ őąëçŋëľ ďćãåáâãŕěŋçăâëľ ňěåăŋĺğň ĎŔŔ á őďŋőŕĺőŋŋëň ŕàőňěęãâőçŋëň áőáâőïŋĺěň ŋě ďőňĺŋĺàãěâ ĺğ-ğă ňăńőáâĺ áěçěŋĺï őďŋőłàăâŋőľ ŕěàěğăàïďłĺ ŋă ŋãłńőŋě. Šăłĺň őąàăğőň, æěńìî ŕàěďńăčăěňőčő íłáŕěàĺňěŋâă ïćńïěâáï ĺááńěďőćăŋĺě ŋěãŕàãčĺå ňěåăŋĺğňőć ňŋőčőłàăâŋőčő ćğăĺňőďěľáâćĺï ŕĺőŋőć á ŋãłńőŋăňĺ ŕàĺ ĺå ŕàőåőęďěŋĺĺ çěàěğ ïďàő. Ŕàĺ íâőň ŋăňěçăěâáï ŕőńãçĺâì ĺŋäőàňăæĺî őą íŋěàčěâĺçěáłőň åőďě ĺŋłńîğĺćŋőľ ĎŔŔ ćŕěàěď ŋă àïďě ïďěàŋëå ňĺèěŋěľ ŕàĺ ŋăçăńìŋőň ĺňŕãńìáě ć ĺŋâěàćăńě 1 ÷ 3 ČíĆ/c.

Ĺğćěáâŋő, çâő ãçěâ čńăãąěàőćáłĺå ŕěàěàăááěïŋĺľ ŕàĺ ŕàőåőęďěŋĺĺ ăďàőŋőć çěàěğ ïďàő ďăěâ áãéěáâćěŋŋëě ŕőŕàăćłĺ ł áěçěŋĺïň áőőâćěâáâćãîéĺå ŕàőæěááőć. Ůâő łăáăěâáï ĎŔŔ, âő ć àăňłăå ďćãåáâãŕěŋçăâőčő ňěåăŋĺğňă ďćãå ŕőáńěďőćăâěńìŋëå őďŋőłàăâŋëå ŕěàěğăàïďőł ŋă ďćãå ŋãłńőŋăå ïďàă íâőâ ŕàőæěáá âőęďěáâćěŋ łăàâĺŋě ãŕàãčőčő čńăãąěàőćáłőčő ŕěàěàăááěïŋĺï

(c π^0-ňěğőŋőň ć ŕàőňěęãâőçŋőň áőáâőïŋĺĺ). Ć őąëçŋëå ăďàőŋ-ïďěàŋëå àě-

ăłæĺïå ćłńăď ãŕàãčőčő ŕěàěàăááěïŋĺï ňőęěâ áőáâăćńïâì ďő ∼ 15%, ă ŋěãŕàãčĺě ŕőŕàăćłĺ áâăŋőćïâáï áãéěáâćěŋŋëňĺ âőńìłő ŕàĺ ćëáőłĺå íŋěàčĺïå (> 5 ČíĆ) ĺ áőáâăćńïîâ 20 ÷ 30% őâ ãŕàãčĺå ŕőŕàăćőł [110]. Ďńï ĎŔŔ ŋěãŕàãčĺě ŕěàěàăááěïŋĺï (á ňŋőčőŕĺőŋŋëňĺ ŕàőňěęãâőçŋëňĺ áőáâőïŋĺïňĺ), łăł ŕőłăğăń àăğćĺâëľ Ă.Ą. Łăľďăńőćëň ŋă őáŋőćě čàĺąőćáłőčő äőàňăńĺğňă [111] ŕőďåőď ł őąêïáŋěŋĺî őąŋăàãęěŋŋőľ ăŋőňăńĺĺ, ïćńïîâáï ďőňĺŋĺàãîéĺň ňěåăŋĺğňőň, ćłńăď łőâőàőčő ćőğàăáâăěâ á íŋěàčĺěľ. Šěőàěâĺçěáłĺě őæěŋłĺ ŕőłăğëćăîâ, çâő ŕàĺ íŋěàčĺïå 1÷3 ČíĆ ňőęŋő őęĺďăâì ŕàőďőńęěŋĺï áńăąőčő åőďă áěçěŋĺï ĎŔŔ ć ãáńőćĺïå àăááňăâàĺćăěňőčő íłáŕěàĺňěŋâă. Šăłĺň őąàăğőň, ć àăňłăå ŕńăŋĺàãěňőčő őâŋőáĺâěńìŋő ŕàőáâőčő íłáŕěàĺňěŋâă ŕàěďáâăćńïěâáï ćőğňőęŋëň ŋě âőńìłő ŕőďâćěàďĺâì äăłâ áĺńìŋőčő ďőňĺŋĺàőćăŋĺï ŋěãŕàãčĺå ŕěàěàăááěïŋĺľ ć ŕàőæěááě ĎŔŔ, ŋő ĺ ćŕěàćëě ĺğňěàĺâì åőď áěçěŋĺï ĎŔŔ ć ĺŋâěàćăńě 1 ÷ 3 ČíĆ. Ŕàőčàăňňă ĺğãçěŋĺï ĎŔŔ ŕàĺ ČíĆ-ŋëå íŋěàčĺïå ŋă ďàãčĺå ãáłőàĺâěńïå őâáãâáâćãěâ; ć łăçěáâćě ğăïćłĺ őŋă áäőàňãńĺàőćăŋă âőńìłő ďńï SIS (GSI, Ďăàňèâăďâ) á ãçăáâĺěň ĹŠİŤ. Őâáãâáâćĺě ŕőďåőďïéěľ ãáâăŋőćłĺ ŕőğćőńïěâ ŋăďěïâìáï, çâő ãďăáâáï áőåàăŋĺâì ńĺďěàáâćő ć ĺğãçěŋĺĺ ĎŔŔ ć ĹŠİŤ.

– 44 –

3.7. Ĺğãçěŋĺě ćěłâőàŋëå (ρ, ω, φ) ĺ áłăńïàŋëå (η, η^′) ňěğő-

ŋőć, őąàăğőćăŋŋëå ŕàĺ ćğăĺňőďěľáâćĺĺ ŕĺőŋőć á âïęěńëňĺ ïďàăňĺ

Ćőŕàőáë ő áćőľáâćăå ăďàőŋŋëå àěğőŋăŋáőć ć ïďěàŋőľ áàěďě ïćńïîâáï ć ŕőáńěďŋĺě čőďë ŕàěďňěâőň őęĺćńěŋŋőľ ďĺáłãááĺĺ. Ňőďěńĺ íääěłâĺćŋőčő ńăčàăŋęĺăŋă [112, 113, 114] ĺ ŕőďåőďë, őáŋőćăŋŋëě ŋă ŕàăćĺńăå áãňň ŁŢĎ [115, 116] ŕàěďáłăğëćăîâ ãňěŋìèěŋĺě ňăáá ρ, ω, φ á ãćěńĺçěŋĺěň ïďěàŋőľ ŕńőâŋőáâĺ. Łàőňě âőčő, á ãňěŋìèěŋĺěň ňăáá äăğőćëľ őąêěň ďńï àăáŕăďőć àěğőŋăŋáőć âăłęě ãňěŋìèăěâáï, çâő ŕàĺćőďĺâ ł ãćěńĺçěŋĺî èĺàĺŋë àěğőŋăŋáőć. Ś ďàãčőľ áâőàőŋë, ąńăčőďăàï áâőńłŋőćěŋĺïň, ğăćĺáïéĺň őâ ŕńőâŋőáâĺ ïďěàŋőľ áàěďë ĺ áěçěŋĺï ćğăĺňőďěľáâćĺï àěğőŋăŋáă á ŋãłńőŋőň [117, 118], èĺàĺŋă àěğőŋăŋáă âăłęě ãćěńĺçĺćăěâáï.

Śćőľáâćă ćěłâőàŋëå ňěğőŋőć ć ïďěàŋőľ áàěďě ĺğãçăńĺáì íłáŕěàĺňěŋâăńìŋő ŕãâěň ĺğňěàěŋĺï ďĺńěŕâőŋőć ŋă ãáłőàĺâěńě SPS (CERN) łăł ďńï ŕàőâőŋïďěàŋőčő, âăł ĺ ďńï ïďàő-ïďěàŋőčő ćğăĺňőďěľáâćĺľ [83, 119, 120, 121].

Ć àăąőâě Li ĺ ďà. [122] ćëáłăğăŋő ŕàěďŕőńőęěŋĺě, çâő ĺğąëâőł ć áŕěłâàě ďĺńěŕâőŋŋëå ňăáá ć àăľőŋě 0.3 ≤ M ≤ 0.7 ČíĆ ćő ćğăĺňőďěľáâćĺïå S + Au ŕő áàăćŋěŋĺî á p + Au ňőęěâ ąëâì őąêïáŋěŋ áďćĺčőň ňăááë ρ-ňěğőŋă.

Ŕàĺćěďěŋŋëľ ć àăąőâăå [85, 123, 124] ăŋăńĺğ âăłęě ãłăğëćăěâ ŋă âăłãî ćőğňőęŋőáâì, őďŋăłő ŋě ĺáłńîçăěâ ąőńěě ŕàőáâãî ĺŋâěàŕàěâăæĺî ğă áçěâ

”self-energy” íääěłâă ć ïďěàŋőľ ňăâěàĺĺ.

Şçĺâëćăï ŋěőŕàěďěńěŋŋőáâì íłáŕěàĺňěŋâăńìŋőľ áĺâãăæĺĺ ĺ ćăęŋőáâì ŕàőąńěňë, áćïğăŋŋőľ á ŕàőćěàłőľ ŕàěďŕőńőęěŋĺï ő çăáâĺçŋőň ćőááâăŋőćńěŋĺĺ łĺàăńìŋőľ áĺňňěâàĺĺ ć ïďěàŋőľ áàěďě, ïćńïîéěľáï äãŋďăňěŋâăńìŋőľ áĺňňěâàĺěľ ŁŢĎ, ŋěőąåőďĺňő ŕàőćěáâĺ ďőŕőńŋĺâěńìŋëě íłáŕěàĺňěŋâë ĺ ŕőńãçĺâì ĺŋäőàňăæĺî ő áćőľáâćăå ćěłâőàŋëå (ĺ áłăńïàŋëå) ňěğőŋőć ć ąőńěě ïáŋëå ďĺŋăňĺçěáłĺå ãáńőćĺïå, ŋăŕàĺňěà, ć ŕĺőŋ-ïďěàŋëå áâőńłŋőćěŋĺïå.

Őáőąěŋŋő ğăňěâŋëě ĺğňěŋěŋĺï åăàăłâěàĺáâĺł ăďàőŋőć ŕàěďáłăğëćăîâáï ďńï ăďàőŋőć, àőęďěŋŋëå ć áćěàåŕńőâŋőľ ŕěàěčàěâőľ ïďěàŋőľ ňăâěàĺĺ, őąàăğãîéěľáï, ŋăŕàĺňěà, ŕàĺ áâőńłŋőćěŋĺĺ ãáłőàěŋŋëå ďő ŋěáłőńìłĺå ČíĆ ŋă ŋãłńőŋ âïęěńëå ïďěà á âïęěńëňĺ ïďàăňĺ.

Őďŋăłő ĺ ŕàĺ àőęďěŋĺĺ ăďàőŋőć äőâőŋăňĺ, íńěłâàőŋăňĺ ĺńĺ ŕĺőŋăňĺ ŋă âïęěńëå ïďàăå, â.ě. ŕàĺ ŋőàňăńìŋőľ ŕńőâŋőáâĺ ïďěàŋőľ ňăâěàĺĺ

(0.17 Ťň^{−3}), áńěďãěâ őęĺďăâì åőâï ĺ ňěŋìèĺå (Δm/m ≈ 10÷20%), ŋő ćŕőńŋě

ĺğňěàĺňëå íääěłâőć. Ąőńěě âőčő, ć ŋěłőâőàőň őâŋőèěŋĺĺ âăłĺě ŕàőæěááë ŕàěďŕőçâĺâěńìŋěě, ŕőáłőńìłã ŕőğćőńïîâ ŕàőáńěďĺâì ĺğňěŋěŋĺě ŕăàăňěâàőć àőęďěŋŋëå ăďàőŋőć ŋă ŕàőâïęěŋĺĺ ćáěčő ćàěňěŋĺ ĺå ęĺğŋĺ ąěğ ćàěňěŋŋëå őčàăŋĺçěŋĺľ, őąãáńőćńěŋŋëå ňăńëň ćàěňěŋěň ęĺğŋĺ áćěàåŕńőâŋőľ ŕěàěčàěâőľ ïďěàŋőľ ňăâěàĺĺ. Łàőňě âőčő, àěăłæĺĺ, ćëğćăŋŋëě ŕĺőŋăňĺ, ŕőğćőńïîâ ćěáâĺ ĺááńěďőćăŋĺï ŕàĺ ňěŋìèěň łőňąĺŋăâőàŋőň äőŋě ŕő áàăćŋěŋĺî á ŕàőâőŋăňĺ ĺ âïęěńëňĺ ïďàăňĺ. Ć íâĺå àěăłæĺïå ćőğňőęŋă ąőńěě ŕàïňăï ĺ ňěŋěě ňőďěńìŋő ğăćĺáĺňăï ĺŋâěàŕàěâăæĺï ďăŋŋëå.

Ăďàőŋë, ňőčãéĺě áńãęĺâì ć łăçěáâćě ”ŕàőąŋĺłőć” ďńï ŋăąńîďěŋĺï őęĺ-

– 45 –

ďăěňëå íääěłâőć, ďőńęŋë ãďőćńěâćőàïâì ďćãň łàĺâěàĺïň:

1) ĺňěâì ďőáâăâőçŋő ňăńőě ćàěňï ęĺğŋĺ, çâőąë àăáŕăáâìáï ćŋãâàĺ ïďàă; 2) ĺňěâì łăŋăńë àăáŕăďă, ŋě ĺáłăęěŋŋëě áĺńìŋëň ćğăĺňőďěľáâćĺěň àăáŕăďŋëå çăáâĺæ, â.ě. ńěŕâőŋŋëě ĺ íńěłâàőňăčŋĺâŋëě àăáŕăďë.

İâĺň ãáńőćĺïň ãďőćńěâćőàïîâ ćěłâőàŋëě ĺ áłăńïàŋëě ňěğőŋë, ŕàĺćěďěŋŋëě ć âăąńĺæě 2.

Šăąńĺæă 2: Őâŋőáĺâěńìŋëě ćěàőïâŋőáâĺ àăáŕăďőć ňěğőŋőć

Łăŋăńë àăáŕăďă

e^+e� μ^+μ� μ^+μ�γ π^0γ γγ ηγ 3γ

η < 7.7 · 10�^5 5.8 · 10�^6 — — 39 · 10�^2 — —

η0 < 2.1 · 10�^7 — 1 · 10�^4 — 2.1 · 10�^2 — —

ρ^0 4.5 · 10�^5 4.6 · 10�^5 — 6.8 · 10�^4 — 2.4 · 10�^4 2 · 10�^4

ω^0 7.1 · 10�^5 < 1.8 · 10�^4 — 8.5 · 10�^2 — 6.5 · 10�^4 < 1.9 · 10�^4

φ^0 3.0 · 10�^4 2.5 · 10�^4 2.3 · 10�^5 1.3 · 10�^3 — 1.26 · 10�^2 —

Ŕàěďáâăćńïěâáï, çâő ĺğňěàěŋĺï áńěďãěâ ćěáâĺ ńĺąő ŕő àăďĺăæĺőŋŋëň (âăň, čďě ňőďă àăáŕăďă ćěńĺłă), ńĺąő ŕő ňîőŋŋëň àăáŕăďăň. Ćëďěńěŋĺě íńěłâàőŋŋëå àăáŕăďőć ŕőâàěąãěâ ĺğčőâőćńěŋĺï áńőęŋőčő ĺ ďőàőčőčő áçěâçĺłă RICH ĺ, łàőňě âőčő, ąãďěâ ğăâàãďŋěŋő ĺğ-ğă ąőńìèőčő äőŋă ąëáâàëå ŕĺőŋőć. Ŕàĺ àěčĺáâàăæĺĺ ňîőŋŋëå àăáŕăďőć ňőęŋő őęĺďăâì áãéěáâćěŋŋő ąőńěě ąńăčőŕàĺïâŋëå äőŋőćëå ãáńőćĺľ. Ŕàĺ ĺáŕőńìğőćăŋĺĺ ŕĺőŋŋëå ŕãçłőć á ĺňŕãńìáăňĺ ďő 2 ČíĆ/c őąàăğőćăŋĺě ćěłâőàŋëå ňěğőŋőć ąãďěâ ŕàőĺáåőďĺâì, ć őáŋőćŋőň, ć áńěďãîéĺå íńěňěŋâăàŋëå ŕàőæěááăå: π^−p → ωn , π^−p → ωπN , π^−p → ρn , π^−p → ρπN , π^−p → φn . Śěçěŋĺě őąàăğőćăŋĺï ćěłâőàŋëå ňěğőŋőć ŕàĺ pπ� < 2 ČíĆ/c áőáâăćńïěâ ćěńĺçĺŋã ∼ 2 ňą ďńï ω- ĺ ρ-ňěğőŋőć ĺ 20 ňłą ďńï φ-ňěğőŋă [125].

Ć àăąőâě [125] àăááçĺâăŋ áďćĺč ňăáá ĺ ãèĺàěŋĺě ω-ňěğőŋă ć ïďěàŋőľ áàěďě, ć çăáâŋőáâĺ, ć àěăłæĺĺ π^− +^{208}P b ŕàĺ 1.1 ≤ P_π� ≤ 1.7 ČíĆ/c. Ć ŋěľ őąàăéăěâáï ćŋĺňăŋĺě ŋă ŋěőąåőďĺňőáâì őâąőàă ňăńëå ŕàőďőńìŋëå ĺ ŕőŕěàěçŋëå ĺňŕãńìáőć ω-ňěğőŋă (PL, PT ≤ 0, 25 ČíĆ/c), á âěň, çâőąë ńãçèě ćëďěńĺâì ćńĺïŋĺě ïďěàŋőľ áàěďë. Řěğãńìâăâë àăáçěâă ŕàĺćěďěŋë ŋă àĺá. 23.

Śńěďãěâ őąàăâĺâì ćŋĺňăŋĺě ŋă áńěďãîéĺľ íääěłâ. Ěáńĺ íääěłâĺćŋăï ňăááă φ-ňěğőŋă ć ïďěàŋőľ ňăâěàĺĺ, łăł őęĺďăěâáï ć àïďě âěőàěâĺçěáłĺå àăąőâ, ãňěŋìèĺâáï ŋă ćěńĺçĺŋã 30 ŇíĆ, íŋěàčěâĺçěáłĺ áâăŋěâ ŋěćőğňőęŋëň ěčő àăáŕăď ŋă K^+K^−-ŕăàã. Ŕőíâőňã ćăęŋő ŋăąńîďăâì ãňěŋìèěŋĺě (ěáńĺ âăłőćőě őłăęěâáï) ćëåőďőć K^+K^−-ŕăà ćő ćğăĺňőďěľáâćĺïå π^−+ïďàő ŕő áàăćŋěŋĺî á àěăłæĺěľ π^−p → nφ, ć łőâőàőľ φ-ňěğőŋ ŕàăłâĺçěáłĺ ŕőłőĺâáï.

– 46 –

Řĺá. 23: Ĺŋłńîğĺćŋőě ďĺääěàěŋæĺăńìŋőě áěçěŋĺě őąàăğőćăŋĺï ńěŕâőŋŋëå ŕăà őâ ŕàïňőčő àăáŕăďă ω → e^+e^− ŕàĺ àăğńĺçŋëå ŋăçăńìŋëå ĺňŕãńìáăå á őâąőàőň PL, PT ≤ 0, 25 ČíĆ/c. Ćěńĺçĺŋă R — őâŋőèěŋĺě ŕàőćğăĺňőďěľáâćőćăćèĺå ĺ ŋěŕàőćğăĺňőďěľáâćőćăćèĺå ω-ňěğőŋőć ć ïďěàŋőľ áàěďě.

3.8. Ăďàőŋ-ïďěàŋëě ćğăĺňőďěľáâćĺï á àőęďěŋĺěň áĺáâěň ppπ^−, pp,

pn ć őąńăáâĺ, ďăńěłőľ őâ łćăğĺáćőąőďŋőľ łĺŋěňăâĺłĺ

Őáŋőćŋőľ æěńìî ĺááńěďőćăŋĺľ ïćńïěâáï ŕàőďćĺęěŋĺě ć àăľőŋ ňăńëå àăááâőïŋĺľ ňěęďã ŋãłńőŋăňĺ ć ïďàě á æěńìî ĺğãçěŋĺï âőľ őąńăáâĺ, čďě ďőńęěŋ ŕàőĺáåőďĺâì ŕěàěåőď őâ őŕĺáăŋĺï ŕàőæěááőć ŋă ïğëłě ăďàőŋŋőľ äĺğĺłĺ ł őŕĺáăŋĺî ŋă ïğëłě ŁŢĎ. Ŕàěďŕőńăčăěâáï ĺááńěďőćăŋĺě łăł ŕàőáâëå ňěåăŋĺğňőć ćğăĺňőďěľáâćĺï, âăł ĺ ŕàőïćńěŋĺľ íłğőâĺçěáłĺå ćőğňőęŋőáâěľ.

Ŕàěďńăčăěâáï ĺğãçěŋĺě àěăłæĺĺ (p, π) + A → (p, π)^′ + A^′ + ppπ^− (pp, pn, d) ŋă ďěľâěàĺěćőľ ňĺèěŋĺ ĺ ňĺèěŋïå ĺğ ďàãčĺå ńěčłĺå ïďěà.

Ł łĺŋěňăâĺçěáłĺň őáőąěŋŋőáâïň íłáŕěàĺňěŋâă őâŋőáïâáï:

• ąőńìèĺě ĺňŕãńìáë (ŕő áàăćŋěŋĺî á åăàăłâěàŋëň ğŋăçěŋĺěň äěàňĺěćáłőčő ĺňŕãńìáă) ćâőàĺçŋëå ŋãłńőŋőć, ćłńîçăï ĺ ŋãłńőŋë-áŕěłâăâőàë (ćëèě 250 – 300 ŇíĆ/c);

• ąőńìèĺě ŕěàěďăŋŋëě ĺňŕãńìáë őâ ŋăçăńìŋőčő ł łőŋěçŋőňã ăďàőŋã; • èĺàőłăï őąńăáâì ňăáá (ŋăçĺŋăï őâ ğŋăçěŋĺľ, ąńĺğłĺå ł ŕőàőčã) áĺáâěňë ćâőàĺçŋëå ăďàőŋőć ppπ^−, NN.

Őáŋőćŋëě äĺğĺçěáłĺě ŕàěďńőęěŋĺï (ć ŕőàïďłě ćőğàăáâăŋĺï íłğőâĺçěáłĺå çěàâ).

1. Ĺğňěŋěŋĺě ćĺďĺňëå ŕăàăňěâàőć Δ–ĺğőąăàë ĺ ďàãčĺå ąăàĺőŋŋëå àěğőŋăŋáőć N^∗ ć ïďěàŋőľ áàěďě. Ğďěáì ĺňěîâáï ŕàěďáłăğăŋĺï, őáŋőćăŋŋëě łăł ŋă ňőďěńĺ ŕěàěàăááěïŋĺï ŕàőďãłâőć àăáŕăďă èĺàőłĺå àěğőŋăŋáőć ŋă őáâăâőçŋőľ ïďěàŋőľ áĺáâěňě [126], âăł ĺ, çâő őáőąěŋŋő ĺŋâěàěáŋő ďńï ąőńěě âïęěńëå ïďěà, ŋă ćńĺïŋĺĺ ïďěàŋőľ áàěďë, àăááňăâàĺćăěňőľ łăł

– 47 –

łőŋďěŋáĺàőćăŋŋăï áĺáâěňă [127]. Ĺğćěáâŋë íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě, ãłăğëćăîéĺě ŋă ŕőďőąŋëě íääěłâë [128].

2. Ĺááńěďőćăŋĺě åăàăłâěàŋëå çěàâ ňěåăŋĺğňőć ćğăĺňőďěľáâćĺï, ąőńěě áńőęŋëå, çěň łćăğĺáćőąőďŋőě àőęďěŋĺě ŕĺőŋőć. Ć çăáâŋőáâĺ, âàěãčőńìŋëľ ňěåăŋĺğň á ŕàőňěęãâőçŋëň őąàăğőćăŋĺěň Δ–ĺğőąăàë ĺńĺ ďàãčőčő ąăàĺőŋŋőčő àěğőŋăŋáă N^∗ ŕàěďáłăğëćăěâ ďćĺęěŋĺě ŕĺłă ć àăáŕàěďěńěŋĺĺ ŕő ĺŋćăàĺăŋâŋőľ ňăááě áĺáâěňë ppπ^− ŕàĺ ĺğňěŋěŋĺĺ ĺňŕãńìáă, ŕěàěďăŋŋőčő őâ ŋăçăńìŋőľ ł łőŋěçŋőľ ąëáâàőľ çăáâĺæě. (İâă łăàâĺŋă, áćïğăŋŋăï á ŋăńĺçĺěň âăł ŋăğëćăěňëå ďćĺęãéĺåáï łőňŕńěłáŋëå őáőąěŋŋőáâěľ, ŕőłă íłáŕěàĺňěŋâăńìŋő ŋě ŋăąńîďăńăáì.) Ĺááńěďőćăŋĺï ŕőďőąŋőčő àőďă ĺŋâěàěáŋë ŋě âőńìłő ŋă ďěľâàőŋě, ŋő ĺ ŋă ďàãčĺå ńěčłĺå ïďàăå.

3. Ďěâăńìŋőě ĺááńěďőćăŋĺě áĺáâěňë ppπ^− ďńï ćëïáŋěŋĺï ćőŕàőáă ő ŕàĺàőďě őáőąěŋŋőáâĺ, ŋăąńîďăěňőľ ć áŕěłâàě ěě ĺŋćăàĺăŋâŋëå ňăáá. Ĺňěîâáï ďăŋŋëě čàãŕŕë ĹŠİŤ [129] ĺ ďăŋŋëě čàãŕŕë Šîąĺŋčěŋ–Şŕŕáăńă [130], ãłăğëćăîéĺě ŋă áãéěáâćőćăŋĺě ãğłőčő ďĺąăàĺőŋŋőčő àěğőŋăŋáă d^′ c ňăááőľ 2.06 ČíĆ ĺ á łćăŋâőćëňĺ çĺáńăňĺ, ğăŕàěéěŋŋëňĺ ďńï áĺáâěňë

NN [131]. Ŋă âő ęě ãłăğëćăîâ ĺ ãğłĺě ŕĺłĺ ć äãŋłæĺĺ ćőğąãęďěŋĺï ŕàĺ

50 ŇíĆ ć àěăłæĺïå ďćőľŋőľ ŕěàěğăàïďłĺ ŕĺőŋőć ŋă ńěčłĺå ïďàăå [130]. Łàăľŋě ăłâãăńìŋë ĺááńěďőćăŋĺï ć ąőńěě èĺàőłőľ őąńăáâĺ íŋěàčĺľ ŋă àăğŋëå ïďěàŋëå ňĺèěŋïå ĺ á åőàőèěľ áâăâĺáâĺçěáłőľ őąěáŕěçěŋŋőáâìî.

4. Ŕőĺáł ĺ ćőğňőęŋőě ĺááńěďőćăŋĺě “íłğőâĺçěáłĺå” áőáâőïŋĺľ ďěľâàőŋă, ć ŕěàćãî őçěàěďì ćőğňőęŋëå ŕàĺňěáěľ łőňŕőŋěŋâ ΔΔ, NN^∗, N^∗N^∗ ŕãâěň ĺğãçěŋĺï àěăłæĺľ ćëąĺćăŋĺï Δ ĺ N^∗. Őáŋőćŋőľ âàãďŋőáâìî ć ĺááńěďőćăŋĺĺ âăłĺå łőňŕőŋěŋâ, ćěá łőâőàëå őęĺďăěâáï ć ďőńĺ ŕàőæěŋâă, ïćńïěâáï ćőŕàőá ő ćőğňőęŋőľ ĺňĺâăæĺĺ ğă áçěâ ŕàőæěááőć őąàăğőćăŋĺï Δ ĺ N^∗ ć áăňőň ŕàőæěááě ćğăĺňőďěľáâćĺï. Šő ŋőćőě, çâő ŕőğćőńĺâ ŋăň ŕàőďćĺŋãâìáï ŕő áàăćŋěŋĺî á ŕàěďëďãéĺňĺ àăąőâăňĺ - ŕàĺćńěçěŋĺě ďńï çěâłőčő ćëďěńěŋĺï ŕàőæěááőć ĺáâĺŋŋőčő ćëąĺćăŋĺï łàĺâěàĺï Šàěľňăŋă– §ŋčă ĺ ĺááńěďőćăŋĺï åăàăłâěàŋőčő ãčńőćőčő àăáŕàěďěńěŋĺï ŕàőďãłâőć àăáŕăďă àěğőŋăŋáőć, ŕàěďáłăğëćăěňőčő âěőàĺěľ [132]. Ĺŋâěàěáŋő ąëńő ąë ĺááńěďőćăâì ŕàĺňěáĺ áőáâőïŋĺľ á Δ ĺ N^∗ âăłęě ĺ ć ďàãčĺå ńěčłĺå ïďàăå.

5. Ŕőĺáł ĺ ćőğňőęŋőě ĺááńěďőćăŋĺě “ąőńěě íłğőâĺçěáłĺå” áőáâőïŋĺľ X, ć łőâőàëå ňőčãâ ŋăåőďĺâìáï ďćă ŋãłńőŋă ć ïďàě (őąàăğ – èěáâĺłćăàłőćëľ ňěèőł). Ŕàěďŕőńăčăěâáï ĺááńěďőćăâì àőęďěŋĺě áĺáâěňë ćâőàĺçŋëå ăďàőŋőć (pp, pn, d, ppπ^−) ŕàĺ ňăńëå ĺŋćăàĺăŋâŋëå ňăááăå (ćąńĺğĺ ŕőàőčă) ĺ őďŋőćàěňěŋŋő ć őąńăáâĺ ąőńìèĺå ŕěàěďăŋŋëå ĺňŕãńìáőć őâ ŋăńěâăîéěľ çăáâĺæë ł àőęďěŋŋőľ áĺáâěňě ăďàőŋőć. Ćŕěàćëě ŕàěďŕőńăčăěâáï ŕőŕëâłă ŕàïňőľ ĺďěŋâĺäĺłăæĺĺ áőáâőïŋĺľ X ŕãâěň ćëďěńěŋĺï “łćăğĺáćőąőďŋőčő” ňěåăŋĺğňă ćëąĺćăŋĺï X ĺğ ďěľâàőŋă ĺ ďàãčĺå ńěčłĺå ïďěà á ŕàĺćńěçěŋĺěň łàĺâěàĺï Šàěľňăŋă–§ŋčă.

– 48 –

İłáŕěàĺňěŋâ ňőęěâ ąëâì àěăńĺğőćăŋ á ĺáŕőńìğőćăŋĺěň áĺáâěňë áçěâçĺłőć ŁŐŘĎ [16].

3.9. Ĺááńěďőćăŋĺě áâàãłâãàë ńěčłĺå àăďĺőăłâĺćŋëå ĺ áâăąĺńì-

ŋëå ïďěà ŕàĺ ŕàőňěęãâőçŋëå íŋěàčĺïå

Ć ŕőáńěďŋĺě čőďë ćőğàőá ĺŋâěàěá ł ĺááńěďőćăŋĺî åăàăłâěàĺáâĺł ńěčłĺå ïďěà á ŕőňőéìî ĺááńěďőćăŋĺľ ćğăĺňőďěľáâćĺľ íâĺå ïďěà ŕàĺ ŕàőňěęãâőçŋëå íŋěàčĺïå á ŕàőâőŋăňĺ ĺ ïďàăňĺ.Šăłőčő âĺŕă àăąőâë ŕàĺ ĺğãçěŋĺĺ áâăąĺńìŋëå ïďěà âĺŕă^6Li őąëçŋő ŕàőćőďĺńĺáì, łăł ŕàăćĺńő, ć ŕàïňőľ łĺŋěňăâĺłě ŋă ŕàőâőŋŋëå ŕãçłăå ŕàĺ ĺáŕőńìğőćăŋĺĺ ïďàă ć łăçěáâćě ňĺèěŋĺ. Ŋăŕàĺňěà, ŋă åőàőèěľ áâăâĺáâĺłě ąëńő ĺğãçěŋő ďĺäàăłæĺőŋŋőě àăááěïŋĺě ŕàőâőŋőć á íŋěàčĺěľ 0.6 ĺ 1 ČíĆ ŋă ïďàě^6Li ŕàĺ őâŋőáĺâěńìŋő ňăńëå ŕěàěďăŋŋëå ĺňŕãńìáăå, čďě âěőàĺï Čńăãąěàă-Śĺâěŋłő ďőáâăâőçŋő åőàőèő őŕĺáëćăěâ íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě; ãďăńőáì âăłęě ďőáâĺčŋãâì ğŋăçěŋĺľ ŕěàěďăŋŋëå ĺňŕãńìáőć, ŕàĺ łőâőàëå ćőğŋĺłńĺ áãéěáâćěŋŋëě àăğŋőčńăáĺï [133]. Ŕőńãçěŋŋëě ć íâĺå àăąőâăå àěğãńìâăâë ćëïćĺńĺ ćőŕàőáë, łăáăîéĺěáï łăł âőçŋőáâĺ ĺ ŕàěďěńőć ŕàĺňěŋĺňőáâĺ čńăãąěàőćáłőčő ňěâőďă, âăł ĺ ăďěłćăâŋőáâĺ ĺáŕőńìğãěňëå ćőńŋőćëå äãŋłæĺľ ïďàă ňĺèěŋĺ. Ć áćïğĺ á íâĺň ćőğŋĺłńĺ ŕàěďńőęěŋĺï ŕő ĺğňěàěŋĺî ďĺäàăłæĺőŋŋőčő àăááěïŋĺï ŋă áĺňňěâàĺçŋőň àăďĺőăłâĺćŋőň ïďàě^6He ĺ ďàãčĺå íłğőâĺçěáłĺå ńěčłĺå ïďàăå, â.ě. ïďàăå, ãďăńěŋŋëå őâ ńĺŋĺĺ β-áâăąĺńìŋőáâĺ. Ěáâěáâćěŋŋő, çâő ĺğ-ğă ňăńëå ćàěňěŋ ęĺğŋĺ íâĺå ïďěà, âăłĺě ĺğňěàěŋĺï ňőčãâ ąëâì ćëŕőńŋěŋë âőńìłő ć őąàăâŋőľ łĺŋěňăâĺłě ŋă ŕãçłăå ïďěà, łőâőàëě ňőęŋő ŕőńãçĺâì ňěâőďőň áàëćă ãáłőàěŋŋëå áâăąĺńìŋëå áàěďŋĺå ïďěà.

Ś łőŋæă 80-å čőďőć ć ğăàãąěęŋëå ĺŋáâĺâãâăå ďńï ĺğňěàěŋĺľ áěçěŋĺľ ćğăĺňőďěľáâćĺľ, äàăčňěŋâăæĺĺ, łãńőŋőćáłőľ ďĺááőæĺăæĺĺ, ĺğňěàěŋĺï àăďĺãáőć ĺ áâàãłâãàë ŋěľâàőŋ-ĺğąëâőçŋëå ïďěà ŋăçăńĺ áőğďăćăâì ŕãçłĺ àăďĺőăłâĺćŋëå ïďěà ĺ ŋěőąåőďĺňëě íłáŕěàĺňěŋâăńìŋëě ãáâăŋőćłĺ á íŋěàčĺïňĺ ïďěà ďő

100 A·ŇíĆ (GANIL ĺ RIKEN) ĺ ďő 1 A·ČíĆ (Saturn).

Ć àěğãńìâăâě ŕàőćěďěŋŋëå ĺááńěďőćăŋĺľ ãďăńőáì őąŋăàãęĺâì àïď ŋěőąëçŋëå áćőľáâć ńěčłĺå íłğőâĺçěáłĺå ïďěà (őąğőàë [134, 135, 136]). Śńěďãěâ őáőąěŋŋő őâňěâĺâì, çâő ăŋăńĺğ áěçěŋĺľ ćğăĺňőďěľáâćĺï ïďàă^{11}Li áő áâăąĺńìŋëňĺ ïďàăňĺ-ňĺèěŋïňĺ, ĺğňěàěŋĺě áěçěŋĺï äàăčňěŋâăæĺĺ^{11}Li →^9Li + 2n ĺ ĺğňěàěŋĺě ĺňŕãńìáŋőčő àăáŕàěďěńěŋĺï ïďěà^9Li ć íâőľ àěăłæĺĺ ŕőğćőńĺńő áďěńăâì ŕàěďŕőńőęěŋĺě ő áãéěáâćőćăŋĺĺ ć íâőň ïďàě ŋěľâàőŋŋőčő čăńő. Ěáâì ãłăğăŋĺï ŋă áãéěáâćőćăŋĺě ŋěľâàőŋŋőľ “èãąë” ć ïďàăå^6He,^8He,^{11}Be ĺ ŕàőâőŋŋőčő čăńő ć ŕàőâőŋ-ĺğąëâőçŋőň ïďàě^8B [137, 138]. Ŕàĺ íâőň áńěďãěâ àăğńĺçăâì ŕőŋïâĺï “èãąă” ĺ “čăńő”. Ŕőď ŋěľâàőŋŋőľ “èãąőľ” ŕőŋĺňăěâáï áőáâőïŋĺě, ćłńîçăîéěě ďőćőńìŋő ňŋőčő ŋěľâàőŋőć á őâŋőáĺâěńìŋő ćëáőłőľ ŕńőâŋőáâìî, ć âő ćàěňï łăł ŋěľâàőŋŋőě čăńő áőďěàęĺâ őďĺŋ ĺńĺ ďćă ŋěľâàőŋă, łàăľŋě áńăąő áćïğăŋŋëě ĺ á áĺńìŋő ćëâïŋãâëň àăáŕàěďěńěŋĺěň. “Ÿãąă” ňőęěâ ŕàőïćńïâìáï ŋă ńîąőľ őàąĺâě ĺ őąàăğãěâáï ć àăďĺăńìŋőľ őąńăáâĺ, łőčďă ŕőâěŋæĺăńìŋăï íŋěàčĺï áâăŋőćĺâáï ŕàĺąńĺğĺâěńìŋő àăćŋőľ

– 49 –

íŋěàčĺïň ŋěáłőńìłĺå ŋăĺąőńěě ćëáőłĺå őàąĺâ őďĺŋőçŋëå çăáâĺæ. Čăńő àăááňăâàĺćăěâáï łăł çĺáâő âãŋŋěńìŋëľ íääěłâ, ćőğŋĺłăîéĺľ, ŕő ćáěľ ćěàőïâŋőáâĺ, âőńìłő ďńï s- ĺ p-őàąĺâ ćáńěďáâćĺě æěŋâàőąěęŋőčő ąăàìěàă. Őąëçŋăï ŕńőâŋőáâì ŋěľâàőŋőć ć ŋěľâàőŋŋőň čăńő ňěŋěě 1/100 ŕńőâŋőáâĺ ŋěľâàőŋőć ć æěŋâàăńìŋőľ őąńăáâĺ. Šăł łăł ŋěľâàőŋŋăï èãąă ąőńěě ćěńĺłă ŕő àăğňěàăň, őŋă ňőęěâ ąëâì őâďěńěŋă őâ ŋěľâàőŋŋőčő čăńő, åőâï őŋĺ ňőčãâ ĺňěâì ĺ ŕěàěłàëćăîéĺěáï őąńăáâĺ.

Ć áćïğĺ á ćőğàăáâăîéĺň ĺŋâěàěáőň ł áćőľáâćăň ńěčłĺå ĺ íłğőâĺçěáłĺå ïďěà ŕàěďńăčăěâáï ĺáŕőńìğőćăâì ćőğňőęŋőáâì ŕőńãçěŋĺï íłğőâĺçěáłĺå ïďěà ŋă ŕàőěłâĺàãěňőň ĺőŋŋőň ãáłőàĺâěńě ĹŠİŤ ďńï ŕàőďőńęěŋĺï ĺááńěďőćăŋĺľ áćőľáâć âăłĺå ïďěà, łăł ŋăŕàĺňěà,^8He,^{10}He,^8Li,^7Be,^9Li,^{11}Li,^{11}Be.

Ğăŕãáł ĺőŋŋőčő ãáłőàĺâěńï ĹŠİŤ ďăěâ ćőğňőęŋőáâì áőğďăâì őâďěńìŋëľ ćëćěďěŋŋëľ ŕãçőł àăďĺőăłâĺćŋëå íłğőâĺçěáłĺå ńěčłĺå ïďěà á íŋěàčĺïňĺ, ğŋăçĺâěńìŋő ąőńěě ćëáőłĺňĺ (ďő 2000 A·ŇíĆ), çěň ĺáŕőńìğãěňëě ć ŋăáâőïéěě ćàěňï ć ğăàãąěęŋëå ńăąőàăâőàĺïå, ĺ, âăłĺň őąàăğőň ŕőńãçăâì, ŋőćãî ĺŋäőàňăæĺî ő áćőľáâćăå ńěčłĺå ïďěà ŕàĺ ãŕàãčĺå ĺ ŋěãŕàãčĺå ćğăĺňőďěľáâćĺïå. Ŋă íâőň ŕãçłě ňőęŋő ąãďěâ àăğňěáâĺâì ãŋĺćěàáăńìŋëľ áŕěłâàőňěâà ďńï ŕàőćěďěŋĺï æĺłńă àăąőâ ŕő ĺááńěďőćăŋĺî ãčńőćëå àăáŕàěďěńěŋĺľ ãŕàãčőčő ĺ łćăğĺãŕàãčőčő àăááěïŋĺï ĺ ŕěàěğăàïďłĺ ńěčçăľèĺå ïďěà ŋă áâăąĺńìŋëå ĺ àăďĺőăłâĺćŋëå ïďàăå. Ćăęŋëňĺ ïćńïîâáï ĺááńěďőćăŋĺï ãğłĺå łőààěńïæĺľ çăáâĺæ, ćëńěâăîéĺå ŕàĺ ćğăĺňőďěľáâćĺĺ ïďěà. Ţőàőèő âăłęě ĺğćěáâŋő, çâő ć ńěčłĺå ïďàăå çěâłő ŕàőïćńïîâáï łńăáâěàŋëě áâěŕěŋĺ áćőąőďë ĺ íääěłâë ąńĺğőáâĺ ł âàěåçăáâĺçŋëň ŕőàőčăň (ŋăŕàĺňěà, ïďàő^6He ňőęěâ àăááňăâàĺćăâìáï łăł âàěåâěńìŋăï áĺáâěňă α + n + n), çâő ŕőğćőńïěâ ć åőàőèěň ŕàĺąńĺęěŋĺĺ àăááňăâàĺćăâì ńěčłĺě ïďàă łăł ďĺŋăňĺçěáłĺě áĺáâěňë, áőáâőïéĺě ĺğ ŋěáłőńìłĺå łńăáâěàőć (ăńìäă-çăáâĺæ, ïďěà čěńĺï-3, ïďěà âàĺâĺï ĺ ŋãłńőŋőć) ĺ àăááçĺâëćăâì áâàãłâãàã ïďěà ŕãâěň ĺáŕőńìğőćăŋĺï áőőâćěâáâćãîéĺå ďěâăńìŋő àăğàăąőâăŋŋëå ňěâőďőć àěèěŋĺï ďĺŋăňĺçěáłĺå ãàăćŋěŋĺľ (ňŋőčőŋãłńőŋŋëå ãàăćŋěŋĺľ Ÿàěďĺŋčěàă, Ťăďďěěćă ĺ ďà.). Ŋă ãáâăŋőćłě ňőęŋő ąãďěâ ŕàőćőďĺâì áńěďãîéĺě ĺááńěďőćăŋĺï.

• Ĺğňěàěŋĺï áěçěŋĺľ ãŕàãčőčő ĺ łćăğĺãŕàãčőčő àăááěïŋĺï íłğőâĺçěáłĺå ĺ àăďĺőăłâĺćŋëå ïďěà ŋă ŕàőâőŋăå, ŋěľâàőŋăå (ĺáŕőńìğãï ďěľâěàĺàőćăŋŋëľ ŕőńĺíâĺńěŋ) ĺ ńěčłĺå ïďàăå ŕàĺ íŋěàčĺïå ćëèě 500 A·ŇíĆ, ć ŕěàćãî őçěàěďì ďńï àăááěïŋĺï^6He ĺ ďàãčĺå íłğőâĺçěáłĺå ïďěà ŋă ŕàőâőŋě ĺ ŋěľâàőŋě ŕàĺ ąőńìèĺå ŕěàěďăŋŋëå ĺňŕãńìáăå:

6He + p →^6 He + p ,^6He + n →^6 He + n ,

8Li + p(n) →^8 Li + p(n) ,^6He + p →^6 Li + n .

• Ĺááńěďőćăŋĺï áâàãłâãàë ïďěà, ŋăŕàĺňěà,^6He ĺ^8He:^6He + p →^4 He +

p + 2n.

• Ĺááńěďőćăŋĺě ãğłĺå łőààěńïæĺľ ćëńěâăîéĺå çăáâĺæ ŕàĺ àăğćăńě ńěčłĺå ïďěà.

– 50 –

• Ĺááńěďőćăŋĺě łńăáâěàŋőľ áâàãłâãàë ńěčłĺå ïďěà:

6He + p → t + t + p,^4He + d + n, 3d + n ;

8Li + p →^4He +^4He + n,^3He + t + t,^4He + t + d.

Őďŋĺň ĺğ ćăęŋëå őâłàëâĺľ ć ïďěàŋőľ äĺğĺłě ć ŕőáńěďŋĺě čőďë ąëńő őąŋăàãęěŋĺě àăáèĺàěŋŋőčő ŋěľâàőŋŋőčő àăáŕàěďěńěŋĺï ć íłğőâĺçěáłĺå ŋěľâàőŋŋő-őąőčăéěŋŋëå ïďàăå âĺŕă^{11}Li,^{11}Be,^8He,^6He. İâĺ ĺááńěďőćăŋĺï ąëńĺ ćëŕőńŋěŋë, čńăćŋëň őąàăğőň, á ŕőňőéìî ĺğňěàěŋĺľ áěçěŋĺľ ćğăĺňőďěľáâćĺľ ĺ ĺğãçěŋĺï äàăčňěŋâăæĺĺ ïďěà ŕàĺ őâŋőáĺâěńìŋő ŋĺğłĺå íŋěàčĺïå

[139, 140, 141]. Ć §ŕőŋĺĺ ć 1996 č. ć RIŁEN ć àěęĺňě őąàăâŋőľ łĺŋěňăâĺłĺ

ĺğãçěŋő ãŕàãčőě àăááěïŋĺě àăďĺőăłâĺćŋëå ïďěà^6He ĺ^3H ŕàőâőŋăňĺ ŕàĺ íŋěàčĺĺ ïďěà 71 ĺ 73.5 ŇíĆ, áőőâćěâáâćěŋŋő, ĺ ŕàőćěďěŋë ŕőĺáłĺ ŋěľâàőŋŋőčő čăńő ć ïďàăå^6He ,^8He,^{11}Li [139]. Ćâőàĺçŋëě ŕãçłĺ ąëńĺ ŕőńãçěŋë á ŕőňőéìî áěŕăàăâőàă ŕàĺ äàăčňěŋâăæĺĺ^{18}O á íŋěàčĺěľ 100 A·ŇíĆ ŋă âőŋłőľ Be ňĺèěŋĺ. Ŕàĺ íâőň, ĺğňěàěŋĺï ŕàőćőďĺńĺáì ć őâŋőáĺâěńìŋő ŋěąőńìèőň ďĺăŕăğőŋě ãčńőć àăááěïŋĺï ŕàőâőŋőć (15 ÷ 65 čàăďãáőć ć áĺáâěňě æ.ň.).

Śãéěáâćãîâ âěőàěâĺçěáłĺě ŕàěďŕőńőęěŋĺï, çâő âăłĺě ŋőćëě ïćńěŋĺï łăł “čăńő” ĺ “èãąë” ć íłğőâĺçěáłĺå ïďàăå ŋăĺąőńěě ïàłő ďőńęŋë áěąï ŕàőïćńïâì ŕàĺ ąőńìèĺå ãčńăå àăááěïŋĺï ĺ ąő́ńìèĺå íŋěàčĺïå (áńěďãěâ őâňěâĺâì, çâő ŕàĺ ąő́ńìèĺå íŋěàčĺïå ĺ âěőàěâĺçěáłĺľ ăŋăńĺğ, ćëŕőńŋěŋŋëľ ć íľłőŋăńìŋőň ŕàĺąńĺęěŋĺĺ, łőâőàëň ŕőńìğőćăńĺáì ć àăąőâě [139], ďěńăěâáï ąőńěě őáňëáńěŋŋëň). Ŕőíâőňã ćăęŋő ĺááńěďőćăâì íłğőâĺçěáłĺě ńěčłĺě ïďàă, ãďăńěŋŋëě őâ ńĺŋĺĺ β-áâăąĺńìŋőáâĺ, ć łăł ňőęŋő ąőńìèěň ãčńőćőň ĺ íŋěàčěâĺçěáłőň ďĺăŕăğőŋě. Ŋăáłőńìłő ĺğćěáâŋő, âăłĺě ĺğňěàěŋĺï ŕőłă ŋĺčďě ŋě ŕńăŋĺàãîâáï.

Şáâăŋőćłă ďőńęŋă áőďěàęăâì áńěďãîéĺě íńěňěŋâë:

• ćëćěďěŋŋëľ (ęěńăâěńìŋő ć łőàŕãá 120) ŕãçőł ïďěà áàěďŋěčő ăâőňŋőčő ŋőňěàă á ćàěňěŋŋőľ àăáâïęłőľ;

• âőŋłãî Be ňĺèěŋì (ŕàĺ ŋěćőğňőęŋőáâĺ ĺńĺ âàãďŋőáâïå á ćëćěďěŋĺěň ŕãçłă ĺğ ãáłőàĺâěńï ďńï äàăčňěŋâăæĺĺ ŕãçłă ãáłőàĺâěńï ňőęŋő, ŋő ŋěęěńăâěńìŋő, ĺáŕőńìğőćăâì ćŋãâàěŋŋîî ňĺèěŋì ãáłőàĺâěńï); • ňăčŋĺâŋãî őŕâĺłã á áěŕăàăâőàőň ďńï ćëďěńěŋĺï ŋãęŋëå ĺğőâőŕőć ïďěà; • őâłńőŋïîéĺľ ňăčŋĺâ âĺŕă ŚŔ-3 á ãćěńĺçěŋŋëň ğăğőàőň ďńï őŕàěďěńěŋĺï ĺňŕãńìáőć ĺ ãčńőć ćëńěâă äàăčňěŋâőć àăğćăńă ĺááńěďãěňëå ïďěà, őąàăğãîéĺåáï ŕàĺ ćğăĺňőďěľáâćĺĺ ŋăńěâăîéĺå ïďěà á ïďàăňĺ ňĺèěŋĺ; • čőďőáłőŕë, ŕàőćőńőçŋëě ŕàőŕőàæĺőŋăńìŋëě łăňěàë, ŋěľâàőŋŋëě ďěâěłâőàë, áæĺŋâĺńńïæĺőŋŋëě ďěâěłâőàë ďńï àěčĺáâàăæĺĺ ŕěàćĺçŋëå ĺ ćâőàĺçŋëå çăáâĺæ, ďàěľäőćëě łăňěàë, áâàĺŕŕőćëě ĺ áĺńĺłőŋőćëě ďěâěłâőàë.

Şáâăŋőćłã ňőęŋő ňőŋâĺàőćăâì ŕő çăáâïň ć áőőâćěâáâćĺĺ á âàěąőćăŋĺïňĺ őçěàěďŋőčő íłáŕěàĺňěŋâă.

– 51 –

4. İłáŕěàĺňěŋâăńìŋăï ãáâăŋőćłă

Śěàìěğŋëň èăčőň ŋă ŕãâĺ àěăńĺğăæĺĺ ŕàěďńőęěŋŋőľ ćëèě äĺğĺçěáłőľ ŕàőčàăňňë áâăńő ąë áőğďăŋĺě ãŋĺćěàáăńìŋőčő ňăčŋĺâŋőčő áŕěłâàőňěâàă őąéěčő ŕőńìğőćăŋĺï. Ŕàěďŕőńăčăěâáï, çâő ŋăąőà ăŕŕăàăâãàë ć âăłőň áŕěłâàőňěâàě ąëń ąë ďőáâăâőçŋő čĺąłĺň ĺ ŕőğćőńĺń àěèăâì áăňëľ èĺàőłĺľ áŕěłâà äĺğĺçěáłĺå ğăďăç. Ŋăĺąőńěě ãďăçŋő âăłăï ãŋĺćěàáăńìŋăï ãáâăŋőćłă ňőęěâ ąëâì ŕőáâàőěŋă ŋă ąăğě ňőďěàŋĺğĺàőćăŋŋőčő âàěåňěâàőćőčő ňăčŋĺâă ŇŚ-1, ĺňěîéěčőáï ć ńăąőàăâőàĺĺ Ć.Ć. Łãńĺłőćă. Ňőďěàŋĺğăæĺï ŕàěďãáňăâàĺćăěâ ãćěńĺçěŋĺě ňěęŕőńîáŋőčő ğăğőàă ňăčŋĺâă ć ďćă àăğă á 50 ďő 100 áň á áőåàăŋěŋĺěň őáŋőćŋőľ çăáâĺ ňăčŋĺâă ĺ őąňőâőł ć ŕàěęŋěň ćĺďě. Ŋă àĺá. 24 ŕőłăğăŋ àăğàěğ ňăčŋĺâă ć ŕńőáłőáâĺ, ŕěàŕěŋďĺłãńïàŋőľ ŕãçłã, ŕőáńě ňőďěàŋĺğăæĺĺ. Ďćőľŋăï èâàĺåőćłă ŕőłăğëćăěâ ďőŕőńŋĺâěńìŋëě ćáâăćłĺ, łőâőàëě ŋěőąåő-

Řĺá. 24: Ćěàâĺłăńìŋëľ àăğàěğ ňăčŋĺâă ŇŚ-1 ŕőáńě ňőďěàŋĺğăæĺĺ

ďĺňő ãáâăŋőćĺâì. Ŕàĺ áőåàăŋěŋĺĺ ŕàěęŋěčő âőłă (ĺ ŕőâàěąńïěňőľ ňőéŋőáâĺ) ŕőńě ć æěŋâàě ňăčŋĺâă áőáâăćĺâ 0.85 Šń^1. Ĺŋâěčàăń ŕőńï ćďőńì ŕãçłă áőáâăćĺâ 2.4 Šń·ň, çâő ŕàěďáâăćńïěâáï ďőáâăâőçŋëň ďńï àěèěŋĺï ąőńìèĺŋáâćă ŕőáâăćńěŋŋëå ğăďăç. Ňăčŋĺâ àăáŕőńőęěŋ ŋă ãŋĺćěàáăńìŋőň ŕãçłě ãáłőàĺâěńï ĹŠİŤ á ãčńőň ćëćőďă çăáâĺæ 3.5^o. Ŕàĺ àăąőâě ãáłőàĺâěńï ć ŋőňĺŋăńìŋőň àěęĺňě ćőğňőęŋő ŕőńãçěŋĺě ŕãçłőć ŕĺőŋőć ĺ ŕàőâőŋőć ćëáőłőčő łăçěáâćă á ĺŋâěŋáĺćŋőáâìî ďő 2 · 10^6 ğă áąàőá. Ŕàőàăąőâăŋă ćőğňőęŋőáâì ňőďěàŋĺğăæĺĺ ňăčŋĺâő-őŕâĺçěáłőčő âàăłâă ďńï ŕőćëèěŋĺï łăçěáâćă äőłãáĺàőćłĺ ŕãçłă, çâő ŋěőąåőďĺňő ŕàĺ àăąőâě á ŕőńïàĺğőćăŋŋëňĺ ňĺèěŋïňĺ. Ĺňěěâáï áåěňă őàčăŋĺğăæĺĺ ňěďńěŋŋőčő ćëćőďă ĺőŋőć ć âőâ ęě łăŋăń.

Ć łăçěáâćě âàěłőćőčő ďěâěłâőàă ŕàěďáâăćńïěâáï àăğãňŋëň ĺáŕőńìğőćăŋĺě ŕàőćőńőçŋëå ďàěľäőćëå łăňěà á ďńĺŋőľ ďàěľäă 1 áň. Ŕàěďŕőńăčăěâáï ĺňěâì 3–4 ŕãçłőćëå łăňěàë àăğňěàőň 20×20 áň^2 ĺ 7–10 ąőńìèĺå łăňěà á àăğňěàőň

1Řăáçěâë âàěåňěàŋőľ ňőďěńĺ ŕőńï_, łőâőàëě ćěďãâáï áěľçăá ŕőď àãłőćőďáâćőň Ć_.Ć_. Řëńìæőćă_, ďěňőŋáâàĺ_-

àãîâ ŋěőďŋőàőďŋőáâì ŕőńï ňěęďã ŕőńîáăňĺ őłőńő 25%, çâő ŕàěďáâăćńïěâáï ćŕőńŋě ãďőćńěâćőàĺâěńìŋëň.

– 52 –

90×170 áň^2. Łăęďăï łăňěàă ďőńęŋă ĺňěâì ŕïâì áńőěć: 2–3 á ćěàâĺłăńìŋëňĺ

ŕàőćőńőçłăňĺ ĺ 2–3 áâěàěőáńőï á ŕàőćőńőçłăňĺ ŕőď ãčńőň 10^o ÷ 15^o ł ćěàâĺłăńĺ. Łăňěàë ďőńęŋë ĺňěâì ŕàőáâàăŋáâćěŋŋőě àăğàěèěŋĺě ŋě åãęě 0.2 ňň ćďőńì čőàĺğőŋâăńìŋőľ őáĺ ĺ 1 ňň ćďőńì ćěàâĺłăńìŋőľ. İâő ďăáâ âőçŋőáâì ĺğňěàěŋĺï ĺňŕãńìáă 0.4% ďńï çăáâĺæë á ĺňŕãńìáőň 2 ČíĆ/c ĺ ďńĺŋőľ âàěłă 2 ň ĺ 0.8% ďńï çăáâĺæë á ĺňŕãńìáőň 200 ŇíĆ/c ĺ ďńĺŋőľ âàěłă 0.5 ň. Ŋăńĺçĺě őâďěńìŋëå łăňěà őąěáŕěçĺâ ŋěőąåőďĺňãî ňőďãńìŋőáâì ăŕŕăàăâãàë ĺ ćőğňőęŋőáâì ěě àăğńĺçŋőčő łőŋäĺčãàĺàőćăŋĺï ć àăğńĺçŋëå íłáŕěàĺňěŋâăå.

Ďńï őàčăŋĺğăæĺĺ âàĺččěàă ĺ ĺďěŋâĺäĺłăæĺĺ çăáâĺæ ŕő ćàěňěŋĺ ŕàőńěâă ňőęŋő ĺáŕőńìğőćăâì àăğàăąőâăŋŋãî ć ĹŠİŤ áĺáâěňã ŁŐŘĎ [16]. İâă áĺáâěňă ĺňěěâ ćàěňěŋŋőě àăğàěèěŋĺě 200 ŕá, çâő őąěáŕěçĺćăěâ ŋăďěęŋőě àăğďěńěŋĺě ŕĺőŋőć ĺ ŕàőâőŋőć ŋă ŕàőńěâŋőľ ąăğě 2 ň á ĺňŕãńìáăňĺ ďő 2.5–3 ČíĆ.

Ć àăąőâě ãáâăŋőćłĺ ňőęŋő ąãďěâ ĺáŕőńìğőćăâì èĺàőłĺľ ŋăąőà ňĺèěŋěľ, ć âőň çĺáńě ęĺďłőćőďőàőďŋãî ĺ ęĺďłőďěľâěàĺěćãî ňĺèěŋĺ, ŕőńïàĺğőćăŋŋãî ŕàőâőŋŋãî ĺ ŕőńïàĺğőćăŋŋãî ďěľâěàĺěćãî ňĺèěŋĺ á ğăňőàőęěŋŋőľ ŕőńïàĺğăæĺěľ. Śőğďăŋĺě íâĺå ňĺèěŋěľ őąńěčçăěâáï ŋăńĺçĺěň àïďőň á ňăčŋĺâőň ŇŚ-1 ňőéŋëå łàĺőčěŋŋëå ĺŋäàăáâàãłâãà ńăąőàăâőàĺľ 301 ĺ 305, ă âăłęě őčàőňŋëň őŕëâőň ãłăğăŋŋëå ńăąőàăâőàĺľ ć áőğďăŋĺĺ ĺ íłáŕńãăâăæĺĺ łàĺőčěŋŋëå ĺ ŕőńïàĺğőćăŋŋëå ňĺèěŋěľ. Őąêěň ęĺďłő-čăğőćëå ňĺèěŋěľ áőáâăćĺâ (1 ÷ 1.5) · 10^3 áň^3, ŕőńïàĺğőćăŋŋëå — 60–80 áň^3.

Ŋă àĺá. 25 ŕőłăğăŋ ćăàĺăŋâ àăáŕőńőęěŋĺï ăŕŕăàăâãàë á ĺáŕőńìğőćăŋĺěň ŕőńïàĺğőćăŋŋőľ ŕàőâőŋŋőľ ňĺèěŋĺ á ğăňőàőęěŋŋőľ ŕőńïàĺğăæĺěľ ďńï ĺğňě-

Řĺá. 25: Śåěňă íłáŕěàĺňěŋâă ŕő ĺğňěàěŋĺî áŕĺŋ-ğăćĺáïéĺå ŕěàěňěŋŋëå ć àěăłæĺïå á àőęďěŋĺěň áâàăŋŋőáâĺ

– 53 –

àěŋĺï áŕĺŋ-ğăćĺáïéĺå ŕěàěňěŋŋëå ć àěăłæĺïå á àőęďěŋĺěň áâàăŋŋőáâĺ.

İńěłâàőŋĺłă ãáâăŋőćłĺ ďőńęŋă őąěáŕěçĺćăâì őæĺäàőćłã, ăŋăńĺğ ĺ ŋăłőŕńěŋĺě ŋě ňěŋěě 2 âëáïç âàĺččěàőć ğă áąàőá ĺ ŕàěďãáňăâàĺćăâì ćőğňőęŋőáâì őàčăŋĺğăæĺĺ ňŋőčőãàőćŋěćőčő âàĺččěàă. Ŋă àĺá. 26 ŕőłăğăŋă áåěňă őàčăŋĺğăæĺĺ íńěłâàőŋĺłĺ “ć ńĺŋĺî”, áőáâăćńěŋŋăï ć őáŋőćŋőň ĺğ áâăŋďăàâŋëå, ă, áńěďőćăâěńìŋő, ňăłáĺňăńìŋő ŋěďőàőčĺå íńěňěŋâőć, âăłĺå łăł łőňŕìîâěàë

IBM PC, ĺ áćïğì Ethernet. Ć ŋăáâőïéěě ćàěňï ć ńăą. 305 ĹŠİŤ ŋăçăâă àăğ-

àăąőâłă ąńőłőć ĆŰŔ á àăğàěèěŋĺěň 0.5–0.7 ŋá ďńï ďàěľäőćëå łăňěà ć áâăŋďăàâě FAST CAMAC ŋă ąăğě łàĺáâăńńőć TDC-32, àăğàăąőâăŋŋëå ć CERN.

Řĺá. 26: Śåěňă íńěłâàőŋĺłĺ áąőàă ĺ ŋăłőŕńěŋĺï ĺŋäőàňăæĺĺ

Śőğďăŋĺě ãáâăŋőćłĺ ďőńęŋő ŕàőĺáåőďĺâì ć ŋěáłőńìłő íâăŕőć. Ŋă ŕěàćőň íâăŕě ŕńăŋĺàãěâáï ňőďěàŋĺğĺàőćăâì ňăčŋĺâ ŇŚ-1, áőğďăâì ďàěľäőćëě łăňěàë, ğăďŋĺľ čőďőáłőŕ ŋă ąăğě áçěâçĺłőć ŁŐŘĎ ĺ ęĺďłőćőďőàőďŋãî ňĺèěŋì. İâăŕ àăááçĺâăŋ ŋă âàĺ čőďă, ć łőŋæě łőâőàëå ňőęŋő ąãďěâ ãęě ćëľâĺ ŋă äĺğĺçěáłĺě ĺğňěàěŋĺï. Ŋă áńěďãîéěň íâăŕě ŕńăŋĺàãěâáï áőğďăŋĺě ŕőńïàĺğőćăŋŋőľ ŕàőâőŋŋőľ ňĺèěŋĺ, àăğàăąőâłă æěŋâàăńìŋőčő ďěâěłâőàă ŋă őáŋőćě ćàěňïŕàőěłæĺőŋŋőľ łăňěàë, ć łőâőàőľ ďàěľä ąãďěâ őáãéěáâćńïâìáï ć ćěàâĺłăńìŋőň ŋăŕàăćńěŋĺĺ (ćďőńì áĺńőćëå ńĺŋĺľ ňăčŋĺâŋőčő ŕőńï) ĺ íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă ŕńőéăďìî 5–6 ň^2 ĺğ ąńőłőć, ĺňěîéĺåáï ć ĹŠİŤ (ńăą.

212). İâőâ íâăŕ àăááçĺâăŋ őàĺěŋâĺàőćőçŋő ŋă áńěďãîéĺě âàĺ čőďă ĺ ďőń-

ęěŋ ŕàőåőďĺâì ŕăàăńńěńìŋő á ŕőńãçěŋĺěň äĺğĺçěáłĺå ďăŋŋëå ŋă ãáâăŋőćłě, áőğďăŋŋőľ ŋă ŕěàćőň íâăŕě. Ć íâő ęě ćàěňï ĺńĺ ć ďăńìŋěľèěň ćőğňőęŋă àěăńĺğăæĺï ňěďńěŋŋőčő ćëćőďă ĺőŋőć, áőğďăŋĺě ăďàőŋŋőčő łăńőàĺňěâàă, ŋěőąåőďĺňőčő ďńï àěèěŋĺï ňŋőčĺå ğăďăç ŕő ĺááńěďőćăŋĺî ïďàő-ïďěàŋëå áâőńłŋőćěŋĺľ, ĺ ňîőŋŋőčő ĺďěŋâĺäĺłăâőàă. Őďŋőćàěňěŋŋő á àăğàăąőâłőľ ăŕŕăàă-

– 54 –

âãàë áńěďãěâ ćěáâĺ áőğďăŋĺě ŕàőčàăňňŋőčő őąěáŕěçěŋĺï łăł ďńï àăąőâë “ć ńĺŋĺî”, âăł ĺ ďńï ŕőáńěďãîéěľ őąàăąőâłĺ ğăŕĺáăŋŋőľ ĺŋäőàňăæĺĺ, ă âăłęě ŕàőćěáâĺ ćěáìňă ŕőńŋőě Ňőŋâě-Łăàńő-ňőďěńĺàőćăŋĺě łăęďőľ ĺğ ŕőáâăćńěŋŋëå ğăďăç.

5. Ğăłńîçěŋĺě

Ŕàěďćăàĺâěńìŋăï ŕàőčàăňňă ĺááńěďőćăŋĺľ, ŕàěďáâăćńěŋŋăï ćëèě ć ćĺďě ŕàěďńőęěŋĺľ łőŋłàěâŋëå íłáŕěàĺňěŋâőć, áćĺďěâěńìáâćãěâ ő âőň, çâő ãáłőàĺâěńì ĹŠİŤ ňőęěâ ąëâì íääěłâĺćŋő ĺáŕőńìğőćăŋ ďńï àěèěŋĺï łńîçěćëå ŕàőąńěň äĺğĺłĺ ŕàőňěęãâőçŋëå íŋěàčĺľ. Ĺğćěáâŋő, çâő őáŋőćŋăï æěńì äĺğĺłĺ ŕàőňěęãâőçŋëå íŋěàčĺľ — ŕőŋïâì áĺńìŋőě ćğăĺňőďěľáâćĺě ŋă àăááâőïŋĺïå (0.1 ÷ 1) Ťň ć ŋěŕěàâãàąăâĺćŋőň àěęĺňě ŁŢĎ, ćłńîçăï ŕàőąńěňã łőŋäăľŋňěŋâă. İâă íŋěàčěâĺçěáłăï őąńăáâì ïćńïěâáï ŕěàěåőďŋőľ őâ ĺŋâěàćăńă ŋĺğłĺå íŋěàčĺľ, čďě ďńï őŕĺáăŋĺï ćğăĺňőďěľáâćĺľ ãáŕěèŋő ĺáŕőńìğãîâáï ňěğőŋŋő-őąňěŋŋëě ňőďěńĺ, ł ĺŋâěàćăńã ćëáőłĺå íŋěàčĺľ ĺ ąőńìèĺå ŕěàěďăŋŋëå ĺňŕãńìáőć, ć łőâőàőň ćğăĺňőďěľáâćĺě őŕàěďěńïěâáï ęěáâłĺň àăááěïŋĺěň ĺŋďĺćĺďãăńìŋëå ŕăàâőŋőć (łćăàłőć). Ąăğőćëě ŕàőąńěňë äĺğĺłĺ ŕàőňěęãâőçŋëå íŋěàčĺľ ćłńîçăîâ ć áěąï ćőŕàőáë ő ŕàĺàőďě ŋěŕěàâãàąăâĺćŋëå ăďàőŋ-ăďàőŋŋëå ćğăĺňőďěľáâćĺľ, ő áŕàăćěďńĺćőáâĺ ňěğőŋŋő-őąňěŋŋëå ňőďěńěľ ć áâàăŋŋőň áěłâőàě, čďě áĺńìŋő ŋăàãèěŋă łĺàăńìŋăï áĺňňěâàĺï, ő áãéěáâćőćăŋĺĺ ăŋőňăńìŋëå ňěğőŋŋëå ĺ ąăàĺőŋŋëå àěğőŋăŋáőć, ă âăłęě ďĺąăàĺőŋőć, ő ćłńăďě áâàăŋŋëå łćăàłőć ć áâàãłâãàã ŋãłńőŋă, ő áěçěŋĺïå ćğăĺňőďěľáâćĺï àěğőŋăŋáőć á ŋãłńőŋăňĺ ĺ čĺŕěàőŋőć ĺ Δ-ĺğőąăà ďàãč á ďàãčőň, ő ňőďĺäĺłăæĺĺ ăďàőŋ-ăďàőŋŋëå ćğăĺňőďěľáâćĺľ ć ïďěàŋőľ áàěďě, ő àőńĺ ŋěŋãłńőŋŋëå áâěŕěŋěľ áćőąőďë ć ïďěàŋőľ ňăâěàĺĺ ĺ ďàãčĺě. İŋěàčěâĺçěáłăï őąńăáâì

(1 ÷ 10) ČíĆ, ŕěàěłàëćăěňăï áĺŋåàőâàőŋőň ĹŠİŤ, őŕâĺňăńìŋă ďńï íłáŕěàĺ-

ňěŋâăńìŋőčő ĺğãçěŋĺï ąőńìèĺŋáâćă ŕěàěçĺáńěŋŋëå ŕàőąńěň. Ŕàěďáâăćńěŋŋăï ćëèě ŕàőčàăňňă ĺááńěďőćăŋĺľ ğăâàăčĺćăěâ ňŋőčĺě ĺğ íâĺå łńîçěćëå ćőŕàőáőć, åőâï ĺ ŋě ïćńïěâáï ĺáçěàŕëćăîéěľ.

Ŕőĺáłĺ íłğőâĺçěáłĺå áőáâőïŋĺľ, ć őáőąěŋŋőáâĺ E55-ąăàĺőŋă ĺ d^′- ďĺąăàĺőŋă, čńîąőńőć ĺ čĺąàĺďőć, ć âőň çĺáńě âéăâěńìŋëľ ăŋăńĺğ áŕěłâàă ćőğąãęďěŋŋëå áőáâőïŋĺľ ŋãłńőŋă, ćőğňőęŋő, ćáłàőîâ ŕàĺçĺŋë őčàăŋĺçěŋĺï łćăàłőćőčő áőáâăćă ŋăąńîďăěňëå ăďàőŋőć ŕàőáâëňĺ łőňąĺŋăæĺïňĺ ŋăĺćŋőľ łćăàłőćőľ ňőďěńĺ. Ŕő áàăćŋěŋĺî á ćëáőłĺňĺ íŋěàčĺïňĺ, ć ĺŋâěàćăńě ãáłőàĺâěńï ĹŠİŤ áńěďãěâ őęĺďăâì áãéěáâćěŋŋő ąőńìèĺå áěçěŋĺľ čěŋěàăæĺĺ íłğőâĺçěáłĺå őąêěłâőć.

Ŕàěďńăčăěňëě ďěâăńìŋëě ĺááńěďőćăŋĺï ŋĺğłőńěęăéĺå áłăńïàŋëå ňěğőŋőć, ćłńîçăîéĺě ĺğňěàěŋĺě áŕĺŋőćëå ŕăàăňěâàőć ć àěăłæĺïå àőęďěŋĺï, ŕàőïáŋïâ ćőŕàőá ő áőáâăćě őáŋőćŋőčő ŋőŋěâă áłăńïàŋëå ňěğőŋőć, ďő ŋăáâőïéěčő ćàěňěŋĺ ŋě ãáâăŋőćńěŋŋőčő őłőŋçăâěńìŋő. Őáőąěŋŋő ĺŋâěàěáŋă ďő áĺå ŕőà őâłàëâăï ŕàőąńěňă áãéěáâćőćăŋĺï ĺ åăàăłâěàĺáâĺł áłăńïàŋőĺğőáłăńïàŋőčő áĺčňă-ňěğőŋă, ïćńïîéěčőáï ŋěőąåőďĺňëň őąêěłâőň áőćàěňěŋŋőľ łĺàăńìŋőľ âěőàĺĺ ćőğňãéěŋĺľ (LSM-ńĺŋěľŋëě áĺčňă-ňőďěńĺ). Ć ŋĺå

– 55 –

íâőâ ňěğőŋ őŕàěďěńïěâ ňăááë ňěğőŋŋëå àěğőŋăŋáőć ĺ ŋãłńőŋă. Śâőńì ęě ćăęŋë ĺááńěďőćăŋĺï čěŋěàăæĺĺ ĺ àăáŕăďőć f0- ĺ a0-ňěğőŋőć, łőâőàëě ňőęŋő àăááňăâàĺćăâì łăł ŋěőąëçŋëě ăďàőŋŋëě áőáâőïŋĺï (ŋăŕàĺňěà, ”ćăłããňŋëě áłăńïàë” [18]).

Ŕàőćěàłă ŕàăćĺńă ğăŕàěâă OZI ćăęŋă ďńï ãâőçŋěŋĺï âěőàěâĺçěáłĺå ŕàěďáâăćńěŋĺľ ő ňěåăŋĺğňě àőęďěŋĺï çăáâĺæ ĺ, ćőğňőęŋő, őæěŋłĺ áőďěàęăŋĺï áâàăŋŋëå łćăàłőć ć ŋãłńőŋě.

Ŋěáőňŋěŋŋëľ ĺŋâěàěá ŕàěďáâăćńïěâ ŕàěďńőęěŋĺě őą ĺááńěďőćăŋĺĺ àăďĺăæĺőŋŋëå àăáŕăďőć ćěłâőàŋëå ĺ ŕáěćďőáłăńïàŋëå ňěğőŋőć, ćěàőïâŋőáâĺ łőâőàëå ğăćĺáïâ őâ ňăčŋĺâŋëå ňőňěŋâőć łćăàłőć ĺ łćăàłőćőčő áőáâăćă ňěğőŋőć ĺ ňőčãâ ąëâì áőŕőáâăćńěŋë á âěőàěâĺçěáłĺňĺ ŕàěďáłăğăŋĺïňĺ (âăł ęě łăł ĺ ŕőĺáłĺ àăáŕăďă ω → π^+π^−γ).

Ĺğňěàěŋĺě áŕĺŋőćëå ŕăàăňěâàőć ć ãŕàãčőň àăááěïŋĺĺ ĺ ąĺŋăàŋëå àěăłæĺïå àőęďěŋĺï áâàăŋŋëå çăáâĺæ ćŕěàćëě ŕőğćőńĺâ őáãéěáâćĺâì őďŋőğŋăçŋëľ ŕăàæĺăńìŋő-ćőńŋőćőľ ăŋăńĺğ ćőğąãęďěŋŋëå áőáâőïŋĺľ ŋãłńőŋă ćő ćáěľ àěğőŋăŋáŋőľ őąńăáâĺ ĺ, âěň áăňëň, ćőááâăŋőćĺâì ĺáâĺŋŋëľ áŕěłâà ĺ åăàăłâěàĺáâĺłĺ ąăàĺőŋŋëå àěğőŋăŋáőć ĺ, âăłęě, łőŋáâăŋâë áćïğĺ á àăğńĺçŋëňĺ łăŋăńăňĺ àăáŕăďă, âő ěáâì ŕőńãçĺâì ŋăďěęŋãî ąăğőćãî íłáŕěàĺňěŋâăńìŋãî ĺŋäőàňăæĺî ďńï àăğćĺâĺï âěőàěâĺçěáłĺå ŕàěďáâăćńěŋĺľ ő áĺńăå ćğăĺňőďěľáâćĺï ňěęďã łőŋáâĺâãíŋâăňĺ ŋãłńőŋă. Ĺğňěàěŋĺï áŕĺŋőćëå åăàăłâěàĺáâĺł àěăłæĺľ ďćãåçăáâĺçŋőčő ĺ łćăğĺďćãåçăáâĺçŋőčő àőęďěŋĺï áâàăŋŋëå çăáâĺæ ŕőğćőńïâ őáãéěáâćĺâì ąěğňőďěńìŋëľ ăňŕńĺâãďŋëľ ăŋăńĺğ íâĺå ŕàőæěááőć ĺ ŕàĺŋěáãâ ćăęŋãî ĺŋäőàňăæĺî ő ňěåăŋĺğňăå ćğăĺňőďěľáâćĺï ć áâàăŋŋőň áěłâőàě ĺ, ćőğňőęŋő, őąêïáŋěŋĺï ŋěłőâőàëå ŋě ŕőŋïâëå ďő ŋăáâőïéěčő ćàěňěŋĺ íłáŕěàĺňěŋâăńìŋëå äăłâőć.

Ćő ćâőàőľ çăáâĺ ŕàőčàăňňë ŕàěďáâăćńěŋă čàãŕŕă ŕàěďńőęěŋĺľ, ŋăŕàăćńěŋŋëå ŋă ĺğãçěŋĺě ćńĺïŋĺï ïďěàŋőľ áàěďë ŋă ŕàőæěááë ćğăĺňőďěľáâćĺï ăďàőŋőć, åăàăłâěàĺáâĺłĺ àěğőŋăŋáőć, ă âăłęě ŕàőïćńěŋĺľ ŋěŋãłńőŋŋëå áâěŕěŋěľ áćőąőďë ĺ äńãłâãăæĺľ ŕńőâŋőáâĺ ć ïďàăå.

Ăďěłćăâŋőě őŕĺáăŋĺě ŕőćěďěŋĺï ăďàőŋőć ć ïďěàŋőľ áàěďě őáâăěâáï ćěáìňă ăłâãăńìŋëň ďńï äĺğĺłĺ çăáâĺæ. Ć ŋăáâőïéěě ćàěňï ďőáâăâőçŋő åőàőèő âěőàěâĺçěáłĺ ĺ íłáŕěàĺňěŋâăńìŋő ĺğãçěŋă àőńì łćăğĺãŕàãčĺå ŕàőæěááőć ŕàĺ ŕàőåőęďěŋĺĺ ăďàőŋőć çěàěğ ïďàő. Őďŋăłő, íâőčő ŋěńìğï áłăğăâì ő ŋěãŕàãčĺå ćğăĺňőďěľáâćĺïå; ŋěďăćŋĺľ ăŋăńĺğ ŕěàćëå ďăŋŋëå ŕő ďćőľŋőľ ŕěàěğăàïďłě ŕĺőŋă ŋă ïďàăå ŕàĺ ČíĆ-ŋëå íŋěàčĺïå ŕőłăğăń, çâő íâőâ ŕàőæěáá ŕàěďőáâăćńïěâ ãŋĺłăńìŋãî ćőğňőęŋőáâì ŋăąńîďăâì íääěłâ ŋěãŕàãčĺå čńăãąěàőćáłĺå ŕěàěàăááěïŋĺľ łăł őáŋőćŋőľ, ãęě ŋăçĺŋăï á ≈0.7 ČíĆ. Ďěľáâćĺâěńìŋő, ć őąńăáâĺ íâĺå íŋěàčĺľ őąëçŋëľ ďćãåáâãŕěŋçăâëľ ňěåăŋĺğň íâőľ àěăłæĺĺ á őďŋőŕĺőŋŋëň ŕàőňěęãâőçŋëň áőáâőïŋĺěň ŋě ďőňĺŋĺàãěâ ĺğ-ğă ňăńőáâĺ áěçěŋĺï őďŋőłàăâŋőľ ŕěàěğăàïďłĺ ŋă ŋãłńőŋě. Šăłĺň őąàăğőň, ćŕěàćëě áâăŋőćĺâáï ćőğňőęŋëň ć ïćŋőň ćĺďě ĺááńěďőćăâì ŋěãŕàãčĺě ňěåăŋĺğňë ňŋőčőłàăâŋőčő ćğăĺňőďěľáâćĺï ăďàőŋőć á ŋãłńőŋăňĺ ŕàĺ ĺå ŕàőåőęďěŋĺĺ çěàěğ ïďàő.

Ŕàěďŕőńăčăěňőě ïćńěŋĺě ïďěàŋőľ łàĺâĺçěáłőľ őŕăńěáæěŋæĺĺ âěáŋő áćïğăŋő á ŕĺőŋŋëňĺ áâěŕěŋïňĺ áćőąőďë ĺ őąêïáŋïěâ ŋăąńîďěŋĺï ãğłőčő ŕĺłă ŕőčńő-

– 56 –

éěŋĺï ŕĺőŋőć á íŋěàčĺïňĺ ćąńĺğĺ 50 ŇíĆ ć ïďàăå. Ďàãčăï ćőğňőęŋőáâì ĺŋâěàŕàěâăæĺĺ íâőčő ŕĺłă — áãéěáâćőćăŋĺě d^′-ďĺąăàĺőŋă.

Ŕàőáâàăŋáâćěŋŋő-ćàěňěŋŋăï łăàâĺŋă čńãąőłőŋěãŕàãčĺå ŕàőæěááőć ćğăĺňőďěľáâćĺï ăďàőŋőć á ïďàăňĺ ňőęěâ ąëâì ćőááâăŋőćńěŋă ĺŋâěàäěàěŋæĺőŋŋëňĺ ňěâőďăňĺ ĺ áőďěàęĺâ ĺŋäőàňăæĺî ő ŕàőďőńìŋëå ĺ ŕőŕěàěçŋëå àăğňěàăå őąńăáâĺ ćğăĺňőďěľáâćĺï, äńãłâãăæĺïå ïďěàŋőľ ŕńőâŋőáâĺ ĺ ćőğňőęŋëå ŕàőïćńěŋĺïå łćăàłőćëå ňěèłőć.

Ĺááńěďőćăŋĺï åăàăłâěàĺáâĺł ŕőďŕőàőčőćőčő àőęďěŋĺï çăáâĺæ, őŕàěďěńïěňëå áćőľáâćăňĺ ïďěàŋőľ ňăâěàĺĺ ŋă ňăńëå ňěęŋãłńőŋŋëå àăááâőïŋĺïå, ŕőğćőńïâ ŕőńãçĺâì ĺŋäőàňăæĺî ő áŕěłâàăńìŋëå äãŋłæĺïå ïďěà ć őąńăáâĺ, ŋěďőáâãŕŋőľ ďńï ĺğãçěŋĺï ŋă íńěłâàőŋŋëå ãáłőàĺâěńïå. Śĺńìŋăï ğăćĺáĺňőáâì áěçěŋĺľ ŕőďŕőàőčőćëå àěăłæĺľ őâ ňăááë àőęďěŋŋőľ áĺáâěňë ďěńăěâ ĺå çãćáâćĺâěńìŋëň ĺŋáâàãňěŋâőň ďńï ŕőĺáłă ŕàěďáłăğăŋŋëå âěőàĺěľ íääěłâőć ňőďĺäĺłăæĺĺ áćőľáâć ăďàőŋőć ć ïďěàŋőľ áàěďě.

Řőęďěŋĺě ĺ àăáŕàőáâàăŋěŋĺě ňěğőŋŋëå àěğőŋăŋáőć ć ïďàăå ŕőğćőńĺâ ŕőńãçĺâì áćěďěŋĺï ő åăàăłâěàĺáâĺłăå àěğőŋăŋáőć ć ïďěàŋőľ áàěďě ĺ, ć àěğãńìâăâě ĺğãçěŋĺï ćğăĺňőďěľáâćĺľ ć łőŋěçŋőň áőáâőïŋĺĺ, âăłęě ő ŕàőæěááăå àăááěïŋĺï ňěğőŋŋëå àěğőŋăŋáőć ŋă ŋãłńőŋăå ĺ ćğăĺňőďěľáâćĺľ ňěęďã Λ-čĺŕěàőŋăňĺ ĺ Δ-ĺğőąăàăňĺ.

Śńěďãěâ őâňěâĺâì, çâő ćëŕőńŋěŋĺě ŕàěďáâăćńěŋŋőľ ŕàőčàăňňë ĺğňěàěŋĺľ ŋă áĺŋåàőâàőŋě ĹŠİŤ ŕàĺćěńő ąë âăłęě ł ŕőńãçěŋĺî íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå, ŋěőąåőďĺňëå ďńï őďŋőğŋăçŋőľ ĺŋâěàŕàěâăæĺĺ àěğãńìâăâőć, őęĺďăěňëå ŋă ŋőćëå ãáłőàĺâěńïå CEBAF ĺ RHIC. Ŋăŕàĺňěà, ĺááńěďőćăŋĺï ćőğąãęďěŋĺï ŋãłńőŋőć ăďàőŋăňĺ (ĹŠİŤ) ĺ äőâőŋăňĺ (CEBAF) ďőŕőńŋïîâ ďàãč ďàãčă ĺ ŕőğćőńïîâ ĺğćńěçì őâŋőáĺâěńìŋëě ćěàőïâŋőáâĺ àăďĺăæĺőŋŋëå àăáŕăďőć àěğőŋăŋáőć, ă ďńï ŋăďěęŋőľ ĺďěŋâĺäĺłăæĺĺ áĺčŋăńőć łćăàł-čńîőŋŋőľ ŕńăğňë ŋãęŋë ŕőďàőąŋëě ďăŋŋëě ő àőęďěŋĺĺ àăğńĺçŋëå ăďàőŋőć ć ăďàőŋ-ïďěàŋëå ĺ ïďàő-ïďěàŋëå ŕàőæěááăå.

Ąńĺęăľèěě ąãďãéěě ăďàőŋŋőľ äĺğĺłĺ ć ňĺàě, ŋěáňőâàï ŋă ěě çàěğćëçăľŋő ćăęŋőě ğŋăçěŋĺě ďńï àăğćĺâĺï âěőàĺĺ áĺńìŋëå ćğăĺňőďěľáâćĺľ ŋă àăááâőïŋĺïå ŕőàïďłă àăğňěàă ŋãłńőŋă, ŕàěďáâăćńïěâáï őçěŋì ŋěőŕàěďěńěŋŋëň. Ŕńăŋĺàãěňëľ ć KEK (§ŕőŋĺï) ŋőćëľ ŕàőâőŋŋëľ ãáłőàĺâěńì JHF (Japanese

Hadron Facility), ŕěàěłàëćăîéĺľ őąńăáâì ŕàőňěęãâőçŋëå íŋěàčĺľ, ŋě ąãďěâ

ććěďěŋ ć áâàőľ ŕő łàăľŋěľ ňěàě ć âěłãéěň ďěáïâĺńěâĺĺ. Ğă íâő ćàěňï ć ĹŠİŤ ňőęŋő ąëńő ąë ć ãáńőćĺïå áńăąőľ łőŋłãàěŋæĺĺ ŕőńãçĺâì æěŋŋãî ĺŋäőàňăæĺî ŕő ŕàĺŋæĺŕĺăńìŋëň ăáŕěłâăň ăďàőŋŋőľ äĺğĺłĺ.

Ŕàěďńăčăěňăï íłáŕěàĺňěŋâăńìŋăï ŕàőčàăňňă çăáâĺçŋő ąăğĺàãěâáï ŋă áãéěáâćãîéĺå íłáŕěàĺňěŋâăńìŋëå ãáâăŋőćłăå, ŋő ć áćőěľ őáŋőćŋőľ çăáâĺ âàěąãěâ áőğďăŋĺï ŋőćőčő ňăčŋĺâŋőčő áŕěłâàőňěâàă, őáŋăéěŋŋőčő ąëáâàëňĺ łőőàďĺŋăâŋëňĺ ĺ čăňňă-ďěâěłâőàăňĺ, ă âăłęě ŕőńïàĺğőćăŋŋëňĺ ňĺèěŋïňĺ.

Šăąńĺæă 3 ŕőďëâőęĺćăěâ áãéěáâćãîéĺě ćőğňőęŋőáâĺ ĺ ŕőâàěąŋőáâĺ ŕàěďńőęěŋŋëå íłáŕěàĺňěŋâőć ć àăğńĺçŋëå àěáãàáăå, àăááňăâàĺćăěňëå ć

– 57 –

Šăąńĺæă 3: Śćőďŋăï âăąńĺæă ŕàěďńăčăěňëå íłáŕěàĺňěŋâőć

İłáŕěàĺňěŋâ

Řěęĺň ãáłőàĺâěńï Ŋăńĺçĺěãáâăŋőćłĺ Řěăńĺğăæĺï ć àăňłăå őąéěčő áŕěłâàőňěâàă Ćëáőłăï ŕńőéăďłă

Ňěďńěŋŋëľ ćëćőď ĺőŋőć

Ŋă I íâăŕě

Ŋă II íâăŕě

Ć ŕěàáŕěłâĺćě 2.1. Ŕőĺáłĺ ĺ ĺááńěďőćăŋĺě íłğőâĺçěáłĺå áőáâőïŋĺľ

√_2 √ √ √ 2.2. Ĺááńěďőćăŋĺě ŋĺğłőńěęăéĺå áłăńïàŋëå ňěğőŋőć √ √ 2.3. Ĺğňěàěŋĺě ŕăàăňěâàőć ćàăéěŋĺï áŕĺŋă √ √ 2.4. Ĺááńěďőćăŋĺě áâàãłâãàë η- ĺ f_0-ňěğőŋőć^1 √ 2.5. Ŕàőćěàłă ŕàăćĺńă OZI √ √ 2.6. Ŕőńïàĺğăæĺőŋŋëě ŕăàăňěâàë ć àěăłæĺïå àőęďěŋĺï áâàăŋŋëå çăáâĺæ √ √ 2.7. Ŕőĺáł ăŋőňăńìŋëå ïćńěŋĺľ ć ŕőàőčőćőň àőęďěŋĺĺ ŕăà čĺŕěàőŋőć^1 √ 2.8. Ŕőĺáł àăáŕăďă ω → π^+π�γ √ √ 2.9. Ĺğňěàěŋĺě íńěłâàőňăčŋĺâŋëå äőàňäăłâőàőć η-, η0- ĺ ω-ňěğőŋőć √ √ 3.1. Őæěŋłă àăğňěàőć äńãłâőŋă √ √ 3.2. Ĺááńěďőćăŋĺě ćğăĺňőďěľáâćĺï äńãłâőŋőć √ √ √ 3.3. Ĺááńěďőćăŋĺě áćőľáâć ïďěàŋőľ ňăâěàĺĺ ć ŕőďŕőàőčőćőň őąàăğőćăŋĺĺ ăďàőŋőć^1 √ 3.4. Ĺááńěďőćăŋĺě ïćńěŋĺï ïďěàŋőľ łàĺâĺçěáłőľ őŕăńěáæěŋæĺĺ 3 √ 3.5. Ĺááńěďőćăŋĺě “ćëąàőáă” ïďěàŋőľ ňăâěàĺĺ √ √ 3.6. Ďćőľŋăï ŕěàěğăàïďłă ŕĺőŋőć ŋă ïďàăå √ √ 3.7. Ĺğãçěŋĺě åăàăłâěàĺáâĺł ćěłâőàŋëå ĺ áłăńïàŋëå ňěğőŋőć √ √ √ 3.8. Ĺááńěďőćăŋĺě ăďàőŋ-ïďěàŋëå ćğăĺňőďěľáâćĺľ ć őąńăáâĺ, ďăńěłőľ őâ łćăğĺáćőąőďŋőľ łĺŋěňăâĺłĺ √ √ 3.9. Ĺááńěďőćăŋĺě áâàãłâãàë ïďěà √ √ 1İâĺ íłáŕěàĺňěŋâë ŕàěďŕőńăčăěâáï ŕàőćőďĺâì ŋă ćŋãâàěŋŋěň ŕãçłě ãáłőàĺâěńï. 2Łàőňě 2.1..5.

3Ŋă ćâőàőň íâăŕě ŋěőąåőďĺňë ŕĺőŋŋëě ŕãçłĺ.

– 58 –

àăňłăå ŋăáâőïéěľ ŕàőčàăňňë.

Ććĺďã ćěáìňă áěàìěğŋëå âàãďŋőáâěľ á äĺŋăŋáĺàőćăŋĺěň ŋăãłĺ ć Řőááĺĺ, őçěŋì ćăęŋő, çâő ąőńìèĺŋáâćő ŕàěďńőęěŋĺľ ňőęěâ ąëâì àěăńĺğőćăŋő ŋă őďŋőľ őąéěľ íłáŕěàĺňěŋâăńìŋőľ ãáâăŋőćłě, çâő ŕőğćőńĺâ áłőŋæěŋâàĺàőćăâì ĺňěîéĺěáï áàěďáâćă ĺ ńîďáłĺě àěğěàćë. İâő áőőâćěâáâćãěâ àěłőňěŋďăæĺĺ Łőňĺááĺĺ ĹŠİŤ ŕő íłáŕěàâĺğě íłáŕěàĺňěŋâőć ŋă ãáłőàĺâěńě ĹŠİŤ (Ł.Č. Ąőàěáłőć, Ć.Ą. Čăćàĺńőć, Ă.Ĺ. Čőńãâćĺŋ ĺ Ă.Ą. Łăľďăńőć). Ĺŋáâĺâãâ àăáŕőńăčăěâ áãéěáâćěŋŋőľ çăáâìî ŋěőąåőďĺňőľ ňăâěàĺăńìŋőľ ąăğë (ć çăáâŋőáâĺ, ğă őáŋőćã áŕěłâàőňěâàă őąéěčő ŕőńìğőćăŋĺï ňőęěâ ąëâì ćğïâ ňőďěàŋĺğĺàőćăŋŋëľ ňăčŋĺâ ĺňěîéěčőáï âàěåňěâàőćőčő áŕěłâàőňěâàă, ă âăłęě ĺáŕőńìğőćăŋă łàĺőćăłããňŋăï ĺŋäàăáâàãłâãàă ďńï àăąőâë ŕőńïàĺğőćăŋŋëå ňĺèěŋěľ), ĺ ąőńìèĺň őŕëâőň áőğďăŋĺï ăŋăńőčĺçŋëå ãáâăŋőćőł. Ććőď ć ďěľáâćĺě íâőľ ãáâăŋőćłĺ ňőęěâ ąëâì őáãéěáâćńěŋ ŕőíâăŕŋő. Ŕő ňěàě łőňŕńěłâőćăŋĺï áŕěłâàőňěâàă ďěâěłâőàăňĺ àăğńĺçŋëå âĺŕőć ňőęěâ ąëâì àěăńĺğőćăŋă çăáâì íłáŕěàĺňěŋâőć, ŋě âàěąãîéĺå ŕőńŋőľ łőňŕńěłâăæĺĺ.

Ŋě ňěŋěě ćăęŋëň ïćńïěâáï ćőŕàőá ő ćőááâăŋőćńěŋĺĺ àěęĺňă àăąőâë ãáłőàĺâěńï Ş-10 ĹŠİŤ ŋă ŕőńŋőľ ŕàőěłâŋőľ íŋěàčĺĺ 10 ČíĆ, ŋěőąåőďĺňőľ, ć çăáâŋőáâĺ, ďńï ŕőńãçěŋĺï łăçěáâćěŋŋëå ŕĺőŋŋëå ŕãçłőć. Ąőńìèĺŋáâćő ŕàěďńőęěŋŋëå íłáŕěàĺňěŋâăńìŋëå ŕàőčàăňň ŕőďàăğãňěćăěâ àăąőâã ãáłőàĺâěńï ŋă ćëáőłőľ íŋěàčěâĺçěáłőľ ŕńőéăďłě.

Ŕàőčàăňňă ĺááńěďőćăŋĺľ ŋă ãáłőàĺâěńě ĹŠİŤ áőáâăćńěŋă ĺğ ŕàěďńőęěŋĺľ, ŕàěďáâăćńěŋŋëå ńĺďěàăňĺ ĺ ćěďãéĺňĺ áőâàãďŋĺłăňĺ íłáŕěàĺňěŋâăńìŋëå čàãŕŕ (áň. ŋĺęěáńěďãîéãî âăąńĺæã).

Řăğďěń Ťăňĺńĺï Ĺ.Ő. Ććěďěŋĺě Ć.Ć. Ćńăďĺňĺàáłĺľ

2.1.1.–3., 2.1.6., 2.5., 2.9., 3.7. Ć.Š. Śňőńïŋłĺŋ 2.1.4. Ć.Ń. Śâőńĺŋ 2.1.5. Ń.Ś. Ćőàőąìěć, Č.Ă. Ńěłáĺŋ 2.2. Ć.Ŕ. Łăŋăćěæ 2.3. Ć.Ŕ. Łăŋăćěæ, Ć.Ć. Śãňăçěć (ŔĹ§Ť) 2.4. Ć.Ŕ. Ůěàŋëèěć, Ă.Č. Ďőńčőńěŋłő 2.6. Ć.Ć. Řëńìæőć 2.7. Ć.Ś. Ąőàĺáőć, Ă.Č. Ďőńčőńěŋłő 2.8. Ć.Ć. Łãńĺłőć 3.1., 3.2. Č.Ă. Ńěłáĺŋ 3.3. đ.Š. Łĺáěńěć, Ć.Ă. Ÿěľŋłňăŋ 3.4. Ň.Ć. Łőáőć 3.5. Ć.Ă. Śňĺàŋĺâáłĺľ 3.6. Ă.Ŕ. Łàãâěŋłőćă, Ć.Ć. Łãńĺłőć 3.8. Ŋ.Ă. Ŕĺćŋîł, Ć.Ň. Łőńëąăáőć (ŤĹĂŊ) 3.9. đ.Ć. Šàěąãåőćáłĺľ

4., âăąń. 3 Ĺ.Č. Ăńěłáěěć, Ď.Ŋ. Śćĺàĺďă Ğăłńîçěŋĺě Ć.Ŕ. Łăŋăćěæ

– 59 –

Ŕàěďńőęěŋĺï, áőáâăćńïîéĺě ŋăáâőïéãî ŕàőčàăňňã, őâłàëâë ďńï ŕàĺáőěďĺŋěŋĺï łăł őâěçěáâćěŋŋëå, âăł ĺ ĺŋőáâàăŋŋëå ãçăáâŋĺłőć.

Őąéăï àěďăłæĺï ňăâěàĺăńőć ćëŕőńŋěŋă Ć.Ć. Ćńăďĺňĺàáłĺň, Ć.Ŕ. Łăŋăćæőň, Ă.Ŕ. Łàãâěŋłőćőľ, Ć.Š. Śňőńïŋłĺŋëň ĺ Ĺ.Ś. Űãłěàňăŋőň. Ăćâőàë ąńăčőďăàŋë Ĺ.Č. Ăńěłáěěćã, Ě.Ă. Ňĺåăńěćőľ ĺ Ď.Ŋ. Śćĺàĺďě ğă ąőńìèãî àăąőâã ŕő łőňŕìîâěàŋőľ őąàăąőâłě ĺáåőďŋëå âěłáâőć.

– 60 –

Śŕĺáőł ńĺâěàăâãàë [1] Ń.Č. Ńăŋďáąěàč. ŞŤŊ, â. 162, á. 3 (1992).

[2] L.G. Landsberg. Phys. of Atomic Nucl, v. 1, p. 57 (1994).

[3] Ň.§. Ąăńăæ ĺ ďà. §ď. Ťĺğ., â. 57, á. 241 (1944).

[4] S.V. Golovkin et al. Yad. Fiz., v. 59, p. 1395 (1996).

[5] Ć.Ĺ. Ňĺåăľńĺçěŋłő ĺ ďà. Ŕàěŕàĺŋâ ĹŠİŤ 1, 1988.

[6] Shapiro I.S. Phys. Rev., v. C35, p. 131 (1978).

[7] G. Goldhaber et al. XII Int. Conf. of HEPh, Dubna, 1964, v. 1, p. 480

[8] Ă.Ť. Ŋĺńőć ĺ ďà. Ŕàěŕàĺŋâ ĹŠİŤ 165, 1980. [9] Ă.Ć. Ăàěäìěć ĺ ďà. §ď. Ťĺğ., â. 51, á. 414 (1990).

[10] Ă.Ć. Ăàěäìěć ĺ ďà. Ŕàěŕàĺŋâ ĹŠİŤ 54, 1987. [11] Ą.Ň. Ăąàăňőć ĺ ďà. §ď. Ťĺğ., â. 53, á. 179 (1991).

[12] P.J. Mulders, A.T. Aerts, J.J. de Swart. Phys. Rev., v. D21, p. 2653 (1980).

Ń.Ă. Łőŋďàăâîł, Ą.Ć. Ňăàâěňìïŋőć ĺ Ň.Č. Źěŕłĺŋ. §ď. Ťĺğ., â. 45, á. 1252 (1987).

[13] H. Clement et al. Nucl. Phys., v. A553, p. 589 (1993). [14] Ń.Ś. Ćőàőąìěć ĺ ďà. Ŕĺáìňă ć ĘİŠŤ, â. 59, á. 75 (1994). [15] R. Bilger et al. Few Body Systems (Suppl.), v. 7, p. 208 (1994). [16] đ.Ď. Ąăîłőć ĺ ďà. Ŕàěŕàĺŋâ ĹŠİŤ 46, 1993. [17] I.G. Alekseev et al. Yad. Fiz., v. 61, p. 223 (1998).

[18] F.E. Close, Yu.L. Dokshitzer and V.N. Gribov. Phys. Lett., v. B319, p. 291 (1993).

[19] V. Barger and D. Cline. Phys. Rev., v. 182, p. 1849 (1969). [20] Ă.Ą. Łăľďăńőć. §ď. Ťĺğ., â. 51, á. 319 (1990).

[21] Y. Nambu and J. Jona-Lasinio. Phys. Rev., v. 122, p. 345 (1961). [22] R. Delbourgo and M.D. Scadron. Mod. Phys. Lett, v. A10, No 3, p. 251 (1995).

[23] J.D. Kimel and J.F. Owens. Nucl. Phys., v. B122, p. 464 (1977).

– 61 –

[24] N. Isgur and G. Karl. Phys. Rev., v. D18, p. 4187 (1978).

R. Koniuk and N. Isgur. Phys. Rev., v. D21, p. 1868 (1980). T.A. DeGrand and C. Rebbi. Phys. Rev., v. D17, p. 2358 (1978). T.A. DeGrand et al. Nucl. Phys., v. B164, p. 413 (1980). H.R. Fiebig. Phys. Rev., v. D33, p. 184 (1986). M.P. Mattis and M. Peshkin. preprint SLAC-PUB 3538, 1984. E. Golowich et al. Phys. Rev., v. D28, p. 160 (1983). T. Barnes and F.E. Close. Phys. Lett., v. B123, p. 89 (1983).

[25] A.B. Kaidalov, Physics of resonances, 17th ITEP School of Physics, Moscow, 1987.

[26] L.Ya. Glozman and D.O. Riska. preprint Univ. of Helsinki TFT-94-48, 1994.; Also: hep-ph/9412231.

[27] R.L. Kelly and R.E. Cutkosky. Phys. Rev., v. D20, p. 2782 (1979).

R.E. Cutkosky et al. Phys. Rev., v. D20, p. 2804, 2839 (1979).

[28] G. Höhler, Handbook on Pion-Nucleon Scattering, Physics Data No 12-1, Fachinformationzentrum, Karlsruhe, 1979.

[29] R.A. Arndt et al. Phys. Rev., v. D32, p. 1085 (1985).

R.A. Arndt et al. Phys. Rev., v. D43, p. 2131 (1991). R.A. Arndt et al. Phys. Rev., v. C52, p. 2120 (1995).

[30] Review of Particle Physics, Europ. Phys. J., C3, (1998).

[31] G. Höhler. πN-Newsletter, v. 8, p. 5 (1994)..

[32] I.G. Alekseev et al. Phys. Lett., v. B351, p. 585 (1995).

Ć.Ć. Ăąăěć ĺ ďà. §ď. Ťĺğ., â. 58, á. 1635 (1995).

I.G. Alekseev et al. Surveys in High Energy Physics, v. 9, p. 307 (1996). V.V. Abaev et al. πN Newsletter, v. 10, p. 138 (1995).

[33] Ć.Ć. Ăąăěć ĺ ďà. Ŕàěŕàĺŋâ ĹŠİŤ 34, 1990.

Ć.Ć. Śãňăçěć ĺ ďà. Ŕàěŕàĺŋâ ŔĹ§Ť NP-50, 1994. Ŋ.Ă. Ąăęăŋőć ĺ ďà. Ŕàěŕàĺŋâ ĹŠİŤ 52, 1994.

[34] V.S. Bekrenev et al., Proc. of the III Workshop on High Energy Spin Physics, Protvino 1990, p. 215;

V.V. Abaev et al., Proc. of the IV Workshop on High Energy Spin Physics, Protvino 1992, p. 317;

I.G. Alekseev et al., Proc. of the VI Workshop on High Energy Spin Physics, Protvino 1996, p. 80;

V.V. Abaev et al., Proc. of the VI Workshop on High Energy Spin Physics, Protvino 1996, p. 110;

Yu.A. Beloglasov et al., Proc. of the VI Workshop on High Energy Spin

– 62 – Physics, Protvino 1996, p. 203;

V.P. Kanavets for ITEP-PNPI Collaboration, Proc. of the 14th Int. Conference PANIC-96, p. 545;

V.P. Kanavets for ITEP-PNPI Collaboration, Proc. of the 12th Int. Symposium on High-Energy Spin Physics, Amsterdam 1996, p. 383; I.G. Alekseev et al., Proc. of the 12th Int. Symposium on High-Energy Spin Physics, Amsterdam 1996, p. 828.

[35] I.V. Lopatin et al. Nucl. Phys., v. A567, p. 882 (1994). [36] I. Supek et al. Phys. Rev., v. D47, p. 1762 (1993). [37] E. Barrelet. Nuovo Cim., v. A8, p. 31 (1972). [38] S. Okubo. Phys. Lett., v. 5, p. 165 (1963).

G. Zweig. CERN Report TH-401, TH-407, 1964. J. Iizuku. Progr. Theor. Phys. Suppl., v. 37-38, p. 21 (1966).

[39] S.V. Golovkin et al. Z. Phys., v. A359, p. 435 (1997). [40] D.J. Candlin et al. Nucl. Phys., v. B311, p. 613 (1989). [41] K.W. Bell et al. Nucl. Phys., v. B222, p. 384 (1983). [42] E.L. Berger and G. Fox. Phys. Rev. Lett., v. 25, p. 1783 (1970). [43] H. Navelet and P.R. Stevens. Nucl. Phys., v. B104, p. 171 (1976). [44] I.I. Levintov. Preprint ITEP 24, 1997.

[45] David J. Crennell et al. Phys. Rev., v. D6, p. 1220 (1972). [46] C.E.W. Ward et al. Phys. Rev. Lett., v. 31, p. 1149 (1973). [47] A.S. Carrol, I.H. Chiang, R.A. Johnson et al. Phys. Rev. Lett., v. 41, p. 777 (1978).

[48] S.O. Holmgren, S. Nilsson, T. Olhede, and N. Yamdagni. Nuovo Cim., v. 51A, p. 305 (1976).

[49] K. Alpgard, G. Ekspong, P.O. Hulth et al. Nucl. Phys., v. B103, p. 234 (1976).

[50] R.L. Jaffe. Phys. Rev. Lett., v. 38, p. 195 (1977).

[51] M. Danusz, K. Garbowska, J. Pniewski et al. Nucl. Phys., v. 49, p. 121 (1963).

[52] D.J. Prowse. Phys. Rev. Lett., v. 17, p. 782 (1966).

[53] J. Belz, R.D. Cousins, M.V. Diwan et al. Phys. Rev., v. D53, p. 3487 (1996).

– 63 – [54] A.J. Schwartz. SLAC-REPT 444, 1994.

[55] A. Rusek, B. Bassalleck, A. Berdoz et al. Phys. Rev., v. C52, p. 1580 (1995).

[56] M.S. Chung, H. En’yo, H. Funahashi et al. Ann. Rep. Inst. for Nucl. Study, University of Tokyo 39, 1993.

[57] B.A. Shahbazian, T.A. Volokhovskaya, V.N. Yemelyanenko, and A.S. Martynov. Phys. Lett., v. B316, p. 593 (1993).

B.A. Shahbazian, V.A. Sashin, A.O. Kechechyan, and A.S. Martynov. Phys. Lett., v. B235, p. 208 (1990).

B.A. Shahbazian, A.O. Kechechyan, A.M. Tarasov, and A.S. Martynov. Z. Phys., v. C39, p. 151 (1988).

[58] Ă.Ŋ. Ăńěłáěěć, Ć.Ň. Ąěàěğĺŋ, Ě.Š. Ąőčďăŋőć ĺ ďà. §ď. Ťĺğ., â. 52,

á. 1612 (1990).

[59] V. Barmin et al. Nucl. Phys., v. A558, p. 361 (1993). [60] V. Barmin et al. Phys. Rev. Lett., v. B370, p. 233 (1996). [61] S. Fajfer and R.J. Oanes. Phys. Rev., v. D44, p. 1599 (1991).

S. Fajfer and R.J. Oanes. Phys. Rev., v. D42, p. 2392 (1990). [62] Y.B. Bushnin et al. Yad. Fiz., v. 28, p. 1507 (1978). [63] đ.Ď. Ąăîłőć ĺ ďà. §ď. Ťĺğ., â. 42, á. 185 (1985). [64] Č.Ă. Ńěłáĺŋ. Ÿłőńă ĹŠİŤ II, â. 1, á. 90 (1975).

Č.Ă. Ńěłáĺŋ. Ÿłőńă ĹŠİŤ III, â. 2, á. 5 (1975). Č.Ă. Ńěłáĺŋ. Ÿłőńă ĹŠİŤ IV, â. 2, á. 5 (1977).

[65] Ć.Ą. Čăćàĺńőć, Č.Ă. Ńěłáĺŋ. Ÿłőńă ĹŠİŤ Ţ, â. 1, á. 46 (1983).

Ć.Ą. Čăćàĺńőć, Č.Ă. Ńěłáĺŋ. Ÿłőńă ĹŠİŤ ŢII, â. 1, á. 22 (1985). Ć.Ą. Čăćàĺńőć, Č.Ă. Ńěłáĺŋ. Ÿłőńă ĹŠİŤ ŢIII, â. 4, á. 108 (1986).

[66] đ.Ď. Ąăîłőć ĺ ďà. §ď. Ťĺğ., â. 57, á. 421 (1994). [67] Č.Ĺ. Łőŕëńőć ĺ Ň.Ŕ. Ŕőďčőàěæłĺľ. §ď. Ťĺğ., â. 15, á. 392 (1972). [68] Ă.Ć. Ćńăáőć ĺ ďà. §ď. Ťĺğ., â. 36, á. 915 (1982). [69] Ă.Ć. Ćńăáőć ĺ ďà. §ď. Ťĺğ., â. 58, á. 669 (1995). [70] V.B. Gavrilov. Preprint ITEP 15-92, 1992. [71] E.V. Shuryak. Nucl. Phys., v. A525, p. 3 (1991).

S. Nagamiya. Nucl. Phys., v. A511, p. 5 (1992). [72] W. Weise. Nucl. Phys., v. A610, p. 35 (1996).

– 64 – [73] Yu.B. Lepikhin et al. JETP Lett., v. 46, p. 275 (1988). [74] A.V. Akindinov et al. Heavy Ion Physics, v. 4, p. 325 (1996). [75] K. Saito et al. Phys. Rev., v. C55, p. 263 (1997). [76] S.V. Efremov et al. Europ. Phys. J., v. A1, p. 99 (1998). [77] A. Sibirtsev et al. Nucl. Phys., v. A604, p. 445 (1991).

Also: A. Sibirtsev et al. nucl-th/9607047 [78] A. Shor et al. Phys. Rev. Lett., v. 62, p. 1829 (1989). [79] A. Schroter et al. Nucl. Phys., v. A553, p. 775 (1993). [80] G. Batko et al. Phys. Lett., v. B256, p. 351 (1991). [81] A. Sibirtsev et al. nucl-th/9710044; subm. to Nucl.Phys. A. [82] J. Chiba et al. Nucl. Phys., v. A583, p. 633 (1995). [83] G. Agakichiev et al. Phys. Rev. Lett., v. 75, p. 1272 (1995). [84] M. Masera et al. Nucl. Phys., v. A590, p. 93 (1995).

[85] W. Cassing, W. Ehehalt and C.M. Ko. Phys. Lett., v. B363, p. 35 (1995). [86] W. Cassing et al. Phys. Lett., v. B363, p. 3 (1995). [87] R. Barth et al. Phys. Rev. Lett., v. 78, p. 4007 (1997). [88] L. Lolos et al. Phys. Rev. Lett., v. 80, p. 241 (1997). [89] H. Enyo. Proc. of JHF Workshop, KEK, 1998. [90] A. Sibirtsev, W. Cassing. Nucl. Phys., v. A629, p. 707 (1998). [91] A.B. Migdal et al. Phys. Rep., v. 192, p. 179 (1991). [92] M. Ericson, J. Delorm. Phys. Lett., v. B76, p. 182 (1978). [93] B.K. Jennings et al. Phys. Lett., v. B124, p. 302 (1983).

L. Lee et al.. Phys. Lett., v. B174, p. 147 (1986). [94] M.D. Cooper et al. Phys. Rev. Lett., v. 52, p. 1100 (1984).

F. Irom et al. Phys. Rev., v. C33, p. 2092 (1986). [95] J. Navon et al. Phys. Rev. Lett., v. 52, p. 105 (1984).

A. Altman et al. Phys. Rev. Lett., v. 55, p. 1273 (1985). M.J. Leitch et al. Phys. Rev. Lett., v. 54, p. 1482 (1984). M.J. Leitch et al. Phys. Rev., v. C39, p. 2356 (1989).

[96] W.R. Gibbs et al. Phys. Lett., v. B231, p. 6 (1989).

– 65 – [97] H. Clement. Progr. Part. Nucl. Phys., v. 29, p. 175 (1992). [98] Ą. Ňăàâěňìïŋőć ĺ Ň. Źěŕłĺŋ. Ŕĺáìňă ć ĘİŠŤ, â. 53, á. 139 (1991). [99] K. Nakai et al. Phys. Rev., v. C20, p. 2210 (1979).

J. Chiba et al. Phys. Rev., v. C20, p. 1332 (1979). K.L. Wolf et al. Phys. Rev. Lett., v. 42, p. 1448 (1979).

[100] Ĺ.Ĺ. Ćőàőąìěć ĺ Ć.Ě. Ńãåňăŋőć. §ď. Ťĺğ., â. 43, á. 637 (1986). [101] đ.Ď. Ąăîłőć ĺ ďà. §ď. Ťĺğ., â. 55, á. 3261 (1992). [102] Ą.Ň. Ąőąçěŋłő ĺ ďà. §ď. Ťĺğ., â. 30, á. 805 (1979). [103] V.A. Krasnov et al. Phys. Lett., v. B108, p. 71 (1982).

Yu.K. Akimov et al., JINR Rapid Commun., 35, 11, (1989) [104] J. Julien et al. Phys. Lett., v. B142, p. 340 (1984).

S. Yen et al. Phys. Lett., v. B269, p. 59 (1991). J. Julien et al. Z. Phys., v. A347, p. 181 (1994).

[105] V. Aseev et al. Phys. Rev., v. C56, p. R569 (1997). [106] H.H. Gutbrod et al. Phys. Rev., v. C42, p. 640 (1990). [107] B.M. Abramov et al. Few-Body Systems Suppl., v. 9, p. 237 (1993). [108] Ą.Ň. Ăąàăňőć ĺ ďà. §ď. Ťĺğ., â. 59, á. 399 (1996). [109] Ă.Ą. Łăľďăńőć ĺ Ă.Ŕ. Łàãâěŋłőćă. §ď. Ťĺğ., â. 60, á. 1334 (1997). [110] V.V. Anisovich, L.G. Dakhno and P.E. Volkovitskii. Phys. Lett., v. B42, p. 224 (1972).

A.B. Kaidalov and L.A. Kondratyuk. Nucl. Phys., v. B56, p. 90 (1973). V.A. Karmanov and L.A. Kondratyuk. Pisma ZhETF, v. 18, p. 451 (1973).

[111] V.N. Gribov. ZhETF, v. 56, p. 892 (1969).

[112] G. Brown and N. Rho. Phys. Rev. Lett., v. 66, p. 2720 (1991). [113] C.M. Shakin and W.-D. Sun. Phys. Rev., v. C49, p. 1185 (1994). [114] F. Kligl and W. Weise. Nucl. Phys., v. A606, p. 329 (1996).

F.Kligl, N.Kaiser, and W.Weise. hep-ph/9704398. [115] T. Hatsuda and S. Lee. Phys. Rev., v. C46, p. 34 (1992). [116] M. Asakawa and C.M. Ko. Phys. Rev., v. C48, p. 526 (1993). [117] L.A. Kondratyuk et al. Nucl. Phys., v. A579, p. 453 (1994). [118] K.G. Boreskov et al. Phys. At. Nucl., v. 59, p. 1908 (1996).

– 66 – [119] M.A. Mazzoni. Nucl. Phys., v. A566, p. 95 (1994). [120] T. Akesson et al. Z. Phys., v. C68, p. 47 (1995). [121] A. Drees. Nucl. Phys., v. A610, p. 536 (1996).

[122] G.Q. Li, C.M. Ko and G.E. Brown. Phys. Rev. Lett., v. 75, p. 4007 (1995). [123] W. Cassing, W. Ehehalt and I. Kralik. Phys. Lett., v. B377, p. 5 (1996). [124] E.L. Bratkovskaya and W. Cassing. Nucl. Phys., v. A619, p. 413 (1997). [125] Ye.S. Golubeva, L.A. Kondratyuk, and W. Cassing. Nucl. Phys., v. A625, p. 832 (1997).

[126] Ď.Ć.Ďőąàőåőâőć, Ć.Ň.Łőńëąăáőć ĺ Ĺ.Ś.Ÿăŕĺàő. Ŕĺáìňă ĘİŠŤ, â. 68,

á. 171 (1998).

[127] C.Gaarde. Ann. Rev. Nucl. Part. Science, v. 41, p. 187 (1991).

V.L.Eletsky and B.L.Ioffe. Phys. Rev. Lett., v. 78, p. 1010 (1997). [128] J.Chiba et al. Phys. Rev. Lett., v. 67, p. 1982 (1991). [129] Ń.Ś.Ćőàőąìěć ĺ ďà. Ŕĺáìňă ĘİŠŤ, â. 52, á. 77 (1994). [130] W.Brodowski et al. Z. Phys., v. A355, p. 5 (1996).

[131] P.J.Mulders, A.T.Aerts and J.J. de Swart. Phys. Rev., v. D21, p. 2653 (1980).

Ń.Łőŋďàăâîł, Ą.Ňăàâěňìïŋőć ĺ Ň.Źěŕłĺŋ. §ď. Ťĺğ., â. 45, á. 1252

(1987).

[132] Ć.Ň.Łőńëąăáőć. §ď. Ťĺğ., â. 25, á. 209 (1977). [133] Eramzhyan R.A. et al. Phys. Lett., v. B228, p. 1 (1989). [134] Roeck E.. Rep. Progr. Rhys., v. 55, p. 1661 (1992).

[135] Bertulani C.A., Canto L.F., Hussein M.S.. Phys. Rep., v. 226, p. 281 (1993). [136] Łŋïğìłőć Ő.Ň., Łãåâĺŋă Ĺ.Ŋ. ĺ Ťăïŋá Ś.Ă.. ŤİŮĂ§, â. 28, á. 1061 (1997).

[137] Geissel H., et al. Ann. Rev. Nucl. Part. Sci., v. 45, p. 163 (1995). [138] Korsheninnikov A.A., et al. Nucl. Phys., v. A617, p. 45 (1997). [139] I. Tanihata. Prog. Part. Nucl. Phys., v. 35, p. 505 (1995).

I. Tanihata. Phys. Rev. Lett., v. 55, p. 2676 (1985). [140] N.O. Orr et al. Phys. Rev. Lett., v. 69, p. 2050 (1992).

N.O. Orr et al. Nucl. Phys., v. A248, p. 267 (1986). [141] B.M. Sherrill et al. Nucl. Phys., v. B56/B57, p. 2/1106 (1991).