Ďĺááěàâăæĺï ãŋĺćěàáĺâěâă ĺňěŋĺ Ďěŋĺáă Ďĺďàő ŕő áŕěæĺăńìŋőáâĺ: äĺğĺłă íńěňěŋâăàŋëå çăáâĺæ

ŋă áőĺáłăŋĺě ãçěŋőľ áâěŕěŋĺ ďőłâőàă äĺńőáőäĺĺ Ŕăàĺęáłőčő Şŋĺćěàáĺâěâă VII

ŔŐŔŐĆ Ąőàĺá Ăńìąěàâőćĺç

Ŕőĺáł ŋěľâàĺŋŋëå νμ → ντ őáæĺńńïæĺľ ŕő łăŋăńã àăáŕăďă τ − → e−ν̄eντ ć íłáŕěàĺňěŋâě NOMAD (CERN).

ŕàěďáâăćńěŋă ł ğăéĺâě 12 ňăï 1998 čőďă ŕěàěď ęîàĺ ć áőáâăćě :

Ň. Ąăŋŋěà Ę. Ąãèěğ Ś. Ąãŋïâőć Ă. Ńěâěááĺěà-Śěńćőŋ Ś. Ŕěâłőć Ť. Ćăŋŋãççĺ

Ňőěľ Řőďĺŋě, Ťàăŋæĺĺ ĺ ňőĺň ďàãğìïň áő ćáěčő áćěâă ŕőáćěéăěâáï...

Őčńăćńěŋĺě

1 Ććěďěŋĺě 7 1.1 Ĺáâőàĺï ŋěľâàĺŋő . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1.2 Ňăááă ŋěľâàĺŋő . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 1.2.1 İłáŕěàĺňěŋâăńìŋëě ăáŕěłâë . . . . . . . . . . . . . . . . . 8 1.2.2 Šěőàěâĺçěáłĺě ăáŕěłâë . . . . . . . . . . . . . . . . . . . . . 9 1.3 Ŋěľâàĺŋő ĺ ăáâàőäĺğĺłă . . . . . . . . . . . . . . . . . . . . . . . . 14 1.4 Őáæĺńńïæĺĺ ŋěľâàĺŋő . . . . . . . . . . . . . . . . . . . . . . . . . . 15 1.5 İłáŕěàĺňěŋâë ŕő ŕőĺáłã ŋěľâàĺŋŋëå őáæĺńńïæĺľ . . . . . . . . . 17 1.5.1 İłáŕěàĺňěŋâë á áőńŋěçŋëňĺ ŋěľâàĺŋő . . . . . . . . . . . 18 1.5.2 Ăâňőáäěàŋëě ŋěľâàĺŋŋëě íłáŕěàĺňěŋâë . . . . . . . . . . 28 1.5.3 Řěăłâőàŋëě ŋěľâàĺŋŋëě íłáŕěàĺňěŋâë . . . . . . . . . . . 30 1.5.4 Şáłőàĺâěńìŋëě ŋěľâàĺŋŋëě íłáŕěàĺňěŋâë . . . . . . . . . 31 1.6 Ďàãčĺě ïćńěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 1.7 Şçěâ âàěå ŕőłőńěŋĺľ ŋěľâàĺŋő . . . . . . . . . . . . . . . . . . . . 35 1.8 İłáŕěàĺňěŋâăńìŋëě ŕàěďěńë ŋă ŕăàăňěâàë ŋěľâàĺŋŋëå őáæĺńńïæĺľ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 1.9 Ąãďãéĺě íłáŕěàĺňěŋâë . . . . . . . . . . . . . . . . . . . . . . . . . 38 1.9.1 Łőàőâłăï ąăğă . . . . . . . . . . . . . . . . . . . . . . . . . . 39 1.9.2 Śàěďŋïï ąăğă . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 1.9.3 Ďńĺŋŋăï ąăğă . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 1.10 Řěğîňě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

2 İłáŕěàĺňěŋâ NOMAD 43 2.1 Őáŋőćŋăï ĺďěï íłáŕěàĺňěŋâă . . . . . . . . . . . . . . . . . . . . . . 43 2.2 Ďěâěłâőà ĺ ŕãçőł ŋěľâàĺŋő . . . . . . . . . . . . . . . . . . . . . . 45 2.2.1 Ŕãçőł ŋěľâàĺŋő . . . . . . . . . . . . . . . . . . . . . . . . . 45 2.3 Şáâăŋőćłă NOMAD . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 2.3.1 Śĺáâěňă ćěâő . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 2.3.2 Ŕěàěďŋĺľ łăńőàĺňěâà . . . . . . . . . . . . . . . . . . . . . . 49 2.3.3 Ďàěľäőćëě łăňěàë . . . . . . . . . . . . . . . . . . . . . . . 50 2.3.4 Šàĺččěàŋëě ŕńőáłőáâĺ . . . . . . . . . . . . . . . . . . . . . 63 2.3.5 Ďěâěłâőà ŕěàěåőďŋőčő ĺğńãçěŋĺï . . . . . . . . . . . . . . . 63 2.3.6 Ďěâěłâőà ńĺćŋěľ . . . . . . . . . . . . . . . . . . . . . . . . . 64 2.3.7 İńěłâàőňăčŋĺâŋëľ łăńőàĺňěâà . . . . . . . . . . . . . . . . 66 2.3.8 Ăďàőŋŋëľ łăńőàĺňěâà . . . . . . . . . . . . . . . . . . . . . 69 2.3.9 Ňîőŋŋëě łăňěàë . . . . . . . . . . . . . . . . . . . . . . . . 71 2.4 Šàĺččěàë ĺ ŋăąőà ďăŋŋëå . . . . . . . . . . . . . . . . . . . . . . . 72 2.5 Řěğîňě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

3 Řěłőŋáâàãłæĺï áőąëâĺľ ć íłáŕěàĺňěŋâě NOMAD 75 3.1 Řěłőŋáâàãłæĺï ğăàïęěŋŋëå âàěłőć . . . . . . . . . . . . . . . . . . 75 3.1.1 Ăńčőàĺâňë ŕőĺáłă ĺ äĺâĺàőćăŋĺï âàěłőć . . . . . . . . . . 76 3.1.2 Šěåŋĺçěáłĺě ďěâăńĺ . . . . . . . . . . . . . . . . . . . . . . . 76 3.1.3 Ŕőĺáł âàěłőć . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 3.1.4 Ŕàőæěďãàă äĺâă . . . . . . . . . . . . . . . . . . . . . . . . . 81 3.1.5 Łăńĺąàőćłă . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 3.1.6 Ňőďěńì âàěłă . . . . . . . . . . . . . . . . . . . . . . . . . . 85 3.1.7 Ňŋőčőłàăâŋőě àăááěïŋĺě . . . . . . . . . . . . . . . . . . . . 89 3.1.8 Ŕőâěàĺ íŋěàčĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . 92 3.1.9 Ŕăłěâ ďńï íłáâàăŕőńïæĺĺ âàěłőć . . . . . . . . . . . . . . . 95 3.1.10 Řěğãńìâăâë àăąőâë NOMAD ŕàőčàăňňë àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå . . . . . . . . . . . . . . . . . . . . . . . 96 3.1.11 Řěłőŋáâàãłæĺï ćěàèĺŋ . . . . . . . . . . . . . . . . . . . . . 97 3.2 Ĺďěŋâĺäĺłăæĺï çăáâĺæ ć íłáŕěàĺňěŋâě NOMAD . . . . . . . . . . 100 3.2.1 Ăááőæĺăæĺï ĺŋäőàňăæĺĺ őâ àăğŋëå íńěňěŋâőć ãáâăŋőćłĺ (subdetector matching) . . . . . . . . . . . . . . . . . . . . . 100 3.2.2 Ĺďěŋâĺäĺłăæĺï ňîőŋőć ć íłáŕěàĺňěŋâě NOMAD . . . . . . 102 3.3 Ĺďěŋâĺäĺłăæĺï íńěłâàőŋőć . . . . . . . . . . . . . . . . . . . . . . 106 3.3.1 Ĺďěŋâĺäĺłăæĺï íńěłâàőŋőć ć íłáŕěàĺňěŋâě NOMAD . . . 107 3.3.2 Ŕőáâàőěŋĺě TRD âàěłőć ŕàĺ ŕőňőéĺ íłáâàăŕőńïæĺĺ DC âàěłőć . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 3.4 Řěłőŋáâàãłæĺï íńěłâàőŋőć . . . . . . . . . . . . . . . . . . . . . . . 111 3.4.1 Śŕěæĺăńìŋëľ ăńčőàĺâň ďńï àěłőŋáâàãłæĺĺ âàăěłâőàĺľ íńěłâàőŋőć . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 3.4.2 Ŋěľâàăńìŋëě âàěłĺ . . . . . . . . . . . . . . . . . . . . . . . 113 3.4.3 Ŕőĺáł ĺğńőňă âàăěłâőàĺĺ . . . . . . . . . . . . . . . . . . . 114 3.5 Ŕàőćěàłă ăńčőàĺâňőć á ĺáŕőńìğőćăŋĺěň íńěłâàőŋőć ĺğ àěăńìŋëå ďăŋŋëå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 3.6 Řěłőŋáâàãłæĺï ć ECAL . . . . . . . . . . . . . . . . . . . . . . . . . 121 3.7 Řěğîňě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

4 Řěłőŋáâàãłæĺï łĺŋěňăâĺłĺ áőąëâĺľ 125 4.1 Ňőďěńĺàőćăŋĺě áőąëâĺľ ć íłáŕěàĺňěŋâě NOMAD . . . . . . . . . 125 4.1.1 Řăááěïŋĺě ŋěľâàĺŋő ŋă ŋãłńőŋě . . . . . . . . . . . . . . . . 125 4.1.2 Ňőďěńĺàőćăŋĺě áőąëâĺľ . . . . . . . . . . . . . . . . . . . . 128 4.1.3 Őâąőà áőąëâĺľ . . . . . . . . . . . . . . . . . . . . . . . . . 130 4.2 Śàăćŋěŋĺě áňőďěńĺàőćăŋŋőľ ĺ ćőááâăŋőćńěŋŋőľ łĺŋěňăâĺłĺ áőąëâĺľ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131 4.2.1 ν_μ CC áőąëâĺï . . . . . . . . . . . . . . . . . . . . . . . . . . 133 4.2.2 ν_e CC áőąëâĺï . . . . . . . . . . . . . . . . . . . . . . . . . . 137 4.3 Řěğîňě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140

5 Ăŋăńĺğ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå 141 5.1 Őâąőà łăŋďĺďăâőć ŋă ν_e CC ćğăĺňőďěľáâćĺï . . . . . . . . . . . . 141 5.1.1 Ŋăąőà íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå . . . . . . . . . . . . . . 141 5.1.2 Őâąőà áőąëâĺľ . . . . . . . . . . . . . . . . . . . . . . . . . 143 5.1.3 Ňěâőď ăŋăńĺğă . . . . . . . . . . . . . . . . . . . . . . . . . . 143 5.1.4 Ĺďěŋâĺäĺłăæĺï íńěłâàőŋőć . . . . . . . . . . . . . . . . . . 145 5.1.5 Ćőááâăŋőćńěŋĺě íńěłâàőŋőć . . . . . . . . . . . . . . . . . . 148 5.1.6 Ćëąőà ńěŕâőŋă ĺğ ŕěàćĺçŋőľ ćěàèĺŋë . . . . . . . . . . . . 148 5.1.7 Łĺŋěňăâĺçěáłĺľ őâąőà . . . . . . . . . . . . . . . . . . . . . 149 5.1.8 İääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ ĺ őæěŋłă ãàőćŋï äőŋă . . . 152 5.1.9 Řěğãńìâăâë őâąőàă . . . . . . . . . . . . . . . . . . . . . . . 153

5.1.10 Ĺáŕőńìğőćăŋĺě őâőąàăŋŋëå áőąëâĺľ . . . . . . . . . . . . . 158 5.2 Ŕőĺáł őáæĺńńïæĺľ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163 5.2.1 Ŕőďåőď . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163 5.2.2 Śâàăâěčĺï ăŋăńĺğă . . . . . . . . . . . . . . . . . . . . . . . 166 5.2.3 Řěğãńìâăâë . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167 5.2.4 Ĺŋâěàŕàěâăæĺï ŕőńãçěŋŋëå àěğãńìâăâőć . . . . . . . . . . 168 5.2.5 Ĺğãçěŋĺě äőŋőćëå áőąëâĺľ . . . . . . . . . . . . . . . . . . 173 5.2.6 Řěğîňě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180

6 Ğăłńîçěŋĺě 183

7 Ąńăčőďăàŋőáâĺ 207

Ďăŋŋăï ćěàáĺï ďĺááěàâăæĺĺ ïćńïěâáï ŕěàěćőďőň ŋă àãááłĺľ ïğëł őàĺčĺŋăńă, ŋăŕĺáăŋŋőčő ŋă ăŋčńĺľáłőň ïğëłě ĺ ŕàěďáâăćńěŋŋőčő ł ğăéĺâě 12 ňăï 1998 čőďă ć Ŕăàĺęáłőň Şŋĺćěàáĺâěâě VII.

Ďĺááěàâăæĺï őàčăŋĺğőćăŋă áńěďãîéĺň őąàăğőň.

Ć ŕěàćőľ čńăćě őąáãęďăěâáï ĺáâőàĺï ŋěľâàĺŋŋőľ äĺğĺłĺ ĺ őáŋőćŋëě ŋěàěèěŋŋëě ŕàőąńěňë, áćïğăŋŋëě á ŋăńĺçĺěň ňăááë ã ŋěľâàĺŋő ĺ ćőğňőęŋőáâìî áňěèĺćăŋĺï ňěęďã ŋěľâàĺŋő àăğńĺçŋëå âĺŕőć. Ŕàěďáâăćńěŋ łàăâłĺľ őąğőà łăł âěőàěâĺçěáłőľ, âăł ĺ íłáŕěàĺňěŋâăńìŋőľ áĺâãăæĺĺ ć ŋěľâàĺŋŋőľ äĺğĺłě. Ŕőłăğăŋő, çâő ĺááńěďőćăŋĺě ïćńěŋĺï, ĺğćěáâŋőčő łăł ŋěľâàĺŋŋëě őáæĺńńïæĺĺ, ïćńïěâáï ěďĺŋáâćěŋŋőľ ćőğňőęŋőáâìî ŋă áěčőďŋïèŋĺľ ďěŋì ĺğňěàĺâì ňăááã ŋěľâàĺŋő ć őąńăáâĺ ≤ 1 íĆ. Ďăŋă łàăâłăï åăàăłâěàĺáâĺłă íłáŕěàĺňěŋâőć, ŕőáćïéěŋŋëå ŕőĺáłã ŋěľâàĺŋŋëå őáæĺńńïæĺľ.

Ćő ćâőàőľ čńăćě ŕàěďáâăćńěŋő ďěâăńìŋőě őŕĺáăŋĺě íłáŕěàĺňěŋâă NOMAD, ćěďãéěčő ŕőĺáł ν_μ → ν_τ (ĺ ν_μ → ν_e) őáæĺńńïæĺľ ŋă ŋěľâàĺŋŋőň ŕãçłě őâ ãáłőàĺâěńï SPS ć CERN. Ďăŋë åăàăłâěàĺáâĺłĺ őâďěńìŋëå ďěâăńěľ ãáâăŋőćłĺ.

Ć âàěâìěľ čńăćě àěçì ĺďěâ őą ăńčőàĺâňăå, ĺáŕőńìğőćăŋëå ďńï àěłőŋáâàãłæĺĺ ğăàïęěŋŋëå ĺ ŋěľâàăńìŋëå âàěłőć ć ďěâěłâőàě NOMAD. Ăłæěŋâ áďěńăŋ ŋă őŕĺáăŋĺě ňőďěńĺ âàěłă, àăğàăąőâăŋŋőľ ďńï àěłőŋáâàãłæĺĺ âàăěłâőàĺľ ğăàïęěŋŋëå çăáâĺæ ć ďàěľäőćëå łăňěàăå ãáâăŋőćłĺ, ĺ ăńčőàĺâňă ĺďěŋâĺäĺłăæĺĺ çăáâĺæ á ĺáŕőńìğőćăŋĺěň ďàãčĺå íńěňěŋâőć ďěâěłâőàă. Őáőąëľ ĺŋâěàěá ŕàěďáâăćńïěâ ĺďěŋâĺäĺłăæĺï ĺ àěłőŋáâàãłæĺï âàěłőć íńěłâàőŋőć.

Ć çěâćěàâőľ čńăćě ďăŋő őŕĺáăŋĺě ŕàőæěďãàë, ĺáŕőńìğőćăŋőľ ďńï ňőďěńĺàőćăŋĺï ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ďěâěłâőàě NOMAD. Ŕőłăğăŋő łăçěáâćő ćőááâăŋőćńěŋĺï łĺŋěňăâĺłĺ áőąëâĺľ.

Ŋăłőŋěæ, ć ŕőáńěďŋěľ čńăćě őąáãęďăěâáï ňěâőď őâŋőèěŋĺï ŕàăćďőŕőďőąĺï, àăğàăąőâăŋŋëľ ďńï ćëďěńěŋĺï ćğăĺňőďěľáâćĺľ íńěłâàőŋŋëå ŋěľâàĺŋő ŕő łăŋăńã ğăàïęěŋŋőčő âőłă ĺ ďńï ŕőĺáłă ν_μ → ν_τ őáæĺńńïæĺľ ŕő łăŋăńã àăáŕăďă τ^− → e^−ν̄_eν_τ . Ŕàěďáâăćńěŋë ŕàěďćăàĺâěńìŋëě àěğãńìâăâë, ŕőńãçěŋŋëě ŋă őáŋőćě íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ’96 čőďă.

Čńăćă 1

Ććěďěŋĺě

1.1 Ĺáâőàĺï ŋěľâàĺŋő

Ĺáâőàĺï ŋěľâàĺŋő ŋăçăńăáì ć 1930 čőďã, łőčďă Ć.Ŕăãńĺ ŕàĺďãňăń íâã çăáâĺæã, çâőąë őąêïáŋĺâì ŋěŕàěàëćŋëľ íńěłâàőŋŋëľ áŕěłâà ć ïďěàŋőň β-àăáŕăďě [1]. İłáŕěàĺňěŋâăńìŋő ŕěàćőě ŋěľâàĺŋő (íńěłâàőŋŋőě ăŋâĺŋěľâàĺŋő ν̄_e) ŋăąńîďăńőáì âőńìłő 25 čőďăňĺ ŕőğęě ć àěăłâőàŋőň íłáŕěàĺňěŋâě (Savannah River) ŕőď àãłőćőďáâćőň Řěľŋěáă ĺ Łőãíŋă [2]. Ćâőàőľ âĺŕ ŋěľâàĺŋő, ňîőŋŋőě ŋěľâàĺŋő ν_μ, ąëń őąŋăàãęěŋ ć 1962 ć áŕěæĺăńìŋőň íłáŕěàĺňěŋâě (Ńěďěàňăŋ, Ÿćăàæ ĺ Ÿâěľŋąěàčěà [3]) á ĺáŕőńìğőćăŋĺěň ŕěàćőčő ćëáőłőíŋěàčěâĺçŋőčő ŕãçłă ŋěľâàĺŋő [4] őâ Ąàãłåíľćěŋáłőčő ãáłőàĺâěńï [5].

Šàěâìě ŕőłőńěŋĺě ńěŕâőŋőć ąëńő őâłàëâő ć àěğãńìâăâě ŋăąńîďěŋĺï àőęďěŋĺï τ-ńěŕâőŋă ŋă SPEAR e^+e^− ãáłőàĺâěńě [6]. Ůâő łăáăěâáï áőőâćěâáâćãîéěčő âàěâìěčő ŕőłőńěŋĺï ŋěľâàĺŋő ν_τ , âő őŋő ěéě ŋěŕőáàěďáâćěŋŋő ŋě őąŋăàãęěŋő ŕő ěčő ćğăĺňőďěľáâćĺî á ćěéěáâćőň. Ŋő ěčő áãéěáâćőćăŋĺě áńěďãěâ ĺğ àăáŕàěďěńěŋĺï ĺňŕãńìáőć ćâőàĺçŋëå çăáâĺæ ć τ àăáŕăďăå, ĺğňěàěŋĺï ćàěňěŋĺ ęĺğŋĺ τ-ńěŕâőŋă [7] ĺ ŋăąńîďăěňőčő őâŋőèěŋĺï áěçěŋĺľ σ(W → eν_e)/σ(W → μν_μ)/σ(W → τν_τ ) [8]. Śãéěáâćőćăŋĺě ν_τ ąëńő âăłęě łőáćěŋŋő ŕőďâćěàęďěŋő íłáŕěàĺňěŋâăňĺ ŋă ãáłőàĺâěńě LEP, ć łőâőàëå ďńï çĺáńă ńěčłĺå (m_ν < M_Z /2) ŋěľâàĺŋő ąëńő ŕőńãçěŋő ğŋăçěŋĺě 2.991 ± 0.016 [9] ć ĺğňěàěŋĺïå ŋěćĺďĺňőľ èĺàĺŋë Z^0-ąőğőŋă.

Śő ćàěňěŋĺ ŕőáâàőěŋĺï ŕěàćőčő ĺŋâěŋáĺćŋőčő ŕãçłă ŋěľâàĺŋő íâĺ çăáâĺæë ĺŋâěŋáĺćŋő ĺáŕőńìğãîâáï ďńï ĺğãçěŋĺï áńăąëå ćğăĺňőďěľáâćĺľ ĺ áâàãłâãàë ăďàőŋőć. Šàãďŋőáâì ĺå íłáŕěàĺňěŋâăńìŋőčő ĺğãçěŋĺï áćïğăŋă á âěň äăłâőň, çâő ŋěľâàĺŋő ŕàőïćńïîâ áěąï âőńìłő ć áńăąëå ćğăĺňőďěľáâćĺïå. Ŋő íâő ć âő ęě áăňőě ćàěňï ïćńïěâáï ŕàĺçĺŋőľ őáőąőčő ĺŋâěàěáă ł ŋěľâàĺŋŋőľ äĺğĺłě, čďě áńăąëě ćğăĺňőďěľáâćĺï ŕőńŋőáâìî őâďěńěŋë őâ ďàãčĺå âĺŕőć ćğăĺňőďěľáâćĺï. Ňŋőčĺě ŋěľâàĺŋŋëě íłáŕěàĺňěŋâë ćŋěáńĺ áãéěáâćěŋŋëľ ćłńăď ć ŕőáâàőěŋĺě âăł ŋăğëćăěňőľ Śâăŋďăàâŋőľ Ňőďěńĺ - âěőàĺĺ áĺńìŋëå ĺ íńěłâàőáńăąëå ćğăĺňőďěľáâćĺľ [10]. Śàěďĺ ŋăĺąőńěě ćăęŋëå àěğãńìâăâőć - őâłàëâĺě őâàĺæăâěńìŋőľ áŕĺàăńìŋőáâĺ ŋěľâàĺŋő [11], ńĺŋěľŋëľ àőáâ ŕőńŋőčő áěçěŋĺï ćğăĺňőďěľáâćĺï ŋěľâàĺŋő á ćěéěáâćőň ĺ ěčő ĺŋâěàŕàěâăæĺï ŕőáàěďáâćőň łćăàłőćőľ áâàãłâãàë ŋãłńőŋă [12], őâłàëâĺě ŋěľâàăńìŋëå âőłőć ć ŕãğëàìłőćőľ łăňěàě Gargamelle ć CERN [13].

Ğăňěâěŋ őçěćĺďŋëľ ŕàőčàěáá ć ŋěľâàĺŋŋőľ äĺğĺłě, ďőáâĺčŋãâëľ ć âěçěŋĺě ŕőáńěďŋĺå ďěáïâĺńěâĺľ. Ąőńěě âőčő, őłőńő 50 àăğńĺçŋëå íłáŕěàĺňěŋâőć á ãçăáâĺěň ŋěľâàĺŋő ćěďãâáï ć ŋăáâőïéěě ćàěňï. Šěň ŋě ňěŋěě, ŋěľâàĺŋő ćáě ěéě őáâăěâáï ŋăĺňěŋěě ĺğãçěŋŋőľ çăáâĺæěľ áàěďĺ ćáěå ĺğćěáâŋëå äãŋďăňěŋâăńìŋëå äěàňĺőŋőć, ĺ ňŋőčĺě őçěŋì ćăęŋëě ćőŕàőáë őâŋőáĺâěńìŋő ěčő áćőľáâć őáâăîâáï őâłàëâëňĺ. Ŋăĺąőńěě ćăęŋëě áàěďĺ ŋĺå:

• - áãéěáâćãěâ ńĺ ňăááă ã ŋěľâàĺŋő?

• - áãéěáâćãěâ ńĺ áňěèĺćăŋĺě ňěęďã ŋěľâàĺŋő àăğŋőčő âĺŕă ŕő ăŋăńőčĺĺ á łćăàłăňĺ?

1.2 Ňăááă ŋěľâàĺŋő

1.2.1 İłáŕěàĺňěŋâăńìŋëě ăáŕěłâë

Ćőŕàőá ő ćőğňőęŋőáâĺ áãéěáâćőćăŋĺï ňăááë ã ŋěľâàĺŋő ąëń ĺğãçěŋ ć ąőńìèőň çĺáńě íłáŕěàĺňěŋâőć, ĺáŕőńìğőćăćèĺå łĺŋěňăâĺçěáłĺě ňěâőďë ďńï ŕàïňőčő ĺğňěàěŋĺï ňăááë ŋěľâàĺŋő. Ł áőęăńěŋĺî, ŋĺłăłĺå ďőłăğăâěńìáâć áãéěáâćőćăŋĺï ňăááĺćŋëå ŋěľâàĺŋő ŋě ąëńő ŋăľďěŋő ďő áĺå ŕőà. Ńãçèĺě ŋă áěčőďŋïèŋĺľ ďěŋì ćěàåŋĺě ŕàěďěńë ŋă ňăááë ŋěľâàĺŋő ŕàĺćěďěŋë ć Šăąńĺæě 1.1

Šăąńĺæă 1.1: İłáŕěàĺňěŋâăńìŋëě ćěàåŋĺě ŕàěďěńë ŋă ňăááë ŋěľâàĺŋő, ŕőńãçěŋŋëě ć àěğãńìâăâě ŕàïňëå ĺğňěàěŋĺľ.

Ŕàěďěń Ňěâőď İłáŕěàĺňěŋâ m_{νe} < 3.9 íĆ (95% CL) ŕőćěďěŋĺě íŋěàčěâĺçěáłőčő áŕěłâàă e^− Šàőĺæł [14] ć àăáŕăďě âàĺâĺï m_{νμ} < 0.17 ŇíĆ (90% CL) π^+ → μ^+ν_μ àăáŕăď ć ŕőłőě PSI [15] m_{ντ} < 23.1 ŇíĆ (95% CL) τ → 5π (π^0) ν_τ ALEPH [16]

Ŋãęŋő őâňěâĺâì, çâő ąőńìèăï çăáâì íłáŕěàĺňěŋâőć, ĺğňěàïîéĺå łőŋěçŋãî őąńăáâì β-áŕěłâàă âàĺâĺï ďăćăńă őâàĺæăâěńìŋëě ğŋăçěŋĺï ďńï m^2_{νe} ĺğ-ğă ŋěőŕàěďěńěŋŋőáâěľ, łőâőàëě ŋě ąëńĺ ŕőŋïâë. Ŋăŕàĺňěà, àěğãńìâăâ íłáŕěàĺňěŋâă ć Šàőĺæłě, ďăîéěčő ŋăĺąőńěě áâàőčĺľ ćěàåŋĺľ ŕàěďěń ąëń ŕěàćőŋăçăńìŋő ŕàěďáâăćńěŋ ć ćĺďě m^2_{νe} = −22 ± 4.8 (íĆ^2), ć âő ćàěňï łăł ńãçèăï őąàăąőâłă äőàňë ĺğňěàěŋŋőľ çăáâĺ áŕěłâàă ďăěâ m^2_{νe} = 1.5 ± 5.9 ± 3.6 (íĆ^2) [14].

Ĺáŕőńìğőćăŋĺě ğăłőŋőć áőåàăŋěŋĺï íŋěàčĺĺ-ĺňŕãńìáă ć ďćãåçăáâĺçŋőň π → μν_μ àăáŕăďě ŕőłőïéěčőáï π-ňěğőŋă ĺ ĺğňěàěŋĺě ĺňŕãńìáă ćëńěâăîéěčő ňîőŋă ŕőğćőńïěâ ŕőńãçĺâì áńěďãîéěě ćëàăęěŋĺě ďńï ňăááë ν_μ:

m^2_{νμ} = m^2_π − m^2_μ − 2m_π √ p^2_μ + m^2_μ

İłáŕěàĺňěŋâ ć PSI âăłęě ďăń őâàĺæăâěńìŋőě ğŋăçěŋĺě m^2_{νμ} = −0.016 ± 0.023 (ŇíĆ^2), čďě áăňăï ąőńìèăï ŋěőďŋőğŋăçŋőáâì ćőğŋĺłăěâ ĺğ-ğă ŕőčàěèŋőáâĺ ć ğŋăŋĺĺ ňăááë ŕĺőŋă m_π [15].

Ŕàěďěń ŋă ňăááã ν_τ ąëń ŕőńãçěŋ (á ĺáŕőńìğőćăŋĺěň ďćãňěàŋőčő äĺâă ďńï ćĺďĺňőľ íŋěàčĺĺ ĺ àăáŕàěďěńěŋĺï ŕő ĺŋćăàĺăŋâŋőľ ňăááě) ŕàĺ ĺğãçěŋĺĺ àăáŕăďă

τ → 5π (π^0) ν_τ

čďě ďőáâãŕŋőě äăğőćőě ŕàőáâàăŋáâćő ďńï ŋěľâàĺŋő ğŋăçĺâěńìŋő ňěŋìèě ć áàăćŋěŋĺĺ á ďàãčĺňĺ łăŋăńăňĺ àăáŕăďă [16].

Šěŕěàì áâăŋőćĺâáï ïáŋő, çâő ć íâĺå íłáŕěàĺňěŋâăńìŋëå ãáĺńĺïå âàãďŋő ďőáâĺčŋãâì ğăňěâŋőčő ŕàőčàěááă ďő âěå ŕőà, ŕőłă ŋě ąãďãâ ŋăľďěŋë ŋőćëě íłáŕěàĺňěŋâăńìŋëě ňěâőďë.

1.2.2 Šěőàěâĺçěáłĺě ăáŕěłâë

Řăááňőâàĺň ŕàőąńěňã ňăááë ŋěľâàĺŋő á âěőàěâĺçěáłőľ âőçłĺ ğàěŋĺï.

Ć Śâăŋďăàâŋőľ Ňőďěńĺ ŕàěďŕőńăčăěâáï, çâő ŋěľâàĺŋő - ąěğňăááőćëě çăáâĺæë, ă âăłęě, çâő ć áńăąőň ćğăĺňőďěľáâćĺĺ ãçăáâćãîâ âőńìłő ńěćő-áŕĺàăńìŋëě ŋěľâàĺŋő ĺ ŕàăćő-áŕĺàăńìŋëě ăŋâĺŋěľâàĺŋő. Őďŋăłő, ňőďěńì ŋě ďăěâ ŋĺłăłőčő őąêïáŋěŋĺï äăłâã őâáãâáâćĺï ňăááë ã ŋěľâàĺŋő. Ňăááë ďàãčĺå ńěŕâőŋőć ććőďïâáï ć âěőàĺî łăł ďőŕőńŋĺâěńìŋëě ŕăàăňěâàë. Ŋő ć ňőďěńïå Ćěńĺłőčő Őąêěďĺŋěŋĺï, ćëåőďïéĺå ğă àăňłĺ Śâăŋďăàâŋőľ Ňőďěńĺ, ňăááă ŋěľâàĺŋő ćőğŋĺłăěâ ěáâěáâćěŋŋëň őąàăğőň [17].

Ůâőąë ććěáâĺ ňăááã ŋěľâàĺŋő ŋăďő àăáèĺàĺâì Ńăŋčàăŋęĺăŋ áńăąőčő ćğăĺňőďěľáâćĺï ďőŕőńŋĺâěńìŋëň ňăááőćëň çńěŋőň, łőâőàëľ ďőńęěŋ ąëâì íàňĺâőć ĺ ĺŋćăàĺăŋâěŋ ŕàĺ ŕàěőąàăğőćăŋĺïå Ńőàěŋæă.

Ďńï ĺğãçěŋĺï áńăąëå ćğăĺňőďěľáâćĺľ ãďőąŋő ĺňěâì ďěńő á łĺàăńìŋëňĺ ŕàőěłæĺïňĺ ν_{L,R} őŕěàăâőàă ŕőńï ŋěľâàĺŋő ν:

ν_L = 1 2 (1 − γ_5)ν = ν_− ĺ ν_R = 1 2 (1 + γ_5)ν = ν_+

Ňăááőćëě çńěŋë ŕàěőąàăğãîâ ńěćő-áŕĺàăńìŋëě ĺ ŕàăćő-áŕĺàăńìŋëě ŋěľâàĺŋő ďàãč ć ďàãčă. İâő ňőęěâ ąëâì őąêïáŋěŋő âěň äăłâőň, çâő ćáěčďă ňőęŋő ŋăľâĺ ňăááĺćŋëě çăáâĺæë á ŕàőâĺćőŕőńőęŋëňĺ ŕàőěłæĺïňĺ áŕĺàăńìŋőáâĺ ć ğăćĺáĺňőáâĺ őâ ćëąàăŋŋőľ áĺáâěňë łőőàďĺŋăâ. İłáŕěàĺňěŋâăńìŋő ŋăąńîďăěňëě ŋěľâàĺŋő őďŋőčő áěňěľáâćă - íâő ńěćő-áŕĺàăńìŋëě ŋěľâàĺŋő ν_L, ĺ ĺå CP - ŕăàâŋěàë ŕàăćő-áŕĺàăńìŋëě ăŋâĺŋěľâàĺŋő (ν̄_R).

Ŋěľâàĺŋő Ďĺàăłă ĺ Ňăľőàăŋë

Ŕàěęďě çěň ãčńãąĺâìáï ć ŕőďàőąŋőáâĺ, àăááňőâàĺň àăğńĺçĺě ňěęďã ďćãňï ćőğňőęŋëňĺ ŕàěďáâăćńěŋĺïňĺ ŋěľâàĺŋő: ŋěľâàĺŋő Ďĺàăłă ĺ Ňăľőàăŋë. İâő àăğńĺçĺě ňőęěâ ąëâì ŕàőĺńńîáâàĺàőćăŋő á ŕőňőéìî áńěďãîéěčő ŕàĺňěàă [18].

Ŕàěďŕőńőęĺň, çâő áãéěáâćãěâ ňăááĺćŋőě ŋěľâàĺŋő á őâàĺæăâěńìŋőľ áŕĺàăńìŋőáâìî ν_−. Ěáńĺ àăááňăâàĺćăěňăï ŋăňĺ âěőàĺï CPT-ĺŋćăàĺăŋâŋă, âő áãéěáâćãěâ âăłęě CPT ğěàłăńìŋőě őâőąàăęěŋĺě ν_−, ăŋâĺŋěľâàĺŋő á ŕőńőęĺâěńìŋőľ áŕĺàăńìŋőáâìî ν̄_+: (ν_− ν̄_+ CP T )

Šăł łăł ŋěľâàĺŋő ν_− ĺňěěâ ňăááã, âő ěčő áłőàőáâì ňěŋìèě áłőàőáâĺ áćěâă, âő ěáâì ŋăąńîďăâěńì ňőęěâ ďćĺčăâìáï ąëáâàěě. Šőčďă ć áĺáâěňě łőőàďĺŋăâ íâőčő ŋăąńîďăâěńï ŋěľâàĺŋő ďćĺęěâáï ć ŕàőâĺćőŕőńőęŋãî áâőàőŋã, âőčďă łăł ŋăŕàăćńěŋĺě áŕĺŋă áőåàăŋïěâ âã ęě áăňãî őàĺěŋâăæĺî. Ďàãčĺňĺ áńőćăňĺ, á ŕőňőéìî ŕàěőąàăğőćăŋĺï Ńőàěŋæă, ňőęŋő ŕàěőąàăğőćăâì ŋěľâàĺŋő á őâàĺæăâěńìŋőľ áŕĺàăńìŋőáâìî ć ŋěľâàĺŋő á ŕőńőęĺâěńìŋőľ áŕĺàăńìŋőáâìî ν_+.

( ŕàěőąàăğőćăŋĺě Ńőàěŋæă

ν_− ν̄_+ CP T ) ( ν_+)

Őáŋőćŋőľ ćőŕàőá: ïćńïîâáï ńĺ íâĺ ďćă áőáâőïŋĺï á ŕőńőęĺâěńìŋőľ áŕĺàăńìŋőáâìî (ν_+ ĺ ν̄_+) őďĺŋăłőćëňĺ (ćğăĺňőďěľáâćãîâ ńĺ őŋĺ ăŋăńőčĺçŋëň őąàăğőň)?

• ěáńĺ ňë ŕàěďŕőńăčăěň, çâő ν_+ - ŋě âă ęě áăňăï çăáâĺæă çâő ν̄_+, âőčďă ν_+ ĺňěěâ áćőě áőąáâćěŋŋőě CPT ğěàłăńìŋőě őâőąàăęěŋĺě ν̄_−. İâő ŋőćőě áőáâőïŋĺě ňőęěâ ąëâì áćïğăŋő á ν̄_+ ŕàěőąàăğőćăŋĺěň Ńőàěŋæă.

( ŕàěőąàăğőćăŋĺě Ńőàěŋæă

ν_− ν̄_+ CP T ) (ν̄_− ν_+ CP T )

Šăłĺň őąàăğőň, ňë ĺňěěň çěâëàě áőáâőïŋĺï á őďŋőľ ĺ âőľ ęě ňăááőľ. İâőâ ŋăąőà áőáâőïŋĺľ ŋăğëćăěâáï ŋěľâàĺŋő Ďĺàăłă. Ćőőąéě čőćőàï, ŋěľâàĺŋő Ďĺàăłă ňőęěâ ĺňěâì íńěłâàĺçěáłĺľ ďĺŕőńìŋëľ ňőňěŋâ ĺ ňăčŋĺâŋëľ ďĺŕőńìŋëľ ňőňěŋâ, ŋő őŋĺ ŕàőŕőàæĺőŋăńìŋë ňăááě ŋěľâàĺŋő [19]:

μ_ν = 3eG_F m_ν 8π^2 √ 2 = 3.2 × 10^{−19}(m_ν /1íĆ)μ_B ,

(čďě G_F - łőŋáâăŋâă Ťěàňĺ ĺ μ_B = e 2m_e - ňăčŋěâőŋ Ąőàă)

ĺ, áńěďőćăâěńìŋő, áńĺèłőň ňăńë, çâőąë ŕàĺćőďĺâì ł íłáŕěàĺňěŋâăńìŋő ŋăąńîďăěňëň íääěłâăň^1.

• Ěáńĺ ňë ŕàěďŕőńăčăěň, çâő ν_+ ĺďěŋâĺçŋő ν̄_+, âő ĺňěîâáï âőńìłő ďćă áőáâőïŋĺï á őďĺŋăłőćőľ ňăááőľ:

( ŕàěőąàăğőćăŋĺě Ńőàěŋæă ν_− ν_+ CP T )

İâőâ ŋăąőà áőáâőïŋĺľ ŋăğëćăěâáï ŋěľâàĺŋő Ňăľőàăŋë. Ć áĺáâěňě ŕőłőï CPT ŕàěőąàăğőćăŋĺě, ŕàĺńőęěŋŋőě ł ńîąőňã ĺğ ďćãå áőáâőïŋĺľ áŕĺŋă ĺğňěŋïěâ ěčő áŕĺŋ ŋă ŕàőâĺćőŕőńőęŋëľ. Ă ŕőćőàőâ ŋă 180 čàăďãáőć ćőğćàăéăěâ ŋěľâàĺŋő ć ŕěàćőŋăçăńìŋőě áőáâőïŋĺě. Ďàãčĺňĺ áńőćăňĺ CPT ŕàěőąàăğőćăŋĺě íłćĺćăńěŋâŋő ŕàěőąàăğőćăŋĺî Ńőàěŋæă ďńï ŋěľâàĺŋő Ňăľőàăŋë. Ć íâőň łàőěâáï áňëáń ćëàăęěŋĺï, çâő ŋěľâàĺŋő Ňăľőàăŋë ïćńïěâáï áćőěľ áőąáâćěŋŋőľ ăŋâĺçăáâĺæěľ.

Śńěďőćăâěńìŋő, ŋěľâàĺŋő Ňăľőàăŋë ŋě ĺňěîâ ŋĺ ňăčŋĺâŋőčő ŋĺ íńěłâàĺçěáłőčő ďĺŕőńìŋőčő ňőňěŋâă.

Ěáńĺ ŋěľâàĺŋő ïćńïěâáï çăáâĺæěľ âĺŕă Ňăľőàăŋë, âő ŕàĺ ćğăĺňőďěľáâćĺĺ ν_μ á ćěéěáâćőň ňőęěâ őąàăğőćăâìáï âăłęě μ^+, ă ŋě âőńìłő μ^−. Őďŋăłő ćěàőïâŋőáâì ďńï ďăŋŋőľ ν_m łőňŕőŋěŋâë ν_μ ąëâì àőęďěŋŋőľ á ŕőńőęĺâěńìŋőľ áŕĺàăńìŋőáâìî ŕàőŕőàæĺőŋăńìŋă (m_{νm} /E^∗_m)^2, čďě E^∗_m - íŋěàčĺï ν_m ć áĺáâěňě ŕőłőï àăáŕăďăîéěčőáï ăďàőŋă (π ĺńĺ K ňěğőŋ). Ł áőęăńěŋĺî, âăł łăł ğŋăçěŋĺě (m_{νm} /E^∗_m)^2, ŕő ćáěľ ćěàőïâŋőáâĺ, çàěğćëçăľŋő ňăńő, íâőâ íääěłâ ŋě ňőęěâ ŋăąńîďăâìáï íłáŕěàĺňěŋâăńìŋő. Ěáńĺ ąë ŋěľâàĺŋő ąëńĺ çăáâĺæë Ňăľőàăŋë, őŋĺ ąëńĺ ąë ãŋĺłăńìŋë áàěďĺ ĺğćěáâŋëå äěàňĺőŋőć ćáńěďáâćĺě âőčő, çâő ňăááë Ňăľőàăŋë ŋě ňőčãâ ąëâì ŕàőĺğćěďěŋë őąëçŋëň ďãąńěâőň Ţĺččáă, łăł íâő ĺňěěâ ňěáâő ďńï ňăáá Ďĺàăłă.

Ňë ďőńęŋë ŕőďçěàłŋãâì ěéě àăğ, çâő àăğńĺçĺě ňěęďã ŋěľâàĺŋő Ďĺàăłă ĺ Ňăľőàăŋë ĺáçěğăěâ ć áńãçăě ąěğňăááőćëå ŋěľâàĺŋő.

Řăááňőâàĺň âěŕěàì łăłĺň őąàăğőň ňőęŋő ććěáâĺ ňăááë ŋěľâàĺŋő ć Ńăŋčàăŋęĺăŋ áńăąëå ćğăĺňőďěľáâćĺľ.

1Ńãçèĺľ íłáŕěàĺňěŋâăńìŋëľ ćěàåŋĺľ ŕàěďěń ŋă ňăčŋĺâŋëľ ňőňěŋâ ν_e áőáâăćńïěâ μ < 1.8 × 10^{−10} μ_B ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ [9].

• ňăááőćëľ çńěŋ âĺŕă Ďĺàăłă áăňëľ ŕàőáâőľ áŕőáőą őŕĺáăâì ňăááã - ďőąăćĺâì ŕàăćő-áŕĺàăńìŋőě ŋěľâàĺŋő, åőâï őŋő ĺ ŋě ąëńő ŕőłă ğăàěčĺáâàĺàőćăŋő ć íłáŕěàĺňěŋâě. Ňăááőćëľ çńěŋ ć Ńăŋčàăŋęĺăŋě ĺňěěâ ćĺď L_{Dirac} = −(ν̄_LMν_R + ν̄_RM^†ν_L) čďě ν_{L,R} ŕàěďáâăćńïîâ áőąőľ

ν_{L,R} = ν_e ν_μ ν_τ L,R Ć őąéěň áńãçăě M - 3 × 3 łőňŕńěłáŋăï ňăâàĺæă ĺ, áńěďőćăâěńìŋő, ŋěâ ŋĺłăłőľ čăàăŋâĺĺ, çâő áőąáâćěŋŋëě ğŋăçěŋĺï ňăááë ïćńïîâáï ŕőńőęĺâěńìŋëňĺ. Ŕàĺ ďĺăčőŋăńĺğăæĺĺ M ŋěőąåőďĺňő ĺáŕőńìğőćăâì ďćě ãŋĺâăàŋëě ňăâàĺæë U ĺ V :

U^+MV = m_D = m_1 0 0 0 m_2 0 0 0 m_3

čďě U ĺ V áćïğëćăîâ ňăááőćëě áőąáâćěŋŋëě áőáâőïŋĺï ν^{(m)}_L , ν^{(m)}_R á áőąáâćěŋŋëňĺ áőáâőïŋĺïňĺ áńăąëå ćğăĺňőďěľáâćĺľ ν_L, ν_R

ν_L = Uν^{(m)}_L

ν_R = V ν^{(m)}_R Ńăŋčàăŋęĺăŋ ŕőáńě ďĺăčőŋăńĺğăæĺĺ ćëčńïďĺâ áńěďãîéĺň őąàăğőň L_{Dirac} = −ν̄^{(m)}_L m_D ν^{(m)}_R + h.c. Ś äĺğĺçěáłőľ âőçłĺ ğàěŋĺï, âăł łăł âőńìłő ν_L ćőćńěçěŋő ć áńăąëě ćğăĺňőďěľáâćĺï, ňăâàĺæă U ïćńïěâáï ăŋăńőčőň Łăąĺąąő-Łőąăïèĺ-Ňăáłăćă (CKM) ňăâàĺæë áňěèĺćăŋĺï.

Ŕőńŋőě ńěŕâőŋŋőě çĺáńő l = l_e + l_μ + l_τ áőåàăŋïěâáï ć áńãçăě çĺáâőčő Ďĺàăłőćáłőčő ňăááőćőčő çńěŋă.

Ďćă ćăęŋëå ćőŕàőáă ł íâőňã ŕőďåőďã: ŕőçěňã ňë ŋě ĺňěěň ŋĺłăłőčő ďőłăğăâěńìáâćă áãéěáâćőćăŋĺï ν_R ĺ ŕőçěňã ňăááőćăï èłăńă áâőńì ňăńă?

• Ňăááőćëľ çńěŋ âĺŕă Ňăľőàăŋë Ňăááă ŋěľâàĺŋő Ňăľőàăŋë ňőęěâ ąëâì őŕĺáăŋă ŕàĺ ŕőňőéĺ âőńìłő ν_L L_{Majorana} = − 1 2 ν̄^c_LMν_L + h.c. čďě ν̄^c_L - ŕàăćő-áŕĺàăńìŋőě ŋěľâàĺŋő.

Šăł łăł ν̄^c_LMν_L = ν̄^c_LM^T ν_L, ňë ĺňěěň M = M^T , âő ěáâì M áĺňňěâàĺçŋă, ĺ ďĺăčőŋăńĺğăæĺï ć íâőň áńãçăě ňőęěâ ąëâì áďěńăŋă á ŕőňőéìî ěďĺŋáâćěŋŋőľ ãŋĺâăàŋőľ ňăâàĺæë U. Śŋőćă, ĺáŕőńìğãï

ν_L = Uν^{(m)}_L

ňë ňőęěň ŕěàěŕĺáăâì L_{Majorana} = − 1 2 (ν̄^c_Lm_Dν_L + ν̄_Lm_Dν^c_L)

Ććőďï őąőğŋăçěŋĺě ν_{Majorana} = ν_L + ν^c_L, ňë ňőęěň ŕěàěŕĺáăâì L_{Majorana} = − 1 2 ν̄_{Majorana} m_D ν_{Majorana} Čńăćŋőě őâńĺçĺě őâ ŕàěďëďãéěčő áńãçăï Ďĺàăłă áőáâőĺâ ć ŋăàãèěŋĺĺ ńěŕâőŋŋőčő çĺáńă ŋă ďćě ěďĺŋĺæë. Ůâőąë ŕőŋïâì, çâő íâőâ äăłâ ŋě ŕàőâĺćőàěçĺâ áãéěáâćãîéĺň íłáŕěàĺňěŋâăńìŋëň ďăŋŋëň (łăł íâő ąëńő ãŕőňïŋãâő ćëèě), ćáŕőňŋĺň ŕàőĺáåőęďěŋĺě ńěŕâőŋŋőčő çĺáńă [18]. İłáŕěàĺňěŋâăńìŋő ŋăąńîďăńőáì, çâő ŋěľâàăńìŋăï çăáâĺæă, łőâőàăï ĺáŕãáłăěâáï őďŋőćàěňěŋŋő á μ^+ ć àăáŕăďě π^+, ćğăĺňőďěľáâćãěâ á ćěéěáâćőň, àőęďăï μ^− ĺ ŋĺłőčďă μ^+. İâă ŋěľâàăńìŋăï çăáâĺæă ąëńă ŋăğëćăŋă ν_μ. Ăŋăńőčĺçŋő ďńï π^−: ŋěľâàăńìŋăï çăáâĺæă (ŋăğëćăěňăï ν̄_μ), łőâőàăï ĺáŕãáłăěâáï őďŋőćàěňěŋŋő á μ^−, ćğăĺňőďěľáâćãěâ á ćěéěáâćőň, àőęďăï μ^+ ĺ ŋĺłőčďă μ^−. Őąëçŋőě őąêïáŋěŋĺě íâĺå äăłâőć áńěďãîéěě:

– ν_μ ĺ ν̄_μ őâńĺçŋë ďàãč őâ ďàãčă;

– áãéěáâćãěâ łćăŋâőćőě çĺáńő, łőâőàőě áőåàăŋïěâáï ć íâĺå ćğăĺňőďěľáâćĺïå - ńěŕâőŋŋőě çĺáńő. Ěáńĺ ňë ŕàĺŕĺèěň ńěŕâőŋŋőě çĺáńő +1 μ^− ĺ ν_μ, ă −1 - μ^+ ĺ ν̄_μ, âő ν_μ ňőęěâ àőęďăâì âőńìłő μ^− ć ćěéěáâćě;

Őďŋăłő, ŋě ĺňěěâáï ŋĺłăłőčő ďőłăğăâěńìáâćă, çâő íâő őąêïáŋěŋĺě ïćńïěâáï ŕàăćĺńìŋëň. Śãéěáâćőćăŋĺě ńěŕâőŋŋőčő çĺáńă ŋě ŋěőąåőďĺňő. Ăńìâěàŋăâĺćŋőě őąêïáŋěŋĺě ïćńïěâáï àěğãńìâăâőň âőčő, çâő ŋěľâàăńìŋăï çăáâĺæă, àőęďěŋŋăï ć π^+ àăáŕăďě ĺňěěâ ńěćãî áŕĺàăńìŋőáâì, ć âő ćàěňï łăł ŋěľâàăńìŋăï çăáâĺæă, àőęďěŋŋăï ć π^− àăáŕăďě ĺňěěâ ŕàăćãî áŕĺàăńìŋőáâì. Šěŕěàì ŕàěďŕőńőęĺň, çâő ŋăàãèăîéěě çěâŋőáâì áńăąőě ćğăĺňőďěľáâćĺě âăłőćő, çâő łăęďőě ŋěľâàĺŋő á ŕàăćőľ áŕĺàăńìŋőáâìî ćğăĺňőďěľáâćãěâ, ďăćăï μ^+, ć âő ćàěňï łăł łăęďőě ŋěľâàĺŋő á ńěćőľ áŕĺàăńìŋőáâìî ćğăĺňőďěľáâćãěâ, ďăćăï μ^−. Ć íâőň áńãçăě ŋăň ŋě ŋãęŋő áőåàăŋïîéěěáï ńěŕâőŋŋőě çĺáńő. Śŕĺàăńìŋőáâĺ ďőáâăâőçŋő, çâőąë őąêïáŋĺâì ćáě ŋăąńîďăěňëě äăłâë. Ěáńĺ íâő ĺáâĺŋŋőě őąêïáŋěŋĺě, âő ν_μ ĺ ν̄_μ áőőâćěâáâćěŋŋő âőńìłő ńěćëě ĺ ŕàăćëě áőáâőïŋĺï áŕĺàăńìŋőáâĺ ěďĺŋáâćěŋŋőľ çăáâĺæë - ŋěľâàĺŋő Ňăľőàăŋë , łăł íâő ãęě ąëńő áłăğăŋő ćëèě.

• Ňăááőćëľ çńěŋ âĺŕă Ďĺàăłă-Ňăľőàăŋë, ňěåăŋĺğň łăçěńěľ Řăááňőâàĺň áňěèăŋŋëľ ňăááőćëľ çńěŋ őąéěčő ćĺďă Ďĺàăłă-Ňăľőàăŋë. Ć áńãçăě âőńìłő őďŋőčő ŕőłőńěŋĺï ĺŋâěàěáãîéĺľ ŋăá Ńăŋčàăŋęĺăŋ ĺňěěâ ćĺď L_{D−M} = −m_Dν̄_Lν_R − 1 2 (m_Lν̄^c_Lν_L + m_Rν̄^c_Rν_R) + h.c., čďě m_D - ňăááă âĺŕă Ďĺàăłă ĺ m_L, m_R - ňăááë âĺŕă Ňăľőàăŋë.

Ěáńĺ ňë őŕàěďěńĺň ńěćő-áŕĺàăńìŋőě áőáâőïŋĺě ŋěľâàĺŋő ν łăł ν = ( ν_L ν^c_R )

âőčďă Ńăŋčàăŋęĺăŋ âĺŕă Ďĺàăłă-Ňăľőàăŋë ŕàĺŋĺňăěâ ćĺď Ńăŋčàăŋęĺăŋă âĺŕă Ňăľőàăŋë: L_{D−M} = − 1 2 ν̄^cMν + h.c. , čďě ňăááőćăï ňăâàĺæă M M = ( m_L m_D m_D m_R )

Ŋăďő őâňěâĺâì, çâő áőáâőïŋĺě ν ŋě ïćńïěâáï áőąáâćěŋŋëň áőáâőïŋĺěň á őŕàěďěńěŋŋőľ ňăááőľ. Ďĺăčőŋăńĺğăæĺï M ŕàĺćőďĺâ ł

m_1 = m_L + m_R 2 − 1 2 √ 4m^2_D + (m_R − m_L)^2

m_2 = m_L + m_R 2 + 1 2 √ 4m^2_D + (m_R − m_L)^2

Šőčďă, ňăááőćőě áőąáâćěŋŋőě áőáâőïŋĺě ν^{(m)} ňőęěâ ąëâì őŕàěďěńěŋő łăł

ν^{(m)} = ( ν_1 ν_2 ) = Uν = ( cos θ · ν_L − sin θ · ν^c_R sin θ · ν_L + cos θ · ν^c_R )

čďě ãčőń áňěèĺćăŋĺï tan2θ =^{2mD}_{(mR−mL)} . Śãéěáâćãěâ ďćă ĺŋâěàěáŋëå áńãçăï

– ćő-ŕěàćëå, łőčďă m_D >> m_L, m_R. Ć íâőň áńãçăě ňăááë m_1 ĺ m_2 ŕàăłâĺçěáłĺ áőćŕăďăîâ (|m_1| ≈ |m_2| ≈ m_D ) ĺ θ ≈ 45^0. İâőâ áńãçăľ äăłâĺçěáłĺ áőőâćěâáâćãěâ őďŋőňã çěâëàěå-łőňŕőŋěŋâŋőňã ŋěľâàĺŋő Ďĺàăłă. ν_1 ĺ ν_2 ĺňěîâ àăćŋëě ňăááë, ŕàőâĺćőŕőńőęŋëě CP -çěâŋőáâĺ ĺ ňăłáĺňăńìŋőě áňěèĺćăŋĺě.

– ćő-ćâőàëå, łőčďă m_R >> m_D , m_L. Ěáńĺ ňë ŕàěďŕőńőęĺň ďńï ŕàőáâőâë, çâő m_L = 0, âő |m_1| ≈ m^2_D m_R |m_2| ≈ m_R ŕőďàăğãňěćăï, çâő ćěńĺçĺŋă m_1 ïćńïěâáï ěáâěáâćěŋŋő ňăńěŋìłőľ, ă m_2 - ąőńìèőľ. Šăł łăł θ ≈ 0^0, âő ν_L ĺ ν^c_R äăłâĺçěáłĺ ŋě áćïğăŋë ďàãč á ďàãčőň. İâő - âăł ŋăğëćăěňëľ ňěåăŋĺğň łăçěńěľ (see-saw) [20]. Őąàăâĺâě ćŋĺňăŋĺě, çâő m_D ĺňěěâ áâăŋďăàâŋãî ňăááőćãî èłăńã, âőčďă łăł m_R - ňăááőćăï èłăńă ŕàăćő-áŕĺàăńìŋőčő ŋěľâàĺŋő, áćïğăŋŋőčő á ňőďěńïňĺ Ćěńĺłőčő Őąêěďĺŋěŋĺï (GUT) [21].

Śãéěáâćěŋŋăï őáőąěŋŋőáâì áåěňë á őąêěďĺŋěŋŋëň ňăááőćëň çńěŋőň âĺŕă Ďĺàăłă-Ňăľőàăŋë - ŕőïćńěŋĺě ”áâěàĺńìŋőčő” ŕőńï, łőâőàőě ŋě ŕàĺáãâáâćãěâ ć áâăŋďăàâŋőň Ńăŋčàăŋęĺăŋě áńăąőčő ćğăĺňőďěľáâćĺï. Ć íâőň áńãçăě ćőğňőęŋő áňěèĺćăŋĺě ňěęďã ”ăłâĺćŋëňĺ” ĺ ”áâěàĺńìŋëňĺ” ŋěľâàĺŋő. ”Ăłâĺćŋëě” ŋěľâàĺŋő - íâő âě, łőâőàëě ŕàĺŋĺňăîâ ãçăáâĺě ć áńăąëå ćğăĺňőďěľáâćĺïå. Ć áńãçăě çĺáâő Ďĺàăłőćáłőčő ĺńĺ çĺáâő Ňăľőàăŋőćáłőčő ňăááőćőčő çńěŋă ćőğňőęŋő áňěèĺćăŋĺě âőńìłő ňěęďã ”ăłâĺćŋëňĺ” ŋěľâàĺŋő.

Ěáńĺ ňë őąőąéĺň ćëèěãŕőňïŋãâëľ ŕőďåőď ŋă áńãçăľ âàěå ŕőłőńěŋĺľ:

m_1 ≈ m^2_D m_R −→ m̄_1 ≈ m̄_DM̄^{−1}m̄^T_D

čďě ćáě őąêěłâë á çěàâőľ - ňăâàĺæë 3 × 3, ĺ, łăł ŕàěęďě, ňë ŕàĺŋĺňăěň |(m̄_D)_{i,j} | ≪ |M̄_{i,j} |. Šěŕěàì ňë ĺňěěň 6 × 6 ňăááőćãî ňăâàĺæã M = ( 0 m̄_D m̄_D M̄_R )

Ŋă ďăŋŋőň íâăŕě ňőčãâ àăááňăâàĺćăâìáï ďćě ćőğňőęŋőáâĺ:

– ŋěâ ĺěàăàåĺĺ ňăáá áàěďĺ ŕàăćő-áŕĺàăńìŋëå ŋěľâàĺŋő. Šő ěáâì M̄_R ≈ M_R 1 0 0 0 1 0 0 0 1

ŕőďàăğãňěćăï, çâő

m(ν_1) : m(ν_2) : m(ν_3) = m^2_u M_R : m^2_c M_R : m^2_t M_R ( ĺńĺ m^2_e M_R : m^2_μ M_R : m^2_τ M_R )

čďě m_u, m_c ĺ m_t - ňăááë ”ćěàåŋĺå” łćăàłőć (u, c, t) áőőâćěâáâćãîéĺå áěňěľáâć ĺ m_e, m_μ, m_τ - ňăááë áőőâćěâáâćãîéĺå ńěŕâőŋőć (íńěłâàőŋ, ňîőŋ, âăã). İâő áőőâŋőèěŋĺě ŋăğëćăěâáï łćăďàăâĺçŋëň ňěåăŋĺğňőň łăçěńěľ.

– ďàãčăï ćőğňőęŋőáâì ĺňěěâ ňěáâő ěáńĺ ŕàăćő-áŕĺàăńìŋëě ŋěľâàĺŋő ĺňěîâ ňăááőćãî ĺěàăàåĺî, ŕőďőąŋãî ĺěàăàåĺĺ ”ćěàåŋĺå” łćăàłőć M̄_R ≈ M_R m_u m 0 0 0^{mc}_m 0 0 0^{mt}_m

Ć íâőň áńãçăě ňë ĺňěěň

m(ν_1) : m(ν_2) : m(ν_3) = m_u M_R : m_c M_R : m_t M_R ( ĺńĺ m_e M_R : m_μ M_R : m_τ M_R )

łőâőàëľ ŋăğëćăěâáï ńĺŋěľŋëň ňěåăŋĺğňőň łăçěńěľ.

Ňěåăŋĺğň łăçěńěľ - ěďĺŋáâćěŋŋëľ ĺğćěáâŋëľ ňěåăŋĺğň ŋă áěčőďŋïèŋĺľ ďěŋì, łőâőàëľ ŕőğćőńïěâ őąêïáŋĺâì ěáâěáâćěŋŋëň őąàăğőň ňăńőáâì ňăáá ŋěľâàĺŋő ŕő áàăćŋěŋĺî á ňăááăňĺ ćáěå ďàãčĺå äãŋďăňěŋâăńìŋëå äěàňĺőŋőć.

Ďěâăńìŋëľ őąğőà ŕő íâőľ âěňě ňőęŋő ŋăľâĺ ć [22].

1.3 Ŋěľâàĺŋő ĺ ăáâàőäĺğĺłă

Ŕőňĺňő ŋěőąåőďĺňőáâĺ őâćěâĺâì ŋă ćőŕàőá ő ňăááě ŋěľâàĺŋő ć âěőàĺĺ áńăąëå ćğăĺňőďěľáâćĺľ, áãéěáâćãěâ âăłęě čńãąőłĺľ ĺŋâěàěá ć äĺğĺłě ŋěľâàĺŋő á âőçłĺ ğàěŋĺï łőáňőńőčĺĺ. Łőáćěŋŋőě ŋăąńîďěŋĺě âěňŋőčő ćěéěáâćă ć ďĺŋăňĺłě čăńăłâĺł ãłăğëćăěâ ŋă âő, çâő ąőńìèăï çăáâì ĺå ňăááë áãéěáâćãěâ ć äőàňě, łőâőàăï ŋě ĺáŕãáłăěâ áćěâ.

Ć áőőâćěâáâćĺĺ á čĺŕőâěğőľ Ąőńìèőčő Ćğàëćă (Big Bang) ŋěľâàĺŋő àőęďăńĺáì ĺ ćğăĺňőďěľáâćőćăńĺ ć âěçěŋĺě ŕěàćőčő łőàőâłőčő ćàěňěŋŋőčő ĺŋâěàćăńă. Ŋő ŕő ňěàě àăáèĺàěŋĺï Ćáěńěŋŋőľ, őŋĺ ŋăåőďĺńĺ ćáě ňěŋìèě çăáâĺæ, á łőâőàëňĺ ňőčńĺ ćğăĺňőďěľáâćőćăâì, ĺ, ć łőŋěçŋőň ĺâőčě, őáâăńĺáì ć ćĺďě őďŋőàőďŋőčő ňőàï. Ŕńőâŋőáâì âăłĺå őáâăâőçŋëå ŋěľâàĺŋő ąëńă àăááçĺâăŋă ĺ áőáâăćĺńă 113 çăáâĺæ łăęďőčő ĺğ 3 âĺŕőć ć áň^3 [23]. Ďàãčĺě ĺáâőçŋĺłĺ ŋěľâàĺŋő ćő Ćáěńěŋŋőľ - ćáŕëèłĺ áćěàåŋőćëå (ŕàőĺğćőďïâ ∼ 10^{58} ν á íŋěàčĺěľ ∼ 10 ŇíĆ ğă ćğàëć) ĺ ğćěğďë (Śőńŋæě ćëďěńïěâ ∼ 3% áćőěľ íŋěàčĺĺ ć ćĺďě ν). Ěáńĺ ŋěľâàĺŋő ňăááĺćŋë ĺ áâăąĺńìŋë, őŋĺ ňőčãâ ćŋőáĺâì ğăňěâŋëľ ćłńăď ć ňăááã Ćáěńěŋŋőľ. Ć łőáňőńőčĺĺ áãéěáâćãěâ ćěàåŋĺľ ŕàěďěń ŋă áãňňã ňăáá ŋěľâàĺŋő ćáěå 3 âĺŕőć ν, łőâőàëľ ğăćĺáĺâ őâ ďćãå ŕăàăňěâàőć - łőŋáâăŋâë Ţăąńă H_0 ĺ áãéěáâćãîéěľ íŋěàčěâĺçěáłőľ ŕńőâŋőáâĺ Ćáěńěŋŋőľ ρ_0 [21]: τ∑ i=e m_{νi} ≤ 100 · Ω · h^2 (íĆ)

1.4. őáæĺńńïæĺĺ ŋěľâàĺŋő 15

čďě h ĺ Ω őŕàěďěńěŋë çěàěğ H_0 ≡ h · 100 [(łň / áěłãŋďă) /Mŕc] ĺ ρ_0 ≡ Ω · ρ_c, ρ_c - łàĺâĺçěáłăï ŕńőâŋőáâì, áőőâćěâáâćãîéăï “ŕńőáłőľ” Ćáěńěŋŋőľ

ρ_c =

3H^2_0 8πG . Ŕàěďěń ŋă áãňňã ňăáá ćáěå ăàőňăâőć ŋěľâàĺŋő àăćěŋ: τ∑ i=e m_{νi} < 15 ÷ 65 íĆ

Ćëèěãŕőňïŋãâëľ ŕàěďěń áŕàăćěďńĺć âőńìłő ć âőň áńãçăě, łőčďă ŋěľâàĺŋő áâăąĺńìŋë ĺńĺ ĺå ćàěňï ęĺğŋĺ ŋăňŋőčő ŕàěćëèăěâ ćőğàăáâ Ćáěńěŋŋőľ.

1.4 Őáæĺńńïæĺĺ ŋěľâàĺŋő

Śãéěáâćãěâ őçěŋì ĺŋâěàěáŋőě ïćńěŋĺě, ŕőĺáłĺ łőâőàőčő ćěďãâáï íłáŕěàĺňěŋâăńìŋő ĺ łőâőàőě ŋăğëćăěâáï őáæĺńńïæĺïňĺ ŋěľâàĺŋő. Őŋő ąëńő ćŕěàćëě ŕàěďáłăğăŋő Ą.Ŕőŋâěłőàćő ć 1957 čőďã [24] ŕő ăŋăńőčĺĺ á áĺáâěňőľ K^0 −K̄^0. Ć ŕàěďŕőńőęěŋĺĺ áãéěáâćőćăŋĺï ňăááĺćŋëå ŋěľâàĺŋő ĺ áňěèĺćăŋĺï ňěęďã ĺå ŕőłőńěŋĺïňĺ, ćğăĺňőďěľáâćĺě ŋěľâàĺŋő á ćěéěáâćőň őŕĺáëćăěâáï áőąáâćěŋŋëňĺ áőáâőïŋĺïňĺ ăàőňăâă |ν_α >, ć âő ćàěňï łăł àăáŕàőáâàăŋěŋĺě ŋěľâàĺŋő ć ŕàőáâàăŋáâćě ĺ ćàěňěŋĺ ãŕàăćńïěâáï ňăááőćëňĺ áőąáâćěŋŋëňĺ áőáâőïŋĺïňĺ |ν_i >. Łăł ãęě ąëńő ŕőłăğăŋő àăŋěě, ć íâőň áńãçăě, áőąáâćěŋŋëě áőáâőïŋĺï ăàőňăâă ňőčãâ ąëâì ŕàěďáâăćńěŋë łăł áãŕěàŕőğĺæĺï ňăááőćëå áőąáâćěŋŋëå áőáâőïŋĺľ |ν_α > = n∑ i=1 U_{αi}|ν_i >

čďě U - ãŋĺâăàŋăï ňăâàĺæă áňěèĺćăŋĺï, ăŋăńőčĺçŋăï Łăąĺąąő-Łőąăïèĺ-Ňăáłăćă ňăâàĺæě áňěèĺćăŋĺï ďńï łćăàłőć, ĺ n - çĺáńő ŕőłőńěŋĺľ ŋěľâàĺŋő (n = 3 ďńï ν_e, ν_μ, ν_τ ).

Ďàãčĺňĺ áńőćăňĺ, ăàőňăâ ŋěľâàĺŋő ŕàĺ ěčő àăáŕàőáâàăŋěŋĺĺ ňőęěâ ĺğňěŋĺâìáï ĺğ-ğă ĺŋâěàäěàěŋæĺĺ ňěęďã àăğńĺçŋëňĺ ňăááőćëňĺ áőáâőïŋĺïňĺ.

Ŋãęŋő áłăğăâì, çâő ňőęěâ áãéěáâćőćăâì àăğŋĺæă ć áňěèĺćăŋĺĺ ňěęďã łćăàłăňĺ ĺ ŋěľâàĺŋő, âăł łăł íńěłâàĺçěáłĺě ğăàïďë łćăàłőć őâńĺçăîâáï őâ ŋőńï, âőčďă łăł ŋěľâàĺŋő íńěłâàĺçěáłĺ ŋěľâàăńìŋë. Śńěďőćăâěńìŋő, łćăàłĺ - çăáâĺæë Ďĺàăłă, ć âő ćàěňï łăł ŋěľâàĺŋő ňőčãâ ąëâì łăł çăáâĺæăňĺ âĺŕă Ďĺàăłă (ńěŕâőŋŋëľ ğăàïď áőåàăŋïěâáï ć íâőň áńãçăě), âăł ĺ ŋěľâàăńìŋëňĺ çăáâĺæăňĺ âĺŕă Ňăľőàăŋë (ńěŕâőŋŋëľ ğăàïď ŋě áőåàăŋïěâáï). Ĺğãçăï âőńìłő őáæĺńńïæĺĺ ŋěľâàĺŋő ŋěńìğï őâńĺçĺâì áńãçăľ Ďĺàăłă őâ áńãçăï Ňăľőàăŋë.

Ć 1962 čőďã ąëń ŕàěďńőęěŋ äőàňăńĺğň, őŕĺáëćăîéĺľ őáæĺńńïæĺĺ ŋěľâàĺŋő ć ãŕàőéěŋŋőň áńãçăě ďćãå âĺŕőć ŋěľâàĺŋő (ν_e ĺ ν_μ) [25]

ν_e = ν_1 · cos θ + ν_2 · sin θ

ν_μ = −ν_1 · sin θ + ν_2 · cos θ,

čďě ν_1 ĺ ν_2 - ňăááőćëě áőąáâćěŋŋëě áőáâőïŋĺï, ν_e ĺ ν_μ - ŋăąńîďăěňëě çăáâĺæë, âő ěáâì áőąáâćěŋŋëě áőáâőïŋĺï áńăąőčő ćğăĺňőďěľáâćĺï, ă θ - ãčőń áňěèĺćăŋĺï.

Ćěàőïâŋőáâì őáæĺńńïæĺľ ŋěľâàĺŋő (àĺá. 1.1) ďăěâáï ćëàăęěŋĺěň

P_{νβ ,να} = P (ν_α ↔ ν_β ) = sin^2(2θ) × sin^2(1.27Δm^2 L E ) čďě Δm^2 = m^2 − m^2_1 [íĆ^2] - àăğŋőáâì łćăďàăâőć ňăáá áőőâćěâáâćãîéĺå áőąáâćěŋŋëå áőáâőïŋĺľ ŋěľâàĺŋő, L [ň] - àăááâőïŋĺě őâ ĺáâőçŋĺłă ŋěľâàĺŋő ďő ďěâěłâőàă, E [ŇíĆ] - íŋěàčĺï ŋěľâàĺŋő. İâă äőàňãńă áŕàăćěďńĺćă ŋěğăćĺáĺňő őâ âőčő ïćńïěâáï ŋěľâàĺŋő çăáâĺæěľ âĺŕă Ďĺàăłă ĺńĺ âĺŕă Ňăľőàăŋë. Ňőęŋő őŕàěďěńĺâì ďńĺŋã őáæĺńńïæĺľ łăł L_{osc} = 2.5×^E_{Δm2} . Ůãćáâćĺâěńìŋőáâì íłáŕěàĺňěŋâă ł Δm^2 őąëçŋő őŕàěďěńïěâáï ěčő L/E őâŋőèěŋĺěň. Őáæĺńńïæĺĺ ŋěľâàĺŋő ňőčãâ ŋăąńîďăâìáï, ěáńĺ ãčőń áňěèĺćăŋĺï ďőáâăâőçŋő ćěńĺł ĺ ďńĺŋă őáæĺńńïæĺľ ňěŋìèě ĺńĺ ŕőàïďłă àăááâőïŋĺï őâ ĺáâőçŋĺłă ŋěľâàĺŋő ďő ďěâěłâőàă (L_{osc} ≤ L). İâő ãáńőćĺě ňőęěâ ąëâì ŕàěďáâăćńěŋő łăł Δm^2 ≥^E_L . Ďńï ŕőĺáłă ňăńëå àăğŋőáâěľ ňăáá (Δm^2) àăááâőïŋĺě (L) ďőńęŋő ąëâì ąőńìèĺň, ă íŋěàčĺï ŋěľâàĺŋő (E) ďőńęŋă ąëâì ňăńőľ.

Řĺá. 1.1: Ćěàőïâŋőáâì őáæĺńńïæĺľ ŋěľâàĺŋő ć ãŕàőéěŋŋőň áńãçăě 2 ăàőňăâőć ŋěľâàĺŋő.

Ćăęŋëň áńěďáâćĺěň ŕàĺćěďěŋŋőľ ćëèě äőàňãńë ïćńïěâáï âőâ äăłâ, çâő íłáŕěàĺňěŋâë, ĺğãçăîéĺě őáæĺńńïæĺĺ ŋěľâàĺŋő, ŋě ňőčãâ ĺğňěàïâì ĺŋďĺćĺďãăńìŋëě ňăááë ŋěľâàĺŋő, ă âőńìłő àăğŋőáâì łćăďàăâőć ĺå ňăáá.

Ś ãçěâőň ćőğàăáâăîéěľ őçěćĺďŋőáâĺ áãéěáâćőćăŋĺï ν_τ , íâőâ ŕőďåőď ąëń àăáèĺàěŋ ŋă áńãçăľ 3 âĺŕőć ŋěľâàĺŋő. Ŕěàćőŋăçăńìŋő ąëńő ŕőłăğăŋő [26], çâő ŕőńãçěŋŋëě àěğãńìâăâë ŋě ďőńęŋë ąëâì áãéěáâćěŋŋő őâńĺçŋë^2.

Łăł áńěďáâćĺě íâőčő, åőâï áãéěáâćãîâ âàĺ ăàőňăâă ŋěľâàĺŋő, ďăŋŋëě àăğńĺçŋëå íłáŕěàĺňěŋâőć ąëńĺ őąëçŋő ŕàőăŋăńĺğĺàőćăŋë ć ŕàěďŕőńőęěŋĺĺ őáæĺńńïæĺľ âőńìłő ňěęďã ďćãňï ĺğ ŋĺå.

İłáŕěàĺňěŋâăńìŋëě àěğãńìâăâë őąëçŋő ŕàěďáâăćńïîâáï ć ćĺďě őąńăáâĺ ŋă ďćãňěàŋőľ ŕńőáłőáâĺ ŕăàăňěâàőć {sin^2(2θ), Δm^2}. Ŕàĺňěà âăłőčő čàăäĺłă ŕàĺćěďěŋ ŋă àĺáãŋłě 1.2 ďńï ćőőąàăęăěňőčő íłáŕěàĺňěŋâă, á ĺáŕőńìğőćăŋĺěň ŋěàěăńĺáâĺçŋőčő ŕàěďŕőńőęěŋĺï, çâő ćěńĺçĺŋă b = 1.27^L_E àăáŕàěďěńěŋă ŕő Čăãááã áő áâăŋďăàâŋëň őâłńőŋěŋĺěň σ_b őâŋőáĺâěńìŋő æěŋâàăńìŋőčő ğŋăçěŋĺï^3 b_0.

Őąàăâĺň ćŋĺňăŋĺě ŋă áńěďãîéěě:

• sin^2(2θ) = 2 < P > ć őąńăáâĺ őçěŋì ąőńìèĺå Δm^2 (> 100 íĆ^2), â.ł. ŕàĺ íâőň áàěďŋěě ğŋăçěŋĺě < sin^2(1.27Δm^{2 L}_E ) >=^1_2 ;

• ŋăĺąőńěě áâàőčőě őčàăŋĺçěŋĺě ŋă sin^2(2θ) ŕàĺąńĺğĺâěńìŋő áőőâćěâáâćãěâ < P >; íâő ďőáâĺčăěâáï ŕàĺ Δm^2 =^π_{2b0} ;

2Őďŋăłő, àěğãńìâăâë áĺńìŋő ğăćĺáïâ őâ ŕàěďŕőńăčăěňőľ ĺěàăàåĺĺ ňăáá. 3Ć àěăńìŋőň íłáŕěàĺňěŋâě L ĺ E ĺňěîâ ŋěłőâőàëľ àăğąàőá ĺ ŋãęŋő ãáàěďŋĺâì ćěàőïâŋőáâì P ŕő áőőâćěâáâćãîéĺň àăáŕàěďěńěŋĺïň.

Řĺá. 1.2: Řěğãńìâăâë ćőőąàăęăěňőčő íłáŕěàĺňěŋâă ŕő ŕőĺáłã őáæĺńńïæĺľ (ĺğ [9]). Ŕőłăğăŋë ćőğňőęŋëě őąńăáâĺ ŕăàăňěâàőć őáæĺńńïæĺľ ŋěľâàĺŋő, ĺáłńîçěŋŋëě á ŕőňőéìî àăğńĺçŋëå ňěâőďőć ŕàőćěďěŋĺï íłáŕěàĺňěŋâă: íłáŕěàĺňěŋâë ŋă ŕőïćńěŋĺě (appearance) ĺ íłáŕěàĺňěŋâë ŋă ĺáçěğŋőćěŋĺě (disappearance) (áň. ŋĺęě).

• łàĺćăï ŕěàěáěłăěâ őáì sin^2(2θ) = 1 ŕàĺ √ < P >/b_0. Ć ŋăáâőïéěě ćàěňï ŕàěďŕőńăčăěâáï, çâő ćáě íłáŕěàĺňěŋâăńìŋëě àěğãńìâăâë ďőńęŋë ąëâì ŕàőăŋăńĺğĺàőćăŋë á ãçěâőň 3 âĺŕőć ŋěľâàĺŋő. Łàőňě âőčő, áãéěáâćãěâ ŋăáâőïâěńìŋăï àěłőňěŋďăæĺï Particle Data Group: ”ćő ćáěáâőàőŋŋěň ăŋăńĺğě âěłãéĺå íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå őâŋőáĺâěńìŋő ŕàěďěńőć ŋă őáæĺńńïæĺĺ ŋěľâàĺŋő ŋãęŋő ĺáŕőńìğőćăâì ňőďěńì áňěèĺćăŋĺï ŋěľâàĺŋő á ãçěâőň âàěå ŕőłőńěŋĺľ” [27]. Ňë ćěàŋěňáï ł íâőňã őąáãęďěŋĺî ŕőğęě.

Śńěďãěâ őâňěâĺâì, çâő ŋăąńîďěŋĺě őáæĺńńïæĺľ ŋěľâàĺŋő ňőęěâ őâćěâĺâì ŋă őąă ćőŕàőáă őâŋőáĺâěńìŋő ňăááë ŋěľâàĺŋő ĺ áňěèĺćăŋĺï ňěęďã ŕőłőńěŋĺïňĺ ŋěľâàĺŋő. Łàőňě âőčő, íâő - ěďĺŋáâćěŋŋăï ćőğňőęŋőáâì ć ŋăáâőïéěě ćàěňï őąŋăàãęĺâì ňăááë ŋěľâàĺŋő ć őąńăáâĺ ňěŋìèě ∼1 íĆ.

1.5 İłáŕěàĺňěŋâë ŕő ŕőĺáłã ŋěľâàĺŋŋëå őáæĺńńïæĺľ

İłáŕěàĺňěŋâë ŕő ŕőĺáłã őáæĺńńïæĺľ ŋěľâàĺŋő ąëńĺ ćëŕőńŋěŋë á ĺáŕőńìğőćăŋĺěň ãáłőàĺâěńěľ, ăâőňŋëå àěăłâőàőć, łőáňĺçěáłĺå ńãçěľ, Śőńŋæă ĺ ďăęě áćěàåŋőćőľ SN 1987A ć łăçěáâćě ĺáâőçŋĺłőć ŋěľâàĺŋő.

Śãéěáâćãîâ ďćă âĺŕă íłáŕěàĺňěŋâőć ďńï ŕőĺáłă őáæĺńńïæĺľ ŋěľâàĺŋő. Ć íłáŕěàĺňěŋâăå ŕěàćőčő âĺŕă ĺéěâáï ŕőïćńěŋĺě ŋěľâàĺŋő ďăŋŋőčő ăàőňăâă ν_β (β = e, μ, τ) ŋă ŋěłőâőàőň àăááâőïŋĺĺ őâ ĺáâőçŋĺłă ŋěľâàĺŋő ďàãčőčő ăàőňăâă ν_α (α = e, μ; α ≠ β). Ć íłáŕěàĺňěŋâăå ćâőàőčő âĺŕă ŋă ŋěłőâőàőň àăááâőïŋĺĺ őâ ĺáâőçŋĺłă ŋěľâàĺŋő őŕàěďěńěŋŋőčő ăàőňăâă ďěâěłâĺàãěâáï ŋěľâàĺŋő âőčő ęě áăňőčő ăàőňăâă á æěńìî ŕőĺáłă ćőğňőęŋőčő ĺáçěğŋőćěŋĺï ŕěàćőŋăçăńìŋëå ŋěľâàĺŋő. Ć ŕěàćőň áńãçăě íłáŕěàĺňěŋâë őâćěçăîâ ŋă ćőŕàőá: őâńĺçăěâáï ńĺ ćěàőïâŋőáâì P_{νβ ,να} (α ≠ β) őâ ŋőńï. Ćő ćâőàőň áńãçăě íłáŕěàĺňěŋâë ŕàőćěàïîâ őâńĺçĺě ćěàőïâŋőáâĺ P_{να,να} = 1 − ∑ α ≠β Pνβ ,να őâ ěďĺŋĺæë. Ňěâőď, őáŋőćăŋŋëľ ŋă ŕőĺáłě ŕőïćńěŋĺï ”ŋőćëå” ŋěľâàĺŋő, ňőęěâ ąëâì őçěŋì çãćáâćĺâěńěŋ ł ňăńëň ãčńăň áňěèĺćăŋĺï, ŕőáłőńìłã, ć ŕàĺŋæĺŕě, ďőáâăâőçŋő őąŋăàãęĺâì ŋěáłőńìłő áőąëâĺľ, ćëğćăŋŋëå ćğăĺňőďěľáâćĺěň ŋěľâàĺŋő ”ŋőćőčő” ăàőňăâă.

Ďàãčőľ ňěâőď ňěŋěě çãćáâćĺâěńěŋ ł ňăńëň ãčńăň áňěèĺćăŋĺï ĺğ-ğă őčàăŋĺçěŋĺľ ć áâăâĺáâĺłě ĺ áĺáâěňăâĺçěáłĺå ŕőčàěèŋőáâěľ ć ăąáőńîâŋőľ ĺŋâěŋáĺćŋőáâĺ ĺáŕőńìğãěňőčő ĺáâőçŋĺłă ŋěľâàĺŋő, áŕěłâàě ŋěľâàĺŋő ĺ íääěłâĺćŋőáâĺ ĺå àěčĺáâàăæĺĺ. Őďŋăłő, íâă ňěâőďĺłă - ěďĺŋáâćěŋŋăï, łőâőàăï çãćáâćĺâěńìŋă ł ŕěàěåőďăň ŋěľâàĺŋő ć ńîąőľ ďàãčőľ âĺŕ ŋěľâàĺŋő. Ŋăŕàĺňěà, őáæĺńńïæĺĺ ć ”áâěàĺńìŋëě” ŋěľâàĺŋő (ŋěľâàĺŋő, łőâőàëě ŋě ŕàĺŋĺňăîâ ãçăáâĺě ć áńăąëå ćğăĺňőďěľáâćĺïå) ňőčãâ ąëâì ğăàěčĺáâàĺàőćăŋë ć íłáŕěàĺňěŋâăå âăłőčő âĺŕă.

Šĺŕ (ĺ łőńĺçěáâćő) ŋěľâàĺŋő ďăŋŋőčő âĺŕă ν_β (β = e, μ, τ) őąëçŋő ĺğňěàïěâáï ŕő ğăàïęěŋŋëň ńěŕâőŋăň l_β , łőâőàëě őąàăğãîâáï ŕàĺ ćğăĺňőďěľáâćĺĺ ŋěľâàĺŋő ŕő łăŋăńã ğăàïęěŋŋőčő âőłă ν_β X → l_βX^′. Ć íłáŕěàĺňěŋâăå ŋă ŕőïćńěŋĺě (ν_α → ν_β ) őęĺďăěňőě çĺáńő ğăàïęěŋŋëå ńěŕâőŋőć l_β ďăěâáï äőàňãńőľ

N(ν_α → l_β ; L) = n_T ∫_∞ 0 dE ∫_{qmax} 0 dq ε(q)F_α(E) dσ_β (E, q) dq P (ν_α → ν_β; E, L) âőčďă łăł ć íłáŕěàĺňěŋâăå ŋă ĺáçěğŋőćěŋĺě ĺğňěàïěâáï őáńăąńěŋĺě ŕěàćőŋăçăńìŋőčő ŕãçłă ŋěľâàĺŋő N_{αα}(L) − N(ν_α → l_α; L) = n_T ∫_∞ 0 dE ∫_{qmax} 0 dq ε(q)F_α(E) dσ_α(E, q) dq × (1 − P (ν_α → ν_α; E, L)), ă N_{αβ}(L) = n_T ∫_∞ 0 dE ∫_{qmax} 0 dq ε(q)F_α(E) dσ_β (E, q) dq , čďě F_α(E) - ŕőâőł ŋěľâàĺŋő ν_α, n_T - ŕńőâŋőáâì ŋãłńőŋőć ňĺèěŋĺ, ε(q) - íääěłâĺćŋőáâì àěčĺáâàăæĺĺ ğăàïęěŋŋőčő ńěŕâőŋă l_β łăł äãŋłæĺï ěčő íŋěàčĺĺ q, dσ_β (E,q) dq - ďĺääěàěŋæĺăńìŋőě áěçěŋĺě ćğăĺňőďěľáâćĺï ν_β X → l_β X^′ ĺ P (ν_α → ν_β ; E, L) = | < ν_α(0)|ν_β (L) > |^2 - ćěàőïâŋőáâì ŕěàěåőďă ν_α → ν_β ďńï ŋěľâàĺŋő á íŋěàčĺěľ E ŕőáńě ŕàőåőęďěŋĺï àăááâőïŋĺï L.

Ůâőąë ŕěàěłàëâì àăğńĺçŋëě őąńăáâĺ ŕàőáâàăŋáâćă ŕăàăňěâàőć Δm^2 ĺ sin^2(2θ) ĺáŕőńìğãîâáï àăğńĺçŋëě ňěâőďë. İłáŕěàĺňěŋâë ŋă ãáłőàĺâěńïå ďăîâ ŕàěďěńë ďő Δm^2 ∼ 0.1 ÷ 1 íĆ^2. Řěăłâőàŋëě íłáŕěàĺňěŋâë ŕěàěłàëćăîâ őąńăáâì Δm^2 ∼ 10^{−2} íĆ^2. İłáŕěàĺňěŋâë á ăâňőáäěàŋëňĺ ŋěľâàĺŋő ŕőğćőńïîâ ďőáâĺčăâì: Δm^2 ∼ 10^{−4} íĆ^2. İłáŕěàĺňěŋâë á áőńŋěçŋëňĺ ŋěľâàĺŋő ŕàőćěàïîâ őąńăáâì őçěŋì ňăńëå Δm^2: ∼ 10^{−4} ÷ 10^{−11} íĆ^2

Ďăńěě ŕàěďáâăćńěŋ łàăâłĺľ őąğőà íłáŕěàĺňěŋâőć ŕő ŕőĺáłã őáæĺńńïæĺľ ŋěľâàĺŋő.

1.5.1 İłáŕěàĺňěŋâë á áőńŋěçŋëňĺ ŋěľâàĺŋő

Ć ŋăáâőïéěě ćàěňï ĺňěîâáï ŋěáłőńìłő íłáŕěàĺňěŋâăńìŋëå äăłâőć, łőâőàëě ĺŋâěàŕàěâĺàãîâáï łăł ãłăğăŋĺï ć ŕőńìğã ŋěŋãńěćőľ ňăááë ŋěľâàĺŋő ĺ ŋăńĺçĺï áňěèĺćăŋĺï. Ŕěàćëľ ĺğ ŋĺå - àěğãńìâăâë íłáŕěàĺňěŋâőć ŕő àěčĺáâàăæĺĺ ŋěľâàĺŋő őâ Śőńŋæă: Homestake, GALLEX, SAGE ĺ (SUPER)KAMIOKANDE. Řěğãńìâăâë íâĺå íłáŕěàĺňěŋâőć őąëçŋő áàăćŋĺćăîâáï á ŕàěďáłăğăŋĺïňĺ Śâăŋďăàâŋőľ Śőńŋěçŋőľ Ňőďěńĺ (Standard Solar Model - SSM) [28, 29, 30, 31] - őŕĺáăŋĺěň äĺğĺçěáłĺå ŕàőæěááőć ć ćěéěáâćě Śőńŋæă, őáŋőćăŋŋëň ŋă ãàăćŋěŋĺïå íćőńîæĺĺ ğćěğď.

Śãéěáâćãîâ ŋěáłőńìłő ïďěàŋëå àěăłæĺľ áĺŋâěğă, ŕàőĺáåőďïéĺå ć æěŋâàě Śőńŋæă ĺ ŕàĺćőďïéĺå ł ŕàěőąàăğőćăŋĺî çěâëàěå ŕàőâőŋőć ć ïďàő^4He: 4p →^4He + 2e^+ + 2ν_e + 26.73 MeV − E_ν , čďě E_ν ŕàěďáâăćńïěâ íŋěàčĺî, ãŋőáĺňãî ŋěľâàĺŋő (< E_ν >∼ 0.6 ŇíĆ). Šăłĺň őąàăğőň, áàěďŋïï íŋěàčĺï, ćëďěńěŋŋăï Śőńŋæěň ć äőàňě íńěłâàőňăčŋĺâŋőľ íŋěàčĺĺ Q ≈ 26.1 ŇíĆ. Ĺğňěàěŋŋăï ïàłőáâì Śőńŋæă L_⊙ = 3.846 × 10^{26} W = 2.4 × 10^{39} ŇíĆ/á [9]. Ňőęŋő őæěŋĺâì çĺáńő ν_e, ĺáŕãáłăěňőě Śőńŋæěň: dN(ν_e) dt = 2 L_⊙ Q ≈ 1.8 × 10^{38}á^{−1}

ĺ, ĺáŕőńìğãï áàěďŋěě àăááâőïŋĺě ňěęďã Śőńŋæěň ĺ Ğěňńěľ (D = 1.496 × 10^{11} ň), ćëçĺáńĺâì ŕőâőł áőńŋěçŋëå ŋěľâàĺŋő ŋă Ğěňńě: Φ_ν ≈ 6.4 × 10^{10}áň^{−2}á^{−1} Śãéěáâćãîâ ďćă čńăćŋëå æĺłńă ïďěàŋëå àěăłæĺľ ć æěŋàě Śőńŋæă: • pp æĺłń, őâćěâáâćěŋŋëľ ğă 98.5% ïàłőáâĺ Śőńŋæă. Őŋ ćłńîçăěâ ć áěąï áńěďãîéĺě àěăłæĺĺ: p + p → e^+ + ν_e + d p + d → γ +^3He 3He +^3He →^4He + p + p İâĺ àěăłæĺĺ áőáâăćńïîâ 85% pp æĺłńă. Ć őáâăćèĺåáï 15% áńãçăěć ŕőáńěďŋïï àěăłæĺï ğăňěŋěŋă áńěďãîéěľ ŕőáńěďőćăâěńìŋőáâìî àěăłæĺľ: 3He +^4He → γ +^7Be e^− +^7Be → ν_e +^7Li^∗ p +^7Li →^4He +^4He ŕőáńěďŋĺě ďćě àěăłæĺĺ ć íâőľ æěŕĺ ć 0.19% áńãçăěć ğăňěŋěŋë ŋă p +^7Be → γ +^8B 8B →^8Be + e^+ + ν_e 8Be →^4He +^4He Őąőğŋăçĺň ŋěľâàĺŋő, ŕàőĺğćěďěŋŋëě ć áőőâćěâáâćãîéĺå àěăłæĺïå ν_{pp}, ν_{Be} ĺ ν_B . Śâőĺâ őâňěâĺâì, çâő ν_{pp} ĺ ν_B ĺňěîâ ŋěŕàěàëćŋëľ íŋěàčěâĺçěáłĺľ áŕěłâà, ć âő ćàěňï łăł ν_{Be} ĺňěîâ äĺłáĺàőćăŋŋãî íŋěàčĺî, âăł łăł àőęďăîâáï ć àěăłæĺĺ á ďćãňï çăáâĺæăňĺ ć łőŋěçŋőň áőáâőïŋĺĺ (áň. Šăąńĺæã 1.2)

Šăąńĺæă 1.2: Őáŋőćŋëě łőňŕőŋěŋâë ŕőâőłă áőńŋěçŋëå ŋěľâàĺŋő ŋă ŕőćěàåŋőáâĺ Ğěňńĺ (ŕàěďáłăğăŋĺï àăğńĺçŋëå SSM).

Śőńŋěçŋăï Ňőďěńì BP 92 TCL BP 95 DS Łőňŕőŋěŋâă İŋěàčĺï [28] [29] [30] [31] pp ŕőâőł (Φ × 10^{10} /áň^2/á) ≤ 420 łíĆ 6.00 ± 0.12 6.02 5.91 ± 0.06 6.1 7Be ŕőâőł (Φ × 10^9 /áň^2/á) = 860 łíĆ 4.89 ± 0.88 4.33 5.15^{+0.31}_{−0.36} 3.71 8B ŕőâőł (Φ × 10^6/áň^2/á) ≤ 15 ŇíĆ 5.70 ± 0.82 4.4 ± 1.1 6.62^{+0.93}_{−1.13} 2.49

• CNO æĺłń, łőâőàëľ ćłńîçăěâ ć áěąï őąàăğőćăŋĺě ąőńěě âïęěńëå íńěňěŋâőć, áőáâőĺâ ĺğ áńěďãîéěľ æěŕĺ àěăłæĺľ:

p +^{15}N →^{12}C +^4He

p +^{12}C → γ +^{13}N

13N →^{13}C + e^+ + ν_e

p +^{13}C → γ +^{14}N

p +^{14}N → γ +^{15}O

15O →^{15}N + e^+ + ν_e ĺ p +^{15}N → γ +^{16}O

p +^{16}O → γ +^{17}F

17F →^{17}O + e^+ + ν_e

p +^{17}O →^{14}N +^4He

Řăğńĺçĺï ć áőńŋěçŋëå ňőďěńïå őâàăęăîâ àăğńĺçŋëľ ćëąőà (ŕěàáőŋăńìŋőě áãęďěŋĺě ăćâőàőć) ńãçèĺå íłáŕěàĺňěŋâăńìŋëå ĺğňěàěŋĺľ ńăąőàăâőàŋëå áěçěŋĺľ ĺ ňěâőďă íłáâàăŕőńïæĺĺ őâ ńăąőàăâőàŋëå ďő ğćěğďŋëå íŋěàčĺľ. Řăğńĺçĺï ć ŕőâőłăå ŋěľâàĺŋő, ŕàěďáłăğăŋŋëě àăğńĺçŋëňĺ ňőďěńïňĺ ňăńë ďńï pp ŋěľâàĺŋő, áőáâăćńïîâ ∼ 30% ďńï^7Be ŋěľâàĺŋő ĺ ňőčãâ ďőåőďĺâì ďő äăłâőàă 2 ďńï^8B ŋěľâàĺŋő (áň. Šăąńĺæã 1.2).

Śŕěłâà áőńŋěçŋëå ŋěľâàĺŋő ĺğőąàăęěŋ ŋă àĺá. 1.3.

Ŋăďő őâňěâĺâì, çâő, ć âő ćàěňï łăł áőńŋěçŋëě ŋěľâàĺŋő ďőáâĺčăîâ Ğěňńĺ çěàěğ ∼ 500 á ŕőáńě ĺå őąàăğőćăŋĺï, âàěąãěâáï ŕőàïďłă 10^6 ńěâ ďńï âőčő, çâőąë íŋěàčĺï, ćëďěńĺćèăïáï ć âěå ęě áăňëå àěăłæĺïå, ąëńă âàăŋáŕőàâĺàőćăŋă őâ æěŋâàă Śőńŋæă ďő ŕőćěàåŋőáâĺ. Šăłĺň őąàăğőň, ïàłőáâì Śőńŋæă, łőâőàăï ĺğňěàěŋă ć ŋăáâőïéěě ćàěňï, áőőâćěâáâćãěâ ŋěľâàĺŋő, łőâőàëě ďőáâĺčńĺ Ğěňńĺ ∼ 10^6 ńěâ ŋăğăď. İâő ŋě àăááňăâàĺćăěâáï łăł ŕàőąńěňă ć SSM ŕőâőňã, çâő Śőńŋæě áçĺâăěâáï ğćěğďőľ ąěğ ğăňěâŋőčő ĺğňěŋěŋĺï áćőľáâć ć ĺŋâěàćăńě ∼ 10^8 ńěâ.

Řăááňőâàĺň łàăâłő áőńŋěçŋëě ŋěľâàĺŋŋëě íłáŕěàĺňěŋâë.

• Homestake^{37}Cl íłáŕěàĺňěŋâ [32]

İâő ŕěàćăï àăąőâă ŕő ŕőĺáłã áőńŋěçŋëå ŋěľâàĺŋő. Ďěâěłâőà ŕàěďáâăćńïěâ áőąőľ àăďĺőåĺňĺçěáłőě ãáâàőľáâćő, őáŋőćăŋŋőě ŋă ĺğňěàěŋĺĺ łőńĺçěáâćă àăďĺőăłâĺćŋőčő^{37}Ar, ŕàőĺğćěďěŋŋőčő ć àěăłæĺĺ á ãçăáâĺěň ŋěľâàĺŋő ν_e +^{37}Cl →^{37}Ar + e^−

Řĺá. 1.3: Ŕőâőł áőńŋěçŋëå ŋěľâàĺŋő (ć áň^{−2}á^{−1} ďńï ňőŋőíŋěàčĺçŋëå ńĺŋĺľ ĺ ć áň^{−2}á^{−1}ŇíĆ^{−1} ďńï ŋěŕàěàëćŋëå áŕěłâàőć). Šăłęě ŕőłăğăŋë ŕőàőčĺ àěčĺáâàăæĺĺ, áőőâćěâáâćãîéĺě àăğńĺçŋëň ňěâőďăň őąŋăàãęěŋĺï áőńŋěçŋëå ŋěľâàĺŋő.

Šăłăï ňěâőďĺłă ŕàőćěďěŋĺï íłáŕěàĺňěŋâă ąëńă ćŕěàćëě ŕàěďńőęěŋă Ą.Ŕőŋâěłőàćő ć 1946 čőďã [33].

Ĺğ-ğă íŋěàčěâĺçěáłőčő ŕőàőčă 814 łíĆ ďńï íâőľ àěăłæĺĺ, ďěâěłâőà çãćáâćĺâěńěŋ čńăćŋëň őąàăğőň ł^8B ĺ^7Be áőńŋěçŋëň ŋěľâàĺŋő. Řěğěàćãăà őąêěňőň 390 ň^3, ğăŕőńŋěŋŋëľ 615 â ęĺďłőčő ŕěàåńőàíâĺńěŋă (C_2Cl_4), àăáŕőńőęěŋ ŋă čńãąĺŋě 1400 ň ŕőď ğěňńěľ ć èăåâě Homestake (ŚŸĂ), çâőąë ŕőďăćĺâì äőŋ őâ ŕàőâőŋőć, àőęďăîéĺåáï ćő ćğăĺňőďěľáâćĺïå łőáňĺçěáłĺå ńãçěľ (p +^{37}Cl →^{37}Ar + n).

Łăęďëě ŋěáłőńìłő ňěáïæěć àăďĺőăłâĺćŋëľ Ar ĺğćńěłăěâáï ĺğ àěğěàćãăàă ŕőâőłőň N_2. Ŕőáńě àăğďěńěŋĺï ĺ őçĺáâłĺ őŋ ŕőáâãŕăěâ ć ŕàőŕőàæĺőŋăńìŋëľ áçěâçĺł, čďě Ł-ğăåćăâ e^− +^{37}Ar → ν_e +^{37}Cl á ŕěàĺőďőň τ_{1/2} = 34 ďŋï ŋăąńîďăěâáï ŕőáàěďáâćőň ďěâěłâĺàőćăŋĺï őęě-íńěłâàőŋőć. İääěłâĺćŋőáâì ĺğćńěçěŋĺï ĺğňěàěŋă ććěďěŋĺěň ĺğćěáâŋőčő łőńĺçěáâćă 37Ar ć àěğěàćãăà. Śàěďŋěě çĺáńő ăâőňőć^{37}Ar, őąàăğãîéĺåáï ěęěďŋěćŋő (∼ 0.5 ăâőň/ďěŋì), ĺńńîáâàĺàãěâ âàãďŋőáâì ŕàőćěďěŋĺï íłáŕěàĺňěŋâă. Ĺğňěàěŋŋëľ ŕőâőł áőńŋěçŋëå ŋěľâàĺŋő ňěŋìèě ŕàěďáłăğăŋĺï SSM. İâő ŋěáőőâćěâáâćĺě ĺğćěáâŋő ãęě ňŋőčő ńěâ ĺ ŋőáĺâ ŋăğćăŋĺě ”ğăčăďłĺ áőńŋěçŋëå ŋěľâàĺŋő”.

• Čăńńĺěćëě íłáŕěàĺňěŋâë Ďćă čăńńĺěćëå àăďĺőåĺňĺçěáłĺå íłáŕěàĺňěŋâă ŕőáćïéěŋë ĺğňěàěŋĺî ŕőâőłă áőńŋěçŋëå ŋěľâàĺŋő á æěńìî ŕàőćěàłĺ Śâăŋďăàâŋőľ Śőńŋěçŋőľ Ňőďěńĺ ĺ ŕőŕëâłĺ àěèĺâì ”ğăčăďłã áőńŋěçŋëå ŋěľâàĺŋő”. Őŋĺ ĺáŕőńìğãîâ ŕőåőęĺľ ňěâőď ĺ ĺğňěàïîâ ćŕěàćëě pp łőňŕőŋěŋâã áőńŋěçŋëå ŋěľâàĺŋő á ŕőňőéìî àěăłæĺĺ

ν_e +^{71}Ga →^{71}Ge + e^−

á ŕőàőčőň 233 łíĆ (ňěâőď ćŕěàćëě ŕàěďńőęěŋ Ć.Łãğìňĺŋëň [34]). Ŕő ăŋăńőčĺĺ á^{37}Cl íłáŕěàĺňěŋâőň, őąŋăàãęěŋĺě ğăåćăâőć ŋěľâàĺŋő ćëŕőńŋěŋő ŕőáàěďáâćőň åĺňĺçěáłőčő ćëďěńěŋĺï ŕàőĺğćěďěŋŋőčő^{71}Ge ĺ ĺğňěàěŋĺï ěčő àăáŕăďă.^{71}Ge ŋěáâăąĺńěŋ őâŋőáĺâěńìŋő íńěłâàőŋŋőčő ğăåćăâă

Řĺá. 1.4: Řěğãńìâăâë ĺğňěàěŋĺľ ŕőâőłă áőńŋěçŋëå ŋěľâàĺŋő, ŕőńãçěŋŋëě ć GALLEX I, GALLEX II ĺ GALLEX III. Ńěćăï èłăńă ŕőłăğëćăěâ çĺáńő őąàăğőćăćèĺåáï ăâőňőć^{71}Ge; ŕàăćăï èłăńă - ŕőâőł áőńŋěçŋëå ŋěľâàĺŋő (ć SNU, čďě 1 SNU áőőâćěâáâćãěâ 10^{−36} ğăåćăâőć á^{−1} ăâőň^{−1}) ŕőáńě ćëçĺâăŋĺï ćłńăďă őâ äőŋőćëå àěăłæĺľ.

(t_{1/2} = 11.43 ďŋï) ĺ, ŕőíâőňã, łőńĺçěáâćő ĺğćńěçěŋŋőčő Ge ňőęěâ ąëâì őŕàěďěńěŋő ğă áçěâ ěčő ăłâĺćŋőáâĺ, ĺğňěàěŋŋőľ ć ňăńěŋìłĺå ŕàőŕőàæĺőŋăńìŋëå áçěâçĺłăå.

Ŕàěĺňãéěáâćő íâőľ ňěâőďĺłĺ áőáâőĺâ ć âőň, çâő àăąőâă ďěâěłâőàă ňőęěâ ąëâì ŕàőćěàěŋă á ŕőňőéìî ĺáłãááâćěŋŋőčő ĺáâőçŋĺłă ŋěľâàĺŋő^{51}Cr, ĺáŕãáłăîéěčő íńěłâàőŋŋëě ŋěľâàĺŋő á íŋěàčĺěľ 746 łíĆ. İŋěàčĺï íâĺå ŋěľâàĺŋő áőćŕăďăěâ á íŋěàčĺěľ áőńŋěçŋëå^7Be ŋěľâàĺŋő ĺ, âăłĺň őąàăğőň, őąěáŕěçĺćăěâ ĺďěăńìŋãî ŕàőćěàłã ćáěľ íłáŕěàĺňěŋâăńìŋőľ ŕàőæěďãàë.

Ďńï ğăéĺâë ďěâěłâőàőć őâ łőáňĺçěáłĺå ńãçěľ ĺå ãáâăŋăćńĺćăîâ čńãąőłő ŕőď ğěňńěľ.

Őáőąěŋŋőáâĺ ďćãå áãéěáâćãîéĺå čăńńĺěćëå íłáŕěàĺňěŋâőć őąáãęďăîâáï ŋĺęě.

– GALLEX [35]

İłáŕěàĺňěŋâ GALLEX ŕàőćőďĺâáï ć ńăąőàăâőàĺĺ Gran Sasso (Ĺâăńĺï). Ňĺèěŋì áőáâőĺâ ĺğ 30.3 â čăńńĺï, áőďěàęăéĺå 12 â^{71}Ga, àăáâćőàěŋŋőčő ć HCl + H_2O. Řěğãńìâăâë àăğńĺçŋëå íâăŕőć íłáŕěàĺňěŋâă GALLEX I, GALLEX II ĺ GALLEX III ŕàěďáâăćńěŋë ŋă àĺá. 1.4. Řěğãńìâăâ łăńĺąàőćłĺ á ŕőňőéìî^{51}Cr ĺáâőçŋĺłă ŋěľâàĺŋő (0.93 ± 0.08) [36] ãłăğëćăěâ ŋă âő, çâő ďěäĺæĺâ ŕőâőłă áőńŋěçŋëå ŋěľâàĺŋő, ŋăąńîďăěňëľ ć íłáŕěàĺňěŋâě GALLEX, ŋě ňőęěâ ąëâì ŕàĺŕĺáăŋ ňěâőďĺçěáłĺň íääěłâăň ĺ ďěňőŋáâàĺàãěâ őâáãâáâćĺě ńîąëå áãéěáâćěŋŋëå áĺáâěňăâĺçěáłĺå őèĺąőł ŋă ãàőćŋě 10%.

– SAGE (Soviet - American Gallium Experiment) [37] Ňĺèěŋì ć ćĺďě ęĺďłőčő ňěâăńńĺçěáłőčő čăńńĺï (55 â), àăáŕőńőęěŋă čńãąőłő ŕőď ğěňńěľ ć Ąăłáăŋáłőľ Ŋěľâàĺŋőľ Őąáěàćăâőàĺĺ ć čőàăå

Łăćłăğă. Ŕàĺňěàŋő àăğ ć ňěáïæ Ge, őąàăğőćăćèĺľáï ŕőď ćőğďěľáâćĺěň ŋěľâàĺŋő, ĺğćńěłăěâáï ĺğ Ga.

Řěğãńìâăâ łăńĺąàőćłĺ á ŕőňőéìî^{51}Cr ĺáâőçŋĺłă ŋěľâàĺŋő (0.95 ± 0.11^{+0.05}_{−0.08}) [38] őąěáŕěçĺćăěâ ďőłăğăâěńìáâćő ŋăďěęŋőáâĺ ĺğňěàěŋĺľ ŕőâőłă áőńŋěçŋëå ŋěľâàĺŋő ć íłáŕěàĺňěŋâě SAGE.

Ć âő ćàěňï łăł áãéěáâćőćăńĺ ŋěłőâőàëě ŋěáőőâćěâáâćĺï ć ĺğňěàěŋĺïå ŕőáńě ŕàőćěďěŋĺï ŕěàćëå íłáŕőğĺæĺľ, őąă íłáŕěàĺňěŋâă ďăîâ âěŕěàì åőàőèő áőčńăáãîéĺěáï àěğãńìâăâë. Ĺğňěàěŋŋëľ ŕőâőł áőńŋěçŋëå ŋěľâàĺŋő ćŋőćì ňěŋìèě, çěň ŕàěďáłăğăŋĺě SSM.

• İłáŕěàĺňěŋâ KAMIOKANDE (KAMIOKA Nucleon Decay Experiment) [41] KAMIOKANDE - ćőďïŋőľ çěàěŋłőćáłĺľ ďěâěłâőà, àăáŕőńőęěŋŋëľ ć èăåâě Kamioka (§ŕőŋĺï) ŋă čńãąĺŋě 1 łň, ąëń ŕěàćőŋăçăńìŋő àăğàăąőâăŋ ďńï ŕőĺáłă ŕàőâőŋŋőčő àăáŕăďă. Ćŋãâàěŋŋĺľ ďěâěłâőà áőáâőĺâ ĺğ æĺńĺŋďàĺçěáłőčő àěğěàćãăàă ďĺăňěâàőň 15.6 ň ĺ ćëáőâőľ 11.2 ň, ğăŕőńŋěŋŋőčő 2140 â ćőďë ĺ ŕàőáňăâàĺćăěňőčő 940 äőâőãňŋőęĺâěńïňĺ (PMT’s) ďĺăňěâàőň 50 áň. İłáŕěàĺňěŋâ ňőęěâ àěčĺáâàĺàőćăâì áőńŋěçŋëě ŋěľâàĺŋő ć àěęĺňě àěăńìŋőčő ćàěňěŋĺ, ĺğňěàïï ĺå ãŕàãčőě àăááěïŋĺě ŋă íńěłâàőŋăå

ν_e + e^− → ν_e + e^−

çâő őąěáŕěçĺćăěâ ćőğňőęŋőáâì ĺğňěàěŋĺï ŋăŕàăćńěŋĺï çěàěŋłőćáłőčő ĺğńãçěŋĺï (ĺ ŕőğćőńïěâ őŕàěďěńïâì ŋăŕàăćńěŋĺě ŋăńěâăîéĺå ν ĺ ŕàőćěàïâì, ãłăğëćăîâ ńĺ őŋĺ ŋă Śőńŋæě, áň. àĺáãŋőł 1.5) ĺ íŋěàčĺĺ őâďăçĺ íńěłâàőŋă (łőâőàăï áćïğăŋă á íŋěàčĺěľ ŋăńěâăîéěčő ŋěľâàĺŋő). Şŕàãčőě àăááěïŋĺě ďńï ďàãčĺå âĺŕőć ŋěľâàĺŋő (ν_μ ĺ ν_τ ) âăłęě ĺňěěâ ňěáâő, ŋő ěčő áěçěŋĺě ć èěáâì àăğ ňěŋìèě, çěň ďńï ν_e. Ŋĺęŋĺľ ŕőàőč àěčĺáâàăæĺĺ íńěłâàőŋőć ć ďěâěłâőàě KAMIOKANDE àăćěŋ 5 ŇíĆ. Őďŋăłő, çâőąë ŕőďăćĺâì äőŋőćëě áőąëâĺï őâ ěáâěáâćěŋŋőľ àăďĺőăłâĺćŋőáâĺ ďěâěłâőàă ĺ ćëğëćăěňëě łőáňĺçěáłĺňĺ ňîőŋăňĺ, ŕàăłâĺçěáłĺľ íłáŕěàĺňěŋâăńìŋëľ ŕőàőč ãáâăŋőćńěŋ ŋă 7 ŇíĆ. Ć àěğãńìâăâě, íłáŕěàĺňěŋâ KAMIOKANDE çãćáâćĺâěńěŋ âőńìłő ł^8B łőňŕőŋěŋâě áőńŋěçŋëå ŋěľâàĺŋő.

• SUPERKAMIOKANDE

Ŋőćăï ãáâăŋőćłă SUPERKAMIOKANDE ŕàěďáâăćńïěâ áőąőľ 50000 â ćőďïŋőľ çěàěŋłőćáłĺľ ďěâěłâőà, àăáŕőńőęěŋŋëľ ć 150 ň ŋă îč őâ KAMIOKANDE. Őŋ ĺáŕőńìğãěâ âã ęě áăňãî ňěâőďĺłã ďńï őąŋăàãęěŋĺï áőńŋěçŋëå ŋěľâàĺŋő. Ďěâěłâőà áőáâőĺâ ĺğ ćŋãâàěŋŋěľ ĺ ćŋěèŋěľ çăáâěľ. Ŕőáńěďŋïï áńãęĺâ ďńï ĺďěŋâĺäĺłăæĺĺ ŋăńěâăîéĺå łőáňĺçěáłĺå ňîőŋőć, ă âăłęě ďńï íłàăŋĺàőćăŋĺï őâ γ-łćăŋâőć ĺ ŋěľâàőŋőć, àőęďăîéĺåáï ŕàĺ ćğăĺňőďěľáâćĺïå łőáňĺçěáłĺå ňîőŋőć ć őłàãęăîéěň ďěâěłâőà ćěéěáâćě. Ćŋãâàěŋŋïï (æěŋâàăńìŋăï) çăáâì ďěâěłâőàă (32000 â ćőďë), ŕàőáňăâàĺćăěňăï 11200 äőâőãňŋőęĺâěńïňĺ, ŕőńŋőáâìî őłàãęěŋă ćŋěèŋĺň ďăâçĺłőň á ćőďŋëň áńőěň âőńéĺŋőľ ∼2.7 ň. İâőâ ćŋãâàěŋŋĺľ ďěâěłâőà ĺáŕőńìğãěâáï ďńï őąŋăàãęěŋĺï ćğăĺňőďěľáâćĺľ áőńŋěçŋëå, ăâňőáäěàŋëå ŋěľâàĺŋő ĺ, ćőğňőęŋő, ŋěľâàĺŋő őâ ćáŕëèłĺ áćěàåŋőćőľ, ă âăłęě ďńï ĺğňěàěŋĺï ćàěňěŋĺ ęĺğŋĺ ŕàőâőŋă.

Ŕàěĺňãéěáâćő ďěâěłâőàă SUPERKAMIOKANDE ğăłńîçăěâáï ć ćőğňőęŋőáâĺ ĺáŕőńìğőćăâì ŋĺğłőíŋěàčěâĺçŋëľ íńěłâàőŋŋëľ ŕãçőł őâ ňăńěŋìłőčő ãáłőàĺâěńï ďńï łăńĺąàőćłĺ ĺ ĺğãçěŋĺï őâłńĺłă ďěâěłâőàă.

Ŋăĺąőńěě ćăęŋëň áńěďáâćĺěň ćáěå 5 íłáŕěàĺňěŋâőć, ĺáŕőńìğãîéĺå àăğńĺçŋëě ňěâőďë àěčĺáâàăæĺĺ, ïćńïěâáï âő, çâő ćáě őŋĺ ŋăąńîďăńĺ ďěäĺæĺâ ŕőâőłă

Řĺá. 1.5: Řăáŕàěďěńěŋĺě cos θ_{SUN} ďńï ğăłńîçĺâěńìŋőľ ćëąőàłĺ ďăŋŋëå ć ďěâěłâőàě KAMIOKANDE (1036 ďŋěľ ŋăąőàă áâăâĺáâĺłĺ) ŕőďâćěàęďăěâ áőńŋěçŋőě ŕàőĺáåőęďěŋĺě őąŋăàãęěŋŋëå ŋěľâàĺŋő. Śŕńőèŋăï ńĺŋĺï ŕőłăğëćăěâ ŕàěďáłăğăŋĺě SSM [30], ă ŕãŋłâĺàŋăï ńĺŋĺï ŕőłăğëćăěâ ńãçèĺľ äĺâ, ŕőďàăğãňěćăîéĺľ àăćŋőňěàŋőě äőŋőćőě àăáŕàěďěńěŋĺě.

áőńŋěçŋëå ŋěľâàĺŋő ć áàăćŋěŋĺĺ á őęĺďăěňëň ĺğ SSM [28, 29, 30]. Řěğãńìâăâë ŕàĺćěďěŋë ć Šăąńĺæě 1.3. Ŕőâőł áőńŋěçŋëå ŋěľâàĺŋő őąëçŋő ĺğňěàïěâáï ć Solar Neutrino Units^4.

Šăąńĺæă 1.3: Řěğãńìâăâë áőńŋěçŋëå ŋěľâàĺŋŋëå íłáŕěàĺňěŋâőć ć áàăćŋěŋĺĺ á ŕàěďáłăğăŋĺïňĺ SSM.

Ŕàěďáłăğăŋĺě SSM BP 92 TCL BP 95 DS İłáŕěàĺňěŋâ Ŕőàőč Ĺğňěàěŋŋëľ Ŕőâőł [28] [29] [30] [31] Homestake (SNU) 814 łíĆ 2.55 ± 0.17 ± 0.18 8.1 ± 1.0 6.4 ± 1.4 9.3^{+1.2}_{−1.4} 4.1 ± 1.2 GALLEX (SNU) 233 łíĆ 69.7 ± 6.7^{+3.9}_{−4.5} 132 ± 7 122.5 ± 7.0 137^{+8}_{−7} 115 ± 6 SAGE (SNU) 233 łíĆ 69 ± 10^{+5}_{−7} 132 ± 7 122.5 ± 7.0 137^{+8}_{−7} 115 ± 6 Kamioka (10^6áň^{−2}á^{−1}) 7 ŇíĆ 2.80 ± 0.19 ± 0.33 5.7 ± 0.8 4.4 ± 1.1 6.62^{+0.9}_{−1.1} 2.49 SuperK (10^6áň^{−2}á^{−1}) 7 ŇíĆ 2.44 ± 0.06^{+0.25}_{−0.09} 5.7 ± 0.8 4.4 ± 1.1 6.62^{+0.9}_{−1.1} 2.49

Ŋăďő őâňěâĺâì, çâő ďěäĺæĺâ àăğńĺçěŋ ďńï àăğŋëå íłáŕěàĺňěŋâőć. Ąëńő ŕőłăğăŋő âăłęě, çâő ďěäĺæĺâ ŋăĺąőńěě áãéěáâćěŋěŋ ďńï ŋěľâàĺŋő áàěďŋĺå íŋěàčĺľ, łőâőàëě ćőğŋĺłăîâ čńăćŋëň őąàăğőň őâ^7Be-àěăłæĺĺ.

Ąëńő ŕàěďŕàĺŋïâő ňŋőčő ŕőŕëâőł őąêïáŋĺâì âăłőě áâàăŋŋőě ŕőćěďěŋĺě áőńŋěçŋëå ŋěľâàĺŋő. Ŋăŕàĺňěà, ąëńĺ ŕőŕëâłĺ ŕőáâàőĺâì âăł ŋăğëćăěňëě ŋěáâăŋďăàâŋëě áőńŋěçŋëě ňőďěńĺ, łőâőàëě, ć ąőńìèĺŋáâćě áńãçăěć, ďăćăńĺ ąőńěě ŋĺğłãî âěňŕěàăâãàë ć æěŋâàě Śőńŋæă, çâő ć áćőî őçěàěďì ŕàĺćőďĺâ ł áãéěáâćěŋŋőňã ãňěŋìèěŋĺî ŕőâőłă^8B ŋěľâàĺŋő. Őďŋăłő, ğă ŕőáńěďŋĺě čőďë ąëń ďőáâĺčŋãâ ąőńìèőľ ŕàőčàěáá ć čěńĺőáěľáňőńőčĺĺ, çâő ŋăńőęĺńő áâàőčĺě őčàăŋĺçěŋĺï ŋă ćëçĺáńěŋĺï ć àăňłăå áőńŋěçŋëå ňőďěńěľ.

41 SNU = 10^{−36} ğăåćăâőć á^{−1} ăâőň^{−1}.

Řĺá. 1.6: Řăğńĺçĺě ňěęďã ν_μ (ν_τ ) ĺ ν_e ŕàĺ ćğăĺňőďěľáâćĺĺ á íńěłâàőŋăňĺ ć ćěéěáâćě.

İääěłâ MSW

Łăł ąëńő ŕőłăğăŋő Ňĺåěěćëň, Śňĺàŋőćëň [42] ĺ Ćőńìäěŋèâěľŋőň [43], íääěłâ ŕàőåőęďěŋĺï ŋěľâàĺŋő çěàěğ ćěéěáâćő (ć Śőńŋæě) ňőęěâ ŕàĺćőďĺâì ł àěğőŋăŋáŋőňã ãáĺńěŋĺî ăňŕńĺâãďë őáæĺńńïæĺľ.

Őáŋőćŋőľ íääěłâ ćőğŋĺłăěâ ĺğ-ğă àăğńĺçĺï áěçěŋĺï ćğăĺňőďěľáâćĺï ν_e ĺ ν_{μ,τ} á íńěłâàőŋăňĺ ć ćěéěáâćě Śőńŋæă. Ŕő ăŋăńőčĺĺ á őŕâĺłőľ, ĺŋâěčàăń àăááěïŋëå ćőńŋ ňőęěâ ąëâì őŕĺáăŋ á ŕőňőéìî ŕőłăğăâěńï ŕàěńőňńěŋĺï n_α (α = e, μ, τ), ŕàĺćőďïéěčő ł ĺğňěŋěŋĺî äăğőćőľ áłőàőáâĺ ŋěľâàĺŋő. Šăł łăł ćěéěáâćő Śőńŋæă ŋěáĺňňěâàĺçŋő ŕő őâŋőèěŋĺî ł ν_e ĺ ν_{μ,τ} (âăł łăł ν_e ćğăĺňőďěľáâćãěâ á íńěłâàőŋőň ŕőáàěďáâćőň őąňěŋă łăł W , âăł ĺ Z^0, ć âő ćàěňï łăł ν_{μ,τ} ćğăĺňőďěľáâćãîâ âőńìłő ŕőáàěďáâćőň Z^0 őąňěŋă, áň. àĺá. 1.6) ĺğ íâőčő áńěďãěâ, çâő n_e ≠ n_{μ,τ} . Ŕőíâőňã ćőğŋĺłăěâ ďőŕőńŋĺâěńìŋăï àăğŋőáâì äăğ.

Ć àěğãńìâăâě íâőľ àăğŋőáâĺ áőąáâćěŋŋëě áőáâőïŋĺï, łőâőàëě àăáŕàőáâàăŋïîâáï ć ćěéěáâćě Śőńŋæă ąěğ áňěèĺćăŋĺï (”áőńŋěçŋëě áőąáâćěŋŋëě áőáâőïŋĺï”) őâńĺçăîâáï őâ âěå, łőâőàëě àăáŕàőáâàăŋïîâáï ąěğ áňěèĺćăŋĺï ć ćăłããňě (ňăááőćëě áőąáâćěŋŋëě áőáâőïŋĺï). Şčőń áňěèĺćăŋĺï θ_M ć ćěéěáâćě Śőńŋæă (ãčőń ćàăéěŋĺï ňěęďã ν_e − ν_μ ĺ áőńŋěçŋëňĺ áőąáâćěŋŋëňĺ áőáâőïŋĺïňĺ) áćïğăŋ á ãčńőň áňěèĺćăŋĺï θ_v ć ćăłããňě (ãčőń ćàăéěŋĺï ňěęďã ν_e − ν_μ ĺ ňăááőćëňĺ áőąáâćěŋŋëňĺ áőáâőïŋĺïňĺ):

sin^2(2θ_M ) = sin^2(2θ_v ) (cos(2θ_v) −^{Lv}_{L0} )^2 + sin^2(2θ_v) ,

čďě L_v - ďńĺŋă őáæĺńńïæĺľ ć ćăłããňě ĺ L_0 - åăàăłâěàĺáâĺłă ďńĺŋë ďćĺęěŋĺï ŋěľâàĺŋő çěàěğ ćěéěáâćő Śőńŋæă, łőâőàăï őŕàěďěńěŋă łăł

L_0 = 2π √ 2G_F N_e , G_F - łőŋáâăŋâă Ťěàňĺ ĺ N_e - çĺáńő íńěłâàőŋőć ć ěďĺŋĺæě őąêěňă ćěéěáâćă Śőńŋæă.

Ćëèěŕàĺćěďěŋŋőě ãàăćŋěŋĺě ĺňěěâ àěğőŋăŋáŋőě ŕőćěďěŋĺě. Šăłĺň őąàăğőň őçěŋì ğăňěâŋëľ ŕěàěåőď ν_e → ν_μ ňőęěâ ŕàőĺáåőďĺâì ć Śőńŋæě ďăęě ŕàĺ ňăńëå ğŋăçěŋĺïå θ_v .

İâőâ íääěłâ, ŋăğëćăěňëľ MSW (Mikheev - Smirnov - Wolfenstain) íääěłâ, ňőęěâ őąêïáŋĺâì ďěäĺæĺâ ĺğňěàěŋŋőčő ŕőâőłă áőńŋěçŋëå ŋěľâàĺŋő ć áàăćŋěŋĺĺ á ŕàěďáłăğăŋĺïňĺ SSM. Śãéěáâćãîâ ďćă MSW àěèěŋĺï ďńï ćáěå íłáŕěàĺňěŋâőć (áň. àĺá. 1.7): âăł ŋăğëćăěňőě ”àěèěŋĺě á ňăńëň ãčńőň áňěèĺćăŋĺï” sin^2(2θ) ∼ 8 × 10^{−3} ĺ Δm^2 ∼ 5 × 10^{−6} íĆ^2 ĺ ”àěèěŋĺě á ąőńìèĺň ãčńőň áňěèĺćăŋĺï” sin^2(2θ) ∼ 0.6 ĺ Δm^2 ∼ 1.6 × 10^{−5} íĆ^2.

Ćăłããňŋëě őáæĺńńïæĺĺ á ŕăàăňěâàăňĺ Δm^2 ∼ 6 × 10^{−11} íĆ^2 ĺ sin^2(2θ) ∼ 0.9 âăłęě ňőčãâ őąêïáŋĺâì ŋăąńîďěŋĺï áőńŋěçŋëå ŋěľâàĺŋŋëå íłáŕěàĺňěŋâőć [44].

Řĺá. 1.7: Řěğãńìâăâ MSW àěèěŋĺï (ĺğ [44]) ć ŕàőáâàăŋáâćě ŕăàăňěâàőć (ğăèâàĺåőćăŋŋëě őąńăáâĺ), àăğàěèěŋŋëľ őąêěďĺŋěŋŋëňĺ ŋăąńîďěŋĺïňĺ ŋă 95% ãàőćŋě ďőáâőćěàŋőáâĺ ć ŕàěďŕőńőęěŋĺĺ Bahcall-Pinsonneault SSM á ãçěâőň He ďĺääãğĺĺ [30]. Őčàăŋĺçěŋĺï ĺğ íłáŕěàĺňěŋâőć Homestake, őąêěďĺŋěŋŋőčő Kamiokande ĺ SuperKamiokande, őąêěďĺŋěŋŋőčő SAGE ĺ GALLEX ŕőłăğăŋë èâàĺå-ŕãŋłâĺàŋőľ, áŕńőèŋőľ ĺ èâàĺåőćőľ ńĺŋĺïňĺ áőőâćěâáâćěŋŋő. Šăłęě ŕőłăğăŋë őąńăáâĺ, ĺáłńîçěŋŋëě íłáŕěàĺňěŋâőň Kamiokande ŕő ĺğňěàěŋĺî áŕěłâàă ĺ íääěłâă ŋőçì-ďěŋì (ŕãŋłâĺàë).

Řĺá. 1.8: Ŕàěďćăàĺâěńìŋëľ àěğãńìâăâ łőńńăąőàăæĺĺ SUPERKAMIOKANDE ŕő ĺğňěàěŋĺî őâŋőèěŋĺï çĺáńă ŋăąńîďăěňëå áőąëâĺľ ł áőőâćěâáâćãîéěňã çĺáńã őęĺďăěňëå áőąëâĺľ ć SSM (Data/SSM) łăł äãŋłæĺĺ íŋěàčĺĺ íńěłâàőŋă. Šőńáâëě (âőŋłĺě) łàěáâë áőőâćěâáâćãîâ áâăâĺáâĺçěáłĺň (áĺáâěňăâĺçěáłĺň) ŕőčàěèŋőáâïň. Čĺáâőčàăňňă (áŕńőèŋăï ńĺŋĺï) ãłăğëćăěâ, çâő ňőęŋő ąëńő ąë őęĺďăâì ć áńãçăě MSW àěèěŋĺï á ňăńëň ãčńőň áňěèĺćăŋĺï.

Ąãďãéĺě ŕàőěłâë

Ŋőćëě ŕőŕëâłĺ ŕàőńĺâì áćěâ ŋă âăľŋã áőńŋěçŋëå ŋěľâàĺŋő ąãďãâ áďěńăŋë ć ąńĺęăľèěň ąãďãéěň: ĺğňěàěŋĺě íŋěàčěâĺçěáłőčő áŕěłâàă áőńŋěçŋëå ŋěľâàĺŋő ĺ ĺğňěàěŋĺï ŕőâőłă áőńŋěçŋëå ŋěľâàĺŋő á ĺáŕőńìğőćăŋĺěň àěăłæĺľ, ŕàőâěłăîéĺå ŕő łăŋăńã ŋěľâàăńìŋëå âőłőć, łőâőàëě ŋěçãćáâćĺâěńìŋë ł âĺŕã ŋěľâàĺŋő.

Ďěâěłâőà SUPERKAMIOKANDE ďăěâ ćőğňőęŋőáâì ĺğňěàĺâì (ŕőáńě ďćãå ńěâ ŋăąőàă ďăŋŋëå) âőçŋãî äőàňã áŕěłâàă áőńŋěçŋëå^8B ŋěľâàĺŋő ŋěğăćĺáĺňő őâ ăąáőńîâŋőľ ŋőàňĺàőćłĺ (ŕàěďćăàĺâěńìŋëě àěğãńìâăâë ŕàěďáâăćńěŋë ŋă àĺáãŋłě 1.8). Ďàãčőě ćăęŋőě ĺğňěàěŋĺě - ĺğãçěŋĺě àăğńĺçĺľ ć ŕőâőłăå^8B ŋěľâàĺŋő ďŋěň ĺ ŋőçìî. Ŕàĺçĺŋă ğăłńîçăěâáï ć âőň, çâő MSW àěèěŋĺě á ąőńìèĺň ãčńőň áňěèĺćăŋĺï ŕàěďáłăğëćăěâ ŋěąőńìèőľ ĺğąëâőł áőąëâĺľ ć ŋőçŋőě ćàěňï, ćëğćăŋŋëľ âěň äăłâőň, çâő ŕàőőáæĺńńĺàőćăćèĺě ŋěľâàĺŋő (ν_μ ĺ ν_τ ) ňőčãâ ąëâì ŕőćâőàŋő ŕàěőąàăğőćăŋë ć ŋăçăńìŋëě ν_e ĺğ-ğă àěčěŋěàăæĺĺ ć ćěéěáâćě Ğěňńĺ. Ŕàěďćăàĺâěńìŋëľ àěğãńìâăâ [45], ďőńőęěŋŋëľ áőâàãďŋĺçěáâćőň SUPERKAMIOKANDE ãłăğëćăěâ ŋă őâáãâáâćĺě âăłőčő íääěłâă ŋőçì-ďěŋì ć ŕàěďěńăå íłáŕěàĺňěŋâăńìŋőľ ŋěőďŋőğŋăçŋőáâĺ: D − N D + N = −0.017 ± 0.026(áâăâ.) ± 0.017(áĺáâ.)

SNO (Sudbury Neutrino Observatory, Łăŋăďă) [39] - 1000 â çěàěŋłőćáłĺľ ďěâěłâőà á âïęěńőľ ćőďőľ ďńï àěčĺáâàăæĺĺ^8B ŋěľâàĺŋő. Űěńì íâőčő íłáŕěàĺňěŋâă áőáâőĺâ ć âőň, çâőąë őąŋăàãęĺâì àěăłæĺî, ŕàőâěłăîéĺî ŕő łăŋăńã ŋěľâàăńìŋőčő âőłă ν + d → p + n + ν ŕőňĺňő ν_e + d → p + p + e^−. Ŕěàćăï ĺğ íâĺå àěăłæĺľ àěčĺáâàĺàãěâ ν_μ âăłęě łăł ν_e ĺ ŕőğćőńïěâ ĺğňěàïâì ŕőńŋëľ ŕőâőł áőńŋěçŋëå ŋěľâàĺŋő ŋă Ğěňńě.

BOREXINO [40] - 300 â ęĺďłő-áæĺŋâĺńńïæĺőŋŋëľ ďěâěłâőà, łőâőàëľ ąãďěâ ŕőáâàőěŋ ć Gran Sasso ďńï ŋěŕőáàěďáâćěŋŋőčő ŋăąńîďěŋĺï^7Be ńĺŋĺĺ ŋěľâàĺŋő ĺńĺ ŕőďâćěàęďěŋĺï ěě őâáãâáâćĺï. Őęĺďăěňëľ ŕőàőč ďńï íâőčő ďěâěłâőàă - 250 łíĆ.

1.5.2 Ăâňőáäěàŋëě ŋěľâàĺŋŋëě íłáŕěàĺňěŋâë

Ăâňőáäěàŋëě ŋěľâàĺŋő àőęďăîâáï ć àăáŕăďăå ğăàïęěŋŋëå ŕĺőŋőć ĺ łăőŋőć, łőâőàëě ïćńïîâáï ćâőàĺçŋëňĺ çăáâĺæăňĺ őâ ćğăĺňőďěľáâćĺľ łőáňĺçěáłĺå ńãçěľ ć ăâňőáäěàě. Ąőńìèĺŋáâćő íâĺå ăďàőŋőć àăáŕăďăîâáï ďő ćğăĺňőďěľáâćĺï ĺğ-ğă ŋĺğłőľ ŕńőâŋőáâĺ ăâňőáäěàë ŋă ąőńìèőľ ćëáőâě.

Śńěďãîéăï æěŕőçłă àěăłæĺľ ïćńïěâáï čńăćŋëň ĺáâőçŋĺłőň ăâňőáäěàŋëå ŋěľâàĺŋő p(He) + ïďàő → π^± + X

π^± → μ^± +^{(−)}ν_μ

μ^± → e^± +^{(−)}ν_e +^{(−)}ν_μ

Šăłĺň őąàăğőň, őęĺďăěâáï, çâő őâŋőèěŋĺě ŕőâőłőć^{(ν̄μ+νμ )}_{(ν̄e+νe )} ≈ 2. Ćáě ćëçĺáńěŋĺï ŕőâőłőć, ćëŕőńŋěŋŋëě àăğńĺçŋëňĺ čàãŕŕăňĺ, ŋăåőďĺâáï ć áőčńăáĺĺ ć ŕàěďěńăå 5% ďńï őâŋőèěŋĺï ăàőňăâőć ŋěľâàĺŋő á íŋěàčĺïňĺ 0.4 < E_ν (ČíĆ) < 1 [46]. Śãéěáâćěŋŋëě àăğńĺçĺï ć ăąáőńîâŋëå ŕőâőłăå (∼ 40%) ćőğŋĺłăîâ čńăćŋëň őąàăğőň ĺğ-ğă àăğńĺçŋëå ŕàěďŕőńőęěŋĺľ ő ćëáőâŋőľ ğăćĺáĺňőáâĺ ŕàĺ ňőďěńĺàőćăŋĺĺ ŕàőæěááă őąàăğőćăŋĺï ŕĺőŋőć ŕàĺ ćğăĺňőďěľáâćĺïå ŕàőâőŋőć ć ăâňőáäěàě. Ŕàĺ àăąőâě á őâŋőèěŋĺěň^{(ν̄μ +νμ )}_{(ν̄e +νe )} ąőńìèĺŋáâćő áĺáâěňăâĺçěáłĺå ŋěőďŋőğŋăçŋőáâěľ áőłàăéăîâáï ĺńĺ ć ğŋăçĺâěńìŋőľ áâěŕěŋĺ ŕőďăćńïîâáï.

Ć ăâňőáäěàŋëå ŋěľâàĺŋŋëå íłáŕěàĺňěŋâăå ĺğňěàïîâáï ŕőâőłĺ íńěłâàőŋŋëå ĺ ňîőŋŋëå ŋěľâàĺŋő, ćőğŋĺłăîéĺå ŕàĺ ćğăĺňőďěľáâćĺïå łőáňĺçěáłĺå ńãçěľ á ăâňőáäěàőľ. Ăâňőáäěàŋëě ŋěľâàĺŋő ĺňěîâ íŋěàčĺĺ ć ŕàěďěńăå őâ ∼ 100 ŇíĆ ďő ŋěáłőńìłĺå ČíĆ.

Ÿěáâì ŕőďğěňŋëå íłáŕěàĺňěŋâőć ĺğňěàĺńĺ ŕőâőł ăâňőáäěàŋëå ŋěľâàĺŋő ŕàĺ ŕőňőéĺ łćăğĺãŕàãčĺå ćğăĺňőďěľáâćĺľ:

ν_e(ν_μ) + n → e^−(μ^−) + p

ν̄_e(ν̄_μ) + p → e^+(μ^+) + n

Šàĺ íłáŕěàĺňěŋâă (KAMIOKANDE [47], IMB [48] ĺ SUPERKAMIOKANDE [45]) ĺáŕőńìğãîâ ćőďŋëě àěğěàćãăàë ąőńìèőčő őąêěňă ďńï àěčĺáâàăæĺĺ çěàěŋłőćáłőčő ĺğńãçěŋĺï, ćőğŋĺłăîéěčő ŕàĺ ŕàőåőęďěŋĺĺ àěńïâĺćĺáâáłĺå çăáâĺæ çěàěğ ćőďã. Ďàãčĺě âàĺ íłáŕěàĺňěŋâă (FREJUS^5 [49], NUSEX [50] ĺ SOUDAN 2 [51]) ĺáŕőńìğãîâ łăńőàĺňěâàë á ćëáőłĺň ŕàőďőńìŋëň ĺ ŕőŕěàěçŋëň àăğàěèěŋĺěň.

Ŋăąńîďăěňëě áőąëâĺï łńăááĺäĺæĺàãîâáï łăł ďćă âĺŕă: (1) ŕőńŋőáâìî áőďěàęăéĺěáï áőąëâĺï, ć łőâőàëå ćáě âàěłĺ áőďěàęăâáï ć ďěâěłâőàě, ĺ íŋěàčĺï ŋăńěâăîéěčő ŋěľâàĺŋő åőàőèő őŕàěďěńěŋă; (2) çăáâĺçŋő áőďěàęăéĺåáï áőąëâĺï, ć łőâőàëå ŋěłőâőàëě ĺğ âàěłőć ćëåőďïâ ğă ŕàěďěńë ďěâěłâőàă, ĺ ŕőńŋăï ćĺďĺňăï íŋěàčĺï ňěŋìèě, çěň íŋěàčĺï ŋăńěâăîéěčő ŋěľâàĺŋő.

Ňîőŋë ŕàőïćńïîâ áěąï ćő ćáěå ďěâěłâőàăå łăł őâďěńìŋëě âàěłĺ, ć âő ćàěňï łăł íńěłâàőŋë ŕàőĺğćőďïâ íńěłâàőňăčŋĺâŋëě ńĺćŋĺ, áőáâőïéĺě ĺğ ňŋőęěáâćă łőàőâłĺå âàěłőć, łőâőàëě ňőčãâ ąëâì ńěčłő ĺďěŋâĺäĺæĺàőćăŋë ć łăńőàĺňěâàăå ĺ ŕàĺćőďïâ ł àăğňëćăŋĺî áćěâőćëå łőńěæ ć ćőďïŋëå ďěâěłâőàăå.

Śàăćŋěŋĺě ňěęďã ĺğňěàěŋŋëň ĺ ŕàěďáłăğăŋŋëň (ν_μ/ν_e) őâŋőèěŋĺěň ďńï ćáěå íłáŕěàĺňěŋâőć ŕàĺćěďěŋő ć Šăąńĺæě 1.4.

5Řěğãńìâăâ íłáŕěàĺňěŋâă FREJUS ćłńîçăěâ łăł ŕőńŋőáâìî áőďěàęăéĺěáï, âăł ĺ çăáâĺçŋő áőďěàęăéĺěáï áőąëâĺï.

Řĺá. 1.9: Řăáŕàěďěńěŋĺï ŕő ğěŋĺâŋőňã ãčőńã (cos Θ), ŋăąńîďăěňëě ć ďěâěłâőàě SUPERKAMIOKANDE (ĺğ [45]). (a) íńěłâàőŋőŕőďőąŋëě ŕőńŋőáâìî áőďěàęăéĺěáï 1-łőńìæěćëě áőąëâĺï á íŋěàčĺěľ ňěŋìèě ČíĆ (sub-GeV), áőőâćěâáâćãîéĺě 326 ďŋïň ŋăąőàă ďăŋŋëå (718 áőąëâĺľ). Ğăèâàĺåőćăŋŋëě ğőŋë - őęĺďăěňőě àăáŕàěďěńěŋĺě ŕàĺ őâáãâáâćĺĺ őáæĺńńïæĺľ, ă ĺå èĺàĺŋă ŕőłăğëćăěâ áâăâĺáâĺçěáłãî âőçŋőáâì ňőďěńĺàőćăŋĺï. Ŕãŋłâĺàŋëě ńĺŋĺĺ ãłăğëćăîâ őęĺďăěňőě àăáŕàěďěńěŋĺě ć ŕàěďŕőńőęěŋĺĺ ő ŋăńĺçĺĺ ν_μ → ν_τ őáæĺńńïæĺľ á Δm^2 = 5 × 10^{−3} íĆ^2 ĺ sin^2 2θ = 1; (b) âő ęě áăňőě çâő (a) ďńï ňîőŋőŕőďőąŋëå ŕőńŋőáâìî áőďěàęăéĺåáï 1-łőńìæěćëå áőąëâĺľ á íŋěàčĺěľ ňěŋìèě ČíĆ (326 ďŋěľ, 735 áőąëâĺľ); (c) âő ęě áăňőě çâő (a) ďńï íńěłâàőŋőŕőďőąŋëå ŕőńŋőáâìî áőďěàęăéĺåáï áőąëâĺľ á íŋěàčĺěľ ąőńìèě ČíĆ (multi-GeV) (326 ďŋěľ, 149 áőąëâĺľ); (d) âő ęě áăňőě çâő (a) ďńï ňîőŋőŕőďőąŋëå ŕőńŋőáâìî áőďěàęăéĺåáï áőąëâĺľ á íŋěàčĺěľ ąőńìèě ČíĆ (326 ďŋěľ, 139 áőąëâĺľ) ĺ çăáâĺçŋő áőďěàęăéĺåáï áőąëâĺľ (293 ďŋï, 156 áőąëâĺľ). (e) Őâŋőèěŋĺě R, ŋăąńîďăěňőě ć KAMIOKANDE, ďńï áőąëâĺľ á íŋěàčĺěľ ąőńìèě ČíĆ; (f) âő ęě áăňőě çâő (e) ďńï SUPERKAMIOKANDE.

Šăąńĺæă 1.4: Śàăćŋěŋĺě ĺğňěàěŋŋőčő ĺ àăáçěâŋőčő (ν_μ/ν_e) őâŋőèěŋĺï ďńï ăâňőáäěàŋëå ŋěľâàĺŋŋëå íłáŕěàĺňěŋâőć.

İłáŕěàĺňěŋâ Ňăááă ďěâěłâőàă (łâ) × (ν_μ/ν_e)ĺğňěàěŋĺě ćàěňï íłáŕőğĺæĺĺ (čőďë) (ν_μ/ν_e)ŕàěďáłăğăŋĺě KAMIOKA (sub-GeV) 4.92 0.60^{+0.07}_{−0.06} ± 0.05 KAMIOKA (multi-GeV) 8.2 0.57^{+0.08}_{−0.07} ± 0.07 IMB 7.7 0.54 ± 0.05 ± 0.07 FREJUS 2.0 1.00 ± 0.15 ± 0.08 NUSEX 0.4 0.96^{+0.28}_{−0.32} SOUDAN 2 1.52 0.72 ± 0.19^{+0.05}_{−0.07} SUPERK (sub-GeV) 20 0.635 ± 0.033 ± 0.053 SUPERK (multi-GeV) 20 0.604^{+0.065}_{−0.058} ± 0.067

Şáàěďŋěŋŋőě ğŋăçěŋĺě ďńï ćáěå íłáŕěàĺňěŋâőć ŕőáńě ãçěâă áâăâĺáâĺçěáłĺå ĺ áĺáâěňăâĺçěáłĺå őèĺąőł: R = (ν_μ/ν_e)ĺğňěàěŋĺě (ν_μ/ν_e)ŕàěďáłăğăŋĺě

≈ 0.62 ± 0.04

Őâłńőŋěŋĺě R őâ ěďĺŋĺæë ĺğćěáâŋő łăł ”ăŋőňăńĺï ăâňőáäěàŋëå ŋěľâàĺŋő”. (SUPER)KAMIOKANDE ĺ IMB ŋăąńîďăîâ ňěŋìèěě çĺáńő ν_μ áőąëâĺľ ć áàăćŋěŋĺĺ á őęĺďăěňëň. Čĺŕőâěğă ő âőň, çâő őáæĺńńïæĺĺ ŋěľâàĺŋő ïćńïîâáï ŕàĺçĺŋőľ íâőčő íääěłâă, ąëńă ğŋăçĺâěńìŋő ŕőďłàěŕńěŋă ŋăąńîďěŋĺěň ğăćĺáĺňőáâĺ R őâ ğěŋĺâŋőčő ãčńă ć KAMIOKANDE [47] ĺ SUPERKAMIOKANDE (áň. àĺáãŋőł 1.9). Ĺğňěàěŋĺě ğěŋĺâŋőčő ãčńă ïćńïěâáï áŕőáőąőň ĺğňěàěŋĺï àăááâőïŋĺï őâ ĺáâőçŋĺłă ŋěľâàĺŋő ďő ďěâěłâőàă. Ŕőíâőňã őáæĺńńïæĺĺ ŋěľâàĺŋő ňőčãâ ŕàĺćőďĺâì ł áĺńìŋőňã ĺáłăęěŋĺî àăáŕàěďěńěŋĺï ŕő ğěŋĺâŋőňã ãčńã.

Ŕàĺ ĺŋâěàŕàěâăæĺĺ ć àăňłăå ŋěľâàĺŋŋëå őáæĺńńïæĺľ (ν_μ → ν_e ĺńĺ ν_μ → ν_τ ) íâőâ àěğãńìâăâ ŕàĺćőďĺâ ł ŕăàăňěâàăň őáæĺńńïæĺľ ŋěľâàĺŋő Δm^2 ∼ (10^{−3}÷ 10^{−2} íĆ^2) ĺ sin^2(2θ) ∼ 1.

Ć ğăłńîçěŋĺě ňőęŋő őâňěâĺâì, çâő ďěäĺæĺâ áőńŋěçŋëå ŋěľâàĺŋő ĺ ăŋőňăńĺï ăâňőáäěàŋëå ŋěľâàĺŋő - íâő ŋăĺąőńěě ĺŋâěàěáŋëě ŋěàěèěŋŋëě ŕàőąńěňë ć äĺğĺłě íńěňěŋâăàŋëå çăáâĺæ ĺ ăáâàőäĺğĺłě.

1.5.3 Řěăłâőàŋëě ŋěľâàĺŋŋëě íłáŕěàĺňěŋâë

Ĺğãçěŋĺě ćğăĺňőďěľáâćĺľ ŋěľâàĺŋő őâ ïďěàŋëå àěăłâőàőć ïćńïěâáï őďŋőľ ĺğ ćăęŋěľèĺå çăáâěľ őąéěľ ŋěľâàĺŋŋőľ äĺğĺłĺ. §ďěàŋëě àěăłâőàë - ŋăĺąőńěě ňőéŋëě ğěňŋëě ĺáâőçŋĺłĺ íńěłâàőŋŋëå ăŋâĺŋěľâàĺŋő. Řěăłâőà á âĺŕĺçŋőľ âěŕńőćőľ ňőéìŋőáâìî 3−4 ČĆâ ĺáŕãáłăěâ ŕàĺąńĺğĺâěńìŋő 6×10^{20}ν̄_e á^{−1} á íŋěàčĺïňĺ ďő 10 ŇíĆ. Őďŋăłő, ĺğ-ğă ŋĺğłőíŋěàčěâĺçŋőčő áŕěłâàă íâĺå ŋěľâàĺŋő, ěďĺŋáâćěŋŋëň ćőğňőęŋëň ňěâőďőň ŕőĺáłă őáæĺńńïæĺľ ïćńïîâáï íłáŕěàĺňěŋâë ŕő ĺáçěğŋőćěŋĺî ν̄_e → ν̄_x. Ŕőíâőňã çãćáâćĺâěńìŋőáâì ł ăňŕńĺâãďě áňěèĺćăŋĺï sin^2(2θ) őčàăŋĺçěŋă áĺáâěňăâĺçěáłĺňĺ őèĺąłăňĺ ć ĺŋâěŋáĺćŋőáâĺ ĺáâőçŋĺłă, áŕěłâàě ŋěľâàĺŋő, íääěłâĺćŋőáâĺ ďěâěłâőàă, ĺ â.ď.

Ŋăĺąőńěě áâàőčőě őčàăŋĺçěŋĺě ŋă ŕăàăňěâàë őáæĺńńïæĺľ ďő 1998 čőďă ąëńő ŕőńãçěŋő íłáŕěàĺňěŋâőň Bugey [52], ćëŕőńŋěŋŋëň ŋă ăâőňŋőľ íńěłâàőáâăŋæĺĺ Bugey (Ťàăŋæĺï). Ĺğňěàěŋĺï áŕěłâàőć ŋěľâàĺŋő ąëńĺ ćëŕőńŋěŋë ŋă àăááâőïŋĺĺ 15, 40 ĺ 95 ň őâ 2.8 ČĆâ àěăłâőàă á ĺáŕőńìğőćăŋĺěň ďěâěłâĺàãîéĺå ňőďãńěľ, ğăŕőńŋěŋŋëå^6Li ęĺďłĺň áæĺŋâĺńńïâőàőň. Ňĺŋĺňăńìŋëě őčàăŋĺçěŋĺï ŋă ŕăàăňěâàë Δm^2 ĺ sin^2(2θ) áőáâăćńïîâ 1 × 10^{−2} íĆ^2 ĺ 2 × 10^{−2} (ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ) áőőâćěâáâćěŋŋő (áň. àĺá. 1.11).

Řĺá. 1.10: İŋěàčěâĺçěáłőě àăáŕàěďěńěŋĺě ŕőğĺâàőŋőć ďńï LSND áőąëâĺľ (ă) ďő ĺ (b) ŕőáńě őâąőàă. Ŕőłăğăŋë íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě, őæěŋłă äőŋă (èâàĺåőćăï ńĺŋĺï) ĺ őęĺďăěňőě àăáŕàěďěńěŋĺě ďńï őáæĺńńïæĺľ ŋěľâàĺŋő ŕàĺ ąőńìèĺå Δm^2 ŕńîá őæěŋěŋŋëľ äőŋ (áŕńőèŋăï ńĺŋĺï).

1.5.4 Şáłőàĺâěńìŋëě ŋěľâàĺŋŋëě íłáŕěàĺňěŋâë

Şáłőàĺâěńĺ ŕőğćőńïîâ áőğďăćăâì čńăćŋëň őąàăğőň ŕãçłĺ ν_μ (ν̄_μ) őâ π^±, K^{±,0} ĺ μ^± àăáŕăďőć. ν_e (ν̄_e) łőňŕőŋěŋâă őąëçŋő ňăńă ĺ ŕńőåő őŕàěďěńěŋă. Ŋěľâàĺŋŋëě íłáŕěàĺňěŋâë ŋă ãáłőàĺâěńïå ĺáŕőńìğãîâ łăł ňěâőďë ŕő ŕőïćńěŋĺî ŋěľâàĺŋő ďàãčőčő âĺŕă, âăł ĺ ňěâőďë ŕő ĺáçěğŋőćěŋĺî çăáâĺ ŕěàćőŋăçăńìŋőčő ŕőâőłă ŋěľâàĺŋő ďńï ŕőĺáłă őáæĺńńïæĺľ ŋěľâàĺŋő.

Ć ŋăáâőïéěě ćàěňï ĺňěěâáï âőńìłő őďĺŋ ãáłőàĺâěńìŋëľ íłáŕěàĺňěŋâ, çěľ àěğãńìâăâ ňőęěâ ąëâì ĺŋâěàŕàěâĺàőćăŋ łăł ãłăğăŋĺě ŋă ćőğňőęŋőě ŕàőïćńěŋĺě őáæĺńńïæĺľ ŋěľâàĺŋő - íłáŕěàĺňěŋâ LSND [54] ć ńăąőàăâőàĺĺ Los-Alamos (ŚŸĂ). Ŋěľâàĺŋő, àőęďăîéĺěáï ć àăáŕăďăå π ĺ μ ć ŕőłőě ŕàĺ őáâăŋőćłě LAMPF ŕãçłă, łăł ĺ őęĺďăěâáï, ćőğŋĺłăîâ ŕőçâĺ ŕőńŋőáâìî őâ π^+ → μ^+ν_μ ĺ μ^+ → e^+ν̄_μν_e. Ćłńăď ăŋâĺŋěľâàĺŋő őâ π^− ĺ μ^− ŕőďăćńěŋ ĺğ-ğă ňěŋìèěčő ćëåőďă π^−-ňěğőŋőć ĺ ąőńìèőľ ćěàőïâŋőáâĺ ĺå ğăåćăâă ć ïďàăå ňěďĺ ŕàĺ őáâăŋőćłě ŕãçłă. Šăłĺň őąàăğőň, ŋăąńîďěŋĺě ŕàěćëèěŋĺï ν̄_e áőąëâĺľ ŋăď äőŋőň ňőčńő ąë ąëâì ãłăğăŋĺěň ŋă ŋőćãî äĺğĺłã. Ć ďěâěłâőàě LSND ŕàőćőďĺâáï ŕőĺáł ν̄_μ → ν̄_e őáæĺńńïæĺľ. Ďěâěłâőà áőáâőĺâ ĺğ æĺńĺŋďàĺçěáłőčő àěğěàćãăàă (8.5 ň ďńĺŋőľ ĺ 5.5 ň ć ďĺăňěâàě), ğăŕőńŋěŋŋőčő 180 â ęĺďłőčő áæĺŋâĺńńïâőàă. Ůěàěŋłőćáłĺľ ĺ ńîňĺŋěáæěŋâŋëľ áćěâ àěčĺáâàĺàãěâáï á ŕőňőéìî äőâőãňŋőęĺâěńěľ. Śàěďŋěě àăááâőïŋĺě őâ âőçłĺ àőęďěŋĺï ŋěľâàĺŋő ďő ďěâěłâőàă - 29 ň. Ŕàőïćńěŋĺěň ν̄_e ćğăĺňőďěľáâćĺï ć ďěâěłâőàě ïćńïěâáï àěăłæĺï ν̄_e + p → e^+ + n, áőŕàőćőęďăěňăï n + p → d + γ(2.2 ŇíĆ). Šăłĺň őąàăğőň, ŋăďő ĺáłăâì őâŋőáĺ-

Řĺá. 1.11: Őąńăáâĺ ŕăàăňěâàőć őáæĺńńïæĺľ, àăğàěèěŋŋëě àěğãńìâăâőň LSND (ğăèâàĺåőćăŋŋëě ŕńőéăďĺ) ĺ ĺáłńîçěŋŋëě áőâàãďŋĺçěáâćőň KARMEN (áŕńőèŋëě ńĺŋĺĺ). Őęĺďăěňăï çãćáâćĺâěńìŋőáâì íłáŕěàĺňěŋâă KARMEN ŕőáńě ňőďěàŋĺğăæĺĺ ďěâěłâőàă ŕőłăğăŋă ćňěáâě á ŕàěďěńăňĺ, ãáâăŋőćńěŋŋëňĺ ďàãčĺňĺ íłáŕěàĺňěŋâăňĺ (BNL E776 ĺ Bugey).

âěńìŋő ćëáőłőíŋěàčěâĺçŋëľ ŕőğĺâàőŋ (> 20 ŇíĆ) ĺ 2.2 ŇíĆ äőâőŋ, łőâőàëľ ŋăåőďĺâáï ćő ćàěňěŋŋőľ (0.5 ňá) ĺ ć ŕàőáâàăŋáâćěŋŋőľ (2 ň) łőààěńïæĺĺ á ŕőğĺâàőŋőň.

Śăňëľ áãéěáâćěŋŋëľ äőŋ ŕàĺ ŕőĺáłě ν̄_μ → ν̄_e őáæĺńńïæĺľ ćőğŋĺłăěâ ĺğğă ŋăńĺçĺï 8 × 10^{−4} ν̄_e ć ŕãçłě. Śőâàãďŋĺçěáâćő LSND áőőąéăěâ ő ŋăńĺçĺĺ ĺğąëâłă e^+ áőąëâĺľ ć őąńăáâĺ 36 < E(ŇíĆ) < 60 ŋă ãàőćŋě 3σ-íääěłâă (áň. àĺá. 1.10). Ěáńĺ íâőâ íääěłâ ĺŋâěàŕàěâĺàãěâáï łăł őáæĺńńïæĺĺ ŋěľâàĺŋő, âő őŋ áőőâćěâáâćãěâ ćěàőïâŋőáâĺ ŕěàěåőďă P_{ν̄μ ,ν̄e} = (0.31 ± 0.12 ± 0.05)%.

İâőâ àěğãńìâăâ ąëń ŕőďâćěàęďěŋ ć ŕőáńěďŋěě ćàěňï ĺğãçěŋĺěň ćőğňőęŋëå ν_μ → ν_e őáæĺńńïæĺľ ŋěľâàĺŋő á ĺáŕőńìğőćăŋĺěň ν_μ őâ π^+ àăáŕăďőć ŋă ńěâã [55]. Ŕőïćńěŋĺě ν_e őąŋăàãęěŋő á ŕőňőéìî àěăłæĺĺ ν_eC → e^−X. Ąëńő ğăàěčĺáâàĺàőćăŋő 40 áőąëâĺľ á ćëáőłőíŋěàčěâĺçŋëňĺ íńěłâàőŋăňĺ (60 < E_e(ŇíĆ) < 200), áőćňěáâĺňëå á íâőľ áĺčŋăâãàőľ, çâő ğŋăçĺâěńìŋő ŕàěćőáåőďĺâ áãňňăàŋőě őęĺďăěňőě çĺáńő äőŋőćëå áőąëâĺľ 21.9 ± 2.1. Ŕàĺ ĺŋâěàŕàěâăæĺĺ íâőčő àěğãńìâăâă łăł őáæĺńńïæĺőŋŋőčő áĺčŋăńă, ŋăąńîďăěňăï ćěàőïâŋőáâì őáæĺńńïæĺľ àăćŋă (2.6 ± 1.0 ± 0.5) × 10^{−3} ĺ áőćŕăďăěâ á àěğãńìâăâőň, ŕàĺćěďěŋŋëň ćëèě.

İłáŕěàĺňěŋâ KARMEN [56] ŋă ĺňŕãńìáŋőň ŋěľâàőŋŋőň ĺáâőçŋĺłě ISIS (Rutherford Appleton Laboratory, Ăŋčńĺï) ĺáŕőńìğãěâ âã ęě áăňãî ňěâőďĺłã, çâő ĺ LSND. Śěłæĺőŋĺàőćăŋŋëľ ęĺďłő-áæĺŋâĺńńïæĺőŋŋëľ łăńőàĺňěâà ćěáőň 56 â á ćëáőłĺň àăğàěèěŋĺěň àăáŕőńőęěŋ ŋă àăááâőïŋĺĺ 17.6 ň őâ ğőŋë őáâăŋőćłĺ ŕàőâőŋŋőčő ŕãçłă. Ć íłáŕěàĺňěŋâě ŋě ąëńő ŋăľďěŋő ŋĺłăłĺå ãłăğăŋĺľ ŋă áãéěáâćőćăŋĺě ŋěľâàĺŋŋëå őáæĺńńïæĺľ ĺ ãáâăŋőćńěŋ ćěàåŋĺľ ŕàěďěń ŋă sin^2(2θ) < 8.5 × 10^{−3} ďńï ν̄_μ → ν̄_e őáæĺńńïæĺľ ĺ sin^2(2θ) < 4.0 × 10^{−2} ďńï ν_μ → ν_e őáæĺń-

1.6. ďàãčĺě ïćńěŋĺï 33

ńïæĺľ ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ ć őąńăáâĺ ąőńìèĺå Δm^2 (àĺá. 1.11).

İâőâ àěğãńìâăâ čńăćŋëň őąàăğőň őčàăŋĺçěŋ őâŋőáĺâěńìŋő ćëáőłĺň äőŋőň őâ łőáňĺçěáłĺå ńãçěľ. Ďěâěłâőà KARMEN ąëń ŋěďăćŋő ňőďěàŋĺğĺàőćăŋ, çâőąë ãáâăŋőćĺâì ďőŕőńŋĺâěńìŋëě ćěâő-áçěâçĺłĺ, ĺ ŕàőďőńęĺń ŋăąőà ďăŋŋëå ć ŋőćőľ łőŋäĺčãàăæĺĺ. Łőńńăąőàăæĺï ŕńăŋĺàãěâ ŕěàěłàëâì őąńăáâì ŕăàăňěâàőć őáæĺńńïæĺľ, ŕàěďńőęěŋŋëå áőâàãďŋĺçěáâćőň LSND, ŕőáńě ďćãå ńěâ ŋăąőàă ďăŋŋëå. Ŕàěďćăàĺâěńìŋëľ àěğãńìâăâ, ŕőńãçěŋŋëľ ďńï ν̄_μ → ν̄_e őáæĺńńïæĺľ á ĺáŕőńìğőćăŋĺěň ňőďěàŋĺğĺàőćăŋŋőčő ďěâěłâőàă KARMEN: sin^2(2θ) < 6.2 × 10^{−3} ďńï ąőńìèĺå Δm^2 ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ [57].

Śńěďãěâ ãŕőňĺŋãâì âăłęě íłáŕěàĺňěŋâ E531 [58], ćëŕőńŋěŋŋëľ ć Fermilab (ŚŸĂ) ŋă ŕãçłě ŋěľâàĺŋő èĺàőłőčő áŕěłâàă, ć łőâőàőň ąëń ãáâăŋőćńěŋ ŋăĺąőńěě áâàőčĺľ ŕàěďěń ŋă ćěàőïâŋőáâì ν_μ → ν_τ őáæĺńńïæĺľ. İâőâ íłáŕěàĺňěŋâ ąëń ŕőáćïéěŋ ĺğňěàěŋĺî ćàěňěŋĺ ęĺğŋĺ őçăàőćăŋŋëå çăáâĺæ á ŕőňőéìî ňĺèěŋĺ ĺğ ïďěàŋőľ íňãńìáĺĺ. Ĺğ-ğă őçěŋì åőàőèěčő ŕàőáâàăŋáâćěŋŋőčő àăğàěèěŋĺï (∼ňłň) âăłőľ ďěâěłâőà ąëń áŕőáőąěŋ ŋăąńîďăâì àăáŕăďë łőàőâłőęĺćãéĺå çăáâĺæ, àőęďěŋŋëå ćő ćğăĺňőďěľáâćĺïå ŋěľâàĺŋő. Ŕőíâőňã ňőęŋő ąëńő ĺáłăâì ćőğňőęŋőě ŋăńĺçĺě àăáŕăďőć τ-ńěŕâőŋőć, ćőğŋĺłăîéĺå ć àěğãńìâăâě ν_τ CC ćğăĺňőďěľáâćĺľ. Ďàěľäőćëě łăňěàë, áĺáâěňă ĺğňěàěŋĺľ ŕő ćàěňěŋĺ ŕàőńěâă, íńěłâàőňăčŋĺâŋëľ ĺ ăďàőŋŋëľ łăńőàĺňěâàë ĺáŕőńìğőćăńĺáì ďńï ĺďěŋâĺäĺłăæĺĺ çăáâĺæ ĺ ĺğňěàěŋĺï ĺå íŋěàčĺľ. Ĺğ-ğă ćőğňőęŋőčő äőŋă őâ àăááěïŋĺï, ĺğńőň âàěłă ć íňãńìáĺĺ ŋě àăááňăâàĺćăńáï łăł ŕőâěŋæĺăńìŋëľ łăŋďĺďăâ ŋă τ àăáŕăď, ěáńĺ ćâőàĺçŋëľ âàěł ĺňěń ŕőŕěàěçŋëľ ĺňŕãńìá ŕő őâŋőèěŋĺî ł ŋăŕàăćńěŋĺî àőďĺâěńìáłőčő âàěłă (p_T ) ňěŋìèě, çěň 125 ŇíĆ. Ŋăłőŋěæ, ĺňŕãńìáŋëľ łàĺâěàĺľ p > 2.5 ČíĆ ąëń ŕàĺňěŋěŋ łő ćáěň ŕőâěŋæĺăńìŋëň τ łăŋďĺďăâăň. Ć àěğãńìâăâě ŕőĺáłă τ^− àăáŕăďőć ŋě ąëńő ŋăľďěŋő ŋĺ őďŋőčő łăŋďĺďăâă^6, çâő ŕőğćőńĺńő ãáâăŋőćĺâì áńěďãîéĺě ŕàěďěńë ŋă ŕăàăňěâàë ν_μ → ν_τ (ν_e → ν_τ ) őáæĺńńïæĺľ ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ: Δm^2 < 0.9 (9) íĆ^2 ďńï ňăłáĺňăńìŋőčő áňěèĺćăŋĺï ĺ sin^2(2θ) < 4 × 10^{−3} (0.12) ć őąńăáâĺ Δm^2 = 50 íĆ^2.

1.6 Ďàãčĺě ïćńěŋĺï

Ěáńĺ ŋěľâàĺŋő ĺňěîâ ňăááë ĺ ěáâì áňěèĺćăŋĺě ć ńěŕâőŋŋőň áěłâőàě, âő ňőčãâ áãéěáâćőćăâì ĺ ďàãčĺě ïćńěŋĺï, łàőňě őáæĺńńïæĺľ:

• Řăáŕăď âïęěńëå ŋěľâàĺŋő ν_H .

Řăáŕăď ŋěľâàĺŋő ïćńïěâáï ŋěĺğąěęŋëň áńěďáâćĺěň áňěèĺćăŋĺï âïęěńëå ŋěľâàĺŋő. Ć ŋěáłőńìłĺå íłáŕěàĺňěŋâăå ĺáłăńĺ àăáŕăďë âïęěńëå ŋěľâàĺŋő á ĺáŕőńìğőćăŋĺěň àăğńĺçŋëå ňěâőďőć àěčĺáâàăæĺĺ. Ŋăŕàĺňěà, ĺŋâěàěáŋëľ íłáŕěàĺňěŋâ ąëń ćëŕőńŋěŋ ćő ćàěňï ŕőńŋőčő áőńŋěçŋőčő ğăâňěŋĺï 24 őłâïąàï 1995 čőďă [59]. Ćěńáï ŕőĺáł àăďĺăæĺőŋŋőčő àăáŕăďă áőńŋěçŋëå ŋěľâàĺŋő (ν_H → ν_i + γ) á ĺáŕãáłăŋĺěň äőâőŋă ć ćĺďĺňőľ őąńăáâĺ áŕěłâàă. Śĺčŋăń ŋě ąëń ŋăľďěŋ, çâő ŕőğćőńĺńő ãáâăŋőćĺâì ŕàěďěń ŋă ŕàőďőńęĺâěńìŋőáâĺ ęĺğŋĺ áőőâćěâáâćãîéěčő ŋěľâàĺŋő: τ_{νH} > 97 á.

Ěáńĺ âïęěńëě ŋěľâàĺŋő àőęďăîâáï ć àăáŕăďăå π- ĺ K- ňěğőŋőć, âő ĺå ňăááë ŋě ňőčãâ ŕàěćëèăâì m_{π,K} − m_e. Ć ďĺăŕăğőŋě ňăáá 0 < m_{νH} < m_K − m_e ćőğňőęŋë áńěďãîéĺě łăŋăńë àăáŕăďă âïęěńëå ŋěľâàĺŋő [60]: ν_H → γν ν_H → γγν ν_H → e^+e^−ν_e

6Őáâăćăńőáì âàĺ áőąëâĺï ďő ŕőáńěďŋěčő ĺňŕãńìáŋőčő łàĺâěàĺï.

Řĺá. 1.12: Ńãçèĺě ćěàåŋĺě ŕàěďěńë ŋă |U_{eH} |^2 ĺ |U_{eH} |·|U_{μH} | íńěňěŋâë ňăâàĺæë áňěèĺćăŋĺï (ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ) ĺğ ãáłőàĺâěńìŋëå íłáŕěàĺňěŋâőć: (1) Ŋěľâàĺŋŋëľ Ďěâěłâőà ĹŤĆİ-ŐĹ§Ĺ [64], (2) CHARM [61], (3) PS191 [62].

ν_H → μ^+e^−ν_μ ν_H → μ^−e^+ν_e ν_H → π^+e^− ν_H → μ^+μ^−ν_μ ν_H → π^+μ^−

Ŕőĺáłĺ ŕàőæěááőć àőęďěŋĺï ĺ àăáŕăďă âïęěńëå ŋěľâàĺŋő ćěńĺáì ŋă ãáłőàĺâěńïå ćëáőłĺå íŋěàčĺľ á ĺáŕőńìğőćăŋĺěň ďěâěłâőàőć CHARM [61], PS191 [62] ĺ BEBC [63] ć CERN ĺ beam-dump íłáŕěàĺňěŋâă ŋă Ŋěľâàĺŋŋőň Ďěâěłâőàě ĹŤĆİ-ŐĹ§Ĺ [64] ć Ŕàőâćĺŋő. Ŋě ąëńő ŋăľďěŋő ďőłăğăâěńìáâć áãéěáâćőćăŋĺï âïęěńëå ŋěľâàĺŋő, çâő ŕőğćőńĺńő ãáâăŋőćĺâì ŕàěďěńë ŋă íńěňěŋâë ňăâàĺæë áňěèĺćăŋĺï |U_{eH} |^2, |U_{eH} | · |U_{μH} | (áň. àĺá. 1.12 łăł ŕàĺňěà) ĺ |U_{μH} |^2. Ńãçèĺě ćěàåŋĺě ŕàěďěńë ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ ĺğ ãáłőàĺâěńìŋëå íłáŕěàĺňěŋâőć |U_{eH} |^2 ∼ 10^{−7}, |U_{eH} | · |U_{μH} | ∼ 4 · 10^{−7} ďńï m_{νH} ∼ 100 ŇíĆ ĺ |U_{eH} |^2 ∼ 2 · 10^{−9}, |U_{eH} | · |U_{μH} | ∼ 6 · 10^{−9} ďńï m_{νH} ∼ 350 ŇíĆ.

• Ŕàőæěááë, ŋěáőåàăŋïîéĺě ńěŕâőŋŋőě çĺáńő, ŋăŕàĺňěà, ňîőŋŋëě àăáŕăďë: μ → eγ, μ → 3e. Ŋěáőåàăŋěŋĺě ńěŕâőŋŋőčő ğăàïďă ŕàĺćőďĺâ ł ćőğňőęŋőáâĺ áãéěáâćőćăŋĺï íâĺå àăáŕăďőć, łőâőàëě ăąáőńîâŋő ğăŕàěéěŋë ć àăňłăå áâăŋďăàâŋëå áńăąëå ćğăĺňőďěľáâćĺľ.

Ńãçèĺě ćěàåŋĺě ŕàěďěńë ŋă ćěàőïâŋőáâĺ íâĺå ŕàőæěááőć Γ_{μ→eγ} /Γćáě < 4.9 × 10^{−11} ĺ Γ_{μ→3e}/Γćáě < 1.0 × 10^{−12} ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ [9].

• Ąěğŋěľâàĺŋŋëľ ďćőľŋőľ β àăáŕăď.

0ν − ββ àăáŕăď ňőęěâ ŕàőĺáåőďĺâì ŕàĺ áńěďãîéĺå ãáńőćĺïå:

– íńěłâàőŋŋőě ŋěľâàĺŋő ïćńïěâáï çăáâĺæěľ âĺŕă Ňăľőàăŋë; – ν_e őąńăďăěâ ňăááőľ ĺ/ĺńĺ áãéěáâćãěâ ŕàăćăï łőňŕőŋěŋâă ć áńăąëå ćğăĺňőďěľáâćĺïå.

Śńěďãěâ őâňěâĺâì, çâő ěďĺŋáâćěŋŋëľ íłáŕěàĺňěŋâ, łőâőàëľ ňőęěâ ŕőňőçì ć àěèěŋĺĺ ŕàőąńěňë àăğńĺçĺï ňěęďã ŋěľâàĺŋő âĺŕă Ďĺàăłă ĺ ŋěľâàĺŋő âĺŕă Ňăľőàăŋë - ąěğŋěľâàĺŋŋëľ ďćőľŋőľ β àăáŕăď.

1.7. ãçěâ âàěå ŕőłőńěŋĺľ ŋěľâàĺŋő 35

Ŋăĺąőńěě áâàőčăï ćěàåŋïï čàăŋĺæă ŋă ňăááã ŋěľâàĺŋő âĺŕă Ňăľőàăŋë ć ŋăáâőïéěě ćàěňï ŕőńãçěŋă ć íłáŕěàĺňěŋâě Heidelberg-Ňőáłćă: m_ν < 0.47 íĆ ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ [65].

1.7 Şçěâ âàěå ŕőłőńěŋĺľ ŋěľâàĺŋő

Řĺá. 1.13: Ďăŋŋëě íłáŕěàĺňěŋâőć ALEPH, DELPHI, L3 ĺ OPAL ŋă ãáłőàĺâěńě LEP (CERN) ŕő ĺğňěàěŋĺî áěçěŋĺï e^+e^− ăŋŋĺčĺńïæĺĺ ć ăďàőŋë ć őąńăáâĺ Z^0 ŕĺłă łăł äãŋłæĺï íŋěàčĺĺ ć áĺáâěňě æěŋâàă ňăáá. Łàĺćëě ŕőłăğëćăîâ ŕàěďáłăğăŋĺě Śâăŋďăàâŋőľ Ňőďěńĺ ć áńãçăě 2, 3 ĺ 4 ńěčłĺå ăàőňăâőć ŋěľâàĺŋő.

Ĺğňěàěŋĺï ŋă LEP ŋěćĺďĺňőľ èĺàĺŋë Z ąőğőŋă (àĺá. 1.13) ŕőğćőńïîâ áďěńăâì ćëćőď ő âőň, çâő âőńìłő âàĺ ăàőňăâă ŋěľâàĺŋő áãéěáâćãîâ ć ŕàĺàőďě. Őďŋăłő, LEP ďăŋŋëě ŋě ďăîâ őčàăŋĺçěŋĺï ŋă çĺáńő ňăááĺćŋëå ńěčłĺå ŋěľâàĺŋő. Ůĺáńő ňăááĺćŋëå ŋěľâàĺŋő ğăćĺáĺâ őâ áåěňë áňěèĺćăŋĺï ŋěľâàĺŋő. Ěáńĺ ŕőńŋőě ńěŕâőŋŋőě çĺáńő áőåàăŋïěâáï (ŋěľâàĺŋő - çăáâĺæë Ďĺàăłă), âő çĺáńő ňăááĺćŋëå ŋěľâàĺŋő àăćŋő çĺáńã ăàőňăâőć ŋěľâàĺŋő. Ěáńĺ ŕőńŋőě ńěŕâőŋŋőě çĺáńő ŋě áőåàăŋïěâáï ĺ âőńìłő ńěćő-áŕĺàăńìŋëě ŋěľâàĺŋő ćåőďïâ ć Ńăŋčàăŋęĺăŋ (ňăááőćëľ çńěŋ âĺŕă Ňăľőàăŋë), âő ŋěľâàĺŋő á őŕàěďěńěŋŋőľ ňăááőľ - çăáâĺæë Ňăľőàăŋë ĺ çĺáńő ňăááĺćŋëå ŋěľâàĺŋő áŋőćă àăćŋő çĺáńã ăàőňăâőć ŋěľâàĺŋő. Ć ŋăĺąőńěě őąéěň áńãçăě áňěèĺćăŋĺï ŋěľâàĺŋő, ńěćő-áŕĺàăńìŋëě ĺ ŕàăćő-áŕĺàăńìŋëě ŋěľâàĺŋő ćåőďïâ ć ňăááőćëľ çńěŋ ĺ ŕőńŋőě ńěŕâőŋŋőě çĺáńő ŋě áőåàăŋïěâáï (ňăááőćëľ çńěŋ âĺŕă Ďĺàăłă-Ňăľőàăŋë). Ć íâőň áńãçăě ňăááĺćŋëě ŋěľâàĺŋő ïćńïîâáï çăáâĺæăňĺ Ňăľőàăŋë, ĺ çĺáńő çăáâĺæ á őŕàěďěńěŋŋőľ ňăááőľ ćďćőě ąőńìèě çĺáńă ăàőňăâőć ŋěľâàĺŋő.

Śńěďãěâ ěéě àăğ őâňěâĺâì, çâő, ěáńĺ çĺáńő ňăááĺćŋëå ŋěľâàĺŋő ąőńìèě çěň âàĺ, âő ćőğňőęŋë őáæĺńńïæĺĺ ňěęďã ”ăłâĺćŋëňĺ” ĺ ”áâěàĺńìŋëňĺ” ŋěľâàĺŋő.

Ŕőńãçĺň ćëàăęěŋĺě ďńï ćěàőïâŋőáâĺ őáæĺńńïæĺľ ć áńãçăě âàěå ŋěľâàĺŋő á ĺáŕőńìğőćăŋĺěň őŕàěďěńěŋŋőľ ĺěàăàåĺĺ ňăáá. Ćëąěàěň ěáâěáâćěŋŋãî ĺěàăàåĺî ňăáá (m_1 ≪ m_2 ≪ m_3). Ěáńĺ ňăááë ŋěľâàĺŋő čěŋěàĺàãîâáï ňěåăŋĺğňőň łăçěńěľ, âő íâă ĺěàăàåĺï ïćńïěâáï ŕàïňëň áńěďáâćĺěň ĺěàăàåĺĺ ňăáá łćăàłőć ĺńĺ ńěŕâőŋőć. Łćăďàăâ àăğŋőáâĺ ňăáá Δm^2_1 = m^2 − m^2_1 őçěŋì ňăń ĺ ňőęěâ áńãęĺâì ďńï őąêïáŋěŋĺï ďěäĺæĺâă áőńŋěçŋëå ν_e ć áőőâćěâáâćĺĺ á MSW àěèěŋĺěň ŕàőąńěňë áőńŋěçŋëå ŋěľâàĺŋő. Šăłĺň őąàăğőň, ďńï ćáěå íłáŕěàĺňěŋâőć á ğěňŋëňĺ ŋěľâàĺŋő ňë ĺňěěň Δm^2_1L/2p ≪ 1, čďě L - àăááâőïŋĺě ňěęďã ĺáâőçŋĺłőň ŋěľâàĺŋő ĺ ďěâěłâőàőň ĺ p - ĺňŕãńìá ŋěľâàĺŋő.

Śőčńăáŋő íâĺň ŕàěďŕőńőęěŋĺïň ăňŕńĺâãďă ν_α → ν_β ŕěàěåőďă ňőęěâ ąëâì ğăŕĺáăŋă ć ćĺďě A_{να →νβ} = e^{−iE1t} ∑ j=1,3 U_{βj} U^∗_{αj} e^{−i(Ej −E1)t} = e^{−iE1t} ∑ j=1,2 U_{βj} U^∗_{αj} + U_{β3}U^∗_{α3} exp ( −i Δm^2L 2p )

á Δm^2 = Δm^2_{31} = m^2_3 − m^2_1 ĺ E_k = √ p^2 + m^2_k ≈ p +^{m2k}_{2p} . Ŕàĺŋĺňăï ćő ćŋĺňăŋĺě ãŋĺâăàŋőáâì ňăâàĺæë áňěèĺćăŋĺï ∑ j=1,2 U_{βj} U^∗_{αj} = δ_{αβ} − U_{β3}U^∗_{α3} ŕőńãçăěň ďńï ćěàőïâŋőáâĺ ν_α → ν_β ŕěàěåőďă á β ≠ α P_{να →νβ} = 1 2 A_{να→νβ} ( 1 − cos ( Δm^2L 2p ))

čďě A_{να →νβ} = A_{νβ →να} = 4|U_{β3}|^2|U_{α3}|^2 Ćëàăęěŋĺě ďńï ćěàőïâŋőáâĺ ν_α őáâăâìáï ć âőň ęě áőáâőïŋĺĺ ňőęěâ ąëâì ŕőńãçěŋő ĺğ áőåàăŋěŋĺï ŕőńŋőľ ćěàőïâŋőáâĺ P_{να→νβ} = 1 − 1 2 B_{να →να} ( 1 − cos ( Δm^2L 2p ))

čďě ăňŕńĺâãďă őáæĺńńïæĺľ B_{να →να} ďăěâáï ćëàăęěŋĺěň B_{να→να} = ∑ β≠α A_{να →νβ} Ĺáŕőńìğãï ãŋĺâăàŋőáâì ňăâàĺæë áňěèĺćăŋĺï, ŕőńãçăěň

B_{να→να} = 4|U_{α3}|^2(1 − |U_{α3}|^2)

Śâőĺâ ŕőďçěàłŋãâì, çâő ć íâőľ ňőďěńĺ

• őáæĺńńïæĺĺ ğěňŋëå ŋěľâàĺŋő åăàăłâěàĺğãîâáï âàěňï ŕăàăňěâàăňĺ: àăğŋőáâì łćăďàăâőć ňăáá (Δm^2 = m^2_3 − m^2_1) ĺ łćăďàăâăňĺ ňőďãńěľ ďćãå íńěňěŋâőć ňăâàĺæë áňěèĺćăŋĺï (|U_{e3}|^2 ĺ |U_{μ3}|^2);

• őáæĺńńïæĺĺ ćő ćáěå łăŋăńăå åăàăłâěàĺğãîâáï âőľ ęě áăňőľ ďńĺŋőľ őáæĺńńïæĺľ, ă ăňŕńĺâãďë ν_α → ν_α ĺ ν_α → ν_β ŕěàěåőďőć áćïğăŋë ďàãč á ďàãčőň;

• ćěàőïâŋőáâĺ ν_α → ν_β ĺ ν̄_α → ν̄_β őáæĺńńïæĺľ àăćŋë ňěęďã áőąőľ P_{να →νβ} = P_{ν̄α →ν̄β} İâĺ áőőâŋőèěŋĺï ïćńïîâáï áńěďáâćĺěň âőčő, çâő ćěàőïâŋőáâĺ őáæĺńńïæĺľ ğăćĺáïâ âőńìłő őâ łćăďàăâőć ňőďãńěľ íńěňěŋâőć ňăâàĺæë áňěèĺćăŋĺï. Ć őąéěň áńãçăě áňěèĺćăŋĺï âàěå ňăááĺćŋëå ŋěľâàĺŋő íâő ãàăćŋěŋĺě áŕàăćěďńĺćő ďńï α ≠ β âőńìłő ěáńĺ CP áőåàăŋïěâáï ć ńěŕâőŋŋőň áěłâőàě. Ďńï α = β íâő áńěďáâćĺě CPT ĺŋćăàĺăŋâŋőáâĺ.

1.8. íłáŕěàĺňěŋâăńìŋëě ŕàěďěńë ŋă ŕăàăňěâàë ŋěľâàĺŋŋëå őáæĺńńïæĺľ 37

1.8 İłáŕěàĺňěŋâăńìŋëě ŕàěďěńë ŋă ŕăàăňěâàë ŋěľâàĺŋŋëå őáæĺńńïæĺľ

Řĺá. 1.14: Řěğãńìâăâë ŕőĺáłă ŋěľâàĺŋŋëå őáæĺńńïæĺľ ĺ őęĺďăěňăï çãćáâćĺâěńìŋőáâì ąãďãéĺå íłáŕěàĺňěŋâőć.

Ł áőęăńěŋĺî, íłáŕěàĺňěŋâăńìŋăï áĺâãăæĺï ŕő ŕőĺáłã ŋěľâàĺŋŋëå őáæĺńńïæĺľ çàěğćëçăľŋő ğăŕãâăŋă (áň. àĺáãŋőł 1.14). Őçěŋì âàãďŋő ĺńĺ ŕőçâĺ ŋěćőğňőęŋő őŕĺáăâì ćáě ŋăąńîďěŋĺï ěáâěáâćěŋŋëň őąàăğőň ć ěďĺŋáâćěŋŋőľ ňőďěńĺ. Őďŋăłő, ĺáŕőńìğãï áãéěáâćãîéĺě ãłăğăŋĺï ć ŕőńìğã áãéěáâćőćăŋĺï őáæĺńńïæĺľ ŋěľâàĺŋő ĺ âěőàěâĺçěáłĺě ŕàěďŕőáëńłĺ ňőęŋő ŕőŕàőąőćăâì ŕàěďáłăğăâì ŋăĺąőńěě ĺŋâěàěáŋëľ ďĺăŕăğőŋ ďńï ŕőĺáłă ňăáá ŋěľâàĺŋő ĺ ãčńőć áňěèĺćăŋĺï^7. Ć ŕàěďŕőńőęěŋĺĺ ěáâěáâćěŋŋőľ ĺěàăàåĺĺ ňăáá ĺ á ãçěâőň âőčő, çâő MSW àěèěŋĺě ćěàőïâŋő ŕőďàăğãňěćăěâ Δm^2_1 = m^2 − m^2_1 ∼ m^2 ŕőàïďłă 10^{−5} íĆ^2, ňőęŋő ĺáŕőńìğőćăâì ňěåăŋĺğň łăçěńěľ ĺ ŕàěďáłăğăâì ňăááã ν_τ ć ďĺăŕăğőŋě 1 ÷ 50 íĆ, çâő áőćňěáâĺňő á âàěąőćăŋĺïňĺ łőáňőńőčĺĺ.

İâă őąńăáâì ňăáá ĺááńěďãěâáï 2 íłáŕěàĺňěŋâăňĺ, ćěďãéĺňĺ ć ŋăáâőïéěě ćàěňï ŋăąőà ďăŋŋëå ŋă ŕãçłě ŋěľâàĺŋő èĺàőłőčő áŕěłâàă őâ ãáłőàĺâěńï SPS ć CERN: CHORUS ĺ NOMAD.

İłáŕěàĺňěŋâ CHORUS (CERN Hybrid Oscillation apparatUS) [66] (áň. àĺáãŋőł 1.15) ĺáŕőńìğãěâ áăňãî ąőńìèãî íňãńìáĺőŋŋãî ňĺèěŋì (800 łč) ďńï ŕőĺáłă ν_μ → ν_τ őáæĺńńïæĺľ ć ŕãçłě ŋěľâàĺŋő őâ ãáłőàĺâěńï SPS.

İłáŕěàĺňěŋâ ĺááńěďãěâ őąńăáâì Δm^2 > 10 íĆ^2 ďńï ŕăàăňěâàă áňěèĺćăŋĺï sin^2(2θ) ćŕńőâì ďő 2 × 10^{−4}. Čńăćŋőě ŕàěĺňãéěáâćő ć áàăćŋěŋĺĺ á íłáŕěàĺ-

7Ś ďàãčőľ áâőàőŋë, áĺâãăæĺï ŋăáâőńìłő ğăŕãâăŋă, çâő ńîąăï ďőŕőńŋĺâěńìŋăï ĺŋäőàňăæĺï ŕàěďáâăćńïěâ ąőńìèőľ ĺŋâěàěá.

Řĺá. 1.15: Őąéěľ ćĺď ãáâăŋőćłĺ CHORUS.

ňěŋâőň E531 - ĺáŕőńìğőćăŋĺě ŕőçâĺ ć 10 àăğ ąőńìèěľ íňãńìáĺőŋŋőľ ňĺèěŋĺ, őąěáŕěçĺćăîéěľ ãŋĺłăńìŋőě ŕàőáâàăŋáâćěŋŋőě àăğàěèěŋĺě ∼ 1 ňłň, áőćňěáŋő á áĺáâěňőľ æěńěãłăğăŋĺï ćëáőłőľ âőçŋőáâĺ (àĺáãŋőł 1.16).

Ăŋăńĺğ âăłőčő ąőńìèőčő łőńĺçěáâćă íňãńìáĺĺ áâăń ćőğňőęŋëň ąńăčőďăàï áãéěáâćěŋŋőňã ŕàőčàěááã ć őąńăáâĺ ňěâőďőć ăćâőňăâĺçěáłőčő ŕàőáňőâàă íňãńìáĺĺ, ďőáâĺčŋãâőňã ğă ŕőáńěďŋěě ćàěňï. Čĺąàĺďŋëľ ďěâěłâőà őąěáŕěçĺćăěâ ćőğňőęŋőáâì őâáńěęĺćăŋĺï âàěłőć ćŋě íňãńìáĺőŋŋőľ ňĺèěŋĺ, ĺďěŋâĺäĺłăæĺĺ ňîőŋőć ĺ áńãęĺâ ďńï ĺğňěàěŋĺï ĺňŕãńìáőć ćâőàĺçŋëå çăáâĺæ, ğŋăłőć ĺå ğăàïďőć, ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ĺ ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć áőąëâĺĺ. İâő ŋěőąåőďĺňő ďńï ŋăåőęďěŋĺï ćěàèĺŋë áőąëâĺï, çâőąë őąěáŕěçĺâì ŋăçăńìŋãî âőçłã ďńï ŕőĺáłă ĺğńőňă ć íňãńìáĺĺ ďńï ăćâőňăâĺçěáłőčő ňĺłàőáłőŕă ŕàĺ ŕàőáňőâàě. Ĺğňěàěŋĺě łĺŋěňăâĺłĺ áőąëâĺï ĺáŕőńìğãěâáï ďńï ŕàěďćăàĺâěńìŋőčő őâąőàă áőąëâĺľ. Šěłãéěě áőáâőïŋĺě ăŋăńĺğă ĺğńőęěŋő ć [67]. Ŋăąőà íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå, áőőâćěâáâćãîéĺľ áâăâĺáâĺłě ’94 ĺ ’95 čőďőć ąëń ŕàőăŋăńĺğĺàőćăŋ á æěńìî ŕőĺáłă ν_τ CC ćğăĺňőďěľáâćĺľ, ć łőâőàëå τ-ńěŕâőŋ àăáŕăďăěâáï ŕő łăŋăńã μ^−ν_τ ν̄_μ. Ć ćëąőàłě ĺğ 31423 ν_μ CC ćğăĺňőďěľáâćĺľ ŋě ąëńő ŋăľďěŋő ŋĺ őďŋőčő ν_τ łăŋďĺďăâă. Śőőâćěâáâćěŋŋő, ąëń ãáâăŋőćńěŋ ŕàěďěń ŋă ãčőń áňěèĺćăŋĺï sin^2(2θ)_{μτ} < 3.5×10^{−3} ć őąńăáâĺ ąőńìèĺå ğŋăçěŋĺľ Δm^2 ŋă 90% ãàőćŋě ďőáâőćěâŋőáâĺ, çâő ãńãçèăěâ ŕàěďëďãéĺľ àěğãńìâăâ, ŕőńãçěŋŋëľ ć íłáŕěàĺňěŋâě E531.

1.9 Ąãďãéĺě íłáŕěàĺňěŋâë

İłáŕěàĺňěŋâăńìŋăï ŋěľâàĺŋŋăï äĺğĺłă ïćńïěâáï ăłâĺćŋőľ ĺ őâŋőáĺâěńìŋő ąëáâàő àăğćĺćăîéěľáï őąńăáâìî. Ąőńìèőě łőńĺçěáâćő íłáŕěàĺňěŋâőć ŕő ŕőĺáłã őáæĺńńïæĺľ ŋěľâàĺŋő ŕàőďőńęăěâ ŋăąőà ďăŋŋëå. Řïď ŋőćëå íłáŕěàĺňěŋâőć ŋăåőďĺâáï ć áâăďĺĺ ŕőďčőâőćłĺ.

Śãéěáâćãîâ ãłăğăŋĺï ć ŕőńìğã őáæĺńńïæĺľ ŋěľâàĺŋő ĺğ íłáŕěàĺňěŋâőć á áőńŋěçŋëňĺ ĺ ăâňőáäěàŋëňĺ ŋěľâàĺŋő ĺ íłáŕěàĺňěŋâă LSND. Ĺŋâěàŕàěâăæĺï íâĺå àěğãńìâăâőć ć âěàňĺŋăå őáæĺńńïæĺľ ŋěľâàĺŋő âàěąãîâ ŋăńĺçĺï 3 őçěŋì àăğŋëå ňăááőćëå èłăń. §áŋő, çâő ć áåěňě á 3 áěňěľáâćăňĺ ŕő łàăľŋěľ ňěàě őďĺŋ

1.9. ąãďãéĺě íłáŕěàĺňěŋâë 39

Řĺá. 1.16: İňãńìáĺőŋŋăï ňĺèěŋì íłáŕěàĺňěŋâă CHORUS á ĺńńîáâàăæĺěľ ňěâőďă őąŋăàãęěŋĺï τ^− àăáŕăďă.

ĺğ íâĺå íłáŕěàĺňěŋâőć ďőńęěŋ ąëâì őèĺąőçŋëň ĺńĺ ŋěćěàŋő ĺŋâěàŕàěâĺàőćăŋ, âăł łăł ć íâőň áńãçăě áãéěáâćãîâ âőńìłő 2 ŋěğăćĺáĺňëå ğŋăçěŋĺï àăğŋőáâĺ łćăďàăâőć ňăáá.

Ůâőąë ŕàőïáŋĺâì áĺâãăæĺî, őçěŋì ćăęŋő ŕőďâćěàďĺâì ĺńĺ őŕàőćěàčŋãâì íâĺ àěğãńìâăâë á ĺáŕőńìğőćăŋĺěň ŋőćëå íłáŕěàĺňěŋâőć, ĺ, ěáńĺ ćőğňőęŋő, àăğńĺçŋëňĺ ňěâőďăňĺ.

Śâăńő őąéěŕàĺğŋăŋőľ ŕàăłâĺłőľ łńăááĺäĺæĺàőćăâì íłáŕěàĺňěŋâë ŕő ŕőĺáłã őáæĺńńïæĺľ ŋěľâàĺŋő ć áőőâćěâáâćĺĺ á ĺå L/E_ν őâŋőèěŋĺěň.

1.9.1 Łőàőâłăï ąăğă

Ÿĺàőłăï ŕàőčàăňňă ŋěľâàĺŋŋëå ĺááńěďőćăŋĺľ ąãďěâ ŋăçăâă ć Fermilab á ććěďěŋĺěň ć ďěľáâćĺě łőňŕńěłáă NuMI (Neutrino at the Main Injector).

İłáŕěàĺňěŋâ COSMOS (COsmologically Significant Mass Oscillation Search) (E803) [68] ŕńăŋĺàãěâ ŕàőďőńęăâì ŋăąőà ďăŋŋëå ć âěçěŋĺě 4 ńěâ, ŋăçĺŋăï á 2001 čőďă ĺ őęĺďăěâ ďőáâĺçì çãćáâćĺâěńìŋőáâĺ sin^2(2θ_{μτ} ) ≈ 1.4 × 10^{−5} ĺ őŕãáâĺâìáï ŕő àăğŋőáâĺ łćăďàăâőć ňăáá ďő Δm^2 ≈ 0.08 íĆ^2, ĺáŕőńìğãï ďěâěłâőà ăŋăńőčĺçŋëľ CHORUS, ŋő á ńãçèĺň àăğàěèěŋĺěň ŕő ĺňŕãńìáã (∼ 3%).

Ŕőďőąŋëľ ŕàőěłâ ć CERN (TOSCA [69]) ğăłńîçăěâáï ć ĺáŕőńìğőćăŋĺĺ ïďěàŋëå íňãńìáĺľ ć łőňąĺŋăæĺĺ á ćëáőłőâőçŋëň áŕěłâàőňěâàőň (łàěňŋĺěćëě ďěâěłâőàë ĺ ďàěľäőćëě łăňěàë).

Őďŋăłő, őąă ŕàőěłâă, łăł áâăńő ĺğćěáâŋő ć ŕőáńěďŋěě ćàěňï, ŕő àăğŋëň ŕàĺçĺŋăň ŋě ąãďãâ àěăńĺğőćăŋë.

1.9.2 Śàěďŋïï ąăğă

Ďńï ŕàőćěàłĺ ãłăğăŋĺï LSND ŋěőąåőďĺň ŋěľâàĺŋŋëľ íłáŕěàĺňěŋâ á L/E_ν ∼ 1 łň/ČíĆ.

Şŋĺłăńìŋăï ćőğňőęŋőáâì áãéěáâćãěâ ć CERN, âăł łăł ŕãçőł ŋěľâàĺŋő őâ SPS áő áàěďŋěľ íŋěàčĺěľ < E_{νμ} >∼ 24 ČíĆ ŕàőåőďĺâ áłćőğì čőàã (Jura) ĺ ćëåőďĺâ ŋă ŕőćěàåŋőáâì ŋă àăááâőïŋĺĺ ∼ 17 łň őâ ĺáâőçŋĺłă ć ňěáâě, čďě ďěâěłâőà ňőč ąë ąëâì ãáâăŋőćńěŋ [70].

Ďàãčăï ćőğňőęŋőáâì, łőâőàăï ăłâĺćŋő őąáãęďăěâáï ć ŕőáńěďŋěě ćàěňï ĺ ĺňěěâ ąőńìèě èăŋáőć ŋă àěăńĺğăæĺî, áőáâőĺâ ć ćőááâăŋőćńěŋĺĺ ŋěľâàĺŋŋőčő łăŋăńă ŋă ŕàőâőŋŋőň áĺŋåàőâàőŋě PS ć CERN. Śàěďŋïï íŋěàčĺï ŕőńãçěŋŋőčő ŕãçłă ŋěľâàĺŋő < E_{νμ} >∼ 1.5 ČíĆ ĺ ĺáŕőńìğőćăŋĺě ďćãå őďŋőâĺŕŋëå ďěâěłâőàőć ŋă àăááâőïŋĺïå 128 ĺ 850 ňěâàőć őâ ňĺèěŋĺ ŕőğćőńïîâ őáãéěáâćĺâì ŕőĺáł ν_μ → ν_e őáæĺńńïæĺľ ĺ ŕàőćěàĺâì àěğãńìâăâ íłáŕěàĺňěŋâă LSND.

1.9.3 Ďńĺŋŋăï ąăğă

Ďĺăŕăğőŋ ŕăàăňěâàőć ŋěľâàĺŋŋëå őáæĺńńïæĺľ, łőâőàëě ňőčãâ őąêïáŋĺâì ŕàőąńěňã ăâňőáäěàŋëå ŋěľâàĺŋő (Δm^2 ∼ 10^{−2} íĆ^2), ďőáâãŕěŋ ďńï íłáŕěàĺňěŋâőć, ĺáŕőńìğãîéĺå ŕőâőłĺ ŋěľâàĺŋő, áäőàňĺàőćăŋŋëě ŋă àěăłâőàăå ĺ ãáłőàĺâěńïå. Ďńï íâőčő ŋěőąåőďĺňë íłáŕěàĺňěŋâë á őâŋőèěŋĺěň L/E_ν ≥ 250 łň/ČíĆ.

Řĺá. 1.17: Ŕěàćëě àěğãńìâăâë íłáŕěàĺňěŋâă CHOOZ.

İłáŕěàĺňěŋâ CHOOZ [71] ŕőáćïéěŋ ŕőĺáłã őáæĺńńïæĺľ ŋěľâàĺŋő ν̄_e → ν̄_x ć őąńăáâĺ Δm^2 ≥ 10^{−3} íĆ^2 ĺ ĺáŕőńìğãěâ ŋěľâàĺŋő, ŕàőĺğćěďěŋŋëě ć łőňňěàçěáłĺå ïďěàŋëå àěăłâőàăå íńěłâàőáâăŋæĺĺ ć ňěáâěçłě Chooz (Ťàăŋæĺï). Ďěâěłâőà àăáŕőńőęěŋ ŋă àăááâőïŋĺĺ 1 łň őâ ĺáâőçŋĺłă ŋěľâàĺŋő ć âőŋěńě ŕőď čőàőľ ŋă čńãąĺŋě 300 ň ćőďŋőčő íłćĺćăńěŋâă, çâőąë őąěáŕěçĺâì íłàăŋĺàőćłã őâ äőŋă, ćëğćăŋŋőčő łőáňĺçěáłĺňĺ ńãçăňĺ. İääěłâĺćŋăï ňăááă ďěâěłâőàă - 5 â ęĺďłőčő áæĺŋâĺńńïâőàă. Őęĺďăěňăï áłőàőáâì áçěâă ć őâáãâáâćĺĺ őáæĺńńïæĺľ áőáâăćńïěâ ∼ 30 áőąëâĺľ ć ďěŋì á ãçěâőň íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ.

İłáŕěàĺňěŋâ CHOOZ ãęě áőőąéĺń ő áćőĺå ŕěàćëå àěğãńìâăâăå [72]. Ĺğ áâăâĺáâĺçěáłőčő áőčńăáĺï ňěęďã őąŋăàãęěŋŋëňĺ ĺ őęĺďăěňëňĺ çĺáńăňĺ áőąëâĺľ (áň. àĺá. 1.17), ŋěâ ŋĺłăłĺå ãłăğăŋĺľ ć ŕőńìğã áãéěáâćőćăŋĺï őáæĺńńïæĺľ ŋěľâàĺŋő ν̄_e → ν̄_x ďńï őąńăáâĺ ŕăàăňěâàőć Δm^2 > 0.9 × 10^{−3} íĆ^2 ďńï ňăłáĺňăńìŋőčő áňěèĺćăŋĺï ĺ sin^2(2θ) > 0.18 ďńï ąőńìèĺå Δm^2 (ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ).

Ŕőďőąŋëľ àěăłâőàŋëľ íłáŕěàĺňěŋâ ŕńăŋĺàãěâáï âăłęě ć Palo Verde (Ăàĺğőŋă, ŚŸĂ) [73].

Śãéěáâćãîâ ŋěáłőńìłő ŕàőěłâőć á ďńĺŋŋőľ ąăğőľ á ĺáŕőńìğőćăŋĺěň ν_μ ŕãçłőć őâ ãáłőàĺâěńěľ.

Ŕěàćëľ íłáŕěàĺňěŋâ, łőâőàëľ őďőąàěŋ ĺ äĺŋăŋáĺàãěâáï - K2K (E362) ć §ŕőŋĺĺ [74]. Őŋ ŕńăŋĺàãěâ ĺáŕőńìğőćăâì ŕãçőł ŋěľâàĺŋő őâ KEK ďő SU- PERKAMIOKANDE (àăááâőïŋĺě ∼ 225 łň). Ćáńěďáâćĺě âőčő, çâő íŋěàčĺï

1.10. àěğîňě 41

ŕãçłă ŋěľâàĺŋő ŕőàïďłă 1 ÷ 2 ČíĆ, ąőńìèĺŋáâćő àěăłæĺľ ŋěľâàĺŋő ïćńïîâáï łćăğĺãŕàãčĺňĺ ĺńĺ á àőęďěŋĺěň ěďĺŋáâćěŋŋőčő ŕĺőŋă, łőâőàëě ńěčłő àěčĺáâàĺàãîâáï ć ćőďïŋőň çěàěŋłőćáłőň ďěâěłâőàě. Śĺčŋăâãàőľ ďńï ν_μ → ν_e őáæĺńńïæĺľ ąãďěâ ŕőïćńěŋĺě ν_e CC áőąëâĺľ, ć âő ćàěňï łăł ďńï ν_μ → ν_τ őáæĺńńïæĺľ - ĺáçěğŋőćěŋĺě ν_μ CC áőąëâĺľ (íŋěàčĺï ŕãçłă ŋĺęě ŕőàőčă àőęďěŋĺï τ) ć áàăćŋěŋĺĺ á őęĺďăŋĺïňĺ, ŕőńãçěŋŋëňĺ á ĺáŕőńìğőćăŋĺěň ąńĺğłőčő (∼ 0.6 łň) ĺ ŕàőňěęãâőçŋőčő (∼ 24.4 łň) ďěâěłâőàőć. Ďńï 10^{20} p.o.t (∼ 2 čőďă ŋăąőàă ďăŋŋëå) őęĺďăěâáï ∼ 400 ν_μ CC áőąëâĺľ ŕàĺ őâáãâáâćĺĺ őáæĺńńïæĺľ, 150 ν_μ CC áőąëâĺľ ć ŕàĺáãâáâćĺĺ ν_μ → ν_τ őáæĺńńïæĺľ á Δm^2 ∼ 10^{−2} íĆ^2 ŕàĺ ňăłáĺňăńìŋőň áňěèĺćăŋĺĺ. Ůãćáâćĺâěńìŋőáâì ł ŕăàăňěâàã áňěèĺćăŋĺï sin^2(2θ) ďőáâĺčăěâ sin^2(2θ) ≥ 0.4(0.2) ďńï ν_μ → ν_τ (ν_e) őáæĺńńïæĺľ.

Ďàãčőľ ŕàőěłâ ĺáŕőńìğãěâ ŕãçőł ŋěľâàĺŋő őâ ŋőćőčő čńăćŋőčő ĺŋęěłâőàă âíćăâàőŋă Fermilab, łőâőàëľ ąãďěâ ŋăŕàăćńěŋ ŋă ąőńìèőľ, áŕěæĺăńìŋő àăğàăąőâăŋŋëľ ďěâěłâőà MINOS (Main Injector Neutrino Oscillation Search) [75], àăáŕőńőęěŋŋëľ ŋă àăááâőïŋĺĺ 730 łň ć èăåâě Soudan. Šăłęě ąãďěâ ŕőáâàőěŋ ąńĺğłĺľ ďěâěłâőà á ăŋăńőčĺçŋőľ áâàãłâãàőľ. Ąńăčőďăàï őçěŋì ćëáőłőľ ĺŋâěŋáĺćŋőáâĺ ŕàőâőŋŋőčő ŕãçłă ďăńìŋĺľ ďěâěłâőà á íääěłâĺćŋőľ ňăááőľ ∼ 10 łâ ňőęěâ àěčĺáâàĺàőćăâì ∼ 3 × 10^4 ν_μ CC áőąëâĺľ ć čőď. İâőâ íłáŕěàĺňěŋâ çãćáâćĺâěńěŋ ł őâŋőáĺâěńìŋő ňăńőňã ŕăàăňěâàã áňěèĺćăŋĺï sin^2(2θ) ≥ 0.02 ďńï Δm^2 ąőńìèě ∼ 3 × 10^{−3} íĆ^2.

Ćőğňőęŋőáâì áőğďăŋĺï áŕěæĺăńìŋőčő ŋěľâàĺŋŋőčő ŕãçłă ĺğ CERN ć ńăąőàăâőàĺî Gran Sasso (∼ 730 łň) ĺ ĺáŕőńìğőćăŋĺě ďěâěłâőàă ICARUS ďńï ŕőĺáłă őáæĺńńïæĺľ [76] ŋăåőďĺâáï ć áâăďĺĺ ĺğãçěŋĺï.

Śãéěáâćãîâ âăłęě ňŋőčő ďàãčĺå ŕàěďńőęěŋĺľ, ŕőáćïéěŋŋëå ĺááńěďőćăŋĺïň ŋěľâàĺŋŋëå őáæĺńńïæĺľ.

1.10 Řěğîňě

Ćőŕàőá ő áãéěáâćőćăŋĺĺ ňăááë ŋěľâàĺŋő ĺ áňěèĺćăŋĺï ňěęďã ŕőłőńěŋĺïňĺ ŋěľâàĺŋő - æěŋâàăńìŋăï ŕàőąńěňă áőćàěňěŋŋőľ ŋěľâàĺŋŋőľ äĺğĺłĺ. Ĺğãçěŋĺě íâőľ ŕàőąńěňë áćïğăŋő á ŕőĺáłőň ŋőćőľ èłăńë ć äĺğĺłě (čďě àěăńĺğãěâáï ćěńĺłőě őąêěďĺŋěŋĺě ćğăĺňőďěľáâćĺľ). Ĺááńěďőćăŋĺě ňăááë ŋěľâàĺŋő âăłęě áćïğăŋő á ŋăďěęďőľ ŕőŋïâì ïćńïîâáï ńĺ ŋěľâàĺŋő ĺáâőçŋĺłőň “čőàïçěčő” âěňŋőčő ćěéěáâćă ćő Ćáěńěŋŋőľ.

Ŋăąńîďěŋĺě őáæĺńńïæĺľ ŋěľâàĺŋő ŕőğćőńĺńő ąë ďăâì ŕőńőęĺâěńìŋëě őâćěâë ŋă őąă ćőŕàőáă őâŋőáĺâěńìŋő ňăááë ŋěľâàĺŋő ĺ áňěèĺćăŋĺï. Ć ŋăáâőïéěě ćàěňï íłáŕěàĺňěŋâăńìŋëě äăłâë ĺğ ŋěáłőńìłĺå ĺáâőçŋĺłőć ãłăğëćăîâ (á àăğńĺçŋőľ áâěŕěŋìî ďőáâőćěàŋőáâĺ) ŋă âő, çâő őáæĺńńïæĺĺ ŋěľâàĺŋő ňőčãâ ĺňěâì ňěáâő. Ďěäĺæĺâ ĺğňěàěŋŋőčő ŕőâőłă áőńŋěçŋëå ŋěľâàĺŋő ć áàăćŋěŋĺĺ á őęĺďăěňëň ĺğ áâăŋďăàâŋëå áőńŋěçŋëå ňőďěńěľ ĺ ďěäĺæĺâ ν_μ őâ ćğăĺňőďěľáâćĺľ łőáňĺçěáłĺå ńãçěľ á ăâňőáäěàőľ ŋăåőďĺâ ěáâěáâćěŋŋőě (åőâï ĺ ŋě ěďĺŋáâćěŋŋő ćőğňőęŋőě) őąêïáŋěŋĺě ć íâőň ïćńěŋĺĺ. Łàőňě âőčő, áãéěáâćãěâ ãâćěàęďěŋĺě áőâàãďŋĺçěáâćă LSND ő ŕàïňőň ŋăąńîďěŋĺĺ ν̄_μ → ν̄_e ĺ ν_μ → ν_e ŕěàěåőďőć.

Śâăŋďăàâŋăï Ňőďěńì ĺňěěâ ďěńő á ąěğňăááőćëňĺ ŋěľâàĺŋő, ć âő ćàěňï łăł ąőńìèőě àăğŋőőąàăğĺě âěőàěâĺçěáłĺå ňőďěńěľ ğă àăňłăňĺ Śâăŋďăàâŋőľ Ňőďěńĺ ŕàěďáłăğëćăěâ àăğńĺçŋëě ćőğňőęŋőáâĺ ďńï ňăáá ŋěľâàĺŋő ĺ ŕăàăňěâàőć áňěèĺćăŋĺï. Ŕő íâőľ ŕàĺçĺŋě ňŋőčőçĺáńěŋŋëě ĺááńěďőćăŋĺï őáæĺńńïæĺľ ŋěľâàĺŋő ć àăğńĺçŋëå őąńăáâïå ŕàőáâàăŋáâćă ŕăàăňěâàőć {sin^2(2θ), Δm^2} ćëŕőńŋïîâáï ć ŋăáâőïéěě ćàěňï ĺ ŕńăŋĺàãîâáï ć ąãďãéěň á ĺáŕőńìğőćăŋĺěň łăł ěáâěáâćěŋŋëå, âăł ĺ ĺáłãáâćěŋŋëå ĺáâőçŋĺłőć ŋěľâàĺŋő.

Ňőęŋő ŋăďěïâáï, çâő őďĺŋ ĺğ âăłĺå íłáŕěàĺňěŋâőć - íłáŕěàĺňěŋâ NOMAD, łőâőàëľ ŕàőďőńęăěâ ŋăąőà ďăŋŋëå ŋă ãáłőàĺâěńě SPS ć CERN, ŕàőńìěâ áćěâ ŋă ćőğňőęŋőáâì ν_μ → ν_τ őáæĺńńïæĺľ ć őąńăáâĺ ňăáá ŋěľâàĺŋő, ĺŋâěàěáŋőľ á âőçłĺ ğàěŋĺï łőáňőńőčĺĺ, ŕàĺ ćěàőïâŋőáâĺ őáæĺńńïæĺľ ňěŋìèě 10^{−3}, ŋěďőáâãŕŋőľ ďńï ĺğãçěŋĺï ć ŕàěęŋĺå íłáŕěàĺňěŋâăå. Őŕĺáăŋĺě íłáŕěàĺňěŋâă NOMAD ąãďěâ ďăŋő ć áńěďãîéěľ čńăćě.

Čńăćă 2

İłáŕěàĺňěŋâ NOMAD

2.1 Őáŋőćŋăï ĺďěï íłáŕěàĺňěŋâă

Čńăćŋőľ æěńìî íłáŕěàĺňěŋâă NOMAD (Neutrino Oscillation MAgnetic Detector, WA-96) [77] ïćńïěâáï ŕőĺáł ŕőïćńěŋĺï âăã-ŋěľâàĺŋő (ν_τ ) ć ŕãçłě èĺàőłőčő áŕěłâàă őâ ãáłőàĺâěńï SPS ć CERN, áőáâőïéĺň ŕàěĺňãéěáâćěŋŋő ĺğ ν_μ.

Ďěâěłâőà NOMAD [78]^1 ąëń áłőŋáâàãĺàőćăŋ ďńï ĺğňěàěŋĺï ĺ ĺďěŋâĺäĺłăæĺĺ çăáâĺæ, łăł ğăàïęďěŋŋëå, âăł ĺ ŋěľâàăńìŋëå, àőęďăîéĺåáï ć ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺïå ćŋãâàĺ ãáâăŋőćłĺ. Ăłâĺćŋăï çăáâì ďěâěłâőàă ŕàěďáâăćńïěâ áőąőľ ŋăąőà ďàěľäőćëå łăňěà á áãňňăàŋőľ íääěłâĺćŋőľ ňăááőľ 2.7 âőŋŋë ĺ ŋĺğłőľ áàěďŋěľ ŕńőâŋőáâìî (98.6 łč/ň^3). Ďěâěłâőà ŋăåőďĺâáï ćŋãâàĺ ňăčŋĺâă, őąěáŕěçĺćăîéěčő ňăčŋĺâŋőě ŕőńě 0.4 Š, łőâőàőě áńãęĺâ ďńï őŕàěďěńěŋĺï ĺňŕãńìáőć ğăàïęěŋŋëå çăáâĺæ ŕő łàĺćĺğŋě ĺå âàăěłâőàĺľ á ňĺŋĺňăńìŋëňĺ ŕőčàěèŋőáâïňĺ ĺğ-ğă ňŋőčőłàăâŋőčő àăááěïŋĺï. Ğă ŋăąőàőň ďàěľäőćëå łăňěà áńěďãěâ ďěâěłâőà ŕěàěåőďŋőčő ĺğńãçěŋĺï ďńï ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć, íńěłâàőňăčŋĺâŋëľ ĺ ăďàőŋŋëľ łăńőàĺňěâàë ĺ áĺáâěňă ňîőŋŋëå łăňěà.

Ğă âàĺ čőďă ŋăąőàă ďăŋŋëå ć íłáŕěàĺňěŋâě NOMAD ňőęěâ ąëâì ğăàěčĺáâàĺàőćăŋő ąőńěě 1 ňĺńńĺőŋă ν_μ ćğăĺňőďěľáâćĺľ ŕő łăŋăńã ğăàïęěŋŋőčő âőłă (charged current - CC).

Ćőğňőęŋőě ŋăńĺçĺě ν_τ ć ŋěľâàĺŋŋőň ŕãçłě ŕàőćěàïěâáï ŕőáàěďáâćőň ŕőĺáłă ν_τ CC ćğăĺňőďěľáâćĺľ: ν_τ + N → τ^− + X. Ĺğ-ğă ňăńőčő ćàěňěŋĺ ęĺğŋĺ τ^− ŕàĺ áàěďŋěľ íŋěàčĺĺ ŋěľâàĺŋŋőčő ŕãçłă őâ ãáłőàĺâěńï SPS, ďńĺŋă ŕàőąěčă τ^− ďő ěčő àăáŕăďă áőáâăćńïěâ ∼ 1 ňň. Ŕàőáâàăŋáâćěŋŋőě àăğàěèěŋĺě ďěâěłâőàă NOMAD, åőâï ĺ ïćńïěâáï őçěŋì åőàőèĺň ďńï ŋěľâàĺŋŋëå íłáŕěàĺňěŋâőć, ćáě-âăłĺ ŋě ďőáâăâőçŋő ďńï őąŋăàãęěŋĺï áâőńì łőàőâłĺå âàěłőć. Ŕőíâőňã ŕőĺáł ćőğňőęŋëå àăáŕăďőć τ^− ćěďěâáï á ŕőňőéìî łĺŋěňăâĺçěáłĺå łàĺâěàĺěć őâąőàă, őáŋőćăŋŋëå ŋă åőàőèěň ĺğňěàěŋĺĺ ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă (⃗p^{miss} T ). Ŋăńĺçĺě ŕő łàăľŋěľ ňěàě őďŋőčő ŋěľâàĺŋő ć łőŋěçŋőň áőáâőïŋĺĺ ŕőğćőńïěâ ĺáŕőńìğőćăŋĺě ĺňŕãńìáŋőčő ąăńăŋáă ďńï őâďěńěŋĺï ν_τ CC ćğăĺňőďěľ-

áâćĺľ őâ^{(−)}ν_{e,μ} CC ĺ NC äőŋőćëå áőąëâĺľ [79]. Ĺğãçěŋĺě łőààěńïæĺľ ňěęďã ŋăŕàăćńěŋĺïňĺ ĺ ăąáőńîâŋëňĺ ćěńĺçĺŋăňĺ âàěå ćěłâőàőć (⃗p^{miss}_T , ⃗p^{lep}_T ĺ ⃗p^{had}_T ) ć ŕńőáłőáâĺ, ŕěàŕěŋďĺłãńïàŋőľ ŋăŕàăćńěŋĺî ŋăńěâăîéěčő ŋěľâàĺŋő, ŕőğćőńïěâ ćëďěńĺâì áőąëâĺï, áőďěàęăéĺě àăáŕăď τ^−-ńěŕâőŋă, ŕàĺ ãáńőćĺĺ, çâő łĺŋěňăâĺłă áőąëâĺï åőàőèő ćőááâăŋőćńěŋă. Ďăćăľâě àăááňőâàĺň łăŋăń àăáŕăďă τ^− → e^−ν_τ ν̄_e łăł ŕàĺňěà (áň. àĺá. 2.1). Ŋăńĺçĺě ďćãå ŋěľâàĺŋő ć łőŋěçŋőň áőáâőïŋĺĺ ŕàĺćőďĺâ ł âőňã, çâő ⃗p^{miss}_T ćěłâőà ãłăğëćăěâ ŕàĺąńĺğĺâěńìŋő ć âőň ęě ŋăŕàăćńěŋĺĺ, çâő ĺ íńěłâàőŋ ĺğ ŕěàćĺçŋőľ ćěàèĺŋë (⃗p^e_T ), ă áãňňă íâĺå ďćãå ćěłâőàőć ŋăŕàăćńěŋă ŕàőâĺćőŕőńőęŋő ăďàőŋŋőňã ćěłâőàã (⃗p^{had}_T ) ć ŕőŕěàěçŋőľ

1Ďăŋŋăï ŕãąńĺłăæĺï ĺáŕőńìğőćăńăáì ďńï ŕőďčőâőćłĺ íâőľ čńăćë.

Řĺá. 2.1: Śàăćŋěŋĺě łĺŋěňăâĺłĺ ν_τ CC ćğăĺňőďěľáâćĺï, áőŕàőćőęďăîéěčőáï àăáŕăďőň τ^− → e^−ν_τ ν̄_e, ĺ łĺŋěňăâĺłĺ ν_e CC ćğăĺňőďěľáâćĺï.

ŕńőáłőáâĺ. Ťőŋ őâ ν_e CC ćğăĺňőďěľáâćĺľ ćěďěâ áěąï ĺŋăçě: ŕàĺ åőàőèěň łăçěáâćě ćőááâăŋőćńěŋĺï łĺŋěňăâĺłĺ áőąëâĺï, ⃗p^{miss}_T ćěłâőà ďőńęěŋ ąëâì ňăń ŕő ăąáőńîâŋőľ ćěńĺçĺŋě ĺ ŋăŕàăćńěŋ áńãçăľŋëň őąàăğőň, âőčďă łăł ⃗p^e_T ćěłâőà ąãďěâ ŋăŕàăćńěŋ ć őąàăâŋãî áâőàőŋã ŕő őâŋőèěŋĺî ł ⃗p^{had}_T . Ůâőąë ĺğąăćĺâìáï őâ äőŋă, ćëğćăŋŋőčő ćğăĺňőďěľáâćĺïňĺ ŕő łăŋăńã ŋěľâàăńìŋőčő âőłă (neutral current - NC), ňë ňőęěň ŕőâàěąőćăâì ĺğőńĺàőćăŋŋőáâĺ ŕěàćĺçŋőčő íńěłâàőŋă őâ ăďàőŋŋőľ áâàãĺ.

Őæěŋłă äőŋă ĺğ-ğă ŋăńĺçĺï ňăńőčő ćłńăďă őâ ν_τ ć ŋăçăńìŋőň ŕãçłě ŕőłăğëćăěâ, çâő őŋ áãéěáâćěŋŋő ŋĺęě ŕàěďŕőńăčăěňőľ çãćáâćĺâěńìŋőáâĺ íłáŕěàĺňěŋâă.

Ŕàěďńőęěŋŋëľ ňěâőď ŕàőćěďěŋĺï íłáŕěàĺňěŋâă ïćńïěâáï ďőŕőńŋĺâěńìŋëň ŕő őâŋőèěŋĺî ł ňěâőďĺłě ĺáŕőńìğőćăŋĺï ïďěàŋëå íňãńìáĺľ ďńï őąŋăàãęěŋĺï τ^− àăáŕăďőć, ćëąàăŋŋőľ łőńńăąőàăæĺěľ CHORUS [66].

Ďńï âőčő, çâőąë ąëâì çãćáâćĺâěńìŋëň ł àăğńĺçŋëň ňőďăň àăáŕăďă τ^−- ńěŕâőŋă ĺ àěčĺáâàĺàőćăâì íâĺ àăáŕăďë á ćëáőłőľ íääěłâĺćŋőáâìî ĺ ŋĺğłĺň ãàőćŋěň äőŋă, ďěâěłâőà NOMAD ďőńęěŋ ãďőćńěâćőàïâì áńěďãîéĺň âàěąőćăŋĺïň:

• ąëâì łăł ňőęŋő ąőńěě čěàňěâĺçŋëň ďńï łăçěáâćěŋŋőčő ĺğňěàěŋĺï łĺŋěňăâĺłĺ áőąëâĺï;

• őąěáŕěçĺâì ćëáőłãî âőçŋőáâì ćőááâăŋőćńěŋĺï ĺňŕãńìáőć ğăàïęěŋŋëå çăáâĺæ;

• áńãęĺâì ďńï ĺďěŋâĺäĺłăæĺĺ ňîőŋőć, íńěłâàőŋőć ĺ äőâőŋőć á ćëáőłőľ íääěłâĺćŋőáâìî ĺ åőàőèěľ çĺáâőâőľ.

Łăł áâăŋěâ ïáŋő ĺğ ĺğńőęěŋŋőčő ďăńěě, ďěâěłâőàã NOMAD ãďăńőáì ďőáâĺçì ŕőáâăćńěŋŋëě ŕěàěď ŋĺň æěńĺ. Őŋ ňőęěâ ąëâì ĺáŕőńìğőćăŋ ďńï ŕőĺáłă àăáŕăďőć τ^−-ńěŕâőŋă ŕő ďćãň ńěŕâőŋŋëň: e^−ν_τ ν̄_e, μ^−ν_τ ν̄_μ ĺ âàěň ăďàőŋŋëň ňőďăň: π^−ν_τ , ρ^−ν_τ ĺ π^−π^−π^+nπ^0ν_τ , âő ěáâì ∼ 86% ćáěå ćőğňőęŋëå ňőď àăáŕăďă:

Ňőďă àăáŕăďă Ćěàőïâŋőáâì àăáŕăďă τ^− → e^−ν_τ ν̄_e 17.8% τ^− → μ^−ν_τ ν̄_μ 17.4% τ^− → π^−ν_τ 12% τ^− → ρ^−ν_τ 25% τ^− → π^−π^−π^+nπ^0ν_τ 14%

Śãňňă ∼ 86%

Ćőğňőęŋőáâì àěčĺáâàăæĺĺ łăł ńěŕâőŋŋëå, âăł ĺ ăďàőŋŋëå ňőď àăáŕăďă ïćńïěâáï ŕàěĺňãéěáâćőň ĺ ŕőğćőńïěâ őáãéěáâćĺâì ďőŕőńŋĺâěńìŋãî ŕàőćěàłã, âăł łăł äőŋőćëě ãáńőćĺï ďńï íâĺå áńãçăěć áãéěáâćěŋŋő àăğńĺçăîâáï.

Śàěďŋïï íŋěàčĺï ŋěľâàĺŋŋőčő ŕãçłă ĺ àăááâőïŋĺě őâ âőçłĺ àőęďěŋĺï ŋěľâàĺŋő ďő âőçłĺ ěčő àěčĺáâàăæĺĺ ć ďěâěłâőàě NOMAD ŕőğćőńïěâ ãąěďĺâìáï ć âőň, çâő ŋăè íłáŕěàĺňěŋâ ňăłáĺňăńìŋő çãćáâćĺâěńěŋ ł őąńăáâĺ ňăáá Δm^2 ∼ 10 ÷ 100 íĆ^2, ŕàěďáâăćńïîéěľ őáőąëľ ĺŋâěàěá á âőçłĺ ğàěŋĺï łőáňőńőčĺĺ.

Łàőňě ŕőĺáłă ŋěľâàĺŋŋëå őáæĺńńïæĺľ, ďăŋŋëě, ŋăłőŕńěŋŋëě ć íłáŕěàĺňěŋâě NOMAD (ąőńìèăï áâăâĺáâĺłă ć ďěâěłâőàě á ŕńőâŋőáâìî ćőďőàőďŋőľ ŕãğëàìłőćőľ łăňěàë), ŕàěďáâăćńïîâ őčàőňŋëľ ĺŋâěàěá ďńï ĺğãçěŋĺï ňŋőčĺå ŕàőæěááőć, ŕàőåőďïéĺå á ãçăáâĺěň ŋěľâàĺŋő.

Ďăńěě ąãďěâ ŕàĺćěďěŋő łàăâłőě őŕĺáăŋĺě ŋěľâàĺŋŋőčő ŕãçłă ĺ ďěâăńěľ ãáâăŋőćłĺ.

2.2 Ďěâěłâőà ĺ ŕãçőł ŋěľâàĺŋő

Ďěâěłâőà NOMAD ŕőłăğăŋ áåěňăâĺçěáłĺ ŋă àĺá. 2.2 (ćĺď áąőłã) ĺ àĺá. 2.3 (ćĺď áćěàåã). Őŋ áőáâőĺâ ĺğ ŋăąőàă ŕőďďěâěłâőàőć, łőâőàëě àăáŕőńăčăîâáï ćŋãâàĺ ňăčŋĺâă őąêěňőň 7.5 × 3.5 × 3.5 ň^3. Ňăčŋĺâŋőě ŕőńě čőàĺğőŋâăńìŋő, ŕěàŕěŋďĺłãńïàŋő ŋăŕàăćńěŋĺî ŋěľâàĺŋŋőčő ŕãçłă ĺ ĺňěěâ ćěńĺçĺŋã 0.4 Š.

Śĺáâěňă łőőàďĺŋăâ ďěâěłâőàă őŕàěďěńěŋă áńěďãîéĺň őąàăğőň (áň. àĺá. 2.2): őáì X ŋăŕàăćńěŋă ćčńãąì àĺáãŋłă ĺ áőćŕăďăěâ á ŋăŕàăćńěŋĺěň ňăčŋĺâŋőčő ŕőńï, őáì Y ŋăŕàăćńěŋă ćěàå, ă őáì Z čőàĺğőŋâăńìŋă ĺ ďőŕőńŋïěâ áĺáâěňã ďő ŕàăćőľ, ŕàĺąńĺğĺâěńìŋő áőćŕăďăï á ŋăŕàăćńěŋĺěň ŋěľâàĺŋŋőčő ŕãçłă. Ŋăďő őâňěâĺâì, çâő ŕãçőł ŋěľâàĺŋŋő áőáâăćńïěâ ãčőń 42.5278 ňàăď (ĺńĺ 2^o26^′12^{′′}) á őáìî Z ć Y Z ŕńőáłőáâĺ. Ďńă ăŋăńĺğă ąãďěâ ĺáŕőńìğőćăŋă áĺáâěňă łőőàďĺŋăâ, ć łőâőàőľ őáì Z áőćŕăďăěâ á ŋăŕàăćńěŋĺěň ŋěľâàĺŋŋőčő ŕãçłă.

2.2.1 Ŕãçőł ŋěľâàĺŋő

Ďěâěłâőà NOMAD ŋăåőďĺâáï ć ğăŕăďŋőľ ğőŋě CERN (WANF) ĺ ŕőďćěàčăěâáï ćőğďěľáâćĺî ŕãçłă ŋěľâàĺŋő èĺàőłőčő áŕěłâàă őâ ãáłőàĺâěńï SPS. İâőâ ŕãçőł ąëń áŕěæĺăńìŋő őŕâĺňĺğĺàőćăŋ ďńï íłáŕěàĺňěŋâőć NOMAD ĺ CHORUS. Śåěňăâĺçěáłĺľ ćĺď őáŋőćŋëå íńěňěŋâőć, áńãęăéĺå ďńï áőğďăŋĺï ŋěľâàĺŋŋőčő ŕãçłă, ŕàĺćěďěŋ ŋă àĺá. 2.4.

Ŋěľâàĺŋő őąàăğãîâáï ć àăáŕăďăå ćâőàĺçŋëå π ĺ K ňěğőŋőć, ćőğŋĺłăîéĺå ŕàĺ ćğăĺňőďěľáâćĺïå 450 ČíĆ ŕàőâőŋőć á ąěàĺńńĺěćőľ ňĺèěŋìî (áőáâőïéěľ ĺğ 11 íńěňěŋâőć ďńĺŋőľ 10 áň ĺ ďĺăňěâàőň 3 ňň, àăğďěńěŋŋëå 9 áň ŕàőňěęãâłăňĺ). Ćâőàĺçŋëě ŕĺőŋë ĺ łăőŋë äőłãáĺàãîâáï ŕăàőľ łőăłáĺăńìŋëå ňăčŋĺâŋëå ńĺŋğ

Řĺá. 2.2: Ďěâěłâőà NOMAD (ćĺď áąőłã)

Řĺá. 2.3: Ďěâěłâőà NOMAD (ćĺď áćěàåã)

Řĺá. 2.4: Śåěňăâĺçěáłĺľ ćĺď őáŋőćŋëå íńěňěŋâőć, áńãęăéĺå ďńï áőğďăŋĺï ŋěľâàĺŋŋőčő ŕãçłă.

ć ćăłããňŋëľ àăáŕăďŋëľ łăŋăń ďńĺŋŋőľ 290 ň. Ęěńěğŋăï ĺ ğěňńïŋăï ğăéĺâă ŕőğćőńïěâ ŕőčńőâĺâì ňîőŋë ĺ ăďàőŋë.

Ďěâěłâőà NOMAD (CHORUS) àăáŕőńőęěŋ ŋă àăááâőïŋĺĺ 835 ň (823 ň) őâ ňĺèěŋĺ. Śàěďŋěě àăááâőïŋĺě őâ âőçłĺ àăáŕăďă ăďàőŋă ďő ãáâăŋőćłĺ NOMAD - 620 ň.

Űĺłń ãáłőàĺâěńï SPS ŕőćâőàïěâáï łăęďëě 14.4 á. Ŕàőâőŋë ĺğćńěłăîâáï ĺğ ãáłőàĺâěńï ğă ďćă 4 ňá áąàőáă, àăğďěńěŋŋëå ŕàőňěęãâłőň 2.6 á (“flat top”). Ŕőáńě őŕâĺňĺğăæĺĺ ŕãçłă ąëńă ďőáâĺčŋãâă àěłőàďŋăï ĺŋâěŋáĺćŋőáâì: ďő 1.5 × 10^{13} ŕàőâőŋőć ć łăęďőň ĺğ áąàőáőć.

Ŋă àĺá. 2.5 ŕőłăğăŋ àăáçěâŋëľ íŋěàčěâĺçěáłĺľ áŕěłâà ĺ áőáâăć ŋěľâàĺŋŋőčő ŕãçłă, ŕőńãçěŋŋëľ á ŕőňőéìî ďěâăńìŋőčő GEANT [80] ňőďěńĺàőćăŋĺï àăáŕăďŋőčő łăŋăńă. Ŕőâőłĺ ŋěľâàĺŋő ďăîâáï ć àăáçěâě ŋă 10^9 ŕàőâőŋőć ŋă ňĺèěŋì (protons on target - p.o.t.).

Ŕăàăňěâàë àăğńĺçŋëå łőňŕőŋěŋâőć ŋěľâàĺŋŋőčő ŕãçłă ŕàĺćěďěŋë ć âăąńĺæě 2.1. Őáŋőćŋëě ŋěőďŋőğŋăçŋőáâĺ ŕàĺ ňőďěńĺàőćăŋĺĺ ćőğŋĺłăîâ ĺğ-ğă ŋěâőçŋőčő ğŋăŋĺï ćëåőďőć π ĺ K ňěğőŋőć ŕàĺ ăďàőŋŋëå ćğăĺňőďěľáâćĺïå ć ąěàĺńńĺěćőľ ňĺèěŋĺ. Ĺğňěàěŋĺï łőńńăąőàăæĺĺ SPY [81] ŕőğćőńïâ ãńãçèĺâì ňőďěńĺàőćăŋĺě ĺ ãâőçŋĺâì áőáâăć ŋěľâàĺŋŋőčő ŕãçłă.

ν_τ łőňŕőŋěŋâă, áőďěàęăéăïáï ć ŋăçăńìŋőň ŕãçłě őâ àěăłæĺĺ:

p + N → D^±_s + X, D^±_s → τ^± +^{(−)}ν_τ

áőŕàőćőęďăěňőľ àăáŕăďőň τ^± →^{(−)}ν_τ + X ąëńă ćëçĺáńěŋă ĺ ŕàĺğŋăŋă ŕàěŋěąàěęĺňő ňăńőľ [82, 83]. Őâŋőáĺâěńìŋőě çĺáńő ν_τ , ŕàőĺğćěďěŋŋőě ć ćëèěãłăğăŋŋőľ æěŕĺ àěăłæĺľ ĺ ćğăĺňőďěľáâćãîéěě ŕő łăŋăńã ğăàïęěŋŋőčő âőłă ć íääěłâĺćŋőň őąêěňě ďěâěłâőàă NOMAD, áőáâăćńïěâ ∼ 5 × 10^{−6} őâ çĺáńă ν_μ CC áőąëâĺľ. Ŕőáńě ćáěå łàĺâěàĺěć őâąőàă àěğãńìâĺàãîéĺľ ν_τ áĺčŋăń ğŋăçĺâěńìŋő ňěŋìèě, çěň 1 áőąëâĺě ğă őąéãî ŕàőďőńęĺâěńìŋőáâì íłáŕěàĺňěŋâă NOMAD.

Řĺá. 2.5: Řăáçěâŋëľ íŋěàčěâĺçěáłĺľ áŕěłâà ĺ áőáâăć ŋěľâàĺŋŋőčő ŕãçłă.

Šăąńĺæă 2.1: Śàěďŋïï íŋěàčĺï ĺ áőáâăć ŋěľâàĺŋŋőčő ŕãçłă. Őęĺďăěňőě çĺáńő CC ćğăĺňőďěľáâćĺľ ć íääěłâĺćŋőň őąêěňě ďěâěłâőàă NOMAD (ďńï 2.4 × 10^{19} p.o.t.)

Śàěďŋïï E_ν (ČíĆ) Őâŋőáĺâěńìŋëľ áőáâăć Ůĺáńő ν CC ćğăĺňőďěľáâćĺľ ν_μ 23.6 1.000 1.15 × 10^6 ν_μ 22.7 0.07 0.39 × 10^5 ν_e 37.0 0.01 0.17 × 10^5 ν_e 33.2 0.003 0.22 × 10^4

Řĺá. 2.6: Ćĺď áćěàåã ŋă FCAL

2.3 Şáâăŋőćłă NOMAD

Ŋĺęě ąãďãâ ŕàĺćěďěŋë őáŋőćŋëě åăàăłâěàĺáâĺłĺ àăğńĺçŋëå çăáâěľ ãáâăŋőćłĺ NOMAD. Ć ĺå őŕĺáăŋĺĺ ňë ąãďěň áńěďőćăâì ŋăŕàăćńěŋĺî ŋěľâàĺŋŋőčő ŕãçłă.

2.3.1 Śĺáâěňă ćěâő

Śĺáâěňă ćěâő (veto - V) áőáâőĺâ ĺğ ŋăąőàă 59 áæĺŋâĺńńïæĺőŋŋëå áçěâçĺłőć, ŕőłàëćăîéĺå őąńăáâì 5 × 5 ň^2 ŕěàěď ďěâěłâőàőň NOMAD. Śçěâçĺłĺ ĺňěîâ âőńéĺŋã 2 áň, èĺàĺŋã 21 áň, ĺ ďćě ćőğňőęŋëě ďńĺŋë: 300 áň ĺ 210 áň. Ąőńìèĺŋáâćő (56) áçěâçĺłőć ŕàőáňăâàĺćăîâáï äőâőãňŋőęĺâěńïňĺ á őąőĺå łőŋæőć; őáâăńìŋëě áçěâçĺłĺ (3) ĺňěîâ őďŋőáâőàőŋŋîî áĺáâěňã áêěňă ĺŋäőàňăæĺĺ. Śçěâçĺłĺ àăğňěéăîâáï âăłĺň őąàăğőň, çâőąë őŕâĺňăńìŋő őâąàőáĺâì áőąëâĺï á ğăàïęěŋŋëňĺ çăáâĺæăňĺ, àőęďăîéĺňĺáï ć ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺïå ŕěàěď ďěâěłâőàőň NOMAD, ć ęěńěğŋőľ ŕőďďěàęłě ďěâěłâőàă ĺ őâ łőáňĺçěáłĺå ńãçěľ ŕőď ąőńìèĺň ãčńőň, ŕěàěáěłăîéĺå ãáâăŋőćłã łăł ć ŋăŕàăćńěŋĺĺ ŕãçłă ŋěľâàĺŋő, âăł ĺ ć ŕàőâĺćőŕőńőęŋőň. Ŋěąőńìèăï ďőńï ćğăĺňőďěľáâćĺľ ć æěŋâàăńìŋőľ őąńăáâĺ ęěńěğă ŋě ňőęěâ ąëâì ĺáłńîçěŋă, âăł łăł áâăńìŋăï áâàãłâãàă ŕőďďěàęłĺ (‘łőàğĺŋă’), ć łőâőàőľ ãáâăŋőćńěŋë őáŋőćŋëě íńěňěŋâë ďěâěłâőàă, ŕàőåőďĺâ çěàěğ ŕàőáâàăŋáâćő, ć łőâőàőň áæĺŋâĺńńïâőàë ňőčńĺ ąë ąëâì ãáâăŋőćńěŋë ĺďěăńìŋëň őąàăğőň. Ăŋăńőčĺçŋő, ćğăĺňőďěľáâćĺï ć ŕěàěďŋěľ çăáâĺ őąňőâłĺ ňăčŋĺâă ŋě őâąàăáëćăîâáï, ŋő ňőčãâ ąëâì őâďěńěŋë őâ ŕőńěğŋëå ćğăĺňőďěľáâćĺľ ć íääěłâĺćŋőň őąêěňě ďěâěłâőàă ŕőáńě àěłőŋáâàãłæĺĺ ćěàèĺŋë áőąëâĺï.

İääěłâĺćŋőáâì áĺáâěňë ćěâő ŕőáâőïŋŋő ŕàőćěàïěâáï ĺ ąëńă ŋăľďěŋă ŕőáâőïŋŋőľ ŋă ãàőćŋě 96-97%.

2.3.2 Ŕěàěďŋĺľ łăńőàĺňěâà

Ďěâěłâőà NOMAD ŕőďćěèěŋ ŋă ďćãå ęěńěğŋëå łőńőŋŋăå (‘I’), àăáŕőńőęěŋŋëå ŕő őąě áâőàőŋë ňăčŋĺâă. Ŕěàěďŋïï łőńőŋŋă ąëńă ğăŕőńŋěŋă áæĺŋâĺńńïâőàăňĺ, çâőąë őąěáŕěçĺâì ďőŕőńŋĺâěńìŋãî ăłâĺćŋãî ňĺèěŋì ďńï ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ. Ťĺğĺçěáłĺě ğăďăçĺ, łőâőàëě ňőčãâ ąëâì ĺğãçěŋë á ŕőňőéìî ŕěàěďŋěčő łăńőàĺňěâàă (forward calorimeter - FCAL), ćłńîçăîâ ňŋőčőňîőŋŋãî äĺğĺłã ĺ ŕőĺáłĺ ŋěľâàăńìŋëå âïęěńëå őąêěłâőć, àőęďăîéĺåáï ćő ćğăĺňőďěľáâćĺïå ŋěľâàĺŋő.

FCAL áőáâőĺâ ĺğ 23 ęěńěğŋëå áńőěć âőńéĺŋőľ 4.9 áň, àăğďěńěŋŋëå ŕàőňěęãâłăňĺ ć 1.8 áň. Ďćăďæăâì ĺğ 22 ŕàőňěęãâłőć ğăŕőńŋïîâáï ďńĺŋŋëňĺ áæĺŋâĺńńïâőàăňĺ, łőâőàëě áçĺâëćăîâáï á őąőĺå łőŋæőć 3 ďîľňőćëňĺ äőâőãňŋőęĺâěńïňĺ. Řăğňěàë áæĺŋâĺńńïâőàőć - 175 áň × 18.5 áň × 0.6 áň. Ůâőąë ďőáâĺčŋãâì őŕâĺňăńìŋőčő áćěâőáąőàă ĺ áőåàăŋĺâì àăğãňŋőě łőńĺçěáâćő íńěłâàőŋŋëå łăŋăńőć ŕïâì áæĺŋâĺńńïâőàőć ćďőńì őáì ŕãçłă áőěďĺŋïîâáï ćňěáâě ĺ äőàňĺàãîâ ňőďãńì. Ďěáïâì âăłĺå ňőďãńěľ ãáâăŋőćńěŋë ďàãč ŋăď ďàãčőň ĺ őąàăğãîâ áâěł. Ćďőńì őáì ŕãçłă àăáŕőńőęěŋë çěâëàě âăłĺå áâěłă. Ŕőŕěàěçŋőě áěçěŋĺě FCAL, ŕěàěáěłăěňőě ŕãçłőň ŋěľâàĺŋő, áőáâăćńïěâ 175 áň×190 áň (áňőâàĺ àĺá. 2.6). Ďěâěłâőà ĺňěěâ őąéãî ňăááã 17.7 â ĺ čńãąĺŋã, íłćĺćăńěŋâŋãî 5 ďńĺŋăň ïďěàŋőčő ćğăĺňőďěľáâćĺï.

Ďńï ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ŕěàćőň áâěłě FCAL íłćĺăńěŋâŋăï íŋěàčĺï ďńï çăáâĺæë á ňĺŋĺňăńìŋőľ ĺőŋĺğăæĺěľ (mip) áőáâăćńïěâ 430 ŇíĆ.

2.3.3 Ďàěľäőćëě łăňěàë

Ďàěľäőćëě łăňěàë (Drift Chambers - DC), łőâőàëě ïćńïîâáï őďŋőćàěňěŋŋő ňĺèěŋìî ďńï ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ĺ âàěłőćëň ďěâěłâőàőň, ŕàěďáâăćńïîâ áőąőľ őáŋőćŋãî çăáâì ďěâěłâőàă NOMAD. Őŋĺ ąëńĺ áłőŋáâàãĺàőćăŋë á ãçěâőň ŕàőâĺćőàěçĺćëå âàěąőćăŋĺľ: áâěŋłĺ łăňěà ďőńęŋë ąëâì łăł ňőęŋő âïęěńěě ďńï őąěáŕěçěŋĺï ŋěőąåőďĺňőčő łőńĺçěáâćă ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ĺ ć âőęě ćàěňï łăł ňőęŋő ńěčçě ďńï âőčő, çâőąë ňĺŋĺňĺğĺàőćăâì íääěłâë ňŋőčőłàăâŋőčő àăááěïŋĺï, ćâőàĺçŋëå ćğăĺňőďěľáâćĺľ ăďàőŋőć, äőâőŋŋëå łőŋćěàáĺľ ĺ âőàňőğŋőčő ĺğńãçěŋĺï ďńï íńěłâàőŋőć. Ďńï âőčő, çâőąë áàěďŋïï àăďĺăæĺőŋŋăï ďńĺŋă ãáâăŋőćłĺ ąëńă ňĺŋĺňăńìŋă, łăňěàë áďěńăŋë ĺğ ćěéěáâćă á ŋĺğłőľ ŕńőâŋőáâìî ĺ ňăńëň ăâőňŋëň ŋőňěàőň. Ć ĺâőčě ňěęďã ďćãňï ĺğňěàĺâěńìŋëňĺ ŕńőáłőáâïňĺ ďàěľäőćëå łăňěà áőďěàęĺâáï ňěŋìèě 1% àăďĺăæĺőŋŋőľ ďńĺŋë.

Łăňěàë (àĺá. 2.7) áďěńăŋë ĺğ ŕăŋěńěľ, ĺňěîéĺå áőâőćãî áâàãłâãàã. Ŕăŋěńĺ ŋăåőďïâáï ćŋãâàĺ ŕàőàěğĺŋěŋëå áńőěć (á íŕőłáĺďŋőľ áňőńőľ), őąěáŕěçĺćăîéĺå ŋěőąåőďĺňãî ňěåăŋĺçěáłãî ŕàőçŋőáâì ĺ àăćŋőňěàŋőáâì ŕàĺ ąőńìèĺå ŕőŕěàěçŋëå àăğňěàăå (3 × 3 ň^2). Łăęďăï łăňěàă áőáâőĺâ ĺğ çěâëàěå ŕăŋěńěľ, àăğďěńěŋŋëå 8-ňň ŕàőňěęãâłăňĺ, ğăŕőńŋěŋŋëňĺ čăğőćőľ áňěáìî ăàčőŋ - íâăŋ (40% - 60%) ŕàĺ ăâňőáäěàŋőň ďăćńěŋĺĺ. Ŕőáłőńìłã ŕăŋěńĺ ŋě ïćńïîâáï ăąáőńîâŋő čăğőŋěŕàőŋĺæăěňëňĺ, čăğőćăï áňěáì ŕőáâőïŋŋő æĺàłãńĺàãěâ ć ğăňłŋãâőň łőŋâãàě, áőďěàęăéěň áĺáâěňã őçĺáâłĺ, łőâőàăï áńãęĺâ ďńï ãďăńěŋĺï ŕàĺňěáěľ łĺáńőàőďă ĺ ćőďïŋëå ŕăàőć.

Šàĺ ďàěľäőćëå ŕàőňěęãâłă őąőàãďőćăŋë áĺčŋăńìŋëňĺ ŕàőćőńőçłăňĺ, áőáâăćńïîéĺňĺ ãčńë +5, 0 ĺ -5 čàăďãáőć ŕő őâŋőèěŋĺî ł ŋăŕàăćńěŋĺî ňăčŋĺâŋőčő ŕőńï. Ŕőâěŋæĺăńìŋëě ŕàőćőńőçłĺ ďĺăňěâàőň 100 ňłň áďěńăŋë ĺğ áňěáĺ ňěďì-ąěàĺńńĺľ, ă áĺčŋăńìŋëě ŕàőćőńőçłĺ ďĺăňěâàőň 20 ňłň - ĺğ ŕőğőńőçěŋŋőčő ćőńìäàăňă. Ďàěľäőćëľ ŕàőňěęãâőł áőáâăćńïěâ ±3.2 áň. Šăł łăł łăňěàë ŋăåőďïâáï ćŋãâàĺ ňăčŋĺâŋőčő ŕőńï, ŋă áâěŋłĺ łăňěà ŋăłńěěŋë áâàĺŕë ĺğ ăńîňĺŋĺğĺàőćăŋŋőčő ňăľńăàă (èĺàĺŋă 2.8 ňň, âőńéĺŋă 12 ňłň, ŕàňěęãâőł 1.2 ňň) ďńï äőàňĺàőćăŋĺï ŋãęŋőľ łőŋäĺčãàăæĺĺ ŕőńï ćŋãâàĺ ďàěľäőćőčő ŕàőňěęãâłă. Ŕàőćőńőçłĺ ďńĺŋőľ 3 ň ŕàĺłńěěŋë ć 3 ňěáâăå ł áŕěæĺăńìŋőľ ŕńăáâĺŋłě ďńï ŕőďďěàęăŋĺï ŕőáâőïŋŋëň àăááâőïŋĺï ňěęďã ăŋőďőň ĺ łăâőďőň (4 ňň) ĺ ãňěŋìèěŋĺï íńěłâàőáâăâĺçěáłőčő ĺ čàăćĺâăæĺőŋŋőčő áňěéěŋĺï ŕàőćőńőçěł. Řăááâőïŋĺě ć 8 ňň ňěęďã ŕăŋěńïňĺ äĺłáĺàãěâáï á ŕőňőéìî 9 àăáŕőàł. Ŋăŕàïęěŋĺě ŋă áâàĺŕăå àăáŕàěďěńěŋő âăłĺň őąàăğőň, çâőąë őąěáŕěçĺâì ŋăŕàïęěŋŋőáâì ŕőńï ć ďàěľäőćőň ŕàőňěęãâłě 1 łĆ/áň. Ŕàĺ âăłőň ŕőńě ĺ čăğőćőľ áňěáĺ ĺőŋĺğăæĺőŋŋëě íńěłâàőŋë ďàěľäãîâ áő áłőàőáâìî ∼50 ňłň/ŋá (àĺá. 2.8). Ďńï łőňŕěŋáăæĺĺ ćŋěèŋěčő ňăčŋĺâŋőčő ŕőńï ĺ ŕőďďěàęăŋĺï ŋãęŋőčő ŋăŕàăćńěŋĺï ďàěľäă íńěłâàőŋőć, ŋăŕàïęěŋĺě ŋă áâàĺŕăå ŕő àăğŋëě áâőàőŋë ŕàőňěęãâłă ãáâăŋăćńĺćăěâáï ŋěáĺňňěâàĺçŋëň őąàăğőň.

Řĺá. 2.7: Őąéĺľ ćĺď ďàěľäőćëå łăňěà ãáâăŋőćłĺ NOMAD.

Řĺá. 2.8: Śłőàőáâì ďàěľäă łăł äãŋłæĺï ŋăŕàïęěŋŋőáâĺ íńěłâàĺçěáłőčő ŕőńï ć čăğőćőľ áňěáĺ ăàčőŋ - íâăŋ ŕàĺ ăâňőáäěàŋőň ďăćńěŋĺĺ. Řăğŋëě łàĺćëě áőőâćěâáâćãîâ àăğńĺçŋőňã ŕàőæěŋâŋőňã áőőâŋőèěŋĺî ďńï íâăŋă ć čăğőćőľ áňěáĺ.

Łăł ćĺďŋő ĺğ àĺá. 2.9, ŋěńĺŋěľŋőáâĺ áãéěáâćãîâ ŋă őąőĺå łőŋæăå ďàěľäőćőčő ŕàőňěęãâłă:

• ćąńĺğĺ ăŋőďŋőľ ŕàőćőńőçłĺ ŕőńě ïćńïěâáï æěŋâàăńìŋëň ĺ ŋěŕőáâőïŋŋëň (ć őąńăáâĺ ŕőàïďłă ŋěáłőńìłĺå ňň). Ťńãłâãăæĺĺ ć ŕàőæěááě ŕěàćĺçŋőľ ĺőŋĺğăæĺĺ ŕàĺćőďïâ ł âőňã, çâő ŋă àăááâőïŋĺĺ ±300 ňłň őâ ăŋőďŋőľ ŕàőćőńőçłĺ, ĺğňěàěŋŋőě ćàěňï ďàěľäă ŋě ğăćĺáĺâ őâ àăááâőïŋĺï;

• ŋă łőŋæě ďàěľäőćőčő ŕàőňěęãâłă ŕőâěŋæĺăńìŋăï ŕàőćőńőçłă ŋăåőďĺâáï ŕőď âěň ęě ŋăŕàïęěŋĺěň, çâő ĺ ąńĺğńěęăéĺľ áâàĺŕ. Ć àěğãńìâăâě íńěłâàĺçěáłőě ŕőńě ŕàăłâĺçěáłĺ ĺáçěğăěâ ŋă łàăî ďàěľäőćőčő ŕàőňěęãâłă.

Ŕőŕěàěçŋëě àăğňěàë łăňěà ŕàĺąńĺğĺâěńìŋő 3 × 3 ň^2 ĺ őŋĺ ŕőńŋőáâìî ğăŕőńŋïîâ ŕőńěğŋőě ŕàőáâàăŋáâćő ćŋãâàĺ ňăčŋĺâă. Śãňňăàŋőě çĺáńő łăňěà ć ŕőńŋőň ďěâěłâőàě - 49, çâő áőőâćěâáâćãěâ 147 ŕńőáłőáâïň, áőďěàęăéĺň ∼6500 ŕàőćőńőçěł. Łăňěàë, ŋăåőďïéĺěáï ćŋãâàĺ ňĺèěŋŋőľ çăáâĺ ãáâăŋőćłĺ, őąêěďĺŋïîâáï ć 11 ňőďãńěľ (ĺğ çěâëàěå łăňěà łăęďëľ). Ŕïâì ďőŕőńŋĺâěńìŋëå łăňěà ãáâăŋőćńěŋë ĺŋďĺćĺďãăńìŋő ć őąńăáâĺ ďěâěłâőàă ŕěàěåőďŋőčő ĺğńãçěŋĺï (TRD) ĺ őąěáŕěçĺćăîâ ŕàőáńěęĺćăŋĺě âàěłőć çěàěğ ŕńőáłőáâĺ TRD ďő íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă (ECAL).

Łăęďăï łăňěàă áőőâćěâáâćãěâ 0.02 àăďĺăæĺőŋŋőľ ďńĺŋë. İääěłâĺćŋăï ňăááă áĺáâěňë ďàěľäőćëå łăňěà ć ŕőŕěàěçŋőľ őąńăáâĺ 2.6 × 2.6 ň^2 áőáâăćńïěâ 2.7 â. Łăł ŕőłăğăŋő ć [84], ňĺèěŋŋăï çăáâì ãáâăŋőćłĺ NOMAD ąńĺğłă ł ĺğőáłăńïàŋőľ (Nŕàőâőŋőć : Nŋěľâàőŋőć = 52.4% : 47.6%).

Łăňěàë àăąőâăîâ ŕàĺ ŋăŕàïęěŋĺĺ, ŋă 100 Ć ŕàěćëèăîéěň ŋăçăńő ŕńăâő (èĺàĺŋőľ 200 Ć). Ŕàĺ íâĺå ãáńőćĺïå åăàăłâěàŋăï íääěłâĺćŋőáâì áàăąăâëćăŋĺï ŕàőćőńőçłĺ - 0.97. Őáŋőćŋăï ŕőâěàï íääěłâĺćŋőáâĺ ŕàőĺáåőďĺâ ĺğ-ğă ŕńăáâĺŋőł, ŕőďďěàęĺćăîéĺå ŕàőćőńőçłĺ. Śĺčŋăńë á ŕàőćőńőçěł ŋăŕàăćńïîâáï ć ŕàěďãáĺńĺâěńĺ ĺ ąëáâàëě ďĺáłàĺňĺŋăâőàë, ŕőğćőńïîéĺě àăğďěńěŋĺě âàěłőć ćŕńőâì ďő 1 ňň. Ś ćëåőďă ďĺáłàĺňĺŋăâőàă áĺčŋăń ŋăŕàăćńïěâáï ć TDC Lecroy 1876 á èĺàĺŋőľ ąĺŋă 1 ŋá. TDC ĺğňěàïěâ ćàěňěŋŋőľ ĺŋâěàćăń ć àěęĺňě “common stop”: Δt = t_{stop} − t_{start},

Řĺá. 2.9: Řăáŕàěďěńěŋĺě ćàěňěŋĺ ďàěľäă. čďě t_{start} = t_{interaction} + Δt_{tof} + Δt_{drif t} + Δt_{wire} + Δt_{elect} ŕàĺŋĺňăěâ ćő ćŋĺňăŋĺě ćàěňï ćğăĺňőďěľáâćĺï (t_{interaction}), ćàěňï ŕàőńěâă çăáâĺæë őâ âőçłĺ ćğăĺňőďěľáâćĺï ďő ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ (Δt_{tof} ), ćàěňï ďàěľäă íńěłâàőŋőć (Δt_{drif t}), ćàěňï àăáŕàőáâàăŋěŋĺï áĺčŋăńă ćďőńì ŕàőćőńőçłĺ (Δt_{wire}) ĺ ć ŕőáńěďãîéěľ æěŕĺ íńěłâàőŋĺłĺ (Δt_{elect}). t_{stop} = t_{interaction} + Δt_{tof trig} + Δt_{delay} áőáâőĺâ ĺğ ćàěňěŋĺ ŕàőńěâă çăáâĺæë, ćëğëćăîéěľ áàăąăâëćăŋĺě âàĺččěàă (Δt_{tof trig} ), ĺ ćàěňěŋĺ ğăďěàęłĺ (Δt_{delay} ), ďőáâăâőçŋő ďńĺŋŋőčő, çâőąë áĺčŋăń őáâăŋőćłĺ ŕàĺåőďĺń ŕőáńě ćáěå áĺčŋăńőć ŋăçăńă. Ĺâăł, TDC ĺğňěàïěâ ćàěňï Δt = (Δt_{tof trig} + Δt_{delay}) − (Δt_{tof} + Δt_{drif t} + Δt_{wire} + Δt_{elect}) İâőâ ćàěňěŋŋőľ ĺŋâěàćăń ňőęěâ ąëâì ŕőŕàăćńěŋ ŋă Δt_{elect} ĺ Δt_{wire} (ěáńĺ x łőőàďĺŋăâă áàăąăâëćăŋĺï ĺğćěáâŋă) ďńï ãâőçŋěŋĺï àěăńìŋőčő ćàěňěŋĺ ďàěľäă.

Ůâőąë ćëçĺáńĺâì őâŋőáĺâěńìŋãî (ŕő őâŋőèěŋĺî ł áàăąőâăćèěľ ŕàőćőńőçłě) łőőàďĺŋăâã çăáâĺæë, ŋăďő ŕàěőąàăğőćăâì ćàěňï ďàěľäă ć àăááâőïŋĺě á ŕőňőéìî âăł ŋăğëćăěňőčő áőőâŋőèěŋĺï ćàěňï-àăááâőïŋĺě (time-to-distance relation)^2.

Ć őąéěň áńãçăě łőőàďĺŋăâă c ćëçĺáńïěâáï á ŕőňőéìî c_w łőőàďĺŋăâë ŕàőćőńőçłĺ ĺ ďàěľäőćőčő àăááâőïŋĺï d, łőâőàőě ïćńïěâáï äãŋłæĺěľ ćàěňěŋĺ ďàěľäă Δt_{drif t} ĺ ãčńă ϕ ňěęďã ŋăŕàăćńěŋĺěň âàěłă ć ŕàőěłæĺĺ ŋă ŕńőáłőáâì ŕàőćőńőçěł ĺ ŋăŕàăćńěŋĺěň áłőàőáâĺ ďàěľäă. Ďăńěě, ďàěľäőćőě àăááâőïŋĺě ďőńęŋő ąëâì ńĺąő ďőąăćńěŋő, ńĺąő ćëçâěŋő ĺğ c_w, çâő ĺğćěáâŋő łăł “ććěàå-ćŋĺğ” ŋěőďŋőğŋăçŋőáâì: c = c_w ± d(Δt_{drif t}, ϕ) 2Ăąáőńîâŋăï łőőàďĺŋăâă ćëçĺáńïěâáï, ŕàĺŋĺňăï ćő ćŋĺňăŋĺě ŕőńőęěŋĺě ŕàőćőńőçłĺ ĺ ěě äőàňã.

Ł áőęăńěŋĺî, íâă ŋěőďŋőğŋăçŋőáâì ďőńęŋă ąëâì àăğàěèěŋă ŋă áâăďĺĺ łőŋáâàãĺàőćăŋĺï ĺ äĺâĺàőćăŋĺï âàěłőć.

Śŕěæĺăńìŋăï ŕàőæěďãàă îáâĺàőćłĺ (alignment) [85] ąëńă àăğàăąőâăŋă ďńï ĺğňěàěŋĺï ŕőńőęěŋĺï ĺ äőàňë ŕàőćőńőçěł, áőőâŋőèěŋĺï ćàěňï-àăááâőïŋĺě ĺ ďàãčĺå ăłâãăńìŋëå ćěńĺçĺŋ á ŕőňőéìî ňîőŋőć, ŕěàěáěłăîéĺå ďěâěłâőà NO- MAD.

Ć áĺáâěňě ďàěľäőćëå łăňěà ŕőńőęěŋĺě âàěłă őŕàěďěńïěâáï á ŕőňőéìî ĺğňěàěŋŋőčő ćàěňěŋĺ ďàěľäă ĺ čěőňěâàĺĺ ŕàőćőńőçěł. Alignment ŕàőæěďãàă áőáâőĺâ ć őŕàěďěńěŋĺĺ ćáěå ćěńĺçĺŋ, łőâőàëě ĺáŕőńìğãîâáï ŕàĺ íâĺå ćëçĺáńěŋĺïå:

• čěőňěâàĺï ŕàőćőńőçěł ĺ ĺå äőàňă;

• áőőâŋőèěŋĺě ćàěňï-àăááâőïŋĺě ĺ ěčő ğăćĺáĺňőáâì őâ ãčńă, ŕőď łőâőàëň âàěł ŕěàěáěłăěâ ďàěľäőćëľ ŕàőňěęãâőł;

• áĺáâěňăâĺçěáłĺě íääěłâë, ćńĺïîéĺě ŋă ĺğňěàěŋĺě ćàěňěŋĺ ďàěľäă ŕőáàěďáâćőň TDC.

Ć ŋăèěľ áĺáâěňě ďàěľäőćëå łăňěà ćàěňï àăáŕàőáâàăŋěŋĺï áĺčŋăńă ć æěŕĺ íńěłâàőŋĺłĺ (Δt_{elect}) ňőęěâ ć ŕàĺŋæĺŕě ĺğňěàïâìáï á ŕőňőéìî áŕěæĺăńìŋőľ ĺňŕãńìáŋőľ áĺáâěňë, áőáâőïéěľ ĺğ čěŋěàăâőàă ĺňŕãńìáőć, áĺčŋăńë őâ łőâőàőčő ŕőďăîâáï ŋă áĺčŋăńìŋëě ŕàőćőńőçłĺ ďàěľäőćëå łăňěà. İâă áĺáâěňă âăłęě ĺáŕőńìğãěâáï, çâőąë ŕàőćěàĺâì, çâő őąőàãďőćăŋĺě äãŋłæĺőŋĺàãěâ ŕàăćĺńìŋő. Ŕőďăçă ∼1000 ĺňŕãńìáőć ŕőğćőńïěâ ćëçĺáńĺâì áàěďŋěě ćàěňï àăáŕàőáâàăŋěŋĺï áĺčŋăńă ć ďăŋŋőľ íńěłâàőŋŋőľ æěŕĺ á ŋěőąåőďĺňőľ âőçŋőáâìî ĺ ŋăľâĺ ŋěàăąőâăîéĺě łăŋăńë.

Śłőàőáâì àăáŕàőáâàăŋěŋĺï áĺčŋăńă ćďőńì ŕàőćőńőçłĺ ąëńă ĺğňěàěŋă, ĺáŕőńìğãï íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě, ĺ áőáâăćńïěâ 26 áň/ŋá. Ğŋăŋĺě íâőľ áłőàőáâĺ ŕőğćőńïěâ ććěáâĺ ŕőŕàăćłã ŋă ćàěňï àăáŕàőáâàăŋěŋĺï áĺčŋăńă ćďőńì ŕàőćőńőçłĺ (Δt_{wire}) ć áńãçăě, ěáńĺ ĺğćěáâŋă x łőőàďĺŋăâă ŕàőåőęďěŋĺï âàěłă.

Šăł łăł ŕńőáłőáâĺ ďàěľäőćëå łăňěà ňőčãâ àăąőâăâì ŕàĺ àăğŋëå ãáńőćĺïå (čăğőćăï áňěáì^3, ŋăŕàïęěŋĺě), ąëńő àěèěŋő őŕàěďěńïâì áőőâŋőèěŋĺě ćàěňïàăááâőïŋĺě ďńï łăęďőľ ĺğ ŋĺå ŋěğăćĺáĺňő. Śâőĺâ ĺňěâì ć ćĺďã, çâő âőçŋőě őŕàěďěńěŋĺě áłőàőáâĺ ďàěľäă^4 ïćńïěâáï łàăľŋě ćăęŋőľ ğăďăçěľ ŕőáłőńìłã őèĺąłă ŕőàïďłă őďŋőčő ŕàőæěŋâă ňőęěâ ŕàĺćőďĺâì ł áĺáâěňăâĺçěáłőňã áďćĺčã ć őŕàěďěńěŋĺĺ ŕàőáâàăŋáâćěŋŋőľ łőőàďĺŋăâë ŕőàïďłă ŋěáłőńìłĺå áőâěŋ ňĺłàőŋ (d_{max} ·^{Δv}_v = 3.2áň · 0.01 ≈ 300ňłň).

Čńőąăńìŋăï ŕàőæěďãàă alignment ĺáŕőńìğãěâ ćőááâăŋőćńěŋŋőě őâłńőŋěŋĺě (residual), âő ěáâì àăááâőïŋĺě ňěęďã őâáçěâőň ĺ âàěłőň (á ãçěâőň ğŋăłă) ĺ ŕëâăěâáï ňĺŋĺňĺğĺàőćăâì ńîąőě áĺáâěňăâĺçěáłőě áňěéěŋĺě (áňőâàĺ ďěâăńìŋőě őŕĺáăŋĺě ć [86]). Ğăâěň ććőďĺâáï ŕőŕàăćłă ŋă ćáě ćăęŋëě ŕăàăňěâàë ĺ ŕàőæěáá àěłőŋáâàãłæĺĺ ŕőćâőàïěâáï áŋőćă. İâă ĺâěàăæĺőŋŋăï ŕàőæěďãàă ŕőćâőàïěâáï ŋěáłőńìłő àăğ (âĺŕĺçŋăï ćěńĺçĺŋă ∼15) ďő âěå ŕőà, ŕőłă àěğãńìâăâë ŋě áâăąĺńĺğĺàãîâáï.

Ŕàőæěáá àěłőŋáâàãłæĺĺ âàěłőć ć ďàěľäőćëå łăňěàăå ãŕàăćńïěâáï ąőńìèĺň łőńĺçěáâćőň ŕăàăňěâàőć, áàěďĺ łőâőàëå 2 őłăğëćăîâ ŋěŕőáàěďáâćěŋŋőě ćńĺïŋĺě ŋă residual âàěłőć: èĺàĺŋă ďőàőęłĺ ďńï áąőàă őâáçěâőć ŕàĺ ŕőáâàőěŋĺĺ âàěłőć ĺ ďőŕãáâĺňőě ŕàĺàăéěŋĺě χ^2 ŕàĺ ďőąăćńěŋĺĺ őâáçěâă ć ŕàőæěááě íłáâàăŕőńïæĺĺ âàěłă. İâĺ ŕăàăňěâàë ňőčńĺ ŕàĺŋĺňăâì àăğńĺçŋëě ğŋăçěŋĺï ŋă àăğŋëå íâăŕăå ĺâěàăæĺőŋŋőľ ŕàőæěďãàë.

Řăáŕàěďěńěŋĺě őâłńőŋěŋĺľ (residual), ŕőńãçěŋŋőě ŕőáńě âéăâěńìŋőľ ŕàőæěďãàë alignment ŕő őŕàěďěńěŋĺî čěőňěâàĺĺ ŕàőćőńőçěł ĺ áőőâŋőèěŋĺï ćàěňï-

3Ĺğ-ğă àăğŋőčő ãàőćŋï ãâěçěł čăğă.

4Ŋĺłăłőľ ğăćĺáĺňőáâĺ áłőàőáâĺ ďàěľäă őâ ŋăńĺçĺï ňăčŋĺâŋőčő ŕőńï (ŕőáńě ŕàĺňěŋěŋĺï łőňŕěŋáĺàãîéěčő ŋăŕàïęěŋĺï ŋă áâàĺŕăå) ŋě ąëńő őąŋăàãęěŋő ć ŋăèĺå ďăŋŋëå.

Řĺá. 2.10: Řăááâőïŋĺě ňěęďã őâáçěâőň ĺ âàěłőň ŕőáńě àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå.

Řĺá. 2.11: Ğăćĺáĺňőáâì àăğàěèěŋĺï ďàěľäőćëå łăňěà őâ ďàěľäőćőčő àăááâőïŋĺï ĺ ãčńă.

Řĺá. 2.12: Őŕàěďěńěŋĺě łńăááőć áőąëâĺľ, łőâőàőě ąëńő ĺáŕőńìğőćăŋő ďńï ĺğãçěŋĺï íääěłâĺćŋőáâĺ ďàěľäőćëå łăňěà (áň. âěłáâ).

àăááâőïŋĺě, ŕàĺćěďěŋő ŋă àĺá. 2.10. Ÿĺàĺŋă íâőčő àăáŕàěďěńěŋĺï ∼150 ňłň ŕőďâćěàęďăěâ åőàőèěě ŕàőáâàăŋáâćěŋŋőě àăğàěèěŋĺě áĺáâěňë ďàěľäőćëå łăňěà ãáâăŋőćłĺ NOMAD. Ğăćĺáĺňőáâì àăğàěèěŋĺï őâ ďàěľäőćőčő àăááâőïŋĺï ĺ ãčńă ŕőłăğăŋă ŋă àĺá. 2.11.

İääěłâĺćŋőáâì ďàěľäőćëå łăňěà ĺ ěě ğăćĺáĺňőáâì őâ ãčńă ĺ ňěáâőŕőńőęěŋĺï âàěłă ćŋãâàĺ ďàěľäőćőčő ŕàőňěęãâłă ąëńă âéăâěńìŋő ĺğãçěŋă á ŕőňőéìî ňîőŋőć, ŕěàěáěłăîéĺå ďěâěłâőà ňěęďã ďćãňï ŋěľâàĺŋŋëňĺ áąàőáăňĺ [87]. Řăááňăâàĺćăîâáï ćáě ŕńőáłőáâĺ ďàěľäőćëå łăňěà, ŕěàěáěłăěňëě âàěłőň. Ć łăęďőľ ĺğ ŕńőáłőáâěľ őŕàěďěńïěâáï ďàěľäőćëľ ŕàőňěęãâőł, ŕěàěáěłăěňëľ âàěłőň. Śőąëâĺï łńăááĺäĺæĺàãîâáï ĺ ŕőďàăğďěńïîâáï ŋă 4 łăâěčőàĺĺ ć áőőâćěâáâćĺĺ á őŕàěďěńěŋĺěň, ŕàěďáâăćńěŋŋëň ŋă àĺá. 2.12. Śőąëâĺï ŕěàćőčő łńăááă (TYP=0): ć ďàěľäőćőň ŕàőňěęãâłě, ŕěàěáěłăěňőň âàěłőň, ěáâì őâáçěâ ĺ őŋ ŋăåőďĺâáï ć ŕàěďěńăå 3σ (čďě σ ćłńîçăěâ ć áěąï àăğàěèěŋĺě ďàěľäőćëå łăňěà ĺ íääěłâ ňŋőčőłàăâŋőčő àăááěïŋĺï) őâ ŕàěďáłăğăŋŋőčő ŕőńőęěŋĺï âàěłă ć íâőľ ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ. Śőąëâĺï ćâőàőčő âĺŕă (TYP=1): ć áőőâćěâáâćãîéěň ďàěľäőćőň ŕàőňěęãâłě ěáâì őâáçěâ, ŋě ćłńîçěŋŋëľ ć âàěł, âăł łăł őŋ ńěęĺâ ŋă àăááâőïŋĺĺ ąőńìèě 3σ őâ ŕàěďáłăğăŋŋőčő ŕőńőęěŋĺï âàěłă. Śőąëâĺï âàěâìěčő łńăááă (TYP=2): ć ďàěľäőćőň ŕàőňěęãâłě, ŕěàěáěłăěňőň âàěłőň, ŋěâ őâáçěâă, ŋő áãéěáâćãěâ őâáçěâ ć ąńĺğńěęăéěň ďàěľäőćőň ŕàőňěęãâłě, ĺńĺ őŋ ŋăåőďĺâáï ąńĺęě ł ŕàěďáłăğăŋŋőňã ŕőńőęěŋĺî âàěłă, çěň ďàãčőľ őâáçěâ ć ŕěàěáěłăěňőň ŕàőňěęãâłě. Śőąëâĺï ŕőáńěďŋěčő âĺŕă (TYP=3) ŋě áőďěàęăâ őâáçěâőć ŋĺ ć ŕěàěáěłăěňőň, ŋĺ ć ąńĺğńěęăéěň ďàěľäőćőň ŕàőňěęãâłě.

Ś ŕőňőéìî íâőľ łńăááĺäĺłăæĺĺ ňë ňőęěň őŕàěďěńĺâì ňĺŋĺňăńìŋãî ĺ ňăłáĺňăńìŋãî íääěłâĺćŋőáâĺ: ε_{min} = áőąëâĺï TYP=0 ćáě áőąëâĺï ε_{max} = áőąëâĺï TYP=0,1,2 ćáě áőąëâĺï Ŋěíääěłâĺćŋőáâì (1-ε_{min}) ąëńă ćëçĺáńěŋă łăł äãŋłæĺï x-łőőàďĺŋăâë (ćďőńì ŕàőćőńőçłĺ). Řěğãńìâăâë ŕőłăğăŋë ŋă àĺá. 2.13. İâő àăáŕàěďěńěŋĺě ňőęěâ

Řĺá. 2.13: Ŋěíääěłâĺćŋőáâì (1-ε_{min}) łăł äãŋłæĺï x-łőőàďĺŋăâë (ćďőńì ŕàőćőńőçłĺ). Ŕĺłĺ áőőâćěâáâćãîâ ŕńăáâĺŋłăň ďńï äĺłáăæĺĺ ŕàőćőńőçěł. İâő àăáŕàěďěńěŋĺě ňőęěâ ąëâì åőàőèő őŕĺáăŋő á ŕőňőéìî ŕőáâőïŋŋőľ ŕőďńőęłĺ (≈ 2.4%) ĺ âàěå àăáŕàěďěńěŋĺľ Čăãááă á èĺàĺŋőľ ≈ 6 ňň, àăáŕőńőęěŋŋëå ć ňěáâăå, áőőâćěâáâćãîéĺå ŕőńőęěŋĺïň ŕńăáâĺŋőł ďńï äĺłáăæĺĺ ŕàőćőńőçěł. Ŋěąőńìèĺě ğőŋë ŋěíääěłâĺćŋőáâĺ ćő ćâőàőľ (pl1) ĺ âàěâìěľ (pl2) ŕńőáłőáâïå áőőâćěâáâćãîâ àăáŕőàłăň ďńï ŕőďďěàęłĺ łăňěà.

ąëâì åőàőèő őŕĺáăŋő á ŕőňőéìî ŕőáâőïŋŋőľ ŕőďńőęłĺ (≈ 2.4%) ĺ âàěå àăáŕàěďěńěŋĺľ Čăãááă á èĺàĺŋőľ ≈ 6 ňň, àăáŕőńőęěŋŋëå ć ňěáâăå, áőőâćěâáâćãîéĺå ŕőńőęěŋĺïň ŕńăáâĺŋőł ďńï äĺłáăæĺĺ ŕàőćőńőçěł. Šăłĺň őąàăğőň, ňőęŋő ğăłńîçĺâì, íâő íääěłâĺćŋőáâì ć őąńăáâĺ ňěęďã íâĺňĺ ŕńăáâĺŋłăňĺ áőáâăćńïěâ ε_{min} ≈ 97.6%, çâő áőőâćěâáâćãěâ ŋăèĺň őęĺďăŋĺïň. Őáŋőćŋăï ŋěíääěłâĺćŋőáâì ćëğćăŋă ŋăńĺçĺěň ŕńăáâĺŋőł ďńï äĺłáăæĺĺ ŕàőćőńőçěł.

Ďăńìŋěľèĺľ ăŋăńĺğ ŕőłăğăń, çâő őáŋőćŋăï ŕőâěàï íääěłâĺćŋőáâĺ ćőğŋĺłăěâ ŋě ĺğ-ğă őâáãâáâćĺï őâáçěâă ć ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ, ă ĺğ-ğă ŋěčăãááőőąàăğŋëå åćőáâőć ć àăáŕàěďěńěŋĺïå residual. Ěáńĺ ĺáŕőńìğőćăâì ąőńěě èĺàőłãî ďőàőęłã ďńï ŕőĺáłă őâáçěâőć ŕàĺ àěłőŋáâàãłæĺĺ âàěłőć, âő ňăłáĺňăńìŋăï íääěłâĺćŋőáâì łăňěà ďőáâĺčăěâ ε_{max} ≈ 99.7%.

Ňőęŋő ĺğãçĺâì őąńăáâĺ ŋěíääěłâĺćŋőáâĺ ćŋãâàĺ ďàěľäőćőčő ŕàőňěęãâłă (àĺá. 2.14), çâőąë ŕàőćěàĺâì ŕàăćĺńìŋő ńĺ ňë ŕőŋĺňăěň ŕőćěďěŋĺě ďàěľäőćëå íńěłâàőŋőć. Ěďĺŋáâćěŋŋëľ âĺŕ áőąëâĺľ, áőőâćěâáâćãîéĺľ ŕőńŋőľ ŕőâěàě áĺčŋăńă - íâő (type=3) áőąëâĺï. Ŋěíääěłâĺćŋőáâì ĺğňěŋïěâáï őâ ≈ 0.1% ć ŋăçăńě ďàěľäőćőčő ŕàőňěęãâłă ďő ≈ 1% ŋă ěčő łőŋæě. Ňőęŋő őâňěâĺâì, çâő ŕőâěàï íääěłâĺćŋőáâĺ ć ŕěàćőň ąĺŋě ďńï (type=0) áőąëâĺľ ňőęěâ ąëâì łőňŕěŋáĺàőćăŋő ďőąăćńěŋĺěň áőąëâĺľ (type=1) łńăááă, çâő őąêïáŋïěâáï ŋăńĺçĺěň ąőńìèĺå ŋěčăãááőőąàăğŋëå åćőáâőć ć àăáŕàěďěńěŋĺĺ residual, őáőąěŋŋő ć őąńăáâĺ ćąńĺğĺ áĺčŋăńìŋőľ ŕàőćőńőçłĺ. Łăł ĺ őęĺďăńőáì, áőąëâĺï (type=2) łńăááă áőőâćěâáâćãîâ âàěłăň, ŕěàěáěłăîéĺň łàăľ ďàěľäőćőčő ŕàőňěęãâłă.

Ł áőęăńěŋĺî, áãéěáâćãîâ ďàãčĺě ăŕŕăàăâŋëě íääěłâë, łőâőàëě ňőčãâ ŕàĺćőďĺâì ł ŕőâěàě íääěłâĺćŋőáâĺ: ŕńőáłőáâĺ, ŋă łőâőàëå ŕàőĺğőèńő łőàőâłőě ğăňëłăŋĺě ňěęďã áâàĺŕăňĺ, ŕàĺèńőáì őâáőěďĺŋĺâì ŕőâěŋæĺăńìŋãî ŕàőćőńőçłã, ĺńĺ ŕàőĺğőèńő áňěéěŋĺě áĺčŋăńìŋőľ ŕàőćőńőçłĺ őâŋőáĺâěńìŋő ąńĺğńěęăéěčő áâàĺŕă. İâĺ íääěłâë ąëńĺ ĺğãçěŋë, ĺ áďěńăŋë áńěďãîéĺě ćëćőďë (áňőâàĺ àĺá. 2.15):

- łőàőâłőě ğăňëłăŋĺě ňěęďã áâàĺŕăňĺ: ŕőâěàï íääěłâĺćŋőáâĺ ≈ 42%, - őâáőěďĺŋěŋŋăï ŕőâěŋæĺăńìŋăï ŕàőćőńőçłă: ŕőâěàï íääěłâĺćŋőáâĺ ≈ 12%; - áňěéěŋĺě áĺčŋăńìŋőľ ŕàőćőńőçłĺ őâŋőáĺâěńìŋő ąńĺğńěęăéěčő áâàĺŕă: ŕőâěàï íääěłâĺćŋőáâĺ ≈ 10 ÷ 15%.

Ůâőąë ŕàőĺńńîáâàĺàőćăâì łăçěáâćő àăąőâë ďàěľäőćëå łăňěà ãáâăŋőćłĺ NOMAD, àăááňőâàĺň őąéãî áĺâãăæĺî, łőâőàăï áńőęĺńăáì ć ’96 čőďã ćő ćàěňï ŋăąőàă ďăŋŋëå: ĺğ 147 ŕńőáłőáâěľ 1 ĺńĺ 2 ąëńĺ ćëłńîçěŋë ĺğ-ğă áãéěáâćěŋŋëå ŋěŕőńăďőł (łăł, ŋăŕàĺňěà, ŕőàćăŋŋăï ŕàőćőńőçłă), 2 ĺńĺ 3 ŕńőáłőáâĺ ĺňěńĺ łőàőâłőě ğăňëłăŋĺě ňěęďã áâàĺŕăňĺ ĺ ć 3 ŕńőáłőáâïå ąëńĺ őâáőěďĺŋěŋë ŕőâěŋæĺăńìŋëě ŕàőćőńőçłĺ.

Ŕőâěŋæĺăńìŋăï ŕàőąńěňă, áćïğăŋŋăï á őâłńĺłőň ďàěľäőćëå łăňěà - íâő ŋăńĺçĺě ňŋőčőłàăâŋëå áàăąăâëćăŋĺľ (afterpulses): â.ě. őâáçěâ ňőęěâ áőŕàőćőęďăâìáï őďŋĺň ĺńĺ ŋěáłőńìłĺňĺ áàăąăâëćăŋĺïňĺ ŋă âőľ ęě ŕàőćőńőçłě [88]. Ěáńĺ ŕőáâàőĺâì àăáŕàěďěńěŋĺě àăğŋőáâĺ ňěęďã ćàěňěŋěň áàăąăâëćăŋĺï ďńï őâçěâă, ćłńîçěŋŋőčő ć ďăŋŋëľ âàěł, ĺ ćàěňěŋěň áàăąăâëćăŋĺï ďńï ďàãčőčő őâáçěâă ŋă íâőľ ŕàőćőńőçłě, âő ŕőńãçĺâáï àăáŕàěďěńěŋĺě, ŕàĺćěďěŋŋőě ŋă (àĺá. 2.16, ńěćő). §áŋő ćĺďŋë ďćě őáŋőćŋëě łőňŕőŋěŋâë ć íâőň àăáŕàěďěńěŋĺĺ: ŕěàćăï ĺğ ŋĺå áĺňňěâàĺçŋă, ă ćâőàăï łőŋæěŋâàĺàãěâáï ć őąńăáâĺ ∼ 50 ŋá ŕőáńě ŕěàćőčő áàăąăâëćăŋĺï. Ŕěàćăï łőňŕőŋěŋâă ąëńă ăááőæĺĺàőćăŋă á ĺáŕãáłăŋĺěň ŋĺğłőíŋěàčěâĺçŋëå δ-íńěłâàőŋőć, łőâőàëě ŕàĺćőďïâ ł ŕőïćńěŋĺî áńãçăľŋëå áàăąăâëćăŋĺľ ć ďàěľäőćőň ŕàőňěęãâłě, ŕěàěáěłăěňőň âàěłőň. Ćâőàăï łőňŕőŋěŋâă áőőâćěâáâćãěâ àăğňăğëćăŋĺî íńěłâàőŋŋőčő őąńăłă áőáâőïéěčő ĺğ ŋěáłőńìłĺå łńăáâěàőć, łőâőàëě ňőčãâ ćëğćăâì ŕőćâőàŋőě áàăąăâëćăŋĺě ŕőáńě àěčĺáâàăæĺĺ ŕěàćőčő íńěłâàőŋă.

Ŕőáńě ćëçĺâăŋĺï áĺňňěâàĺçŋőľ çăáâĺ ŕőńãçăěň áńěďãîéěě àăáŕàěďěńěŋĺě (àĺá. 2.16, ŕàăćő). Ďőŕőńŋĺâěńìŋăï âàãďŋőáâì áćïğăŋă á âěň, çâő łőńĺçěáâćő ŕőćâőàŋëå áàăąăâëćăŋĺľ ğăćĺáĺâ őâ ãčńă ĺ ŕőńőęěŋĺï âàěłă ć ďàěľäőćőň ŕàő-

Řĺá. 2.14: Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ őâ ŕőńőęěŋĺï âàěłă ćŋãâàĺ ďàěľäőćőčő ŕàőňěęãâłă. Őąńăáâĺ ŋěíääěłâĺćŋőáâĺ, łăł ĺ őęĺďăńőáì, ŋăåőďïâáï ŋă łàăïå ďàěľäőćőčő ŕàőňěęãâłă.

Řĺá. 2.15: Ŕàĺňěàë ŕőâěàĺ íääěłâĺćŋőáâĺ ć ďàěľäőćëå łăňěàăå. Śŕńőèŋăï čőàĺğőŋâăńìŋăï ńĺŋĺï áőőâćěâáâćãěâ ãàőćŋî íääěłâĺćŋőáâĺ ďńï ŋőàňăńìŋëå łăňěà ε = 0.98. Ğăèâàĺåőćăŋŋëě ğőŋë áőőâćěâáâćãîâ àăğńĺçŋëň łăâőďŋëň áâàĺŕăň. Ňë ňőęěň ãâćěàęďăâì, çâő (1) ďńï ŕńőáłőáâěľ á łőàőâłĺň ğăňëłăŋĺěň ňěęďã áâàĺŕăňĺ: ŕőâěàï íääěłâĺćŋőáâĺ ≈ 42%;

(2) ďńï ŕńőáłőáâěľ á őâáőěďĺŋěŋŋëňĺ ŕőâěŋæĺăńìŋëňĺ ŕàőćőńőçłăňĺ: ŕőâěàï íääěłâĺćŋőáâĺ ≈ 12%;

(3) áňěéěŋĺě áĺčŋăńìŋőľ ŕàőćőńőçłĺ őâŋőáĺâěńìŋő ąńĺğńěęăéěčő áâàĺŕă: ŕőâěàï íääěłâĺćŋőáâĺ ≈ 10 ÷ 15%.

Řĺá. 2.16: Ŕàĺňěà ćàěňěŋŋőčő ĺŋâěàćăńă (ć ŋá) ňěęďã őâáçěâőň, ćłńîçěŋŋëň ć âàěł, ĺ ďàãčĺň áàăąăâëćăŋĺěň ŋă âőľ ęě ŕàőćőńőçłě ďő (áńěćă) ĺ ŕőáńě (áŕàăćă) ćëçĺâăŋĺï áĺňňěâàĺçŋőčő ćłńăďă őâ δ-íńěłâàőŋőć.

ňěęãâłě. Ĺğãçěŋĺě íâőčő íääěłâă ŕőğćőńĺńő ćłńîçĺâì ěčő ć ŕàőčàăňňã ňőďěńĺàőćăŋĺï őâłńĺłă ďàěľäőćëå łăňěà.

Ğŋăŋĺï, ŋăłőŕńěŋŋëě ć ŕàőæěááě ĺğãçěŋĺï àăğàěèěŋĺï, íääěłâĺćŋőáâĺ ĺ íääěłâă ňŋőčőłàăâŋëå áàăąăâëćăŋĺľ, ąëńĺ ĺáŕőńìğőćăŋë ŕàĺ àăąőâě ŕàőčàăňňë àěłőŋáâàãłæĺĺ âàěłőć ć ďàěľäőćëå łăňěàăå. Ğăćĺáĺňőáâì àăğàěèěŋĺï őâ ďàěľäőćőčő àăááâőïŋĺï ĺ ãčńă ąëńă ŕăàăňěâàĺğőćăŋă ĺ ĺáŕőńìğőćăŋă ŋă áâăďĺĺ ŕőĺáłă ĺ äĺâĺàőćăŋĺï âàěłőć. Śŕěæĺăńìŋëľ äĺńìâà ďńï ŕőďăćńěŋĺï ňŋőčőłàăâŋëå áàăąăâëćăŋĺľ ąëń àăğàăąőâăŋ ĺ ŕàĺňěŋěŋ ŋă íâăŕě őâąőàă ŕőńěğŋëå őâáçěâőć.

Šőçŋőáâì ćőááâăŋőćńěŋĺï ĺňŕãńìáă ć ďàěľäőćëå łăňěàăå ïćńïěâáï äãŋłæĺěľ ĺňŕãńìáă ĺ ďńĺŋë âàěłă. Ďńï ğăàïęěŋŋëå ăďàőŋőć ĺ ňîőŋőć, ŕěàěáěłăîéĺå ďěâěłâőà ŕěàŕěŋďĺłãńïàŋő ŕńőáłőáâĺ łăňěà, àăğàěèěŋĺě ŕő ĺňŕãńìáã ňőęěâ ąëâì ŕăàăňěâàĺğőćăŋő: σ_p p ≈ 0.05 √ L ⊕ 0.008 × p √ L^5

čďě p - ĺňŕãńìá âàěłă ć ČíĆ ĺ L - ěčő ďńĺŋă ć ň. Ŕěàćëľ çńěŋ ïćńïěâáï ćłńăďőň őâ ňŋőčőłàăâŋőčő àăááěïŋĺï, âőčďă łăł ćâőàőľ őŕàěďěńïěâáï ŕàőáâàăŋáâćěŋŋëň àăğàěèěŋĺěň łăňěà. Ďńï âàěłă á ĺňŕãńìáőň 10 ČíĆ, ćłńăď őâ ňŋőčőłàăâŋőčő àăááěïŋĺï ïćńïěâáï ďőňĺŋĺàãîéĺň, ěáńĺ ďńĺŋă âàěłă ŕàěćëèăěâ 1.3 ň.

Ŋă àĺá. 2.17 ŕàěďáâăćńěŋă ğăćĺáĺňőáâì âőçŋőáâĺ ćőááâăŋőćńěŋĺï ĺňŕãńìáă őâ ďńĺŋë âàěłă, ŕőńãçěŋŋăï ďńï àěăńìŋëå ďăŋŋëå. Ć ĺŋâěàěáãîéěľ ŋăá őąńăáâĺ ĺňŕãńìáőć (2 < p(ČíĆ) < 10) àăğàěèěŋĺě ŕő ĺňŕãńìáã ďőáâĺčăěâ 3.5%.

Ďńï íńěłâàőŋőć âőçŋőě ćőááâăŋőćńěŋĺě ĺňŕãńìáă ïćńïěâáï ąőńěě âàãďŋőľ ğăďăçěľ ĺğ-ğă ŋăńĺçĺï íääěłâă âőàňőğŋőčő ĺğńãçěŋĺï, çâő ňőęěâ ŕàĺćőďĺâì ł àěğłőňã ĺğňěŋěŋĺî łàĺćĺğŋë âàăěłâőàĺĺ ć âőçłě ĺáŕãáłăŋĺï äőâőŋă. Ć íâőň áńãçăě ĺňŕãńìáŋőě àăğàěèěŋĺě ãåãďèăěâáï, ĺ ďńï âőçŋőčő ćőááâăŋőćńěŋĺï ĺňŕãńìáă íńěłâàőŋă ĺáŕőńìğãěâáï ăńčőàĺâň, łőňąĺŋĺàãîéĺľ ĺŋäőàňăæĺî ďàěľäőćëå łăňěà á ĺğňěàěŋĺïňĺ ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě, łőâőàëľ ąãďěâ őŕĺáăŋ ć ďăńìŋěľèěň.

Řĺá. 2.17: Řăğàěèěŋĺě ŕő ĺňŕãńìáã łăł äãŋłæĺï ďńĺŋë âàěłă (çĺáńő őâáçěâőć ć íääěłâĺćŋőň őąêěňě ďàěľäőćëå łăňěà).

Řĺá. 2.18: Śåěňăâĺçěáłĺľ ćĺď áćěàåã ŋă TRD ňőďãńì.

2.3.4 Šàĺččěàŋëě ŕńőáłőáâĺ

Ďćě âàĺččěàŋëě ŕńőáłőáâĺ ãáâăŋőćńěŋë ć ďěâěłâőàě NOMAD ďńï őâąőàă ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć íääěłâĺćŋőň őąêěňě ãáâăŋőćłĺ. Ŕěàćăï ŕńőáłőáâì (T_1) áńěďãěâ ğă ăłâĺćŋőľ ňĺèěŋìî, ă ćâőàăï (T_2) àăáŕőńőęěŋă áàăğã ğă őąńăáâìî TRD. Őąě ŕńőáłőáâĺ ŕěàěłàëćăîâ őąńăáâì 280 áň×286 áň ĺ áőáâőïâ ĺğ 32 áæĺŋâĺńńïæĺőŋŋëå áçěâçĺłőć, ŕàőáňăâàĺćăěňëå äőâőãňŋőęĺâěńïňĺ á őďŋőľ áâőàőŋë. Śæĺŋâĺńńïâőàë ĺňěîâ âőńéĺŋã 0.5 áň ĺ èĺàĺŋã 19.9 áň. Ďćăďæăâì ćőáěňì áçěâçĺłőć ãáâăŋőćńěŋë čőàĺğőŋâăńìŋő ĺ ĺňěîâ ďńĺŋã 124 áň. Ďńï ãćěńĺçěŋĺï őąńăáâĺ íääěłâĺćŋőáâĺ âàĺččěàă, çěâëàě áçěâçĺłă ďńĺŋőľ 130 áň ãáâăŋőćńěŋë ćěàâĺłăńìŋő ĺ ŕěàěłàëćăîâ áĺáâěňã áćěâőáąőàă čőàĺğőŋâăńìŋëå áçěâçĺłőć.

Śæĺŋâĺńńïâőàë ŕàőáňăâàĺćăîâáï äőâőãňŋőęĺâěńïňĺ (á ćàěňěŋŋëň àăğàěèěŋĺěň 1 ŋá), łőâőàëě őàĺěŋâĺàőćăŋë ŕăàăńńěńìŋő ňăčŋĺâŋőňã ŕőńî. Ŕőńě ć 0.4 Š ãňěŋìèăěâ őâłńĺł íâĺå äőâőãňŋőęĺâěńěľ âőńìłő ŋă 30%.

Śőćŕăďěŋĺě áĺčŋăńőć á őąěĺå ŕńőáłőáâěľ ŋěőąåőďĺňő ďńï ŕőńěğŋőčő âàĺččěàă.

Śàěďŋïï íääěłâĺćŋőáâì âàĺččěàŋëå áçěâçĺłőć őŕàěďěńěŋă á ĺáŕőńìğőćăŋĺěň íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ĺ áőőâćěâáâćãěâ (97.5 ± 0.1)% [89].

2.3.5 Ďěâěłâőà ŕěàěåőďŋőčő ĺğńãçěŋĺï

Ďěâěłâőà ŕěàěåőďŋőčő ĺğńãçěŋĺï (Transition Radiation Detector - TRD) [90] àăğàăąăâëćăńáï ďńï őâďěńěŋĺï íńěłâàőŋőć őâ ăďàőŋőć á ãàőćŋěň ŕőďăćńěŋĺï äőŋă ńãçèě 10^3 ŕàĺ 90% íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć. Ďěâěłâőà ãáâăŋőćńěŋ áàăğã ŕőáńě ŕěàćőľ âàĺččěàŋőľ ŕńőáłőáâĺ ĺ áőáâőĺâ ĺğ 9 ĺŋďĺćĺďãăńìŋëå ňőďãńěľ. Łăęďëľ ĺğ ŋĺå ćłńîçăěâ àăďĺăâőà, áőŕàőćőęďăîéĺľáï ďěâěłâĺàãîéěľ ŕńőáłőáâìî. Ŕěàćëě 8 TRD ňőďãńěľ áŕăàěŋë ć 4 ďãąńěâă.

Ůâőąë őąěáŕěçĺâì âőçŋãî íłáâàăŕőńïæĺî âàěłőć ĺğ ňĺèěŋŋëå ďàěľäőćëå łăňěà ć łăńőàĺňěâà, ŕïâì ďőŕőńŋĺâěńìŋëå ďàěľäőćëå łăňěà ŕőňěéăîâáï ć őąńăáâĺ TRD: őďŋă ŕőáńě łăęďőčő TRD ďãąńěâă ĺ őďŋă ŕőáńě ŕőáńěďŋěčő ňőďãńï TRD, áňőâàĺ àĺáãŋłĺ 2.2 ĺ 2.3.

Łőŋäĺčãàăæĺï ďěâěłâőàă ąëńă őŕâĺňĺğĺàőćăŋă, ŕàĺŋĺňăï ćő ćŋĺňăŋĺě ďćă őáŋőćŋëå íłáŕěàĺňěŋâăńìŋëå őčàăŋĺçěŋĺï: őčàăŋĺçěŋŋőě ŕàőďőńìŋőě ŕàőáâàăŋáâćő ćŋãâàĺ ňăčŋĺâă ĺ ňěŋěě çěň 1% àăďĺăæĺőŋŋőľ ďńĺŋë ŋă łăęďëľ ňőďãńì^5 TRD. Őłőŋçăâěńìŋëľ ďĺğăľŋ TRD ňőďãńï ïćńïěâáï áńěďãîéĺň (áňőâàĺ àĺá. 2.18):

5Ňěŋìèě çěň 2% X_0 ňěęďã ďćãňï ĺğňěàĺâěńìŋëňĺ ŕńőáłőáâïňĺ ďàěľäőćëå łăňěà.

• àăďĺăâőà ŕàěďáâăćńïěâ áőąőľ ŋăąőà ĺğ 315 ŕőńĺŕàőŕĺńěŋőćëå áńőěć äőńìčĺ, ĺňěîéĺå âőńéĺŋã 15 ňłň ĺ ŕőŕěàěçŋëě àăğňěàë 3×3 ň^2, àăğďěńěŋŋëå 250 ňłň ćőğďãèŋëňĺ ŕàőňěęãâłăňĺ. Śńőĺ ğăłàěŕńïîâáï ŋă ăńîňĺŋĺěćőň łăàłăáě ĺ čàăćĺàãîâáï ďńï őąěáŕěçěŋĺï àăćŋőňěàŋőáâĺ ŕàőňěęãâłőć ŋěáňőâàï ŋă ąőńìèőľ àăğňěà äőńìčĺ ĺ íńěłâàőáâăâĺçěáłĺě íääěłâë;

• ďěâěłâĺàãîéăï ŕńőáłőáâì áőáâőĺâ ĺğ 176 ćěàâĺłăńìŋëå âàãąőł, łăęďăï ďńĺŋőľ 3 ň ĺ ďĺăňěâàőň 16 ňň, àăğďěńěŋŋëå 0.2 ňň. Šàãąłĺ ğăŕőńŋïîâáï čăğőćőľ áňěáìî łáěŋőŋ – ňěâăŋ (80% – 20%). Őŋĺ áďěńăŋë ĺğ ďćãå áňěéěŋŋëå áńőěć ăńîňĺŋĺğĺàőćăŋŋőčő ňăľńăàă âőńéĺŋőľ 12.5 ňłň (115 ŋň ăńîňĺŋĺï), áłàãçěŋŋëå ĺ áłńěěŋëå ćďőńì áŕĺàăńĺ ďĺăňěâàőň 16 ňň. Ůãćáâćĺâěńìŋëň ăŋőďőň ïćńïěâáï ŕàőćőńłă ĺğ ŕőğőńőçěŋŋőčő ćőńìäàăňă ďĺăňěâàőň 50 ňłň á ŋăâïęěŋĺěň 100 č. Ůâőąë ğăéĺâĺâì čăğőćãî áňěáì ć âàãąłăå őâ ćőďïŋőčő ĺ łĺáńőàőďŋőčő ğăčàïğŋěŋĺï, łăęďëľ TRD ňőďãńì ŋăåőďĺâáï ćŋãâàĺ łőęãåă ĺğ ďćãåáńőľŋőčő ăńîňĺŋĺğĺàőćăŋŋőčő ňăľńăàă á ŕőáâőïŋŋëň ŕőâőłőň áãåőčő N_2.

Łăńĺąàőćłă TRD ŋěŕàěàëćŋő őáãéěáâćńïěâáï á ŕőňőéìî àăďĺőăłâĺćŋőčő ĺáâőçŋĺłă^{55}Fe (E_γ =5.89 łíĆ), ŋăŋěáěŋŋőčő čőàĺğőŋâăńìŋő ć áěàěďĺŋě łăęďőľ ďěâěłâĺàãîéěľ ŕńőáłőáâĺ. Śĺáâěňă áăňőáâőïâěńìŋőčő âàĺččěàă ĺáŕőńìğãěâáï ďńï ğăŕĺáĺ^{55}Fe áĺčŋăńőć ć łăęďőľ âàãąłě ňěęďã ŋěľâàĺŋŋëňĺ áąàőáăňĺ. Őâłńĺł ŋă ĺáåőďŋëě áĺčŋăńë őâ ĺáâőçŋĺłă^{55}Fe őâàăęăěâ ćáě ĺğňěŋěŋĺï ć àăąőçĺå ãáńőćĺïå (ćëáőłőě ŋăŕàïęěŋĺě, âěňŕěàăâãàă, ďăćńěŋĺě, áőáâăć čăğőćőľ áňěáĺ, ĺ â.ŕ.), őąěáŕěçĺćăï âăłĺň őąàăğőň íääěłâĺćŋãî ŕàőćěàłã ĺ łăńĺąàőćłã TRD.

Ĺďěŋâĺäĺłăæĺï íńěłâàőŋőć ć TRD őáŋőćăŋă ŋă àăğńĺçĺĺ ć íŋěàčőćëďěńěŋĺĺ ć âàãąłăå ďńï çăáâĺæ á àăğŋëňĺ Ńőàěŋæ-äăłâőàăňĺ γ = E/m (áňőâàĺ àĺá. 2.19). Ğăàïęěŋŋëě çăáâĺæë á γ < 500 ćëďěńïîâ íŋěàčĺî ć čăğőćőľ áňěáĺ łáěŋőŋ – ňěâăŋ ŕàěĺňãéěáâćěŋŋő ğă áçěâ ĺőŋĺğăæĺőŋŋëå ŕőâěàì, âőčďă łăł àěńïâĺćĺáâáłĺě ğăàïęěŋŋëě çăáâĺæë (γ > 500, čńăćŋëň őąàăğőň íńěłâàőŋë ć ãáâăŋőćłě NOMAD), ĺáŕãáłăîâ âăłęě ŕěàěåőďŋőě ĺğńãçěŋĺě ŋă čàăŋĺæăå àăğďěńă ňěęďã áńőïňĺ äőńìčĺ ć àăďĺăâőàě [91, 92]. Ć àěğãńìâăâě, ŕàĺ ŕěàěáěçěŋĺĺ àăďĺăâőàă íńěłâàőŋőň őąàăğãîâáï ŋěáłőńìłő äőâőŋőć ć łíĆ-ŋőľ őąńăáâĺ íŋěàčĺľ (< N_γ >∼3 á < E_γ >∼14 łíĆ ďńï íńěłâàőŋă 10 ČíĆ).

Őłőńő 60% ćáěå äőâőŋőć, ĺáŕãéěŋŋëå ć àăďĺăâőàě, ŕőčńőéăîâáï ć ďěâěłâĺàãîéĺå ŕńőáłőáâïå ĺğ-ğă ąőńìèőčő áěçěŋĺï ŕőčńőéěŋĺï ć Xe ďńï äőâőŋőć ć őąńăáâĺ ŋěáłőńìłĺå łíĆ. İŋěàčĺï ŕěàěåőďŋőčő àěŋâčěŋőćáłőčő ĺğńãçěŋĺï ďőąăćńïěâáï ł íŋěàčőćëďěńěŋĺî őâ ĺőŋĺğăæĺőŋŋëå ŕőâěàì àőďĺâěńìáłőľ çăáâĺæë ć âőľ ęě âàãąłě, ŕőáłőńìłã ãčńőćőě àăáŕàěďěńěŋĺě ćëńěâăîéĺå äőâőŋőć ŕàăłâĺçěáłĺ áőćŕăďăěâ á ŋăçăńìŋëň ŋăŕàăćńěŋĺěň ďćĺęěŋĺï çăáâĺæë (áàěďŋĺľ ãčőń ćëńěâă ŕőàïďłă 1/γ).

Łăł ąãďěâ őŕĺáăŋő ć ďăńìŋěľèěň, ãàőćěŋì ŕőďăćńěŋĺï ŕĺőŋőć ŕőàïďłă 1000 ďőáâĺčăěâáï á ŕőňőéìî 9 ňőďãńěľ TRD ŕàĺ íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć 90% [93].

2.3.6 Ďěâěłâőà ńĺćŋěľ

Ďěâěłâőà ńĺćŋěľ (preshower - PRS), łőâőàëľ àăáŕőńőęěŋ ŕěàěď íńěłâàőňăčŋĺâŋëň łăńőàĺňěâàőň, äőàňĺàãěâáï ĺğ ďćãå ŕńőáłőáâěľ ŕàőŕőàæĺőŋăńìŋëå âàãąőł (286 čőàĺğőŋâăńìŋëå ĺ 288 ćěàâĺłăńìŋëå âàãąőł), àăáŕőńőęěŋŋëå ğă 9 ňň (1.6 X_o) łőŋćěàâěàőň ĺğ áŕńăćă áćĺŋěæ-áãàìňă (96% - 4%), áňőâàĺ àĺá. 2.20.

Ŕàőŕőàæĺőŋăńìŋëě âàãąłĺ áďěńăŋë ĺğ ćëďăćńěŋŋëå ăńîňĺŋĺěćëå ŕàőäĺńěľ ĺ ŕàĺłńěěŋë ł ďćãň ăńîňĺŋĺěćëň ŕńăáâĺŋăň âőńéĺŋőľ 0.5 ňň. Łăęďăï âàãąłă ĺňěěâ łćăďàăâŋőě ŕőŕěàěçŋőě áěçěŋĺě 9×9 ňň^2 ĺ áâěŋłĺ âőńéĺŋőľ 1 ňň. Ăŋőď ŕàěďáâăćńïěâ áőąőľ ŕàőćőńőçłã ĺğ ŕőğőńőçěŋŋőčő ćőńìäàăňă ďĺăňěâàőň

Řĺá. 2.19: Őâłńĺł âàãąłĺ TRD ŋă 10 ČíĆ-ŋëľ ŕĺőŋ ĺ íńěłâàőŋ (ĺğňěàěŋĺï ŋă âěáâőćőň ŕãçłě). Ŕãŋłâĺàŋăï ńĺŋĺï áőőâćěâáâćãěâ áĺčŋăńã őâ ĺáâőçŋĺłă^{55}F e (5.89 łíĆ).

Řĺá. 2.20: Ćĺď ďěâěłâőàă ńĺćŋěľ.

Řĺá. 2.21: Śåěňăâĺçěáłĺľ ćĺď ąńőłőć ĺğ áćĺŋæőćőčő áâěłńă á äőâőâěâàőďăňĺ.

30 ňłň á ŋăâïęěŋĺěň 50 č. Ďńï âőčő, çâőąë ĺğąěęăâì ďěäőàňăæĺĺ ŕàőćőńőçłĺ ăŋőď âăłęě ŕàĺłńěĺćăěâáï ć áěàěďĺŋě ďěâěłâőàă ł áŕěæĺăńìŋőľ àăáŕőàłě. Ŕàőŕőàæĺőŋăńìŋëě âàãąłĺ àăąőâăîâ ŕőď ŋăŕàïęěŋĺěň 1500 Ć á čăğőćőľ áňěáìî Ar : CO_2 (80% : 20%). Śĺčŋăńë őâ łăęďőľ âàãąłĺ ŋăŕàăćńïîâáï ć ŕàěďãáĺńĺâěńĺ.

Ąőńìèőľ ŋăąőà ňîőŋőć, ŕěàěáěłăîéĺå ďěâěłâőà, ĺáŕőńìğőćăŋ ďńï ĺğãçěŋĺï ğăćĺáĺňőáâĺ őâłńĺłă ďěâěłâőàă ńĺćŋěľ őâ ĺğňěŋěŋĺľ ďăćńěŋĺï ĺ âěňŕěàăâãàë.

Šőŋłăï áâàãłâãàă ďěâěłâőàă ńĺćŋěľ ŕőňőčăěâ àăáèĺäàőćăâì áĺčŋăńë ć ąńőłăå íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă, ćëğëćăŋŋëå áňěęŋëňĺ çăáâĺæăňĺ. Ŕőáńě àěłőŋáâàãłæĺĺ łńăáâěàőć, áőőâćěâáâćãîéĺå ğăàïęěŋŋëň âàěłăň, őáâăńìŋőě íŋěàčőćëďěńěŋĺě ňőęěâ ąëâì ŕàĺŕĺáăŋő äőâőŋăň^6. Ďěâěłâőà ńĺćŋěľ ĺáŕőńìğãěâáï ďńï őŕàěďěńěŋĺï łőőàďĺŋăâ äőâőŋőć ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě ĺ áőďěľáâćãěâ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć.

2.3.7 İńěłâàőňăčŋĺâŋëľ łăńőàĺňěâà

Űěńĺ äĺğĺçěáłĺå ĺááńěďőćăŋĺľ ŋă ãáâăŋőćłě NOMAD âàěąãîâ åőàőèěľ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć, ă âăłęě őçěŋì âőçŋőčő őŕàěďěńěŋĺï ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć áőąëâĺĺ.

Ć âő ćàěňï łăł ĺďěŋâĺäĺłăæĺï íńěłâàőŋă ćëŕőńŋěŋă, čńăćŋëň őąàăğőň, ďěâěłâőàőň ŕěàěåőďŋőčő ĺğńãçěŋĺï (TRD), ĺğňěàěŋĺě ěčő íŋěàčĺĺ, ă âăłęě őŕàěďěńěŋĺě ŋěľâàăńìŋëľ łőňŕőŋěŋâë ŕőŕěàěçŋőčő ĺňŕãńìáă âàěąãěâ ŋăńĺçĺï íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă á ąőńìèĺňĺ ŕőŕěàěçŋëňĺ àăğňěàăňĺ ĺ á åőàőèĺň íŋěàčěâĺçěáłĺň àěèěŋĺěň. Łàőňě âőčő, íńěłâàőňăčŋĺâŋëľ łăńőàĺňěâà (electromagnetic calorimeter - ECAL), ĺáŕőńìğőćăŋŋëľ ćňěáâě á ďěâěłâőàőň ńĺćŋěľ

6∼ 70% äőâőŋőć łőŋćěàâĺàãîâ ć PRS.

Řĺá. 2.22: Řăáŕàěďěńěŋĺě ĺŋćăàĺăŋâŋőľ ňăááë áĺáâěňë ďćãå äőâőŋőć, àěłőŋáâàãĺàőćăŋŋëå ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě, áőďěàęĺâ ïćŋëľ ŕĺł őâ π^0.

(PRS), ďőńęěŋ ãńãçèĺâì (ŕő łàăľŋěľ ňěàě ŋă ďćă ŕőàïďłă) çĺáâőâã őâąőàă íńěłâàőŋőć, ŕàěďãáňőâàěŋŋãî TRD.

Ŋěőąåőďĺňőáâì àěčĺáâàĺàőćăâì íńěłâàőňăčŋĺâŋëě ńĺćŋĺ őâ äőâőŋőć ĺ íńěłâàőŋőć á íŋěàčĺïňĺ, łőńěąńîéĺňĺáï őâ ∼100 ŇíĆ ćŕńőâì ďő 100 ČíĆ, âàěąãěâ ŋăńĺçĺï ąőńìèőľ ďĺŋăňĺçěáłőľ őąńăáâĺ ć őâłńĺłě łăńőàĺňěâàă; ďěâěłâőà ĺğ áćĺŋæőćőčő áâěłńă ćëąàăŋ ĺğ-ğă áćőěčő åőàőèěčő íŋěàčěâĺçěáłőčő àăğàěèěŋĺï ĺ őďŋőàőďŋőáâĺ őâłńĺłă. Řăąőâă ć ňăčŋĺâŋőň ŕőńě, ŕěàŕěŋďĺłãńïàŋőň ïçěľłăň łăńőàĺňěâàă, âàěąãěâ áŕěæĺăńìŋőľ čěőňěâàĺĺ łăńőàĺňěâàă. Ŕőďàőąŋőě őŕĺáăŋĺě ECAL ďăŋő ć [94]. Őáŋőćŋëě åăàăłâěàĺáâĺłĺ ECAL ŕàĺ àăąőâě á âěáâőćëňĺ ŕãçłăňĺ íńěłâàőŋőć, ŕĺőŋőć ĺ ňîőŋőć ďőńőęěŋë ć [95].

ECAL áőáâőĺâ ĺğ 875 çěàěŋłőćáłĺå áçěâçĺłőć ĺğ áćĺŋæőćőčő áâěłńă á čńãąĺŋőľ 19 àăďĺăæĺőŋŋëå ďńĺŋ ĺ á ŕàïňőãčőńìŋëň ŕőŕěàěçŋëň áěçěŋĺěň 79 × 112 ňň^2. Ŋăŕàăćńěŋĺě ňăčŋĺâŋőčő ŕőńï (0.4 Š) ŕěàŕěŋďĺłãńïàŋő őáĺ áçěâçĺłă, çâő ŋăłńăďëćăěâ áěàìěğŋëě őčàăŋĺçěŋĺï ŋă ňěåăŋĺçěáłãî łőŋäĺčãàăæĺî áĺáâěňë áćěâőáąőàă (àĺá. 2.21). Őąàăâŋăï áâőàőŋă ąńőłőć ĺğ áćĺŋæőćőčő áâěłńă, ŕàĺňëłăîéăï ł ďěâěłâőàăň áćěâă (ďćãåáâãŕěŋçăâëě äőâőãňŋőęĺâěńĺ, âěâàőďë, á âĺŕĺçŋëň ãáĺńěŋĺěň ŕőàïďłă 40 ć íłáŕěàĺňěŋâăńìŋëå ãáńőćĺïå NOMAD), áàěğăŋă ŕőď ãčńőň 45^o ŕő őâŋőèěŋĺî ł őáĺ ąńőłă âăłĺň őąàăğőň, çâőąë őáì áĺňňěâàĺĺ âěâàőďă áőáâăćńïńă ãčőń 45^o ł ŋăŕàăćńěŋĺî ŕőńï, ňĺŋĺňĺğĺàãï ŕőâěàî áĺčŋăńă ĺğ-ğă ŋăńĺçĺï ňăčŋĺâŋőčő ŕőńï. Şňěŋìèěŋĺě áĺčŋăńă őłăğëćăěâáï ňěŋěě 20% ĺ ïćńïěâáï ŕőáâőïŋŋëň ĺ őďŋőàőďŋëň. Ŋĺğłő-èãňïéăï íńěłâàőŋŋăï æěŕì, áőáâőïéăï ĺğ ŕàěďãáĺńĺâěńï, äőàňĺàőćăâěńï áĺčŋăńă ĺ ŕĺłőćőčő ADC á àăğàěèěŋĺěň 12 ąĺŋ, őąěáŕěçĺćăěâ őâłńĺł łăńőàĺňěâàă ć ąőńìèőň ďĺŋăňĺçěáłőň ďĺăŕăğőŋě (ąőńěě çěň 3 × 10^4).

Ąëáâàëľ áĺčŋăń âăłęě áńãęĺâ ďńï ĺğňěàěŋĺï ćàěňěŋĺ, çâő ŕőğćőńïěâ őâąàőáĺâì íŋěàčőćëďěńěŋĺï, ŋě áćïğăŋŋëě á âàĺččěàőň áőąëâĺï, ĺ ĺáŕőńìğőćăâì ECAL ŋă ãàőćŋě âàĺččěàă á ćàěňěŋŋëň àăğàěèěŋĺěň ŕőàïďłă ŋěáłőńìłĺå ŋá ďńï íŋěàčőćëďěńěŋĺï ąőńìèě 1 ČíĆ.

Ŕàőćěàłă őâłńĺłă áćĺŋæőćőčő áâěłńă őáãéěáâćńïěâáï á ŕőňőéìî áĺŋĺå áćěâőďĺőďőć (Light Emitting Diodes - LED, ďćă ŋă ąńőł), ãáâăŋőćńěŋŋëå ŋă âőľ ęě áâőàőŋě ąńőłă, çâő ĺ âěâàőďë; ŕőďàőąŋőě őŕĺáăŋĺě íâőľ áĺáâěňë ňőŋĺâőàĺàőćăŋĺï ďăŋő ć [96]. Śâăąĺńìŋőáâì íâőľ áĺáâěňë ŋăåőďĺâáï ć ŕàěďěńăå ±1% ŋă ŕàőâïęěŋĺĺ ŕěàĺőďă ć ŋěáłőńìłő ňěáïæěć.

Řĺá. 2.23: İŋěàčőćëďěńěŋĺě ć ECAL, ćëğćăŋŋőě ňîőŋăňĺ, ŕěàěáěłăîéĺňĺ ďěâěłâőà ćő ćàěňï ŋăąőàă ďăŋŋëå. Śĺčŋăńë ŕőŕàăćńěŋŋë á ãçěâőň ğăćĺáĺňőáâĺ íŋěàčőćëďěńěŋĺï őâ ãčńă ňîőŋă ŕő őâŋőèěŋĺî ł ŕńőáłőáâĺ łăńőàĺňěâàă.

Ŕěàěď őłőŋçăâěńìŋőľ áąőàłőľ łăęďëľ ąńőł áćĺŋæőćőčő áâěłńă ąëń ŕàőłăńĺąàőćăŋ ŋă âěáâőćőň ŕãçłě á ĺáŕőńìğőćăŋĺěň 10 ČíĆ íńěłâàőŋőć. Őâłńĺł ŋă LED áĺčŋăń, ĺğňěàěŋŋëľ ćňěáâě á őâłńĺłőň ŋă íńěłâàőŋë ĺğćěáâŋőľ íŋěàčĺĺ (Δp/p=1%), ğăŕĺáëćăńáï ĺ ĺáŕőńìğőćăńáï ğăâěň ďńï ŕàěőąàăğőćăŋĺï łăńĺąàőćőçŋëå łőŋáâăŋâ, ŕőńãçěŋŋëå ć ãáńőćĺïå âěáâőćőčő ŕãçłă (ąěğ ňăčŋĺâŋőčő ŕőńï), ć łőŋáâăŋâë, ŕàĺčőďŋëě ďńï íłáŕěàĺňěŋâăńìŋëå ãáńőćĺľ NOMAD. İääěłâ ňăčŋĺâŋőčő ŕőńï ŕàĺ łăńĺąàőćłě ŕàĺŋĺňăěâáï ćő ćŋĺňăŋĺě ŕàőćěďěŋĺěň LED ĺğňěàěŋĺľ á ňăčŋĺâŋëň ŕőńěň ĺ ąěğ ŋěčő.

Ńĺŋěľŋőáâì őâłńĺłă łăńőàĺňěâàă ŋă íńěłâàőŋë ąëńă ŕàőćěàěŋă á ĺáŕőńìğőćăŋĺěň âěáâőćőčő ŕãçłă ć őąńăáâĺ íŋěàčĺľ 1.5 ÷ 80 ČíĆ. Őâłńőŋěŋĺě őâ ńĺŋěľŋőáâĺ áőáâăćńïěâ ňěŋěě 1.5% ĺ ňőęěâ ńěčłő łőààěłâĺàőćăâìáï ńőčăàĺäňĺçěáłĺň ăńčőàĺâňőň. Ąëń ćëŕőńŋěŋ âéăâěńìŋëľ ăŋăńĺğ íŋěàčěâĺçěáłőčő àěèěŋĺï. Ŕőáńě ćëçĺâăŋĺï íńěłâàőŋŋőčő èãňă ĺğ ďăŋŋëå, ďćãåŕăàăňěâàĺçěáłĺľ äĺâ íŋěàčěâĺçěáłőčő àăğàěèěŋĺï ΔE/E = a + b/ √ E, čďě E ĺğňěàïěâáï ć ČíĆ, ďăěâ a = (1.04 ± 0.01) % ĺ b = (3.22 ± 0.07) %.

Őďŋőàőďŋőáâì őâłńĺłă ECAL łăł äãŋłæĺï âőçłĺ ŕőŕăďăŋĺï íńěłâàőŋőć ć ŕőŕěàěçŋãî ŕńőáłőáâì łăńőàĺňěâàă ąëńă ĺğňěàěŋă: ±0.5%; ĺğãçěŋĺě őâłńĺłă ŋă íńěłâàőŋë, ŕőŕăďăîéĺě ć ECAL ŕěàŕěŋďĺłãńïàŋő ł ŕńőáłőáâĺ łăńőàĺňěâàă ć ŕàőňěęãâłăå ňěęďã áňěęŋëňĺ ąńőłăňĺ, ŕőłăğăńő, çâő ECAL “čěàňěâĺçěŋ” ąőńěě çěň ŋă 99%. Śńăąăï ğăćĺáĺňőáâì őąéěčő íŋěàčőćëďěńěŋĺï őâ ãčńă θ ŕăďěŋĺï íńěłâàőŋőć őąŋăàãęěŋă ć ĺğňěàěŋĺïå ŋă âěáâőćőň ŕãçłě ĺ ć Ňőŋâě-Łăàńő ňőďěńĺàőćăŋĺĺ: íâă ğăćĺáĺňőáâì, łőâőàăï íňŕĺàĺçěáłĺ ŕăàăňěâàĺğőćăŋă łăł E(θ) = E × √ cos(θ), ňőęěâ ąëâì ŕàĺŕĺáăŋă ŋěąőńìèőľ ğăćĺáĺňőáâĺ íääěłâĺćŋőáâĺ áąőàă çěàěŋłőćáłőčő áćěâă őâ ãčńă.

Łăńĺąàőćłă ĺ őâłńĺł łăńőàĺňěâàă ŋă äőâőŋë ŋĺğłőľ íŋěàčĺĺ ąëń ŕàőćěàěŋ ĺğňěàěŋĺěň íääěłâĺćŋőľ ňăááë π^0 łăł ć ãáńőćĺïå âěáâőćőčő ŕãçłă, âăł ĺ ć íłáŕěàĺňěŋâăńìŋëå ãáńőćĺïå (àĺá. 2.22). Řěğãńìâăâë ŋă âěáâőćőň ŕãçłě m_π = 133.7 ± 1.2 ŇíĆ ĺ σ_m = 16 ŇíĆ.

Őâłńĺł łăńőàĺňěâàă ŋă ňîőŋë áőőâćěâáâćãěâ áàěďŋěňã íŋěàčőćëďěńěŋĺî (0.502 ± 0.003) ČíĆ ąěğ ãçěâă ŋěőąåőďĺňëå ŕőŕàăćőł, ãçĺâëćăîéĺå čěőňěâàĺî ąńőłőć ĺğ áćĺŋæőćőčő áâěłńă ĺ ăáĺňňěâàĺî ć áćěâőáąőàě, ćëğćăŋŋőň àăáŕőńőęěŋĺěň äőâőâěâàőďőć^7. Őâłńĺł ŋă ňîőŋë ąëń ŋăľďěŋ áâăąĺńìŋëň ć ŕàěďěńăå ±1% ŋă ŕàőâïęěŋĺĺ ďćãåńěâŋěčő ŕěàĺőďă, çâő őąěáŕěçĺćăěâ åőàőèãî ŕàőćěàłã ãáâőľçĺćőáâĺ àăąőâë łăńőàĺňěâàă. Řĺá. 2.23 ŕőłăğëćăěâ âĺŕĺçŋőě íŋěàčőćëďěńěŋĺě, áőőâćěâáâćãîéěě ňîőŋăň, ŕěàěáěłăîéĺň ECAL. İâă ŕàőćěàłă ïćńïěâáï ďőŕőńŋĺâěńìŋőľ ł LED-łăńĺąàőćłě, łőâőàăï ŋěŕàěàëćŋő ĺáŕőńìğãěâáï ć ŕàőæěááě ŋăąőàă ďăŋŋëå.

Šàĺččěàë, őáŋőćăŋŋëě ŋă íŋěàčőćëďěńěŋĺĺ ć ECAL, ć ŋăáâőïéěě ćàěňï ŋăłăŕńĺćăîâáï ćňěáâě áő áâăŋďăàâŋëňĺ ŋěľâàĺŋŋëňĺ âàĺččěàăňĺ, őŕĺáăŋŋëňĺ ďăńěě. Ąőńìèăï ňăááă ECAL (∼ 20 â) ŕőğćőńïěâ őâąĺàăâì ∼ 2.5 áőąëâĺï ŋă ŋěľâàĺŋŋëľ áąàőá. Ąőńìèăï áâăâĺáâĺłă ďěńăěâ âăłĺě áőąëâĺï őçěŋì ŕőńěğŋëňĺ łăł ďńï äĺğĺçěáłĺå æěńěľ, âăł ĺ ďńï ŕàőćěàłĺ łăçěáâćă ŕãçłă.

2.3.8 Ăďàőŋŋëľ łăńőàĺňěâà

Ăďàőŋŋëľ łăńőàĺňěâà (hadron calorimeter - HCAL) ĺáŕőńìğãěâáï ďńï ãâőçŋěŋĺï ĺğňěàěŋĺľ ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ŕãâěň àăáŕőğŋăćăŋĺï ŋěľâàăńìŋëå ăďàőŋőć ĺ ĺğňěàěŋĺï ĺå íŋěàčĺĺ ĺ ŋăŕàăćńěŋĺï. Őŋ áńãęĺâ âăłęě ďńï ĺğňěàěŋĺï íŋěàčĺĺ ğăàïęěŋŋëå çăáâĺæ ć ďőŕőńŋěŋĺě ł ĺğňěàěŋĺïň ĺňŕãńìáă ć ďàěľäőćëå łăňěàăå.

HCAL ŕàěďáâăćńïěâ áőąőľ łăńőàĺňěâà ĺğ ęěńěğă ĺ áæĺŋâĺńńïâőàă. Ďěâěłâőà NOMAD àăáŕőńăčăěâáï ŋă ęěńěğŋëå őŕőàăå (‘I’) ŕő őąě áâőàőŋë ňăčŋĺâă. Ďăńìŋïï (ŕő ŋăŕàăćńěŋĺî ŕãçłă) łőńőŋŋă ąëńă ğăŕőńŋěŋă áæĺŋâĺńńïâőàăňĺ ďńï äőàňĺàőćăŋĺï HCAL á ŕőŕěàěçŋëňĺ àăğňěàăňĺ 3.6 ň ć èĺàĺŋã ĺ 3.5 ň ć ćëáőâã.

Őŕőàë ‘I’ áőáâőïâ ĺğ 23 ęěńěğŋëå ãçăáâłőć âőńéĺŋőľ 4.9 áň, àăğďěńěŋŋëå ŕàőňěęãâłăňĺ ŕő 1.8 áň. Ÿěáâì ĺğ íâĺå ňőďãńěľ äőàňĺàãîâ áâěŋłã àăğňěàăňĺ 5.4 ň èĺàĺŋőľ, 5.8 ň ćëáőâőľ ĺ 1.5 ň őâ ŕěàěďŋěčő ďő ğăďŋěčő łàăï. İâă áâěŋłă ćëáâãŕăěâ ć łăçěáâćě äĺńìâàă ďńï ąőńìèĺå ňîőŋŋëå łăňěà ĺ łăł ŕőďďěàęłă ďńï ‘łőàğĺŋë’, ć łőâőàőľ àăğňěéăěâáï ąőńìèăï çăáâì ŕőďďěâěłâőàőć NOMAD. Őŋă őąěáŕěçĺćăěâ âăłęě ŕőčńőâĺâěńì ďńï ăďàőŋŋőčő łăńőàĺňěâàă.

Śåěňăâĺçěáłĺľ ćĺď HCAL ŕàĺćěďěŋ ŋă àĺá. 2.24. Ăłâĺćŋëňĺ íńěňěŋâăňĺ łăńőàĺňěâàă ïćńïîâáï áæĺŋâĺńńïæĺőŋŋëě ŕńőáłőáâĺ á àăğňěàăňĺ 3.6 ň ć ďńĺŋã, 1 áň ć âőńéĺŋã ĺ (ć áàěďŋěň) 18.3 áň ć èĺàĺŋã. Śæĺŋâĺńńïæĺőŋŋëľ áćěâ ŋăŕàăćńïěâáï ŋă 5-ďîľňőćëľ äőâőãňŋőęĺâěńì ŋă łőŋæě łăęďőčő ňőďãńï.

Ćëåőď á łăęďőčő äőâőíńěňěŋâă àăğďěńěŋ. Őďĺŋ áĺčŋăń ğăďěàęĺćăěâáï ĺ ŕőáëńăěâáï ŋă ADC, âőčďă łăł ćâőàőľ ďĺáłàĺňĺŋĺàãěâáï ĺ ŕőáëńăěâáï ć ňŋőčőłăŋăńìŋëľ TDC. Śĺčŋăńë ADC ĺáŕőńìğãîâáï ďńï ĺğňěàěŋĺï íŋěàčĺĺ ĺ łőőàďĺŋăâë, ă áĺčŋăńë TDC áńãęăâ ďńï őŕàěďěńěŋĺï ćàěňěŋŋëå åăàăłâěàĺáâĺł áőąëâĺï. İŋěàčőćëďěńěŋĺě ć ďăŋŋőň ňőďãńě ŕőńãçăěâáï ĺğ čěőňěâàĺçěáłőčő ãáàěďŋěŋĺï áĺčŋăńőć á ďćãå äőâőíńěňěŋâőć, ă čőàĺğőŋâăńìŋăï łőőàďĺŋăâă íŋěàčőćëďěńěŋĺï őŕàěďěńïěâáï ďńĺŋőľ ğăâãåăŋĺï ć áæĺŋâĺńńïâőàě ĺ őâŋőèěŋĺěň áĺčŋăńőć á äőâőíńěňěŋâőć. Řĺá. 2.25 ŕőłăğëćăěâ àăğŋĺæã ňěęďã ŕàěďáłăğăŋŋőľ łőőàďĺŋăâőľ ĺ àěğãńìâăâőň ĺğňěàěŋĺï ć ăďàőŋŋőň łăńőàĺňěâàě ďńï ňîőŋőć, ŕàőåőďïéĺå çěàěğ őâďěńìŋëľ ňőďãńì; âĺŕĺçŋőě łőőàďĺŋăâŋőě àăğàěèěŋĺě ŕőàïďłă 20 áň.

Ćěàâĺłăńìŋăï łőőàďĺŋăâă őŕàěďěńïěâáï ŕő äőàňě íŋěàčőćëďěńěŋĺï ĺ ěčő àăáŕàěďěńěŋĺî ňěęďã ňőďãńïňĺ. Śãéěáâćãěâ ąőńìèăï ćěàőïâŋőáâì, çâő ăďàőŋë ŕàěőąàăğãîâáï ć ăďàőŋŋëľ ńĺćěŋì ŕàĺąńĺğĺâěńìŋő ć 2.1 λ_{int} ćěéěáâćă ďő ăďàőŋŋőčő łăńőàĺňěâàă. Šăłĺň őąàăğőň, őąéăï ăďàőŋŋăï íŋěàčĺï ďőńęŋă ąëâì ćğćěèěŋŋőľ áãňňőľ íŋěàčőćëďěńěŋĺľ ć ăďàőŋŋőň ĺ íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàăå.

7Ŕőŕàăćńěŋŋőě ğŋăçěŋĺě (0.566 ± 0.003) ČíĆ. Śňőâàĺ àĺá. 2.23.

Řĺá. 2.24: Ćĺď ŋă HCAL.

Řĺá. 2.25: Łőőàďĺŋăâŋőě àăğàěèěŋĺě ďńï ňîőŋőć, ŕàőåőďïéĺå çěàěğ őâďěńìŋëľ ňőďãńì ăďàőŋŋőčő łăńőàĺňěâàă.

Řĺá. 2.26: Residuals ďńï áěčňěŋâőć ć ňîőŋŋëå łăňěàăå, áőďěàęăéĺå 4 őâáçěâă, ŕàĺ åőàőèěň łăçěáâćě čăğőćőľ áňěáĺ.

2.3.9 Ňîőŋŋëě łăňěàë

Ňîőŋŋëľ ďěâěłâőà ãáâăŋőćłĺ NOMAD áőáâőĺâ ĺğ 10 ďàěľäőćëå łăňěà, ĺáŕőńìğőćăŋŋëå àăŋěě ć íłáŕěàĺňěŋâě UA1 [97]. Łăęďăï łăňěàă ĺňěěâ ăłâĺćŋãî őąńăáâì 3.75 × 5.55 ň^2 á ďćãňï ŕńőáłőáâïňĺ ďàěľäőćëå âàãąőł ć čőàĺğőŋâăńìŋőň ĺ ďćãňï ć ćěàâĺłăńìŋëå ŋăŕàăćńěŋĺïå. Śãňňăàŋőě łőńĺçěáâćő ďàěľäőćëå âàãąőł 1210 á ňăłáĺňăńìŋëň ďàěľäőćëň àăááâőïŋĺěň 7 áň.

Łăňěàë łőňąĺŋĺàãîâáï ć ŕăàë (ňőďãńĺ) ďńï àěłőŋáâàãłæĺĺ áěčňěŋâőć âàěłă. Ŕěàćăï ňîőŋŋăï áâăŋæĺï áőáâőĺâ ĺğ âàěå ňőďãńěľ ĺ àăáŕőńőęěŋă ğă ăďàőŋŋëň łăńőàĺňěâàőň. Ğă ŋěľ áńěďãěâ ęěńěğŋëľ ŕőčńőâĺâěńì âőńéĺŋőľ 80 áň ĺ ćâőàăï ňîőŋŋăï áâăŋæĺï ĺğ ďćãå ňőďãńěľ, áňőâàĺ àĺáãŋłĺ 2.2 ĺ 2.3.

Łăňěàë őąáńãęĺćăîâáï čăğőćőľ áňěáìî ăàčőŋ : íâăŋ (40% : 60%). Łăçěáâćő ĺå àăąőâë ŋěŕàěàëćŋő ňőŋĺâőàĺàãěâáï á ŕőňőéìî ćëáőłőíŋěàčěâĺçŋëå ňîőŋőć, ŕàőåőďïéĺå çěàěğ ďěâěłâőà. Śàěďŋěě ŕàőáâàăŋáâćěŋŋőě àăğàěèěŋĺě ďńï őâáçěâőć ńěęĺâ ć őąńăáâĺ őâ 350 ňłň ďő 600 ňłň ć ğăćĺáĺňőáâĺ őâ łăçěáâćă čăğőćőľ áňěáĺ, áňőâàĺ àĺá. 2.26.

Śàěďŋïï íääěłâĺćŋőáâì 92.5%, ă őáŋőćŋëň ĺáâőçŋĺłőň ŋěíääěłâĺćŋőáâĺ (6.5%) ïćńïěâáï ŋăńĺçĺě ňěàâćëå ğőŋ ňěęďã ďàěľäőćëňĺ âàãąłăňĺ. Ďő ŋăçăńă ŋăąőàă ďăŋŋëå ć 1995 čőďã ňěęďã ňîőŋŋëňĺ łăňěàăňĺ ć áâăŋæĺĺ 1 ąëń ŋěąőńìèőľ ŕàőňěęãâőł. Ŋăçĺŋăï á 1996 čőďă íâőâ ŕàőňěęãâőł ŕěàěłàëćăńáï ŋěáłőńìłĺňĺ ŋěąőńìèĺňĺ áæĺŋâĺńńïæĺőŋŋëňĺ áçěâçĺłăňĺ, ‘ňîőŋŋőě ćěâő’ (áňőâàĺ àĺá. 2.2).

Śěčňěŋâë âàěłőć ćőááâăŋőćńěŋë őâďěńìŋő ć łăęďőľ ĺğ áâăŋæĺľ (3 ĺńĺ 4 őâáçěâă ŋă ŕàőěłæĺî), áňőâàĺ àĺá. 2.27. Ĺğňěàěŋŋăï íääěłâĺćŋőáâì àěłőŋáâàãłæĺĺ áěčňěŋâőć âàěłă 97%.

Ňîőŋë ĺďěŋâĺäĺæĺàãîâáï ěáńĺ őŋĺ ŕàőåőďïâ ąőńěě çěň 8 ďńĺŋ ćğăĺňőďěľ-

Řĺá. 2.27: Řăğàěğ ňőďãńï ňîőŋŋëå łăňěà ŕőłăğëćăěâ čěőňěâàĺî ďàěľäőćëå âàãąőł ĺ åăàăłâěàŋőě àăáŕőńőęěŋĺě őâáçěâőć ŕàĺ ŕàőåőęďěŋĺĺ ňîőŋă (őáŋőćŋăï ńĺŋĺï) ĺ àěłőŋáâàãĺàőćăŋŋëě áěčňěŋâë ć ŕàőěłæĺïå (ŕãŋłâĺàŋëě ńĺŋĺĺ).

áâćĺï ćěéěáâćă ŕőčńőâĺâěńï (λ_{int}) ĺ ďőáâĺčăîâ ňîőŋŋőľ áâăŋæĺĺ 1, ĺńĺ 13 λ_{int} ďńï ňîőŋŋőľ áâăŋæĺĺ 2. Ŕőàőč ŋă ĺňŕãńìá ďńï ďőáâĺęěŋĺï ňîőŋŋëå łăňěà (á ćěàőïâŋőáâìî 50%) áőáâăćńïěâ 2.3 ČíĆ ďńï áâăŋæĺĺ 1 ĺ 3.7 ČíĆ ďńï áâăŋæĺĺ 2.

Čěőňěâàĺçěáłĺľ ăłáěŕâăŋá ďńï ňîőŋă ŕőŕăáâì ć ńîąãî ĺğ ďćãå áâăŋæĺľ ∼98%. İâő çĺáńő őâŋőáĺâáï ł ňîőŋăň, àőęďăîéĺňáï ć ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺïå ŕő łăŋăńã ğăàïęěŋŋőčő âőłă, á ãçěâőň ãáàěďŋěŋĺï ŕő łőőàďĺŋăâě ŕěàćĺçŋőľ ćěàèĺŋë ć ňĺèěŋŋőľ çăáâĺ ďěâěłâőàă NOMAD, ĺ ŋě ćłńîçăěâ âě ňîőŋë, łőâőàëě őáâăŋăćńĺćăîâáï ć ćěéěáâćě ŕőčńőâĺâěńï.

2.4 Šàĺččěàë ĺ ŋăąőà ďăŋŋëå

Śńěďãîéĺě âàĺččěàë ąëńĺ ĺáŕőńìğőćăŋë ďńï ăŋăńĺğă ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ďěâěłâőàě NOMAD:

• V × T_1 × T_2. İâőâ âàĺččěà ŕőğćőńïěâ ŕàőćőďĺâì ăŋăńĺğ ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ďàěľäőćëå łăňěàăå ňĺèěŋŋőľ çăáâĺ ãáâăŋőćłĺ. Ŕő łàăľŋěľ ňěàě ŕő őďŋőňã őâáçěâã ďőńęŋő ąëâì ć âàĺččěàŋëå ŕńőáłőáâïå T_1 ĺ T_2. Ďńï âőčő, çâőąë őâąàőáĺâì áőąëâĺï á ňîőŋăňĺ, ŕěàěáěłăîéĺňĺ ćáî ďńĺŋã ďěâěłâőàă, âàěąãěâáï őâáãâáâćĺï őâáçěâă ć áçěâçĺłăå ćěâő (V). Ůăáâőâă áàăąăâëćăŋĺï ďńï íâőčő âàĺččěàă ∼ 5.5/10^{13} p.o.t.. Śàěďĺ ŋĺå őłőńő 0.5 áőąëâĺï - ŕőâěŋæĺăńìŋő ĺŋâěàěáŋëě łăŋďĺďăâë ŋă ŋěľâàĺŋŋëě ćğăĺňőďěľáâćĺï ć ďàěľäőćëå łăňěàăå. Őáâăńìŋëě áàăąăâëćăŋĺï áőáâőïâ ĺğ ‘łőáňĺçěáłĺå’ áőąëâĺľ (őłőńő 1), ňîőŋőć, ĺğąěčăîéĺå áĺáâěňã ćěâő (1.5), ĺ ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ćěéěáâćě ňăčŋĺâă (2.5).

• V_8 × F CAL. Ŋěľâàĺŋŋëě ćğăĺňőďěľáâćĺï ć ŕěàěďŋěň łăńőàĺňěâàě á íŋěàčőćëďěńěŋĺěň ąőńìèě 3 mip ćëğëćăîâ áàăąăâëćăŋĺě íâőčő âàĺččěàă. Śőąëâĺï á ňîőŋăňĺ, ŕěàěáěłăîéĺňĺ FCAL, őâąàăáëćăîâáï ŕőďňŋőęěáâćőň

2.5. àěğîňě 73

áĺáâěňë ćěâő V_8. Őłőńő 6.5 ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ŕàőĺáåőďĺâ ć FCAL ŋă 10^{13} p.o.t.

• V_8 × T_1 × T_2 × F CAL^′. İâőâ âàĺččěà ĺáŕőńìğãěâáï ďńï ĺğãçěŋĺï łćăğĺãŕàãčĺå áőąëâĺľ ć ŕěàěďŋěň łăńőàĺňěâàě. Šăłĺě áőąëâĺï ŕőğćőńïîâ ŕàőćőďĺâì ĺğňěàěŋĺï ŕőâőłă ŋěľâàĺŋő łăł äãŋłæĺî íŋěàčĺĺ ŋěľâàĺŋő. Ďńï áàăąăâëćăŋĺï íâőčő âàĺččěàă âàěąãěâáï ŕő łàăľŋěľ ňěàě 1 mip íŋěàčőćëďěńěŋĺï ć FCAL. Ůăáâőâă áàăąăâëćăŋĺï ďńï íâőčő âàĺččěàă ∼ 1.5/10^{13} p.o.t.

• T_1 × T_2 × ECAL. İńěłâàőňăčŋĺâŋëľ łăńőàĺňěâà âăłęě ĺáŕőńìğőćăŋ ć łăçěáâćě ňĺèěŋĺ ďńï ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ. Řăğŋëě äĺğĺçěáłĺě ŕàőąńěňë ňőčãâ ąëâì ĺğãçěŋë, ĺáŕőńìğãï áőąëâĺï, őâőąàăŋŋëě íâĺň âàĺččěàőň; áàěďĺ ŋĺå ν_μ → ν_e ĺ ν_μ → ν_τ őáæĺńńïæĺĺ. İŋěàčőćëďěńěŋĺě ąőńìèě çěň ∼ 1.5 mip ć ECAL ğăŕãáłăěâ íâőâ âàĺččěà, ĺňěîéĺľ áàěďŋîî çăáâőâã áàăąăâëćăŋĺï ∼ 2/10^{13} p.o.t.

• ŚŃŞŮĂĽŊŻĽ. Śńãçăľŋëľ âàĺččěà, łőâőàëľ ŕőğćőńïěâ ĺğãçăâì ğăčàãğłã ďěâěłâőàă, ąëń áłőŋáâàãĺàőćăŋ âăłĺň őąàăğőň: V × T_1 × T_2 âàĺččěà ąëń ćğïâ ĺ ğăďěàęăŋ ŋă 23 ňłá (áőőâćěâáâćãěâ 1 őąőàőâã SPS).

Ŕàĺąńĺğĺâěńìŋő 15 âàĺččěàőć, áőőâćěâáâćãîéĺå łăŋďĺďăâăň ŋă ŋěľâàĺŋŋëě ćğăĺňőďěľáâćĺï, ğăŕĺáëćăîâáï ŋă ńěŋâã ć łăęďőň ŋěľâàĺŋŋőň áąàőáě.

Łàőňě âőčő, àăğńĺçŋëě âàĺččěàë ãáâăŋăćńĺćăîâáï ćő ćàěňï ŕàőňěęãâłă 2.6 á ňěęďã ďćãňï ŋěľâàĺŋŋëňĺ áąàőáăňĺ (á ńőčĺłőľ V T_1T_2). Őŋĺ ĺáŕőńìğãîâáï ďńï:

• łăńĺąàőćłĺ ŕőďďěâěłâőàőć ãáâăŋőćłĺ;

• ĺğňěàěŋĺï íääěłâĺćŋőáâĺ âàĺččěàŋëå áçěâçĺłőć.

Őďŋĺň ĺğ âàĺččěàőć ïćńïěâáï ćëąőà íńěłâàőŋőć (őâ àăáŕăďă ňîőŋă ĺńĺ ĺáŕãáłăŋĺï δ-íńěłâàőŋă), łőâőàëě ĺáŕőńìğãîâáï ďńï ĺğãçěŋĺï ŕőćěďěŋĺï íńěłâàőŋőć ć ďěâěłâőàě (łăł ąãďěâ ĺğńőęěŋő ŋĺęě). Ć ĺâőčě, őłőńő 60 âàĺččěàőć ćğïâë ćő ćàěňï ŕàőňěęãâłă 2.6 á ňěęďã ďćãňï ŋěľâàĺŋŋëňĺ áąàőáăňĺ.

Ŕàĺ ŋăąőàě ďăŋŋëå ćő ćàěňï ŋěľâàĺŋŋëå áąàőáőć âĺŕĺçŋőě ňěàâćőě ćàěňï áőáâăćńïěâ ∼ 10% ĺ ćőğŋĺłăěâ ĺğ-ğă ćàěňěŋĺ őæĺäàőćłĺ ĺŋäőàňăæĺĺ. Ćàěňï, ŕőâěàïŋŋőě ĺğ-ğă ŕàőáâőěć ĺńĺ ŕěàěåőďőć őâ őďŋőčő íâăŕă ŋăąőàă ďăŋŋëå ł ďàãčőňã, őæěŋĺćăěâáï ňěŋěě çěň ć 3%.

2.5 Řěğîňě

Ąëńő ŕőłăğăŋő, çâő łăçěáâćő àăąőâë àăğńĺçŋëå íńěňěŋâőć ãáâăŋőćłĺ NOMAD ŋăåőďïâáï ć åőàőèěň áőčńăáĺĺ á ŋăèĺňĺ őęĺďăŋĺïňĺ.

Łăł ćĺďŋő ĺğ őŕĺáăŋĺï ďěâěłâőàă NOMAD, íłáŕěàĺňěŋâ ŕàěďőáâăćńïěâ ãŋĺłăńìŋãî ćőğňőęŋőáâì ĺğãçăâì áćőľáâćă ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ á łăçěáâćőň íłáŕěàĺňěŋâőć, ćëŕőńŋěŋŋëå ŋă ŕãğëàìłőćëå łăňěàăå (őâŋőáĺâěńìŋő àěłőŋáâàãłæĺĺ âàěłőć ĺ ĺďěŋâĺäĺłăæĺĺ çăáâĺæ), ĺ áő áâăâĺáâĺłőľ, áàăćŋĺňőľ á ŕőńãçěŋŋőľ ć íłáŕěàĺňěŋâăå łăńőàĺňěâàĺçěáłőčő âĺŕă.

Ąőńìèőľ ŋăąőà ďăŋŋëå ć ďěâěłâőàě á ŕńőâŋőáâìî ćőďőàőďŋőľ ŕãğëàìłőćőľ łăňěàë ŕőğćőńĺâ íłáŕěàĺňěŋâã NOMAD ĺğãçĺâì ŋě âőńìłő ŋěľâàĺŋŋëě őáæĺńńïæĺĺ, ŋő âăłęě ňŋőčĺě ďàãčĺě ŕàőæěááë á ãçăáâĺěň ŋěľâàĺŋő.

Ňë ňőęěň âěŕěàì ŕěàěľâĺ ł ŕàőąńěňě ŕàăćĺńìŋőčő ĺáŕőńìğőćăŋĺï őâłńĺłőć ŕőďďěâěłâőàőć ďńï àěłőŋáâàãłæĺĺ áőąëâĺľ ć ãáâăŋőćłě NOMAD.

74 čńăćă 2. íłáŕěàĺňěŋâ NOMAD

Čńăćă 3

Řěłőŋáâàãłæĺï áőąëâĺľ ć íłáŕěàĺňěŋâě NOMAD

Ůâőąë ĺáŕőńìğőćăâì łĺŋěňăâĺłã áőąëâĺľ ďńï ŕőĺáłă ŋěľâàĺŋŋëå őáæĺńńïæĺľ, ŋěőąåőďĺňő ćëŕőńŋĺâì àěłőŋáâàãłæĺî áőąëâĺľ ŋăĺńãçèĺň ćőğňőęŋëň őąàăğőň.

Őáŋőćŋëňĺ æěńïňĺ ŕàőčàăňňë àěłőŋáâàãłæĺĺ ďńï ńîąőčő íłáŕěàĺňěŋâă ŕő äĺğĺłě ćëáőłĺå íŋěàčĺľ ïćńïîâáï:

• ĺğňěàěŋĺě ĺňŕãńìáőć ğăàïęěŋŋëå çăáâĺæ;

• ĺğňěàěŋĺě íŋěàčĺĺ (ĺ, ěáńĺ ćőğňőęŋő, ŋăŕàăćńěŋĺï ďćĺęěŋĺï) ŋěľâàăńìŋëå çăáâĺæ;

• őŕàěďěńěŋĺě âĺŕă çăáâĺæ (ĺå ĺďěŋâĺäĺłăæĺï).

Ć ãáâăŋőćłě NOMAD âàăěłâőàĺĺ ğăàïęěŋŋëå çăáâĺæ ćőááâăŋăćńĺćăîâáï ŋă őáŋőćě łőőàďĺŋăâŋëå ĺğňěàěŋĺľ ć áĺáâěňě ďàěľäőćëå łăňěà. Ŋă áńěďãîéěľ áâăďĺĺ íâĺ ğăàïęěŋŋëě âàěłĺ ĺáŕőńìğãîâáï ďńï àăáŕőğŋăćăŋĺï őąêěłâőć ć ďàãčĺå íńěňěŋâăå ãáâăŋőćłĺ. İńěłâàőňăčŋĺâŋëě ńĺćŋĺ őâ äőâőŋőć ĺğňěàïîâáï áĺáâěňőľ ďěâěłâőàă ńĺćŋěľ ĺ íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă. Ĺďěŋâĺäĺłăæĺï çăáâĺæ őáãéěáâćńïěâáï á ĺáŕőńìğőćăŋĺěň ĺŋäőàňăæĺĺ ćáěå ŕőďďěâěłâőàőć ãáâăŋőćłĺ NOMAD.

3.1 Řěłőŋáâàãłæĺï ğăàïęěŋŋëå âàěłőć

Ŕěàěď ńîąőľ ŕàőčàăňňőľ àěłőŋáâàãłæĺĺ áâőĺâ ďćőïłăï æěńì. Ćő-ŕěàćëå, őŋă ďőńęŋă àěèĺâì ğăďăçã àăáŕőğŋăćăŋĺï őąàăğőć, â.ě. ŕőŋïâì łăłĺě ĺŋďĺćĺďãăńìŋëě ĺğňěàěŋĺï ć ďěâěłâőàě ďőńęŋë ąëâì áłőňąĺŋĺàőćăŋë ćňěáâě, çâőąë őąàăğőćăâì őąêěłâ, ŕàěďáâăćńïîéĺľ áőąőľ âàăěłâőàĺî çăáâĺæë. Ŕàőæěáá àăáŕőğŋăćăŋĺï őąàăğőć ć âàěłőćëå ďěâěłâőàăå (âĺŕă ďàěľäőćëå łăňěà) ŋăğëćăěâáï ŕőĺáłőň âàěłőć. Ŋă áńěďãîéěľ áâăďĺĺ àăąőâë ŕàőčàăňňë àěłőŋáâàãłæĺĺ ĺáŕőńìğãěâáï ŕàőæěďãàă äĺâă, łőâőàăï ŕàĺňěŋïěâáï ł íâőňã ŋăąőàã ĺğňěàěŋĺľ ďńï ĺğćńěçěŋĺï ŕăàăňěâàőć âàăěłâőàĺĺ çăáâĺæë, ŕőğćőńïîéĺå ćëçĺáńĺâì äĺğĺçěáłĺě ćěńĺçĺŋë. Ŋăŕàĺňěà, ĺňŕãńìá ğăàïęěŋŋőľ çăáâĺæë őŕàěďěńïěâáï ĺğňěàěŋĺěň łàĺćĺğŋë ěě âàăěłâőàĺĺ ć ĺğćěáâŋőň ŕőáâőïŋŋőň ňăčŋĺâŋőň ŕőńě. Řěğãńìâăâë ŕőĺáłă âàěłőć ďőńęŋë ąëâì ŕőďâćěàęďěŋë ĺńĺ őŕàőćěàčŋãâë ŕàőæěďãàőľ äĺâă, ĺ ćőğňőęŋëě ŋěőďŋőğŋăçŋőáâĺ âăłęě ďőńęŋë ąëâì àěèěŋë. Ŕàőæěďãàă äĺâĺàőćăŋĺï âàěąãěâ ŋăńĺçĺï ňőďěńĺ âàěłă, âő ěáâì ňăâěňăâĺçěáłőčő áŕőáőąă őŕĺáăŋĺï âàăěłâőàĺĺ çăáâĺæë. Šàěł ňőęěâ ąëâì őŕĺáăŋ ć ńîąőľ âőçłě á ŕőňőéìî 6 ŕăàăňěâàőć (3 ŕàőáâàăŋáâćěŋŋëå łőőàďĺŋăâ, 2 ŋăŕàăćńïîéĺå łőáĺŋãáőć ĺ łàĺćĺğŋë ĺńĺ ăąáőńîâŋőľ ćěńĺçĺŋőľ ĺňŕãńìáă á áőőâćěâáâćãîéĺň ğŋăłőň). Ć ďőŕőńŋěŋĺě ł őæěŋěŋëň ŕăàăňěâàăň âàěłă, ĺå ňăâàĺæă őèĺąőł âăłęě ďőńęěŋă ąëâì ćëçĺáńěŋă ďńï ĺáŕőńìğőćăŋĺï ŋă áńěďãîéěľ áâăďĺĺ ăŋăńĺğă. Ěáńĺ çăáâĺæă ďćĺęěâáï ć ćăłããňě, âő ďőáâăâőçŋő ğŋăŋĺï âàěå ŕăàăňěâàőć ć őďŋőľ âőçłě ďńï ŕőńŋőčő őŕĺáăŋĺï âàăěłâőàĺĺ, âăł łăł őŋă ïćńïěâáï àěèěŋĺěň ãàăćŋěŋĺï ďćĺęěŋĺï á íâĺňĺ ŕăàăňěâàăňĺ ć łăçěáâćě ŋăçăńìŋëå ğŋăçěŋĺľ. Ŕàĺ ŋăńĺçĺĺ ćğăĺňőďěľáâćĺï çăáâĺæë á ćěéěáâćőň, âàăěłâőàĺï ąőńìèě ŋě ïćńïěâáï âőçŋëň àěèěŋĺěň, ćáńěďáâćĺě âőčő, çâő ćğăĺňőďěľáâćĺě ïćńïěâáï áńãçăľŋëň ŕàőæěááőň. Ĺňěŋŋő ŕőíâőňã ć ŕàőæěďãàě äĺâĺàőćăŋĺï ŋěőąåőďĺňő ŕàĺŋïâì ćő ćŋĺňăŋĺě íääěłâë íŋěàčěâĺçěáłĺå ŕőâěàì ĺ ňŋőčőłàăâŋőčő àăááěïŋĺï ćňěáâě á ĺğňěàĺâěńìŋëňĺ őèĺąłăňĺ ĺğ-ğă àăğàěèăîéěľ áŕőáőąŋőáâĺ ďěâěłâőàă.

Ĺğ ćáěčő áłăğăŋŋőčő ćëèě áâăŋőćĺâáï ŕőŋïâŋëň, çâő ŕàőæěďãàă ŕőĺáłă âàěłőć ĺ ĺå äĺâĺàőćăŋĺï ïćńïěâáï ćăęŋőľ áőáâăćŋőľ çăáâìî ăŋăńĺğă ďăŋŋëå.

3.1.1 Ăńčőàĺâňë ŕőĺáłă ĺ äĺâĺàőćăŋĺï âàěłőć

Ŕàőčàăňňă àěłőŋáâàãłæĺĺ âàěłőć ć ďàěľäőćëå łăňěàăå ãáâăŋőćłĺ NOMAD [98] őçěŋì ćăęŋă á âőçłĺ ğàěŋĺï çãćáâćĺâěńìŋőáâĺ íłáŕěàĺňěŋâă. Őçěŋì ćëáőłăï íääěłâĺćŋőáâì àěłőŋáâàãłæĺĺ âàěłőć âàěąãěâáï ďńï åőàőèěčő ĺğňěàěŋĺï łĺŋěňăâĺłĺ áőąëâĺľ ŕàĺ ŕőĺáłě őáæĺńńïæĺľ. Ňë ďőńęŋë ąëâì ãćěàěŋë, çâő ĺğňěàěŋŋëě ŕăàăňěâàë âàěłă ŋě őâłńőŋïîâáï ğŋăçĺâěńìŋő őâ ĺáâĺŋŋőčő ĺňŕãńìáă çăáâĺæë, â.ě. ŕàőčàăňňă àěłőŋáâàãłæĺĺ őąěáŕěçĺćăěâ åőàőèěě ĺňŕãńìáŋőě àăğàěèěŋĺě. Şçĺâëćăï âőâ äăłâ, çâő ňë ŋě ňőęěň ŕàěŋěąàěçì łőńĺçěáâćőň ćěéěáâćă, ŕěàěáěłăěňëň çăáâĺæěľ ňěęďã ďćãňï ĺğňěàĺâěńìŋëňĺ ŕńőáłőáâïňĺ, ŋăň ŋěőąåőďĺňő âéăâěńìŋő ŕàĺŋïâì ćő ćŋĺňăŋĺě íääěłâë íŋěàčěâĺçěáłĺå ŕőâěàì ĺ ňŋőčőłàăâŋőčő àăááěïŋĺï.

Ć ďăńìŋěľèěň ňë łàăâłő őŕĺèěň ňěâőď ŕőĺáłă âàěłőć, ŕàěďáâăćĺň ŕàőæěďãàã äĺâă ĺ ďěâăńìŋő àăááňőâàĺň ňőďěńì âàěłă.

Őďŋăłő, ŕàěęďě ćáěčő, ďăćăľâě őáâăŋőćĺňáï ŋă ŋěłőâőàëå âěåŋĺçěáłĺå ňőňěŋâăå, łőâőàëě őłăğăńĺáì ŕőńěğŋëňĺ ŋă áâăďĺĺ àăğàăąőâłĺ ŕàőčàăňňë.

3.1.2 Šěåŋĺçěáłĺě ďěâăńĺ

Ŕàőčàăňňă àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå ąëńă ŋăŕĺáăŋă ŋă ïğëłě ŕàőčàăňĺàőćăŋĺï C őąêěłâŋő-őàĺěŋâĺàőćăŋŋëň őąàăğőň. Ąőńìèőě łőńĺçěáâćő áőáâăćŋëå çăáâěľ ŕőğćőńïěâ ŕőáâàőěŋĺě ďőŕőńŋĺâěńìŋëå ŕàĺńőęěŋĺľ ďńï àěèěŋĺï áŕěæĺăńìŋëå ğăďăç ďőáâăâőçŋő ŕàőáâëň (ďőáâãŕŋëň ďńï ŕőńìğőćăâěńï) áŕőáőąőň.

Ŕàőčàăňňă àěłőŋáâàãłæĺĺ ćłńîçăěâ ăńčőàĺâňë ŕőĺáłă ĺ äĺâĺàőćăŋĺï âàěłőć/ćěàèĺŋ, čàăäĺçěáłĺľ ďĺáŕńěľ, ŕőďŕàőčàăňňë ďőáâãŕă ł ďăŋŋëň ĺ áŕěæĺăńìŋëľ ŕăłěâ ďńï áŕăáěŋĺï àěğãńìâăâőć àěłőŋáâàãłæĺĺ. Őŋă őąěáŕěçĺćăěâ:

• àěłőŋáâàãłæĺî âàěłőć ďńï on-line ňőŋĺâőàĺàőćăŋĺï ĺ off-line őąàăąőâłĺ ďăŋŋëå;

• ŋăąőà ŕőďŕàőčàăňň ďńï łăńĺąàőćłĺ ďěâěłâőàă (alignment);

• áŕěæĺăńìŋëě ŕőďŕàőčàăňňë ďńï ćâőàőčő íâăŕă (”phase 2”) àěłőŋáâàãłæĺĺ á ãçěâőň ĺďěŋâĺäĺłăæĺĺ çăáâĺæ.

Śŕěæĺăńìŋëě ãáĺńĺï ąëńĺ ŕàĺńőęěŋë ďńï âőčő, çâőąë íâő ŕàőčàăňňŋőě őąěáŕěçěŋĺě ňőčńő ąëâì ĺáŕőńìğőćăŋő ŋă àăğńĺçŋëå ŕńăâäőàňăå, çâő őçěŋì ćăęŋő ďńï ňěęďãŋăàőďŋőčő áőâàãďŋĺçěáâćă. Řăąőâă ŕàőčàăňňë ąëńă ŕàőćěàěŋă ŋă VMS, OSF1, SunOS, Solaris, HP-UX, AIX ĺ Linux őŕěàăæĺőŋŋëå áĺáâěňăå.

Ąëńő àěèěŋő ĺáŕőńìğőćăâì ŕőďŕàőčàăňňë ďőáâãŕă ďńï ĺğćńěçěŋĺï ńîąőľ ĺŋäőàňăæĺĺ ĺğ ZEBRA-ąăŋłőć [99] ĺńĺ C-áâàãłâãà. Šăłőľ ŕőďåőď ŕőğćőńïěâ őâăćńïâì ŋěĺğňěŋŋëňĺ ŕőďŕàőčàăňňë ąőńěě ćëáőłőčő ãàőćŋï ŕàĺ ŋěőąåőďĺňőáâĺ ĺğňěŋĺâì áâàãłâãàë ąőńěě ŋĺğłőčő ãàőćŋï.

Ćáě őąêěłâë, á łőâőàëňĺ ćğăĺňőďěľáâćãěâ ŕàőčàăňňă, ŕàěďáâăćńïîâ áőąőľ áâàãłâãàë ć âěàňĺŋăå ïğëłă C. Ŋăŕàĺňěà, ć ŕàőčàăňňě âàěł ïćńïěâáï áâàãłâãàőľ, áőďěàęăéěľ áŕĺáőł ćåőďïéĺå ć ŋěčő őâáçěâőć.

Ŕàőæěáá àěłőŋáâàãłæĺĺ ãŕàăćńïěâáï ŋăąőàőň ŕăàăňěâàőć, łőâőàëě áőďěàęăâáï ć DcGlobal áâàãłâãàě.

Ŋă àăŋŋěľ áâăďĺĺ àăğàăąőâłĺ ŕàőčàăňňë ąëńő ŕőáâàőěŋő čàăäĺçěáłőě ŕàĺńőęěŋĺě, łőâőàőě ŕőğćőńïěâ őâőąàăğĺâì àěğãńìâăâë àěłőŋáâàãłæĺĺ ŋă íłàăŋě á ćëáőłĺň àăğàěèěŋĺěň. Ďńï ĺğãçěŋĺï ćőğňőęŋëå áŕőáőąőć ãńãçèěŋĺï àăąőâë ŕàőčàăňňë, ąëńő łàăľŋě ŕőńěğŋő ŕőáňőâàěâì čńăğăňĺ ŋă àěğãńìâăâë. Ąőńìèĺŋáâćő ŕăàăňěâàőć, ãŕàăćńïîéĺå ŕàőæěááőň àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå (DcGlobal áâàãłâãàă), ŋăáâàăĺćăńĺáì âăłĺň őąàăğőň.

3.1.3 Ŕőĺáł âàěłőć

Ďěâăńìŋőě őŕĺáăŋĺě ăńčőàĺâňă ŕőĺáłă âàěłőć ďăŋő ć [100]. Ğďěáì ąãďěâ ŕàěďáâăćńěŋă ńĺèì őąéăï áâàăâěčĺï. Ŕőĺáł âàěłőć áőáâőĺâ ĺğ çěâëàěå íâăŕőć: ŕőáâàőěŋĺě âàĺŕńěâőć, ŋăåőęďěŋĺě âàăěłâőàĺĺ ć ćĺďě ćĺŋâőćőľ ńĺŋĺĺ, őâąőà őâáçěâőć ĺ łőŋáâàãłæĺï âàěłă (äĺâ, ŕàőćěàłă łăçěáâćă ĺ íłáâàăŕőńïæĺï).

Őâáçěâë (hits)

Őâáçěâ ŕàěďáâăćńïěâ áőąőľ őæĺäàőćłã (ĺğňěàěŋĺě łőőàďĺŋăâë) ć őďŋőľ ĺğ ŕńőáłőáâěľ ďàěľäőćëå łăňěà. Ć ŕàőčàăňňě łăęďőňã őâáçěâã áőőâćěâáâćãěâ áâàãłâãàă, áőďěàęăéăï ĺŋäőàňăæĺî ő łăňěàě, ŕńőáłőáâĺ ĺ ŕàőćőńőçłě, ŋă łőâőàőľ ŕàőĺğőèńă őæĺäàőćłă, ĺ ĺğňěàěŋŋőě TDC ćàěňï ďàěľäă. Ďńï ŕàăćĺńìŋőčő ŕàěőąàăğőćëćăŋĺï íâőčő ćàěňěŋĺ ć àăááâőïŋĺě ŋěőąåőďĺňă ďőŕőńŋĺâěńìŋăï ĺŋäőàňăæĺï ő ŕőńőęěŋĺĺ őâáçěâă ćďőńì ďńĺŋë ŕàőćőńőçłĺ ĺ ãčńě, ŕőď łőâőàëň çăáâĺæă ŕěàěáěłńă ďăŋŋãî ĺğňěàĺâěńìŋãî ŕńőáłőáâì. İâă ĺŋäőàňăæĺï ŕőïćńïěâáï âőńìłő ŋă ąőńěě ŕőğďŋěľ áâăďĺĺ àăąőâë ŕàőčàăňňë, ă ć łăçěáâćě ŋăçăńìŋëå ŕăàăňěâàőć ňë ĺáŕőńìğãěň æěŋâàăńìŋëě ğŋăçěŋĺï. Ć ďăńìŋěľèěň ŕàěőąàăğőćăŋĺě ćàěňěŋĺ ć àăááâőïŋĺě ŕàőĺáåőďĺâ á ãçěâőň ďőŕőńŋĺâěńìŋëå ĺğňěàěŋŋëå ŕăàăňěâàőć, ĺ ãńãçèăěâáï àăğàěèěŋĺě ”ććěàå-ćŋĺğ” ŋěőďŋőğŋăçŋőáâĺ.

Őâáçěâë, ćłńîçěŋŋëě ć âàěłĺ (trhits)

Őâáçěâ ć ďàěľäőćëå łăňěàăå ŕàĺőąàěâăěâ ňŋőčő ďőŕőńŋĺâěńìŋëå ăâàĺąãâőć ŕőáńě ěčő ćłńîçěŋĺï ć âàěł: ŋăŕàĺňěà, ğŋăł (”ććěàå-ćŋĺğ”) ĺńĺ ďàěľäőćőě àăááâőïŋĺě (âăł łăł ŕàěőąàăğőćăŋĺě ”ćàěňï-àăááâőïŋĺě” ğăćĺáĺâ őâ ãčńă âàěłă). Ćáńěďáâćĺě âőčő, çâő őâáçěâ ňőęěâ ć ŕàĺŋæĺŕě ŕàĺŋăďńěęăâì ŋěáłőńìłĺň âàěłăň, íâĺ ăâàĺąãâë ŋě ďőńęŋë ąëâì áőåàăŋěŋë ćŋãâàĺ áâàãłâãàë őâáçěâă. Šăłĺň őąàăğőň, ŋěőąåőďĺňő ććěáâĺ ŋőćãî áâàãłâãàã, łőâőàăï ąëńă ŋăğćăŋă trhit ĺ łőâőàăï áőďěàęĺâ ćěńĺçĺŋë, ŋãęŋëě ďńï äĺâă, âő ěáâì ńőłăńìŋëě ŕăàăňěâàë âàěłă, ňăâàĺæã őèĺąőł ĺ â.ď.

Šàĺŕńěâë

Łăł ąëńő őâňěçěŋő àăŋěě, ďàěľäőćëě łăňěàë ãáâăŋőćłĺ NOMAD áőáâőïâ ĺğ âàěå çãćáâćĺâěńìŋëå ŕńőáłőáâěľ, ĺğňěàïîéĺå U, Y ĺ V łőőàďĺŋăâë, čďě U ĺ V áőáâăćńïîâ ãčńë +5 ĺ −5 čàăďãáőć ŕő őâŋőèěŋĺî ł Y. U ĺ V áĺáâěňë őâáçěâă őŕàěďěńïîâáï âăł, çâőąë U ĺ V ąëńĺ àăćŋë ŋãńî łőčďă X ĺ Y - 0:

U = Y · cos 5^∘ − X · sin 5^∘

V = Y · cos 5^∘ + X · sin 5^∘

Ďńï àăáŕőğŋăćăŋĺï őąàăğőć ŋěőąåőďĺňő áłőňąĺŋĺàőćăâì ĺŋäőàňăæĺî ő ŕőńőęěŋĺĺ âàěłă ć âàěå çãćáâćĺâěńìŋëå ŕńőáłőáâïå őďŋőľ łăňěàë ć őďŋő ŕàőáâàăŋáâćěŋŋőě ĺğňěàěŋĺě.

Ďăćăľâě ŋăğëćăâì âàĺŕńěâőň âăłãî łőňąĺŋăæĺî 3 őâáçěâőć ć ŕńőáłőáâïå őďŋőľ łăňěàë. Őŋ ŕàěďáâăćńïěâ áőąőľ ŕěàćãî ŕőŕëâłã àěèĺâì ”ććěàå-ćŋĺğ” ŋěőďŋőğŋăçŋőáâì ĺ áőďěàęĺâ âàěåňěàŋãî ĺŋäőàňăæĺî ő âàăěłâőàĺĺ çăáâĺæë ć ďăŋŋőľ Z ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ. Ŋăĺąőńěě çãćáâćĺâěńìŋëľ łàĺâěàĺľ ďńï ćëąőàă őâáçěâőć, ŕàĺŋăďńěęăéĺå őďŋőňã âàěłã - íâő ćěńĺçĺŋă:

Δ = U + V − 2 · Y · cos 5^∘ ≈ 2 · Δz · tan γ · sin 5^∘

łőâőàăï ŕàőŕőàæĺőŋăńìŋă ãčńã ŋăłńőŋă âàěłă ć (xz) ŕńőáłőáâĺ (tan γ) ĺ àăááâőïŋĺî ňěęďã ďćãňï ĺğňěàĺâěńìŋëňĺ ŕńőáłőáâïňĺ (Δz). İâă ćěńĺçĺŋă ňăńă ďńï ŕàïňëå âàěłőć, ŕěàŕěŋďĺłãńïàŋő ŕěàěáěłăîéĺå ŕńőáłőáâĺ ďàěľäőćëå łăňěà, ĺ áőáâăćńïěâ ∼3 ňň ďńï ŋăłńőŋă 1.

Šăł łăł łăęďăï ĺğ łőőàďĺŋăâ U, Y ĺńĺ V ğăćĺáĺâ őâ ğŋăłă ďàěľäőćőčő àăááâőïŋĺï (”ććěàå-ćŋĺğ”), łőňąĺŋăæĺï âàěå őâáçěâőć ŕőğćőńïěâ ŕőáâàőĺâì ćőáěňì àăğńĺçŋëå âàĺŕńěâőć. Šăłĺň őąàăğőň, âàĺŕńěâ őŕàěďěńïěâáï łőňąĺŋăæĺěľ âàěå őâáçěâőć (U, Y ĺ V), âàěå ğŋăłőć ĺ ćěńĺçĺŋőľ Δ.

Ďńï ćëąőàă âàĺŕńěâőć ŋăłńăďëćăěâáï ãáńőćĺě ŋă |Δ|. Řăğńĺçŋëě łàĺâěàĺĺ ňőčãâ ąëâì ĺáŕőńìğőćăŋë ďńï ćëąőàă ńãçèĺå âàĺŕńěâőć, ŋăŕàĺňěà: àăááňőâàĺćăâì âőńìłő ŕěàćëľ (ć áňëáńě |Δ|) ďńï ďăŋŋőčő Y őâáçěâă; ĺčŋőàĺàőćăâì âàĺŕńěâë, ěáńĺ ŋěáłőńìłő łăŋďĺďăâőć ňőčãâ ąëâì ŕőáâàőěŋë ďńï őďŋőčő ĺğ ěčő őâáçěâőć ĺ â.ď. Śőőâŋőèěŋĺě íääěłâĺćŋőáâì - łăçěáâćő ďńï íâĺå ďćãå äĺńìâàőć 70%-70% ĺ 45%-85%. Ć ŋăèěľ ćěàáĺĺ ŕàőčàăňňë ĺáŕőńìğãěâáï ŕěàćëľ ĺğ ŋĺå. Łàĺâěàĺľ ŋă |Δ| őŕàěďěńïěâáï DcGlobal.Dmax1 ŕăàăňěâàőň (âĺŕĺçŋőě ğŋăçěŋĺě 3 áň).

Łàőňě íâĺå łàĺâěàĺěć őâąőàă ňőęŋő âăłęě ĺáŕőńìğőćăâì áńěďãîéĺě: ĺčŋőàĺàőćăâì őâáçěâë ŕàĺ ŕőáâàőěŋĺĺ âàĺŕńěâőć (çâőąë ŕàěďőâćàăâĺâì ŕőáâàőěŋĺě ŋěćěàŋëå łőňąĺŋăæĺľ) ěáńĺ őŋĺ ńěęăâ ć őąńăáâĺ ćëáőłőľ ğăčàãğłĺ ďěâěłâőàă, ěáńĺ ěáâì ňŋőęěáâćěŋŋëľ őâáçěâ ŋă ďăŋŋőľ ŕàőćőńőçłě ĺńĺ ěáńĺ ćàěňï ďàěľäă áńĺèłőň ňăńő.

Ŕàőæěááőàŋőě ćàěňï, ŋěőąåőďĺňőě ďńï ŕőáâàőěŋĺï âàĺŕńěâőć àăáâěâ łăł N^3őâáçěâőć, ŋő áőáâăćńïěâ ć áàěďŋěň őçěŋì ňăńëľ ćłńăď ć őąéěě ćàěňï àěłőŋáâàãłæĺĺ.

Šàĺŕńěâë ĺáŕőńìğãîâáï ďńï ŕőĺáłă âàěłőć.

Ŋăåőęďěŋĺě âàăěłâőàĺĺ ć ćĺďě ćĺŋâőćőľ ńĺŋĺĺ

Ŋăńĺçĺě âàěå âàĺŕńěâőć ŕőğćőńïěâ ŕàőćěàĺâì ńěęăâ ńĺ őŋĺ ćďőńì âàăěłâőàĺĺ^1, áőőâćěâáâćãîéěľ ćĺŋâőćőľ ńĺŋĺĺ ďćĺęěŋĺï ğăàïęěŋŋëľ çăáâĺæë ć ŕőáâőïŋŋőň ňăčŋĺâŋőň ŕőńě, ĺ ćëçĺáńĺâì ŕăàăňěâàë íâőľ âàăěłâőàĺĺ.

Ćëąàăŋŋëě ŕăàăňěâàë ćĺŋâőćőľ ńĺŋĺĺ - x, y, 1/R, tan λ, ϕ, t_0 (áň. àĺá. 3.1), čďě x ĺ y - łőőàďĺŋăâë, λ - ãčőń ŋăłńőŋă, ϕ - ãčőń ć (yz) ŕńőáłőáâĺ, őâàĺæăâěńìŋëľ ďńï âàěłőć, ŋăŕàăćńěŋŋëå ććěàå, R - àăďĺãá (á ãçěâőň ğŋăłă) ć (yz) ŕńőáłőáâĺ, t_0 - ćàěňï, łőâőàőě ćëçĺâăěâáï ĺğ ćàěňěŋĺ ďàěľäă ŕàĺ ćëçĺáńěŋĺĺ ďàěľäőćőčő àăááâőïŋĺï. Ŋěőąåőďĺňőáâì ććěďěŋĺï ŕőáńěďŋěčő ŕăàăňěâàă őąêïáŋïěâáï

1Ňőďěńì âàěłă ąãďěâ ŕőďàőąŋő őŕĺáăŋă ŋĺęě.

Řĺá. 3.1: Őŕàěďěńěŋĺě ŕăàăňěâàőć, łőâőàëě áńãęăâ ďńï őŕĺáăŋĺï âàăěłâőàĺĺ ğăàïęěŋŋëľ çăáâĺæë ć ãáâăŋőćłě NOMAD.

ŋěőŕàěďěńěŋŋőáâìî ćő ćàěňěŋĺ áàăąăâëćăŋĺï âàĺččěàă ĺ ďőŕőńŋĺâěńìŋőľ ćőğňőęŋőáâìî äĺâĺàőćăâì âàěłĺ, ŋě áőőâćěâáâćãîéĺě ćàěňěŋĺ őáŋőćŋőčő âàĺččěàă.

Ďăćăľâě àăááňőâàĺň âàĺ âàĺŕńěâă ”0”, ”1” ĺ ”2” ĺ ćëçĺáńĺň ŕăàăňěâàë ćĺŋâőćőľ ńĺŋĺĺ, ŕőďàăğãňěćăï, çâő őŋĺ ńěęăâ ŋă őłàãęŋőáâĺ àăďĺãáă R ć (yz) ŕńőáłőáâĺ á æěŋâàőň ć (y_c, z_c):

R^2 = (y_0 − y_c)^2 + (z_0 − z_c)^2 = (y_1 − y_c)^2 + (z_1 − z_c)^2 = (y_2 − y_c)^2 + (z_2 − z_c)^2

Ś ŕőňőéìî íâőčő àăćěŋáâćă ňőęŋő ŕőáâàőĺâì ďćă ŋőćëå

2y_c · (y_1 − y_0) + 2z_c · (z_1 − z_0) = (y^2_1 − y^2_0 ) + (z^2_1 − z^2_0 )

2y_c · (y_2 − y_0) + 2z_c · (z_2 − z_0) = (y^2 − y^2_0 ) + (z^2 − z^2_0 ) ĺ, ćëçĺâăï őďŋő ĺğ ďàãčőčő, ŕőńãçĺâì 2y_c · [ y_1 − y_0 z_1 − z_0 − y_2 − y_0 z_2 − z_0 ] = (y^2_1 − y^2_0 ) + (z^2_1 − z^2_0 ) z_1 − z_0 − (y^2 − y^2_0 ) + (z^2 − z^2_0 ) z_2 − z_0 Ććőďï őąőğŋăçěŋĺï Δy_{ij} = y_i − y_j , Δz_{ij} = z_i − z_j ĺ A = Δy_{10}Δz_{20} − Δy_{20}Δz_{10}, ňőęŋő ğăŕĺáăâì

y_c = y_0 + 1 2A · [Δz_{20} · (Δy^2_{10} + Δz^2_{10}) − Δz_{10} · (Δy^2_0 + Δz^2_0)]

Ăŋăńőčĺçŋő

z_c = z_0 − 1 2A · [Δy_{20} · (Δz^2_{10} + Δy^2_{10}) − Δy_{10} · (Δz^2_0 + Δy^2_0)]

Ććőďĺň S_{ij} = Δy^2_{ij} + Δz^2_{ij} ,

R^2 = (y_0 − y_c)^2 + (z_0 − z_c)^2 = 1 4A^2

· S_{10} · S_{20} · S_{21}

Šőčďă

cos ϕ_0 = y_0 − y_c R = 1 √ S_{10}S_{20}S_{21}

(S_{20}Δz_{10} − S_{10}Δz_{20}) ĺ sin ϕ_0 = z_0 − z_c R = 1 √ S_{10}S_{20}S_{21}

(S_{10}Δy_{20} − S_{20}Δy_{10})

Ŕàĺ 9 ĺğňěàěŋĺïå ĺ 6 ŕăàăňěâàăå áãéěáâćãěâ 3 ćőğňőęŋëå łàĺâěàĺï, ŕőğćőńïîéĺå ŕàőćěàĺâì ŕàĺŋăďńěęăâ ńĺ íâĺ âàĺ âàĺŕńěâă őďŋőľ âàăěłâőàĺĺ. Ŋă ďăŋŋëľ ňőňěŋâ ňë ĺáŕőńìğãěň âőńìłő ŕàőćěàłã ŋă âő, çâő âàĺŕńěâë ńěęăâ ŋă őďŋőľ ńĺŋĺĺ ćďőńì x, çâő ïćńïěâáï őçěŋì çãćáâćĺâěńìŋëň łàĺâěàĺěň, őáőąěŋŋő ěáńĺ âàĺŕńěâë ŕàĺŋăďńěęăâ łăňěàăň, ŋăåőďïéĺňáï ďăńěłő ďàãč őâ ďàãčă:

x^{extrap} = x_1 + (ϕ_2 − ϕ_1) · x_3 − x_1 ϕ_3 − ϕ_1 |x^{extrap} − x_2| < DcGlobal.Maxdx Ůâőąë âőçŋő ćëçĺáńĺâì ŕăàăňěâàë âàăěłâőàĺĺ, ŋěőąåőďĺňő ŋěáłőńìłő ĺâěàăæĺľ ŕőáńě ćëçĺáńěŋĺï ŋăłńőŋă âàěłă ĺ ďàěľäőćëå àăááâőïŋĺľ (ĺğ-ğă ğăćĺáĺňőáâĺ áőőâŋőèěŋĺï ”ćàěňï-àăááâőïŋĺě” őâ ãčńă). Ůâőąë ĺğąěęăâì ńĺèŋĺå ćëçĺáńěŋĺľ, ňë ŋě ďěńăěň ŕőŕëâłã őŕàěďěńĺâì ŕăàăňěâàë ćĺŋâőćőľ ńĺŋĺĺ, ěáńĺ 3 âàĺŕńěâă áőáâăćńïîâ ąőńìèě çěň ŕőńőąőàőâă ĺńĺ ěáńĺ x_{res} ąőńìèě çěň Dc-

Global.Maxdx ŕăàăňěâà (âĺŕĺçŋőě ğŋăçěŋĺě 3 áň).

Ćëąőà őâáçěâőć

Ĺáŕőńìğãï ŕăàăňěâàë ćĺŋâőćőľ ńĺŋĺĺ, ňőęŋő ćëąàăâì őâáçěâë ćďőńì âàăěłâőàĺĺ. İâă ŕàőæěďãàă łőŋâàőńĺàãěâáï ŕăàăňěâàőň DcGlobal.Roadwidth, ŕàĺŋĺňăîéĺň ğŋăçěŋĺï őâ 2 ďő 3 ňň, ĺ ŕàěàëćăěâáï, ěáńĺ:

• áńĺèłőň ňŋőčő ĺğňěàĺâěńìŋëå ŕńőáłőáâěľ ŕěàěáěłăěâáï ąěğ ŋăåőęďěŋĺï őâáçěâă. İâő ãŕàăćńïěâáï čńőąăńìŋëň ŕăàăňěâàőň DcGlobal.Maxhole (âĺŕĺçŋőě ğŋăçěŋĺě 3);

• ŋěáłőńìłő őâáçěâőć ŋăľďěŋë ć ŕàěďěńăå ĺŋâěàćăńă ŕőĺáłă (áńĺèłőň őŕăáŋő ćëąĺàăâì őďĺŋ ĺğ ŋĺå ąěğ ćěáłĺå ŋă âő őáŋőćăŋĺľ). İâă áĺâãăæĺï ãŕàăćńïěâáï ŕăàăňěâàőň DcGlobal.Dangerousroad. Ŋãńěćăï ćěńĺçĺŋă őğŋăçăěâ, çâő ŕàőæěďãàă ŋě ďőńęŋă őáâăŋăćńĺćăâìáï ďăęě ŕàĺ ŕěàěáěçěŋĺĺ őąńăáâĺ á ćëáőłőľ ğăčàãğłőľ ďěâěłâőàă.

Ŕőĺáł âàěłă

Ŕàĺ ŋăńĺçĺĺ âàěå łăňěà, ć łőâőàëå ąëńĺ ŕőáâàőěŋë âàĺŕńěâë, ćëğëćăěâáï äãŋłæĺï ŕőáâàőěŋĺï âàěłă. Ěáńĺ 3 âàĺŕńěâă ãďőćńěâćőàïîâ łàĺâěàĺî Dc-

Global.Maxdx, âő ćëçĺáńïîâáï ŕăàăňěâàë ćĺŋâőćőľ ńĺŋĺĺ ĺ áâàőĺâáï âàěł.

Ěáńĺ âàěł ãďőćńěâćőàïěâ łàĺâěàĺïň łăçěáâćă, âő őŋ ďőąăćńïěâáï ł áŕĺáłã âàěłőć, ć ŕàőâĺćŋőň áńãçăě - íâőâ łăŋďĺďăâ àăğàãèăěâáï. Šăłőľ ŕőďåőď ŕőğćőńïěâ ĺğňěŋïâì ăńčőàĺâň ŕőĺáłă âàěłőć ąěğ ňőďĺäĺłăæĺľ őáâăńìŋőľ çăáâĺ ŕàőčàăňňë. Ŋăŕàĺňěà, ąëń àăğàăąőâăŋ ăńčőàĺâň ŕőĺáłă âàěłőć ć ďàěľäőćëå łăňěàăå, őáŋőćăŋŋëľ ŋă ĺáŕőńìğőćăŋĺĺ ĺŋäőàňăæĺĺ őą x-łőőàďĺŋăâăå őâáçěâőć ć TRD [101]. Ďőŕőńŋĺâěńìŋëľ ăńčőàĺâň ŕőĺáłă âàěłőć ĺáŕőńìğãěâ ĺŋäőàňăæĺî ő ŕőńőęěŋĺĺ ćőááâăŋőćńěŋŋëå ćěàèĺŋ ć áőąëâĺĺ [100].

Ŕàőæěáá “ãńãçèěŋĺï” âàěłă

Ŕőáńě ŋăåőęďěŋĺï łăŋďĺďăâă ŋă âàěł, ňőęŋő ŕőŕëâăâìáï ěčő őâäĺâĺàőćăâì, ŕàőćěàĺâì ćëąőà ğŋăłőć ďàěľäőćőčő àăááâőïŋĺï, ãďăńĺâì ŋěęěńăâěńìŋëě őâáçěâë ĺ ŕőŕëâăâìáï íłáâàăŕőńĺàőćăâì íâőâ âàěł. Ťãŋłæĺï, őâćěâáâćěŋŋăï ğă íâã ğăďăçã ĺáŕőńìğãěâ ć łăçěáâćě ăàčãňěŋâă ŕăàăňěâà “χ^2 ŋă âőçłã”. Ěáńĺ ćłńăď őâáçěâă ć áãňňăàŋëľ χ^2 ŕàěćëèăěâ ğŋăçěŋĺě ŕăàăňěâàă DcGlobal.Maxpointchi2 (âĺŕĺçŋőě ğŋăçěŋĺě 10), âő őâáçěâ ąãďěâ ĺáłńîçěŋ ĺğ ďăŋŋőčő âàěłă. Ĺ ŋăőąőàőâ, őâáçěâ ňőęěâ ąëâì ćłńîçěŋ ć âàěł ć ŕàőæěááě íłáâàăŕőńïæĺĺ, ěáńĺ őŋ ãďőćńěâćőàïěâ íâőňã ãáńőćĺî.

3.1.4 Ŕàőæěďãàă äĺâă

Řěèĺć ğăďăçã àăáŕőğŋăćăŋĺï őąàăğőć, ňë âěŕěàì ňőęěň őâäĺâĺàőćăâì áőğďăŋŋëě âàěłĺ á æěńìî őŕàěďěńěŋĺï ĺå ŕăàăňěâàőć, âő ěáâì ĺňŕãńìáőć ğăàïęěŋŋëå çăáâĺæ. Ďńï ćëŕőńŋěŋĺï íâőľ ğăďăçĺ ąëń ĺáŕőńìğőćăŋ äĺńìâà Łăńìňăŋă.

Ťĺńìâà Łăńìňăŋă

Ťĺńìâà Łăńìňăŋă - íâő ňăâěňăâĺçěáłőě ŋăğćăŋĺě, ŕàĺáćőěŋŋőě ňěâőďã őæěŋłĺ ŕăàăňěâàőć á ŕőňőéìî ŕőèăčőćőľ ňěâőďĺłĺ ŋăĺňěŋìèĺå łćăďàăâőć.

Šăł łăł íâőâ ňěâőď ąëń ĺğŋăçăńìŋő àăğàăąőâăŋ ć ŋăçăńě 60-ëå čőďőć ďńï ŕàěďáłăğăŋĺï âàăěłâőàĺľ àăłěâ ŕő àěğãńìâăâăň ĺğňěàěŋĺï ĺå ŕőńőęěŋĺľ ć ŕàőèěďèĺě ĺŋâěàćăńë ćàěňěŋĺ, őŋ ňőęěâ ąëâì ĺáŕőńìğőćăŋ ďńï ãçěâă ňŋőčőłàăâŋőčő àăááěïŋĺï ŕàĺ őŕàěďěńěŋĺĺ ŕăàăňěâàőć âàěłőć. Ňë ŕőŕëâăěňáï łàăâłő őŕĺáăâì őáŋőćŋëě çěàâë äĺńìâàă Łăńìňăŋă ĺ őâáëńăěň ł áŕěæĺăńìŋőľ ńĺâěàăâãàě [102, 103] ďńï ąőńěě ďěâăńìŋőčő őğŋăłőňńěŋĺï.

Řăááňőâàĺň ãáâăŋőćłã, ć łőâőàőľ ĺğňěàĺâěńìŋëě ŕńőáłőáâĺ àăğďěńěŋë áńőïňĺ ćěéěáâćă^2. Ć áőőâćěâáâćĺĺ á âěőàěňőľ Čăãááă - Ňăàłőćă, ŋăĺńãçèăï (ńĺŋěľŋăï) őæěŋłă ŕăàăňěâàőć âàěłă ąãďěâ ŕőńãçěŋă ć âőň áńãçăě, łőčďă ŕàĺ ŕàĺňěŋěŋĺĺ ňěâőďă ŋăĺňěŋìèĺå łćăďàăâőć ĺáŕőńìğãěâáï ăąáőńîâŋő ćěàŋăï ňăâàĺæă őèĺąőł ďńï ćáěå ĺğňěàěŋĺľ. İâő őğŋăçăěâ, çâő ňë ďőńęŋë áłőňąĺŋĺàőćăâì àăğàěèăîéãî áŕőáőąŋőáâì ďàěľäőćëå łăňěà ĺ íääěłâ ňŋőčőłàăâŋőčő àăááěïŋĺï ŕàĺ ćëçĺáńěŋĺĺ ňăâàĺæë őèĺąőł, łőâőàăï ć àěğãńìâăâě íâőčő áâăŋőćĺâáï ŋěďĺăčőŋăńìŋőľ. Ć âàăďĺæĺőŋŋőň čńőąăńìŋőň ňěâőďě ŋăĺňěŋìèĺå łćăďàăâőć, ŕőńãçěŋŋăï ňăâàĺæă (Nĺğňěàěŋĺľ × Nĺğňěàěŋĺľ) ďőńęŋă ąëâì ćëçĺáńěŋă ĺ őąàăéěŋă. Ć íłáŕěàĺňěŋâě NOMAD, čďě Nĺğňěàěŋĺľ ńěęĺâ ć ĺŋâěàćăńě 50 ÷ 100, ĺŋćěàâĺàőćăŋĺě âăłőľ ňăâàĺæë ŋě âőńìłő áńĺèłőň ďőàőčő ć âěàňĺŋăå ŕàőæěááőàŋőčő ćàěňěŋĺ, ŋő ĺ ŋěáâăąĺńìŋő. Ďàãčĺň ŋěďőáâăâłőň âàăďĺæĺőŋŋőčő äĺâă ïćńïěâáï ěčő őčàăŋĺçěŋŋőáâì: őŋ őąěáŕěçĺćăěâ ŕăàăňěâàë âàěłă âőńìłő ďńï őďŋőľ äĺłáĺàőćăŋŋőľ âőçłĺ, ŋăŕàĺňěà, ć ŋăçăńě âàěłă. Ďńï ŋăåőęďěŋĺï ŕăàăňěâàőć ć łőŋæě âàěłă, ŋěőąåőďĺňő ćëŕőńŋĺâì áőćěàèěŋŋő ŋěğăćĺáĺňëľ äĺâ. Ĺğ-ğă ňŋőčőłàăâŋőčő àăááěïŋĺï àěğãńìâăâë íâĺå ďćãå äĺâőć ŋě áćïğăŋë ňěęďã áőąőľ ňőďěńìî âàěłă ĺ ŋě ňőčãâ ąëâì ŕőńãçěŋë őďĺŋ ĺğ ďàãčőčő.

Ťĺńìâà Łăńìňăŋă ïćńïěâáï ŕőèăčőćőľ ňěâőďĺłőľ (čďě ŕőď èăčőň ŕőŋĺňăěâáï ŕàőæěáá ŕěàěåőďă őâ őďŋőľ ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ ł áńěďãîéěľ ĺ ěě ćłńîçěŋĺě ć äĺâ), łőâőàăï ňőęěâ ŕàĺňěŋïâáï ł ąěáłőŋěçŋőňã çĺáńã ĺğňěàěŋĺľ ĺ ďăěâ á ňăâěňăâĺçěáłőľ âőçłĺ ğàěŋĺï âőçŋő âăłőľ ęě àěğãńìâăâ, çâő ĺ áâăŋďăàâŋëľ ňěâőď ŋăĺňěŋìèĺå łćăďàăâőć. Ć ŕàĺńőęěŋĺĺ ł äĺâã âàěłőć íâă ňěâőďĺłă ŕőğćőńïěâ ĺğąěčăâì őąàăéěŋĺï ąőńìèĺå ňăâàĺæ ĺ őąěáŕěçĺćăěâ ĺŋäőàňăæĺî ő ŕăàăňěâàăå âàěłă ć ńîąőľ âőçłě, ŕàěďőáâăćńïï ćőğňőęŋőáâì ćëïćńïâì őâ-

2İâő ãâćěàęďěŋĺě, łőŋěçŋő, ćáěčďă áŕàăćěďńĺćő, ŋő őçěŋì åăàăłâěàŋő ďńï ďěâěłâőàă NOMAD.

áçěâë, ŋě ŕàĺŋăďńěęăéĺě âàěłã, ĺ őąěáŕěçĺćăï íłáâàăŕőńïæĺî ĺ ĺŋâěàŕőńïæĺî ć ďàãčĺě ŕőďďěâěłâőàë.

Ďăćăľâě àăááňőâàĺň äĺńìâà Łăńìňăŋă ŋă ŕàĺňěàě ńĺŋěľŋőľ ďĺáłàěâŋőľ ďĺŋăňĺçěáłőľ áĺáâěňë, łőâőàăï ć łăęďőľ (ďĺáłàěâŋőľ) âőçłě ćàěňěŋĺ (t_k ) åăàăłâěàĺğãěâáï ćěłâőàőň áőáâőïŋĺï x_k . İćőńîæĺï íâőčő ćěłâőàă áőáâőïŋĺï ćő ćàěňěŋĺ őŕĺáëćăěâáï (ŋěğăćĺáïéĺň őâ ćàěňěŋĺ) ãàăćŋěŋĺěň áĺáâěňë:

x_k = f_k(x_{k−1}) + w_k

čďě f_k - őŕàěďěńïîéăï äãŋłæĺï (ňőďěńì âàěłă ć ŋăèěň áńãçăě), ă w_k - áńãçăľŋőě ćőğňãéěŋĺě ć áĺáâěňě, âăł ŋăğëćăěňëľ ŕàőæěáá èãňă (ňŋőčőłàăâŋőě àăááěïŋĺě ć ŋăèěň áńãçăě).

Ćěłâőà áőáâőïŋĺï áĺáâěňë ŋě őąïğăâěńìŋő ďőńęěŋ ŋěŕőáàěďáâćěŋŋő ŋăąńîďăâìáï. Ć ąőńìèĺŋáâćě áńãçăěć ňë ĺňěěň ďěńő á ŋăąńîďăěňőľ äãŋłæĺěľ ćěłâőàă áőáâőïŋĺï á ãçěâőň őèĺąőł ĺğňěàěŋĺï^3:

m_k = h_k(x_k) + ε_k

čďě m_k - ćěłâőà ŋăąńîďăěňëå (ć íłáŕěàĺňěŋâě NOMAD ĺğňěàïěâáï âőńìłő őďŋă łőőàďĺŋăâă ć łăęďőľ Z ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ). Ć ďăńìŋěľèěň ňë ŕàěďŕőńőęĺň, çâő w_k ĺ ε_k ïćńïîâáï ŋěğăćĺáĺňëňĺ áńãçăľŋëňĺ ćěłâőàăňĺ áő áàěďŋĺň ğŋăçěŋĺěň 0 ĺ łőŋěçŋőľ ňăâàĺæěľ őèĺąőł.

Ńĺŋěăàĺğăæĺï áĺáâěňë ć őłàěáâŋőáâĺ x_{k−1} ŕàĺćőďĺâ ł:

f_k(x_{k−1}) = F_k · x_{k−1}

h_k(x_k) = H_k · x_k

Šěŕěàì ňë ňőęěň őŕàěďěńĺâì őáŋőćŋëě ŕőŋïâĺï äĺńìâàă Łăńìňăŋă:

• Ŕàěďáłăğăŋĺě (Prediction) - őæěŋłă ćěłâőàă áőáâőïŋĺï áĺáâěňë ć ”ąãďãéěň”, â.ě. ŕàěďáłăğăŋĺě ćěłâőàă áőáâőïŋĺï ć ňőňěŋâ ćàěňěŋĺ ĺńĺ ć ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ (i + 1) á ãçěâőň ćáěå ŕàěďëďãéĺå ĺğňěàěŋĺľ ďő m_i.

• Ťĺńìâàăæĺï (Filtering) - őæěŋłă ”âěłãéěčő” ćěłâőàă áőáâőïŋĺï ŋă őáŋőćě ćáěå ”ŕàěďëďãéĺå” ĺğňěàěŋĺľ, â.ě. őŕàěďěńěŋĺě ŕăàăňěâàőć âàěłă á ãçěâőň ćáěå ĺğňěàěŋĺľ^4 ďő m_i (ĺńĺ ŕőáńě m_i). Ďàãčĺňĺ áńőćăňĺ äĺńìâàăæĺï ćłńîçăěâ ĺğňěàěŋĺě ć ňőňěŋâ ćàěňěŋĺ ĺńĺ ć ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ i ć ŕàěďáłăğăŋĺě.

• Ťĺńìâà (Filter) - íâő ŕàőæěáá äĺńìâàăæĺĺ. Ŋăŕàĺňěà, äĺńìâàăæĺï őâ m_1 ďő m_i áőáâőĺâ ć ĺáŕőńìğőćăŋĺĺ äĺńìâàă őâ m_1 ďő m_{i−1}, ŕàőďőńęěŋĺě âàěłă őâ m_{i−1} ďő m_i ĺ ďőąăćńěŋĺě m_i. Ťĺńìâà ňőęěâ ĺňěâì ŋăŕàăćńěŋĺě ćŕěàěď (i ãćěńĺçĺćăěâáï) ĺńĺ ŋăğăď (i ãňěŋìèăěâáï).

• Śčńăęĺćăŋĺě (Smoothing) - ĺáŕőńìğőćăŋĺě ćáěå ĺğňěàěŋĺľ ďńï őŕàěďěńěŋĺï ŕăàăňěâàőć âàěłă ć ńîąőľ âőçłě. Ĺğ-ğă ňŋőčőłàăâŋőčő àăááěïŋĺï ŕăàăňěâàë, ćëçĺáńěŋŋëě ć àăğŋëå âőçłăå ŋě áćïğăŋë ŕőáàěďáâćőň ňőďěńĺ âàěłă. Ŋă áăňőň ďěńě íâĺ őæěŋłĺ ŕăàăňěâàőć ïćńïîâáï àěèěŋĺïňĺ àăğŋëå ŕàőąńěň: χ^2, ŕőďńěęăéĺľ ňĺŋĺňĺğăæĺĺ ğăćĺáĺâ őâ âőçłĺ, ć łőâőàëľ ŕăàăňěâàë âàěłă ďőńęŋë ąëâì ćëçĺáńěŋë. Śčńăęěŋŋăï őæěŋłă ňőęěâ ąëâì ŕőńãçěŋă łăł ćğćěèěŋŋőě áàěďŋěě ďćãå äĺńìâàőć: ŕěàćëľ (ćŕěàěď) őâ m_1 ďő m_i, ćâőàőľ (ŋăğăď) őâ m_N ďő m_{i+1}.

3Řăğŋőáâì ňěęďã ĺáâĺŋŋëň ğŋăçěŋĺěň äĺğĺçěáłőľ ĺńĺ čěőňěâàĺçěáłőľ ćěńĺçĺŋë ĺ ğŋăçěŋĺěň, ĺğňěàěŋŋëň ć ďěâěłâőàě, ŋăğëćăěâáï őèĺąłőľ ĺğňěàěŋĺï.

4Ŕőďàăğãňěćăěâáï, çâő ĺğňěàěŋĺï ãŕőàïďőçěŋë ćő ćàěňěŋĺ ďńï ŕàăćĺńìŋőčő ãçěâă ňŋőčőłàăâŋőčő àăááěïŋĺï, ŕőáłőńìłã ňăâàĺæă őèĺąőł ğăćĺáĺâ őâ íâőčő ŕőàïďłă. Ąěğ ňŋőčőłàăâŋőčő àăááěïŋĺï ŕőàïďőł ŋě ćńĺïěâ ŋă àěğãńìâăâ àăąőâë äĺńìâàă, łăł ĺ ć áńãçăě čńőąăńìŋőčő äĺâă.

Őáŋőćŋăï ĺďěï äĺńìâàă Łăńìňăŋă ňőęěâ ąëâì ŕàőĺńńîáâàĺàőćăŋă áńěďãîéĺň őąàăğőň. Ěáńĺ ã ŋăá ěáâì őæěŋłă ćěłâőàă áőáâőïŋĺï ć ňőňěŋâ ćàěňěŋĺ t_{k−1}, őŋă íłáâàăŕőńĺàãěâáï ł ćàěňěŋĺ t_k ŕőáàěďáâćőň ãàăćŋěŋĺï áĺáâěňë. Őæěŋłă ć ňőňěŋâ ćàěňěŋĺ t_k ćëçĺáńïěâáï łăł ćğćěèěŋŋőě áàěďŋěě ŕàěďáłăğăŋŋőčő ćěłâőàă áőáâőïŋĺï ĺ ĺğňěàěŋĺï ćő ćàěňï t_k, áőőâćěâáâćãîéěčő ãàăćŋěŋĺî ĺğňěàěŋĺï. Ĺŋäőàňăæĺï, łőâőàăï áőďěàęĺâáï ć íâőľ ŋőćőľ őæěŋłě ňőęěâ ąëâì ŕěàěďăŋă ŋăğăď (łő ćáěň ŕàěďëďãéĺň őæěŋłăň ŕăàăňěâàőć) ŕőáàěďáâćőň ćâőàőčő äĺńìâàă, ŋăŕàăćńěŋŋőčő ć őąàăâŋãî áâőàőŋã.

Őáŋőćŋëě äőàňãńë ďńï ŕàěďáłăğăŋĺï, äĺńìâàăæĺĺ ĺ áčńăęĺćăŋĺï ć ńĺŋěľŋőľ ďĺŋăňĺçěáłőľ áĺáâěňě: Şàăćŋěŋĺě áĺáâěňë: x^{true}_k = F_k · x^{true}_{k−1} + w_k E{w_k} = 0, cov{w_k} = Q_k (1 ≤ k ≤ n) Şàăćŋěŋĺě ĺğňěàěŋĺï: m_k = H_k · x^{true}_k + ε_k E{ε_k} = 0, cov{ε_k} = V_k = G^{−1}_k (1 ≤ k ≤ n) čďě ňăâàĺæë Q_k ĺ V_k ŕàěďáâăćńïîâ áőąőľ őŕĺáăŋĺě ŕàőæěááă èãňă (ňŋőčőłàăâŋőě àăááěïŋĺě) ĺ ĺğňěàĺâěńìŋëå ŕőčàěèŋőáâěľ (àăğàěèăîéăï áŕőáőąŋőáâì ďěâěłâőàă) áőőâćěâáâćěŋŋő. Őąőğŋăçěŋĺï:

• x^{true}_k - ĺáâĺŋŋőě ğŋăçěŋĺě ćěłâőàă áőáâőïŋĺï ćő ćàěňï t_k

•^∼x^j_k - őæěŋłă x^{true}_k , ĺáŕőńìğãï ćáě ĺğňěàěŋĺï ďő ćàěňěŋĺ j (j < k: ŕàěďáłăğăŋĺě, j = k: äĺńìâàăæĺï, j > k: áčńăęĺćăŋĺě,^∼x^k=^∼x_k) • C^j_k = cov{^∼x^j_k −x^{true}_k } • r^j_k = m_k − H_k·^∼x^j_k - residual • R^j_k = cov{r^j_k} Ć áńãçăě ŕàěďáłăğăŋŋőčő ćěłâőàă áőáâőïŋĺï j őąëçŋő áőőâćěâáâćãěâ (k −1), ďńï áčńăęěŋŋőčő ćěłâőàă áőáâőïŋĺï j őąëçŋő àăćŋő n. Prediction:

• Extrapolation of the state vector: ∼ x^{k−1}_k = F_k^∼x_{k−1} • Extrapolation of the covariance matrix:

C^{k−1}_k = F_k C_{k−1}F^T_k + Q_k • Predicted residuals: r^{k−1}_k = m_k − H_k^∼x^{k−1}_k • Covariance matrix of the predicted residuals:

R^{k−1}_k = V_k + H_kC^{k−1}_k H^T_k Filter (Weighted means formalism):

• Filtered state vector: ∼ x_k= C_k[(C^{k−1}_k )^{−1 ∼}x^{k−1}_k +H^T_k G_k m_k]

• Covariance matrix of the filtered state vector:

C_k = [(C^{k−1}_k )^{−1} + H^T_k G_kH_k]^{−1}

• χ^2 increment:

χ^2_{k,F} = r^T_k G^{−1}_k r_k + (^∼x_k −^∼x^{k−1}_k )^T (C^{k−1}_k )^{−1}(^∼x_k −^∼x^{k−1}_k )

Smoother:

• Smoothed state vector: ∼ x^n_k =^∼x_k +A_k(^∼x^n_{k+1} −^∼x^k_{+1})

• Smoother matrix:

A_k = C_k F^T_{k+1}(C^k_{k+1})^{−1}

• Covariance matrix of the smoothed state vector:

C^n_k = C_k + A_k(C^n_{k+1} − C^k_{k+1})A^T_k

• Smoothed residuals:

r^n_k = m_k − H_k^∼x^n_k = r_k − H_k(^∼x^n_k −^∼x_k)

• Covariance matrix of the smoothed residuals:

R^n_k = R_k − H_kA_k(C^n_{k+1} − C^k_{k+1})A^T_k H^T_k = V_k − H_kC^n_k H^T_k

Ŕàĺ ĺáŕőńìğőćăŋĺĺ äĺńìâàă Łăńìňăŋă ŕàőæěááőàŋőě ćàěňï, ğăâàăçěŋŋőě ŋă äĺâ âàěłă ŕàőŕőàæĺőŋăńìŋő çĺáńã őâáçěâőć ć íâőň âàěłě, âőčďă łăł ŕàĺ čńőąăńìŋőľ ňĺŋĺňĺğăæĺĺ ňěâőďőň ŋăĺňěŋìèĺå łćăďàăâőć őŋő ŕàőŕőàæĺőŋăńìŋő łãąã íâőčő çĺáńă ŕàĺ ãçěâě íääěłâă ňŋőčőłàăâŋőčő àăááěïŋĺï.

Řěăńĺğăæĺï ŕàőæěďãàë äĺâĺàőćăŋĺï âàěłőć ć ŕàőčàăňňě àěłőŋáâàãłæĺĺ ďńï ďàěľäőćëå łăňěà ãáâăŋőćłĺ NOMAD

Ŕàőæěďãàă äĺâĺàőćăŋĺï âàěłőć ŕàőåőďĺâ ć 3 íâăŕă: äĺńìâàăæĺï ćŕěàěď ĺ ŋăğăď, áčńăęĺćăŋĺě. Ŕőáńěďŋĺľ íâăŕ őąěáŕěçĺćăěâ ŋăĺńãçèãî ćőğňőęŋãî őæěŋłã ŕăàăňěâàőć âàěłă ć ńîąőľ ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ.

Ŕőďŕàőčàăňňă äĺâĺàőćăŋĺï őáãéěáâćńïěâ íâĺ 3 íâăŕă ďő âěå ŕőà ŕőłă ŕàőæěďãàă ŋě áőľďěâáï. Łàĺâěàĺěň áåőďĺňőáâĺ ïćńïěâáï ĺğňěŋěŋĺě χ^2 âàěłă ňěęďã 2 ĺâěàăæĺïňĺ, łőâőàőě ŋě ďőńęŋő ŕàěćëèăâì ğŋăçěŋĺě ŕăàăňěâàă Converge (âĺŕĺçŋőě ğŋăçěŋĺě 0.1). Ěáńĺ Converge=0, âő ŋě ŋăłńăďëćăěâáï łàĺâěàĺï ŋă áåőďĺňőáâì.

Ťĺńìâà Łăńìňăŋă ąëń őáãéěáâćńěŋ ďćãňï àăğńĺçŋëňĺ áŕőáőąăňĺ: á ĺáŕőńìğőćăŋĺěň ňăâàĺæë ćěáőć ĺ ňăâàĺæë őèĺąőł. Ŕőáńěďŋĺľ ňěâőď ïćńïěâáï ąőńěě ąëáâàëň ć áňëáńě ŕàőæěááőàŋőčő ćàěňěŋĺ, âăł łăł ŕőğćőńïěâ ĺğąěęăâì őąàăéěŋĺï ŋěáłőńìłĺå ňăâàĺæ ŋă ĺâěàăæĺî ŕàĺ ãçěâě íääěłâă ňŋőčőłàăâŋőčő àăááěïŋĺï.

Ąëńő ŋăľďěŋő, çâő ŋăąőà äőàňãń ŕőğćőńïěâ ãŕàőáâĺâì ĺ ãáłőàĺâì ŕàőæěáá ćëçĺáńěŋĺľ: ěáńĺ W ĺ V - áĺňňěâàĺçŋëě ňăâàĺæë, ă T ŋěáĺŋčãńïàŋăï ňăâàĺæă âőčő ęě ŕőàïďłă, çâő ĺ V (W ), âő áŕàăćěďńĺćë áńěďãîéĺě àăćěŋáâćă

(V^{−1} + W^{−1})^{−1} = V (W + V )^{−1}W

(T V^{−1}T + W^{−1})^{−1} = V (V + T W T )^{−1}W

Ŕő őłőŋçăŋĺĺ ŕàőæěďãàë äĺâĺàőćăŋĺï ŕàőćěàïěâáï łăçěáâćő łăęďőčő âàěłă: çĺáńő őâáçěâőć (ďőńęŋő ąëâì ąőńìèě DcGlobal.Minhit) ĺ íääěłâĺćŋőáâì^5 (ε >

5İääěłâĺćŋőáâì âàěłă őŕàěďěńïěâáï łăł őâŋőèěŋĺě çĺáńă őâáçěâőć, ćłńîçěŋŋëå ć ďăŋŋëľ âàěł, ł çĺáńã ŕěàěáěçěŋŋëå ĺğňěàĺâěńìŋëå ŕńőáłőáâěľ.

DcGlobal.Efficiency). Ŕńőåő ćőááâăŋőćńěŋŋëě âàěłĺ àăğàãèăîâáï, ă ĺáŕőńì-

ğőćăŋŋëě őâáçěâë őáćőąőęďăîâáï ďńï ďàãčĺå ŕőŕëâőł ŕőáâàőĺâì åőàőèĺľ âàěł.

Ďńï åőàőèő ćőááâăŋőćńěŋŋëå âàěłőć (ć őâáãâáâćĺĺ őèĺąőçŋő ćłńîçěŋŋëå ć âàěł őâáçěâőć), ěáńĺ ňăâàĺæă őèĺąőł ŋă ŕăàăňěâàë ąëńă ŕàăćĺńìŋő ćëçĺáńěŋă, χ^2 ďńï őâäĺâĺàőćăŋŋëå âàěłőć ŕàĺąńĺğĺâěńìŋő áőőâćěâáâćãěâ àăáŕàěďěńěŋĺî χ^2 á çĺáńőň áâěŕěŋěľ áćőąőďë àăćŋëň çĺáńã őâáçěâőć ć ďăŋŋőň âàěłě ňĺŋãá çĺáńő ŕăàăňěâàőć, á ŕőňőéìî łőâőàëå őŕĺáëćăěâáï âàăěłâőàĺï çăáâĺæë.

Ůâőąë áàăćŋĺâì łăçěáâćő ćőááâăŋőćńěŋĺï âàěłőć àăğŋőľ ďńĺŋë N_{hit} (čďě N_{hit} - çĺáńő őâáçěâőć, ćłńîçěŋŋëå ć âàěł), őąëçŋő ćëçĺáńïîâ ćěàőïâŋőáâì ŋăľâĺ χ^2 ąőńìèě, çěň ŕőńãçěŋŋőě ğŋăçěŋĺě:

P (χ^{′ 2} > χ^2) = ∫_∞ χ^2

p_n(χ^{′ 2}) dχ^{′ 2}

čďě p_n - äãŋłæĺï ŕńőâŋőáâĺ ćěàőïâŋőáâĺ (p.d.f) ďńï χ^2 àăáŕàěďěńěŋĺï á n áâěŕěŋïňĺ áćőąőďë. Ďńï ŕàăćĺńìŋő ćőááâăŋőćńěŋŋëå âàěłőć P àăćŋőňěàŋő àăáŕàěďěńěŋă ć ĺŋâěàćăńě őâ 0 ďő 1. Ŋăńĺçĺě ŕńőåő ćőááâăŋőćńěŋŋëå âàěłőć ŕàĺćőďĺâ ł ĺğąëâłã áőąëâĺľ ć őąńăáâĺ P → 0.

3.1.5 Łăńĺąàőćłă

Ďńï őąěáŕěçěŋĺï åőàőèěčő łăçěáâćă łőőàďĺŋăâŋëå ĺğňěàěŋĺľ, áĺáâěňă ďàěľäőćëå łăňěà ďőńęŋă ąëâì âéăâěńìŋő őâłăńĺąàőćăŋă. İâă ćăęŋăï ğăďăçă âàěąãěâ ğŋăçĺâěńìŋëå àěáãàáőć ŕàőæěááőàŋőčő ćàěňěŋĺ ććĺďã őčàőňŋőčő łőńĺçěáâćă ŕăàăňěâàőć, ŋãęďăîéĺåáï ć ãâőçŋěŋĺĺ (5 ŋă ŕàőćőńőçłã, 9 ŋă ŕńőáłőáâì ĺ 1 ŋă łăňěàã), ĺ ąőńìèőčő íääěłâĺćŋőčő őąêěňă ďěâěłâőàă (3 × 3 × 5 ň^3). İâă ğăďăçă àěèăěâáï á ŕőňőéìî ŕàőæěďãàë alignment, őŕĺáăŋŋőľ àăŋěě.

Ćáě łăńĺąàőćőçŋëě łőŋáâăŋâë, ŕőńãçěŋŋëě âăłĺň őąàăğőň (∼40000), ğăŋőáïâáï ć NOMAD ąăğã ďăŋŋëå (ŋă őáŋőćě HEPDB [104]) ĺ ăćâőňăâĺçěáłĺ ĺğćńěłăîâáï ć ŕàőæěááě àěłőŋáâàãłæĺĺ ŕàĺ ŋăåőęďěŋĺĺ ňěâłĺ ŋăçăńă ŋőćőčő ŋăąőàă íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå [105].

Ďőŕőńŋĺâěńìŋăï ĺŋäőàňăæĺï őą ãáńőćĺïå àăąőâë ďěâěłâőàă ćő ćàěňï ŋăąőàă ďăŋŋëå (ćëáőłőě ŋăŕàïęěŋĺě, őâáőěďĺŋěŋŋëě ŕńőáłőáâĺ, ňěàâćëě ŕàőćőńőçłĺ, ãâěçłĺ čăğőćőľ áňěáĺ ĺ â.ď.) âăłęě ďőáâãŕŋă ĺ ĺáŕőńìğãîâáï ćő ćàěňï àěłőŋáâàãłæĺĺ.

Řěğãńìâăâë àěłőŋáâàãłæĺĺ ňőčãâ ąëâì áőåàăŋěŋë ć ćĺďě ZEBRA-áâàãłâãà ĺ ğăçĺâăŋë ŕàőčàăňňőľ á æěńìî íłőŋőňĺĺ ŕàőæěááőàŋőčő ćàěňěŋĺ, ŋěőąåőďĺňőčő, çâőąë ŕőćâőàŋő ćëçĺáńĺâì ŕăàăňěâàë âàěłőć.

Ŕàĺňěà “áëàőčő” áőąëâĺï ĺğ àěăńìŋëå ďăŋŋëå ŕàĺćěďěŋ ŋă àĺá. 3.2. Ŕőáńě ćëŕőńŋěŋĺï àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå ĺ ĺďěŋâĺäĺłăæĺĺ çăáâĺæ ŕőáàěďáâćőň łőňąĺŋĺàőćăŋĺï ĺŋäőàňăæĺĺ àăğŋëå íńěňěŋâőć ãáâăŋőćłĺ (matching package, áň. ŋĺęě), ňë ŕőńãçĺńĺ áńěďãîéĺľ àěğãńìâăâ (áň. àĺá. 3.3).

3.1.6 Ňőďěńì âàěłă

Ĺáŕőńìğőćăŋĺě ŕàăćĺńìŋőľ ňőďěńĺ âàěłă łàăľŋě ćăęŋő ďńï łăçěáâćěŋŋőľ àăąőâë ŕàőæěďãàë äĺâĺàőćăŋĺï.

Ňőďěńì âàěłă őŕĺáëćăěâ ğăćĺáĺňőáâì ĺğňěàěŋĺľ őâ ŋăçăńìŋëå ğŋăçěŋĺľ ć ĺďěăńìŋőň áńãçăě őâáãâáâćĺï őèĺąőł ĺğňěàěŋĺï ĺ ćğăĺňőďěľáâćĺï çăáâĺæë á ćěéěáâćőň.

Šàăěłâőàĺï ğăàïęěŋŋőľ çăáâĺæë ć ŕőáâőïŋŋőň ňăčŋĺâŋőň ŕőńě őŕĺáëćăěâáï áńěďãîéĺň ãàăćŋěŋĺěň ďćĺęěŋĺï: d^2⃗x/d^2s = (kq/p) · (d⃗x/ds) × B(⃗x(s)),

Řĺá. 3.2: Śőąëâĺě run 8744 event 228 ĺğ àěăńìŋëå ďăŋŋëå. Ňőęŋő ńěčłő ãćĺďěâì ŋěàăąőâăîéãî ďàěľäőćãî ŕńőáłőáâì ć áěàěďĺŋě ďěâěłâőàă.

Řĺá. 3.3: Śőąëâĺě run 8744 event 228 ĺğ àěăńìŋëå ďăŋŋëå ŕőáńě ćëŕőńŋěŋĺï àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå ĺ ĺďěŋâĺäĺłăæĺĺ çăáâĺæ á ŕőňőéìî ďàãčĺå íńěňěŋâőć ãáâăŋőćłĺ (áň. ŋĺęě).

čďě s - ďńĺŋă ďãčĺ, k - łőíääĺæĺěŋâ ŕàőŕőàæĺőŋăńìŋőáâĺ, q - ğăàïď çăáâĺæë (á ãçěâőň ğŋăłă), p - ăąáőńîâŋőě ğŋăçěŋĺě ĺňŕãńìáă çăáâĺæë ĺ B(⃗x) - ćěńĺçĺŋă ňăčŋĺâŋőčő ŕőńï.

Ć ŕàőæěááě áćőěčő ďćĺęěŋĺï çěàěğ ďěâěłâőà çăáâĺæă ĺáŕëâëćăěâ ćńĺïŋĺě áő áâőàőŋë ćěéěáâćă, ĺğ łőâőàőčő ŕőáâàőěŋ ďěâěłâőà. Ěáâì íääěłâë, łőâőàëě ňőčãâ ąëâì ŕàĺŋïâë ćő ćŋĺňăŋĺě: áàěďŋĺě íŋěàčěâĺçěáłĺě ŕőâěàĺ ĺ áàěďŋěě ňŋőčőłàăâŋőě àăááěïŋĺě. Őŋĺ ğăćĺáïâ őâ ňăááë çăáâĺæë, ěě ĺňŕãńìáă, âőńéĺŋë ŕěàěáěłăěňőčő ňăâěàĺăńă ĺ, łőŋěçŋő, őâ âĺŕă íâőčő ňăâěàĺăńă.

Ďăćăľâě àăááňőâàĺň ŕăàăňěâàĺğăæĺî, ĺáŕőńìğőćăŋŋãî ďńï ŕàőæěďãàë äĺâă, ĺ áőőâćěâáâćãîéãî ăńčěąàã:

• èăč íłáâàăŕőńïæĺĺ, łőâőàëľ ŕőďàăğãňěćăěâáï ďőáâăâőçŋő ňăńëň, çâőąë ŕăàăňěâàë âàěłă ňőęŋő ąëńő áçĺâăâì ŕőáâőïŋŋëňĺ ŋă íâőň ĺŋâěàćăńě;

• ňăâàĺæă ŕàőĺğćőďŋëå ďńï èăčă íłáâàăŕőńïæĺĺ (ňăâàĺæă F ć őąőğŋăçěŋĺïå äĺńìâàă Łăńìňăŋă);

• ňăâàĺæă ňŋőčőłàăâŋőčő àăááěïŋĺï (ňăâàĺæă Q ć őąőğŋăçěŋĺïå äĺńìâàă Łăńìňăŋă);

• ćëçĺáńěŋĺě ŕőâěàì íŋěàčĺĺ (ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ ĺ ŕőâěàĺ íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě).

Ňë ďěâăńìŋő àăááňőâàĺň ňőďěńì ćĺŋâőćőľ ńĺŋĺĺ, łőâőàăï áŕàăćěďńĺćă ďńï ğăàïęěŋŋőľ çăáâĺæë ć ňăčŋĺâŋőň ŕőńě. Őďŋăłő ćáě ćëçĺáńěŋĺï ąëńĺ âăłęě ćëŕőńŋěŋë ďńï ńĺŋěľŋőľ ňőďěńĺ, łőâőàăï áńãęĺâ ďńï őŕĺáăŋĺï âàăěłâőàĺľ ŋěľâàăńìŋëå çăáâĺæ ĺńĺ ğăàïęěŋŋëå çăáâĺæ ć őąńăáâïå ąěğ ňăčŋĺâŋőčő ŕőńï.

Ňőďěńì âàěłă, łőâőàăï ĺáŕőńìğãěâáï ŋă ŕěàćőľ áâăďĺĺ àăąőâë ŕàőčàăňňë àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå, áőőâćěâáâćãěâ ŕĺőŋã^6.

Őŕàěďěńěŋĺě ŕăàăňěâàőć

Śńěďãîéĺľ ŋăąőà ŕăàăňěâàőć (áň. àĺá. 3.1) ąëń ćëąàăŋ ďńï äĺâĺàőćăŋĺï âàěłőć ć âěłãéěľ ćěàáĺĺ ŕàőčàăňňë àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå [98]:

• x - łőőàďĺŋăâă ŕőńőęěŋĺï âàěłă ć ďăŋŋőľ z ŕńőáłőáâĺ;

• y - łőőàďĺŋăâă ŕőńőęěŋĺï âàěłă ć ďăŋŋőľ z ŕńőáłőáâĺ;

•^1_R - łàĺćĺğŋă âàăěłâőàĺĺ (ğŋăł ŕàőâĺćőŕőńőęěŋ ğăàïďã çăáâĺæë);

• tan λ - âăŋčěŋá ãčńă ŋăłńőŋă;

• ϕ - ãčőń âàěłă ć (yz) ŕńőáłőáâĺ ( tan ϕ = −^{dy}_{dz} );

• t - ćàěňï ŕěàěáěçěŋĺï çăáâĺæěľ ďăŋŋőľ z ŕńőáłőáâĺ.

Śőőâŋőèěŋĺě ňěęďã ĺňŕãńìáőň p ĺ àăďĺãáőň R:

p(ČíĆ) = 0.003 · B(Š) · R(áň)/ cos λ

őâàăęăěâ ćëąőà áĺáâěňë ěďĺŋĺæ (àăááâőïŋĺě ĺğňěàïěâáï ć áň, ĺňŕãńìá - ć ČíĆ, ňăčŋĺâŋőě ŕőńě - ć Šěáńă, ćàěňï - ć ŋá).

Ŋãęŋő ŕőďçěàłŋãâì, çâő ğŋăł (1/R) őâàăęăěâ ğŋăł ğăàïďă çăáâĺæë âőńìłő ć âőň áńãçăě, ěáńĺ ćàěňï ŋăŕàăćńěŋő ć ŕàăćĺńìŋãî áâőàőŋã ćďőńì âàěłă. Śőčńăáŋő ŕàĺŋïâőňã ŕàăćĺńã ŕàőĺğćěďěŋĺě Rϕ ãćěńĺçĺćăěâáï áő ćàěňěŋěň, ěáńĺ őŋő ŋăŕàăćńěŋő ć ŕàăćĺńìŋãî áâőàőŋã (â.ě. áőőâćěâáâćãěâ ŕőàïďłã őâáçěâőć ć âàěłě).

Ąãďěň ŋăğëćăâì p ćěłâőàőň ŕăàăňěâàőć: (x, y,^1_R , tan λ, ϕ, t).

6İâő őğŋăçăěâ, çâő ćëçĺáńěŋĺï âàăěłâőàĺĺ çăáâĺæë, íŋěàčěâĺçěáłĺå ŕőâěàì ĺ íääěłâă ňŋőčőłàăâŋőčő àăááěïŋĺï ŕőďàăğãňěćăîâ ňăááã ŕĺőŋă.

Ÿăč íłáâàăŕőńïæĺĺ

Ĺáŕőńìğãï ϕ łăł ĺğňěŋïîéĺľáï ŕăàăňěâà, ňőęŋő ğăŕĺáăâì ãàăćŋěŋĺě ďćĺęěŋĺï çăáâĺæë ć ŕőáâőïŋŋőň ňăčŋĺâŋőň ŕőńě, ŋăŕàăćńěŋŋőň ćďőńì őáĺ x: x = x_0 + R · tan λ · (ϕ − ϕ_0) y = y_0 + R · (cos ϕ − cos ϕ_0) z = z_0 + R · (sin ϕ − sin ϕ_0) čďě R ĺ tan λ őáâăîâáï ŋěĺğňěŋŋëňĺ ćďőńì âàăěłâőàĺĺ.

Ůâőąë ćëçĺáńĺâì ňăâàĺæã ŕàőĺğćőďŋëå (F ć [102] ĺ [103]), ŋěőąåőďĺňãî ďńï íłáâàăŕőńïæĺĺ ňăâàĺæë őèĺąőł, ŋăďő ćëàăğĺâì ŕăàăňěâàë p_1 çěàěğ ŕăàăňěâàë p_0, őŕàěďěńïï p_i łăł ğŋăçěŋĺï ŕăàăňěâàőć âàăěłâőàĺĺ ć âőçłě ěě ŕěàěáěçěŋĺï á ćěàâĺłăńìŋőľ ŕńőáłőáâìî (xy) ŕàĺ z = z_i. sin ϕ_1 = sin ϕ_0 + (z_1 − z_0) · (1/R) Ďńï ãŕàőéěŋĺï ćëçĺáńěŋĺľ áçĺâăěň R ĺ tan λ ŋěĺğňěŋŋëňĺ ŋă őďŋőň íńěňěŋâăàŋőň èăčě íłáâàăŕőńïæĺĺ. İâő ŕàĺąńĺęěŋĺě áŕàăćěďńĺćő, âăł łăł íłáâàăŕőńïæĺï őáãéěáâćńïěâáï őâ őďŋőľ ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ ďő áńěďãîéěľ (àăááâőïŋĺě ňěęďã ďćãňï ŕőáńěďőćăâěńìŋëňĺ ĺğňěàĺâěńìŋëňĺ ŕńőáłőáâïňĺ ĺğňěŋïěâáï őâ 2.5 ďő 3.5 áň ć ãáâăŋőćłě NOMAD), çâő ŕőğćőńïěâ ŕàěŋěąàěçì łőńĺçěáâćőň ŕěàěáěłăěňőčő ćěéěáâćă (á ãçěâőň ŋĺğłőľ áàěďŋěľ ŕńőâŋőáâĺ ăłâĺćŋőľ çăáâĺ ďěâěłâőàă). İŋěàčěâĺçěáłĺě ŕőâěàĺ ŕàĺŋĺňăîâáï ćő ćŋĺňăŋĺě ć ŋőćőľ âőçłě ŕőńőęěŋĺï âàěłă (łăł ąãďěâ őŕĺáăŋő ŕőğęě).

Śàěďĺ ćáěå ćőğňőęŋëå ğŋăçěŋĺľ ϕ_1 ćëąĺàăěâáï ŕěàćőě ŕěàěáěçěŋĺě á ćëąàăŋŋőľ ŕńőáłőáâìî á ãçěâőň âàěąãěňőčő ŋăŕàăćńěŋĺï ćàěňěŋĺ. Ś ŕőňőéìî ğŋăçěŋĺï ϕ_1 ć ŋőćőľ âőçłě ňőęŋő ćëçĺáńĺâì ćěńĺçĺŋë ćáěå őáâăńìŋëå ŕăàăňěâàőć:

x_1 = x_0 + tan λ_0 · R_0 · (ϕ_1 − ϕ_0) y_1 = y_0 + R_0 · (cos ϕ_1 − cos ϕ_0) tan λ_1 = tan λ_0 t_1 = t_0 + R_0 · (ϕ_1 − ϕ_0)/(β cos λ_0) Ć ŕőáńěďŋěň ãàăćŋěŋĺĺ β áőőâćěâáâćãěâ áłőàőáâĺ ďćĺęěŋĺï çăáâĺæë, ă R · Δϕ (čďě Δϕ = ϕ_1 − ϕ_0) ĺňěěâ ŕàăćĺńìŋëľ ğŋăł ć áőőâćěâáâćĺĺ á ćëąàăŋŋëň áőčńăèěŋĺěň.

Ňăâàĺæă ŕàőĺğćőďŋëå (F)

Ňăâàĺæă F ňěęďã ďćãňï ĺğňěàĺâěńìŋëňĺ ŕńőáłőáâïňĺ (ĺğ ”0” ć ”1”) őŕàěďěńïěâáï łăł ŕàőĺğćőďŋăï àěğãńìâăâă p_1 ŕő őâŋőèěŋĺî ł ŋăçăńìŋőňã ğŋăçěŋĺî p_0: F = dp_1 dp_0 Ćëçĺáńěŋĺě ŕàőĺğćőďŋëå ŋãęŋő ćëŕőńŋĺâì âéăâěńìŋő, ŋě ğăąëćăï, çâő ϕ_1, łőâőàëľ ïćńïěâáï ŕăàăňěâàőň, ĺáŕőńìğãěâáï ďńï ŋăåőęďěŋĺï x_1, y_1, t_1 ć âőçłě ”1”. Ďĺääěàěŋæĺàãï sin ϕ_1, ŕőńãçăěň:

cos ϕ_1 · dϕ_1 = cos ϕ_0 · dϕ_0 + (z_1 − z_0) · d(R^{−1}_0 ) ĺ, áńěďőćăâěńìŋő: ∂ϕ_1 ∂ϕ_0 = cos ϕ_0 cos ϕ_1 , ∂ϕ_1 ∂R^{−1}_0 = z_1 − z_0 cos ϕ_1

Ďàãčĺě (ŋěŋãńěćëě) ŕàőĺğćőďŋëě (á ãçěâőň őąőğŋăçěŋĺľ Δϕ = ϕ_1 − ϕ_0 ĺ Δz = z_1 − z_0): ∂x_1 ∂x_0 = 1 ∂x_1 ∂R^{−1}_0 = tan λ R^{−1} · ( Δz cos ϕ_1 − Δϕ R^{−1} )

∂x_1 ∂ tan λ_0 = Δϕ R^{−1} ∂x_1 ∂ϕ_0 = tan λ R^{−1} · ( cos ϕ_0 cos ϕ_1 − 1 )

∂y_1 ∂y_0 = 1 ∂y_1 ∂R^{−1}_0 = 1 R^{−1} · ( cos ϕ_0 − cos ϕ_1 R^{−1} − sin ϕ_1Δz cos ϕ_1 )

∂y_1 ∂ϕ_0 = sin ϕ_0 −^{sin ϕ1 cos ϕ0}

cos ϕ_1 R^{−1} ∂R^{−1}_1 ∂R^{−1}_0 = 1 ∂ tan λ_1 ∂ tan λ_0 = 1

Ňë ŕàěŋěąàěčăěň ŕàőĺğćőďŋőľ ćàěňěŋĺ ŕàőńěâă ŕő őâŋőèěŋĺî ł ďńĺŋě ďãčĺ, ŕőâőňã çâő ŕőáńě äĺâă âàěłă ŋěőŕàěďěńěŋŋőáâì ć ğŋăŋĺĺ ćàěňěŋĺ áőáâăćńïěâ ŕàĺąńĺğĺâěńìŋő ŕőńőćĺŋã ŋá ďńï âàěłă, ŕěàěáěłăîéěčő ćěáì ďěâěłâőà, ă ŋěőŕàěďěńěŋŋőáâì ŋă ďńĺŋã ďãčĺ ŋăňŋőčő ňěŋìèě 15 áň. Ś ãçěâőň íâőčő ŕàĺąńĺęěŋĺï: ∂t_1 ∂t_0 = 1 Ŋăďő ŕőďçěàłŋãâì, çâő ďńï áŕàăćěďńĺćőáâĺ ćáěå ŕàĺćěďěŋŋëå ğďěáì äőàňãń âàěąãěâáï F · F^{−1} ≡ 1, áńěďáâćĺěň çěčő ïćńïěâáï ŋěőąåőďĺňőáâì ĺáŕőńìğőćăâì R^{−1} =^1_2 (R^{−1}_0 + R^{−1}_1 ) ĺ tan λ =^1_2 (tan λ_0 + tan λ_1) ŕàĺ ćëŕőńŋěŋĺĺ íâĺå ćëçĺáńěŋĺľ.

3.1.7 Ňŋőčőłàăâŋőě àăááěïŋĺě

Őáŋőćŋëň ĺáâőçŋĺłőň ćńĺïŋĺï áàěďë ŋă ďćĺęěŋĺě ğăàïęěŋŋőľ çăáâĺæë ïćńïěâáï ňŋőčőłàăâŋőě łãńőŋőćáłőě àăááěïŋĺě, âő ěáâì ãŕàãčőě àăááěïŋĺě çăáâĺæë ŋă ïďàăå ćěéěáâćă.

Őďĺŋĺň ĺğ ćăęŋěľèĺå łàĺâěàĺěć łăçěáâćă àěłőŋáâàãłæĺĺ ïćńïěâáï åőàőèěě àăğàěèěŋĺě ŕàĺ őŕàěďěńěŋĺĺ ŕăàăňěâàőć âàěłă. Ŕőňĺňő ĺáŕőńìğőćăŋĺï ŕàăćĺńìŋőľ ňőďěńĺ âàěłă, ãçěâ ňŋőčőłàăâŋőčő àăááěïŋĺï ć ŕàőæěďãàě äĺâă ãňěŋìèăěâ ŕőńãçěŋŋëě őèĺąłĺ ŋă ŕăàăňěâàë^7. Ŕőíâőňã ŋěőąåőďĺňő ćëçĺáńĺâì ćłńăď ňŋőčőłàăâŋőčő àăááěïŋĺï ć őèĺąłĺ ŋă ŕăàăňěâàë ŕàĺ íłáâàăŕőńïæĺĺ őâ őďŋőľ ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ ďő ďàãčőľ ĺ ĺáŕőńìğőćăâì íâã ĺŋäőàňăæĺî ŕàĺ äĺâě âàěłőć [102].

Ŕãáâì θ_1 ĺ θ_2 - ŋěğăćĺáĺňëě ãčńë ňŋőčőłàăâŋőčő àăááěïŋĺï ć ďćãå ŕěàŕěŋďĺłãńïàŋëå ŕńőáłőáâïå (őďŋă ĺğ ŋĺå áőďěàęĺâ âàăěłâőàĺî çăáâĺæë, ă ďàãčăï

7İâő áńěďáâćĺě âěőàěňë Čăãááă - Ňăàłőćă.

ŕěàŕěŋďĺłãńïàŋă ěľ). Ňőęŋő ãáâăŋőćĺâì áćïğì ňěęďã ŕăàăňěâàăňĺ ćĺŋâőćőľ ńĺŋĺĺ(λ ĺ ϕ) ĺ ãčńăňĺ ňŋőčőłàăâŋőčő àăááěïŋĺï (θ_1 ĺ θ_2): δλ = θ_1, δϕ = θ_2 cos λ

İâĺ áőőâŋőèěŋĺï ňőčãâ ąëâì ŕőńãçěŋë ŕőáàěďáâćőň áńěďãîéĺå ćëçĺáńěŋĺľ. Ďăćăľâě ćëąěàěň ďćă őàâőčőŋăńìŋëå ěďĺŋĺçŋëå ćěłâőàă

⃗e_1 = sin λ − cos λ · sin ϕ cos λ · cos ϕ ĺ ⃗e_2 = 0 cos ϕ sin ϕ

Šàěâĺľ ćěłâőà ŕőńãçăěâáï ĺğ ďćãå ŕàěďëďãéĺå:

⃗e_3 = ⃗e_1 × ⃗e_2 = cos λ sin λ · sin ϕ − sin λ · cos ϕ

İääěłâ ňŋőčőłàăâŋőčő àăááěïŋĺï ŕàĺćőďĺâ ł ĺğňěŋĺî ćěłâőàă ⃗e_1

⃗e_1′ = ⃗e_1 + θ_2 · ⃗e_2 + θ_1 · ⃗e_3

Ĺáŕőńìğãï ďćě ŕěàćëě łőňŕőŋěŋâë íâőčő ćěłâőàă, ŋăåőďĺň:

sin λ^′ = sin λ + θ_1 · cos λ

ĺńĺ δλ = θ_1. Ăŋăńőčĺçŋő, ĺğ

− cos λ^′ · sin ϕ^′ = − cos λ · sin ϕ + θ_2 · cos ϕ + θ_1 · sin λ · sin ϕ ĺ − cos λ^′ · sin ϕ^′ = − cos λ · sin ϕ^′ + θ_1 · sin λ · sin ϕ^′ =

− cos λ · sin ϕ − cos λ · δϕ · cos ϕ + θ_1 · sin λ · sin ϕ + ...

áńěďãěâ, çâő δϕ =^{θ2}_{cos λ} .

Ůâőąë ŕőńŋőáâìî ãçěáâì íääěłâ ňŋőčőłàăâŋőčő àăááěïŋĺï, ŋăň ŋěőąåőďĺňë ďćě áâàőłĺ ňăâàĺæë F , łőâőàëě áőőâćěâáâćãîâ ĺğňěŋěŋĺî ŕăàăňěâàőć tan λ ĺ ϕ: F_{tan λ} = dp_1 d(tan λ_0) ĺ F_ϕ = dp_1 dϕ_0 , čďě F_{tan λ} = (R · (ϕ_1 − ϕ_0), 0, 0, 1, 0, 0) ĺ F_ϕ = (R · tan λ · ( cos ϕ_0 cos ϕ_1

− 1), R · (sin ϕ_0 − tan ϕ_1 · cos ϕ_0), 0, 0, cos ϕ_0 cos ϕ_1

, 0)

Ŕàĺŋĺňăï íâő ćő ćŋĺňăŋĺě ĺ ĺáŕőńìğãï ŕàőáâěľèãî äőàňãńã ďńï áâăŋďăàâŋőčő őâłńőŋěŋĺï ãčńă ňŋőčőłàăâŋőčő àăááěïŋĺï [107] θ = 0.0136 (ČíĆ) βp · √ s X_0 · ( 1 + 0.038 · ln ( s X_0 )) ≈ 0.0136 (ČíĆ) βp · √ s X_0

(čďě s - ďńĺŋă ďãčĺ ćďőńì âàăěłâőàĺĺ çăáâĺæë ĺ X_0 - àăďĺăæĺőŋŋăï ďńĺŋă), ňőęŋő ćëçĺáńĺâì ňăâàĺæã őèĺąőł Q_{MS} ďńï ňŋőčőłàăâŋőčő àăááěïŋĺï, ĺŋâěčàĺàãï ćďőńì âàăěłâőàĺĺ çăáâĺæë. Ŋăŕàĺňěà, íńěňěŋâë íâőľ ňăâàĺæë, ćőğŋĺłăîéĺě ĺğ-ğă ĺğňěŋěŋĺľ ŕěàěňěâàă tan λ, ňőčãâ ąëâì ğăŕĺáăŋë áńěďãîéĺň őąàăğőň

V_{tan λ}(p(i), p(j)) = ∫_{ϕ1} ϕ_0

F_{tan λ}(p(i))F_{tan λ}(p(j))( d tan λ dλ )^2dσ^2(θ_1) = ∫_{ϕ1} ϕ_0

F_{tan λ}(p(i))F_{tan λ}(p(j)) · k · ( d tan λ dλ )^2ds

Ěáńĺ i = j, âő íâő ďĺáŕěàáĺï, ěáńĺ i ≠ j - łőààěńïæĺőŋŋëľ çńěŋ.

Ďàãčĺňĺ áńőćăňĺ,

V_{tan λ}(x, x) = ∫_{ϕ1} ϕ_0

R^2(ϕ_1 − ϕ(s))^2ϵ_{tan λ}(s)ds , čďě

ds =^{Rdϕ}_{cos λ} , ϵ_{tan λ} = k · (^{d tan λ}_{dλ} )^2 ,^{d tan λ}_{dλ} =^1_{cos2 λ} , k = (^{0.0136GeV}_{βp} )^2 ·^1_{X0} Ć ŕàőæěááě íâĺå ćëçĺáńěŋĺľ ňë ŕőďàăğãňěćăěň őďŋőàőďŋőě ĺ ŋěŕàěàëćŋőě àăáŕàěďěńěŋĺě ćěéěáâćă ňěęďã âőçłăňĺ ”0” ĺ ”1”.

Ććěďěň őąőğŋăçěŋĺě A =^{Rk}_{cos5 λ} ĺ ćëçĺáńĺň ćáě íńěňěŋâë ňăâàĺæë ňŋőčőłàăâŋőčő àăááěïŋĺï, áćïğăŋŋëě á λ:

V_{tan λ}(x, x) = A ∫_{ϕ1} ϕ_0

R^2(ϕ_1 − ϕ)^2dϕ = AR^2 3 (ϕ_1 − ϕ_0)^3

V_{tan λ}(tan λ, tan λ) = A(ϕ_1 − ϕ_0)

V_{tan λ}(x, tan λ) = AR 2 (ϕ_1 − ϕ_0)^2

Ňőęŋő ŕàőćěàĺâì ŋőàňĺàőćłã, ćëçĺáńïï, ŋăŕàĺňěà:

V (λ) = cos^4 λ · V (tan λ) = kR(ϕ_1 − ϕ_0) cos λ = ks çâő áőőâćěâáâćãěâ åőàőèő ğŋăłőňőľ äőàňãńě, ŕàĺćěďěŋŋőľ ćëèě.

Ăŋăńőčĺçŋő ňőęŋő ćëçĺáńĺâì íńěňěŋâë ňăâàĺæë Q_{MS} ĺğ-ğă ĺğňěŋěŋĺľ ć ϕ (B = A · cos^2 λ) V_ϕ(x, x) = BR^2 tan^2 λ 2 cos^2 ϕ_1

× [−3 sin ϕ_1 · cos ϕ_1 + 2 cos^2 ϕ_1 · (ϕ_1 − ϕ_0) + (ϕ_1 − ϕ_0)

− sin ϕ_0 · cos ϕ_0 + 4 sin ϕ_0 · cos ϕ_1]

V_ϕ(y, y) = − BR^2 2 cos^2 ϕ_1

× [2 sin ϕ_1 · cos ϕ_1 · cos^2 ϕ_0 − sin ϕ_1 · cos ϕ_1

−2 sin ϕ_0 · cos ϕ_0 · cos^2 ϕ_1 + sin ϕ_0 · cos ϕ_0 − (ϕ_1 − ϕ_0)]

V_ϕ(ϕ, ϕ) = B 2 cos^2 ϕ_1

× [sin ϕ_1 · cos ϕ_1 − sin ϕ_0 · cos ϕ_0 + (ϕ_1 − ϕ_0)]

V_ϕ(x, y) = − BR^2 tan λ 2 cos^2 ϕ_1

× [2 sin ϕ_1 · cos ϕ_1 · sin ϕ_0 − sin ϕ_0 · cos ϕ_0 · sin ϕ_1

+ sin ϕ_1 · (ϕ_1 − ϕ_0) + 2 cos^2 ϕ_1 · cos ϕ_0 − cos ϕ_1 · cos^2 ϕ_0 − cos ϕ_1]

V_ϕ(x, ϕ) = BR tan λ 2 cos^2 ϕ_1

× [− sin ϕ_1 · cos ϕ_1 + 2 cos ϕ_1 · sin ϕ_0

− sin ϕ_0 · cos ϕ_0 + (ϕ_1 − ϕ_0)]

V_ϕ(y, ϕ) = BR 2 cos^2 ϕ_1

× [cos^2 ϕ_0 · cos ϕ_1 − cos ϕ_1 + sin ϕ_0 · cos ϕ_0 · sin ϕ_1

− sin ϕ_1 · (ϕ_1 − ϕ_0)]

İâĺ àěğãńìâăâë ąëńĺ ŕőńãçěŋë á ŕőňőéìî ŕàőčàăňňë REDUCE [108] ďńï ăŋăńĺâĺçěáłĺå ćëçĺáńěŋĺľ.

Ć áńãçăě, ěáńĺ ŋãęŋő âàăŋáŕőàâĺàőćăâì ňăâàĺæã ňŋőčőłàăâŋőčő àăááěïŋĺï ć ŕàőâĺćőŕőńőęŋőň ŋăŕàăćńěŋĺĺ (ĺğ âőçłĺ ”1” ć âőçłã ”0”) ćďőńì âőľ ęě âàăěłâőàĺĺ: Q_{10} = F_{10}Q_{01}F_{10}, čďě F_{ji} =^{δpi}_{δpj} . Ąőńěě ŕàőáâőľ áŕőáőą ŕőńãçĺâì âőâ ęě áăňëľ àěğãńìâăâ áőáâőĺâ ć âőň, çâőąë ŕőňěŋïâì ğŋăł ňăâàĺæë Q.

3.1.8 Ŕőâěàĺ íŋěàčĺĺ

Ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ

Ůâőąë ďőáâĺçì áőčńăáĺï ňěęďã ŕàőčàăňňőľ ňőďěńĺàőćăŋĺï [80] ĺ ŕàőčàăňňőľ àěłőŋáâàãłæĺĺ ŕàĺ ćëçĺáńěŋĺĺ íŋěàčěâĺçěáłĺå ŕőâěàì ć èĺàőłőň ĺŋâěàćăńě ĺňŕãńìáőć (őâ ŋěáłőńìłĺå ďěáïâłőć ŇíĆ ďő ŋěáłőńìłĺå áőâěŋ ČíĆ) ďńï ćáěå ğăàïęěŋŋëå çăáâĺæ (łàőňě íńěłâàőŋőć^8), ŋăňĺ ąëńă ĺáŕőńìğőćăŋă áńěďãîéăï äőàňãńï ďńï àăáçěâă ĺőŋĺğăæĺőŋŋëå ŕőâěàì [109] − ( dE dx ) il = Kz^2ρ Z A 1 β^2 [ 1 2 ln ( (2m_ec^2γ^2β^2)^2 I^2(1 + 2γm_e/M + (m_e/M)^2) ) − β^2 − δ 2 ]

čďě K = 4πN_Ar^2_e m_ec^2, z - ğăàïď çăáâĺæë, M - ěě ňăááă, ρ - ŕńőâŋőáâì ďěâěłâőàă ĺ I - áàěďŋĺľ ĺőŋĺğăæĺőŋŋëľ ŕőâěŋæĺăń. İääěłâ ŕńőâŋőáâĺ^9 (^δ_2 ) ąëń ŕăàăňěâàĺğőćăŋ łăł őŕĺáăŋő ć [80] ć ğăćĺáĺňőáâĺ őâ I, ρ, γ ĺ Z.

Ďńï ćëçĺáńěŋĺï ŕăàăňěâàőć, ğăćĺáïéĺå őâ áőáâăćă ďěâěłâőàă, ŕőńãçěŋă âăąńĺæă ŕńőâŋőáâěľ ρ ĺ àăďĺăæĺőŋŋőľ ďńĺŋë X_0 ŋă őáŋőćě ďěâăńìŋőčő GEANT ňőďěńĺàőćăŋĺï ãáâăŋőćłĺ NOMAD (ŕăłěâ GENOM [110]). Šăłęě ĺáŕőńìğãěâáï ğăćĺáĺňőáâì^Z_A őâ Z. Ŕàĺąńĺęěŋŋăï äőàňãńă I = 16Z^{0.9} áńãęĺâ ďńï ćëçĺáńěŋĺï ĺőŋĺğăæĺőŋŋőčő ŕőâěŋæĺăńă.

İääěłâ íŋěàčěâĺçěáłĺå ŕőâěàì ŕàĺŋĺňăěâáï ćő ćŋĺňăŋĺě łăł ĺğňěŋěŋĺě łàĺćĺğŋë âàăěłâőàĺĺ 1/R ğă őďĺŋ èăč. Ŕěàěåőď őâ áâăŋďăàâŋőľ äőàňãńë Ąěâě ł âőľ, łőâőàăï ĺáŕőńìğãěâáï ć ŕàőčàăňňě, ćëŕőńŋěŋ ŕőáàěďáâćőň áńěďãîéěľ æěŕőçłĺ ćëçĺáńěŋĺľ: d(1/R) dx = − 1 R^2 dR dx Ĺáŕőńìğãï p = 0.003BR/ cos λ ĺ^{dp}_{dx} =^1_β^{dE}_{dx} (â.ł. E dE = p dp), ŕőńãçăěň d(1/R) dx = − 1 R^2 cos λ 0.003Bβ dE dx Ňőęŋő ŕěàěäőàňãńĺàőćăâì íâő ćëàăęěŋĺě d(1/R) dE = − 1 R^2 cos λ 0.003Bβ 8Şçěâ íŋěàčěâĺçěáłĺå ŕőâěàì ďńï íńěłâàőŋőć âàěąãěâ ćëçĺáńěŋĺï ŕőâěàì íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě.

9Ŕőŕàăćłĺ (−β^2) ĺ (−^δ_2 ) ďőąăćńěŋë ďńï ŕőńŋőâë. İâĺ íääěłâë ŕàěŋěąàěęĺňő ňăńë ć ŋăèěň áńãçăě.

Šőčďă, ãćěńĺçěŋĺě 1/R ğă èăč ďńĺŋőľ Δx = RΔϕ/ cos λ:

Δ(1/R) = d(1/R) dE dE dx Δx = (1/R) 0.003Bβ dE dx Δϕ Ŋãęŋő ŕàőćěàĺâì ğŋăł ŕàĺàăéěŋĺï 1/R ďńï 4 łőňąĺŋăæĺľ ğŋăłőć 1/R ĺ Δϕ.

Ğăňěçăï, çâő ğŋăł Δ(1/R) ďőńęěŋ áőőâćěâáâćőćăâì ğŋăłã 1/R ĺ çâő ŕàőĺğćěďěŋĺě RΔϕ ŕőńőęĺâěńìŋő, ććőďĺň ăąáőńîâŋãî ćěńĺçĺŋã:

Δ(1/R) = d(1/R) dE dE dx Δx = |1/R| 0.003Bβ dE dx Δϕ čďě Δϕ = ϕ_{end} − ϕ_{start}. Ŕőâěàĺ íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě

Řăďĺăæĺőŋŋëě ŕőâěàĺ, â.ě. ŕőâěàĺ íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě (brem) ďńï íńěłâàőŋőć ĺ ŕőğĺâàőŋőć^{10}, ąëńĺ âăłęě ãçâěŋë: − ( dE dx ) brem = E X_0

čďě E - íŋěàčĺï íńěłâàőŋă ĺ X_0 - àăďĺăæĺőŋŋăï ďńĺŋă. Śâőĺâ ŋăŕőňŋĺâì, çâő ďńï íńěłâàőŋőć ŕőâěàĺ íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě ŋăçĺŋăîâ ŕàěćőáåőďĺâì ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ ďńï íŋěàčĺľ ćëèě łàĺâĺçěáłőľ íŋěàčĺĺ [27] E_c ≈ 800 ŇíĆ Z + 1.2 İâő őğŋăçăěâ, çâő ć ãáâăŋőćłě NOMAD ãçěâ ŕőâěàì íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě ćăęěŋ ďńï ńîąőčő íńěłâàőŋă á íŋěàčĺěľ ąőńìèě ∼ 100 ŇíĆ (ńîąőľ ŕőâěŋæĺăńìŋő àěłőŋáâàãĺàãěňëľ âàěł).

Ć ĺďěăńìŋőň áńãçăě, åőâěńőáì ąë ććěáâĺ ŕőàőč ŋă íŋěàčěâĺçěáłĺě ŕőâěàĺ, ćëèě łőâőàőčő âàěł íńěłâàőŋă ąëń ąë àăğąĺâ ŋă ďćă áěčňěŋâă, ă ĺáŕãáłăěňëľ âőàňőğŋőľ äőâőŋ ąëń ąë őąŋăàãęěŋ ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě. Őďŋăłő, ŋă ŕàăłâĺłě, ćëçĺáńěŋĺě íâőčő ŕőàőčă ŋě ŕàěďáâăćńïěâáï ćőğňőęŋëň, âăł łăł őŋ ğăćĺáĺâ őâ ňŋőęěáâćă àăğŋőőąàăğŋëå ŕăàăňěâàőć (âăłĺå łăł íŋěàčĺï íńěłâàőŋă, ďńĺŋă âàěłă, łăçěáâćő îáâĺàőćłĺ áĺáâěňë ďàěľäőćëå łăňěà, łăńĺąàőćłă íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă ĺ â.ď.). Ŕőíâőňã ąëńő àěèěŋő ćłńîçĺâì ćěáì áŕěłâà ŕőâěàì íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě (E - ćőááâăŋőćńěŋŋăï íŋěàčĺï íńěłâàőŋă) ć “íńěłâàőŋŋãî” ňőďěńì âàěłă.

Ăŋăńőčĺçŋő ćëçĺáńěŋĺî ĺőŋĺğăæĺőŋŋëå ŕőâěàì, ňőęŋő ŕőńãçĺâì:

Δ(1/R) = Δϕ β^2X_0 cos λ , čďě á åőàőèěľ âőçŋőáâìî β = 1.

Ňőęŋő âăłęě ŋăľâĺ ăŋăńőč ňăâàĺæë Q_{MS} , łőâőàëľ ãçĺâëćăń ąë ĺğňěŋěŋĺě ŕăàăňěâàőć ĺğ-ğă ĺğňěŋěŋĺï łàĺćĺğŋë (1/R) ć ŕàőæěááě âőàňőğŋőčő ĺğńãçěŋĺï.

Ć ŕàěďŕőńőęěŋĺĺ 1/k ğăćĺáĺňőáâĺ áŕěłâàă ĺáŕãáłăěňëå âőàňőğŋëå äőâőŋőć (dN/dk = a/k, čďě k - íŋěàčĺï äőâőŋă), ňőęŋő ćëçĺáńĺâì ďĺáŕěàáĺî ĺňŕãńìáă íńěłâàőŋă ĺğ-ğă íääěłâă âőàňőğŋőčő ĺğńãçěŋĺï.

σ^2_k =< k^2 > − < k >^2 < k >= ∫_E 0 dN dk · k · dk = a · E = s X_0 · E 10Ć ŕőáńěďãîéěň âěàňĺŋ íńěłâàőŋ ŕàĺňěŋïěâáï âăłęě ł ŕőğĺâàőŋã.

< k^2 >= ∫_E 0 dN dk · k^2 · dk = a · E^2 2 Šő ěáâì σ_k = E · √ a 2 − a^2 = E · √ s 2X_0 − s^2 X^2_0 ≈ E · √ s 2X_0

čďě s - ďńĺŋă èăčă (őąëçŋő ňăńă).

Ĺğ áőåàăŋěŋĺï ĺňŕãńìáă (σ_k = σ_p) ŕőńãçăěň

σ_{1/R} =

3 · 10^{−3} · B p^2 · σ_p ≈ 3 · 10^{−3} · B E^2 · σ_E ≈ 3 · 10^{−3} · B E^2 · √ s 2X_0 Őłőŋçăâěńìŋő, ĺáŕőńìğãï ďĺáŕěàáĺî ŋă 1/R ĺğ-ğă âőàňőğŋőčő ĺğńãçěŋĺï ĺ áâàőłã ňăâàĺæë ŕàőĺğćőďŋëå

F_{1/R} = (R tan λ( Δz cos ϕ_1

− R(ϕ_1 − ϕ_0)),

R^2(cos ϕ_0 − cos ϕ_1) − sin ϕ_1ΔzR cos ϕ_1 , 1, 0, Δz cos ϕ_1 , 0)

ňë ňőęěň ĺáŕőńìğőćăâì ăŋăńőčĺçŋãî ňěâőďĺłã, çâő ĺ ďńï ćëçĺáńěŋĺï Q_{MS} , ĺ ŕőńãçĺâì íńěňěŋâë ňăâàĺæë Q_{brem}:

V_{1/R}(x, x) = αR^2 tan^2 λ · [( Δz cos ϕ_1

)_2

(ϕ_1 − ϕ_0) − ΔzR cos ϕ_1

(ϕ_1 − ϕ_0)^2 +

R^2 3 (ϕ_1 − ϕ_0)^3 ]

V_{1/R}(y, y) = α R^4 2 cos^2 ϕ_1

· [4 sin ϕ_1 cos ϕ_1 sin ϕ_0 Δz R − 3 sin ϕ_1 cos^3 ϕ_1 +

4 sin ϕ_1 cos^2 ϕ_1 Δz R (ϕ_1 − ϕ_0) + 4 sin ϕ_0 cos^3 ϕ_1 − sin ϕ_0 cos^2 ϕ_1 cos ϕ_0 +

2 cos^4 ϕ_1(ϕ_1 − ϕ_0) + 4 cos^3 ϕ_1 Δz R − 2 cos^2 ϕ_1 ( Δz R )_2

(ϕ_1 − ϕ_0) +

cos^2 ϕ_1(ϕ_1 − ϕ_0) − 4 cos ϕ_1 Δz R + 2 ( Δz R )_2 (ϕ_1 − ϕ_0)]

V_{1/R}(1/R, 1/R) = α(ϕ_1 − ϕ_0)

V_{1/R}(ϕ, ϕ) = α ( Δz cos ϕ_1

)_2 (ϕ_1 − ϕ_0)

V_{1/R}(x, y) = α R^4 tan λ 2 cos^2 ϕ_1

· [sin ϕ_1 cos ϕ_1 Δz R [(ϕ_1 − ϕ_0)^2 + 2] − 2 sin ϕ_1 ( Δz R )_2

(ϕ_1 − ϕ_0) +

2 sin ϕ_0 cos^2 ϕ_1(ϕ_1 − ϕ_0) − 2 sin ϕ_0 cos ϕ_1 Δz R + cos^3 ϕ_1[(ϕ_1 − ϕ_0)^2 + 2] −

2 cos^2 ϕ_1 cos ϕ_0 − 2 cos^2 ϕ_1 Δz R (ϕ_1 − ϕ_0)]

V_{1/R}(x, 1/R) = αR tan λ · [ Δz cos ϕ_1

(ϕ_1 − ϕ_0) − R 2 (ϕ_1 − ϕ_0)^2 ]

V_{1/R}(x, ϕ) = Δz cos ϕ_1 × V_{1/R}(x, 1/R) V_{1/R}(y, 1/R) = α[R^2(sin ϕ_1 − sin ϕ_0) − (R^2 cos ϕ_1 + RΔz tan ϕ_1)(ϕ_1 − ϕ_0)]

V_{1/R}(y, ϕ) = Δz cos ϕ_1 × V_{1/R}(y, 1/R)

V_{1/R}(1/R, ϕ) = α Δz cos ϕ_1

(ϕ_1 − ϕ_0) čďě α = (3 · 10^{−3} · B)^2R 2E^2X_0 cos λ [ 1 áň^2 ]

3.1.9 Ŕăłěâ ďńï íłáâàăŕőńïæĺĺ âàěłőć

Ŋă őáŋőćě ćëèěĺğńőęěŋŋőčő ąëń àăğàăąőâăŋ ŕăłěâ ŕàőčàăňň ďńï íłáâàăŕőńïæĺĺ âàěłőć [111], łőâőàëľ ĺŋâěŋáĺćŋő ĺáŕőńìğãěâáï ć ŕàőæěááě äĺâă, ŕàĺ àěłőŋáâàãłæĺĺ ćěàèĺŋë ĺ ďńï ŋăåőęďěŋĺï ăááőæĺăæĺľ ňěęďã ćőááâăŋőćńěŋŋëňĺ őąêěłâăňĺ ć àăğńĺçŋëå íńěňěŋâăå ãáâăŋőćłĺ NOMAD (âàěłăňĺ, łńăáâěàăňĺ, áěčňěŋâăňĺ, őâáçěâăňĺ ĺ â.ď). İâőâ ĺŋáâàãňěŋâ âăłęě ĺáŕőńìğãěâáï ďńï čńőąăńìŋőľ îáâĺàőćłĺ ĺ łăńĺąàőćłĺ ďěâěłâőàă, ŕőńŋőľ àěłőŋáâàãłæĺĺ áőąëâĺľ ĺ ĺďěŋâĺäĺłăæĺĺ çăáâĺæ. Šőçŋőáâì íłáâàăŕőńïæĺĺ ïćńïěâáï äãŋłæĺěľ èăčă íłáâàăŕőńïæĺĺ, łőâőàëľ ąëń ćëąàăŋ áńěďãîéĺň őąàăğőň: 0.5 áň ć ňăčŋĺâŋőň ŕőńě ĺ 10 áň ć őąńăáâïå ąěğ ňăčŋĺâŋőčő ŕőńï.

Ďőŕőńŋĺâěńìŋëľ ŋăąőà ŕăàăňěâàőć (^1_p , x, y,^{px}_{pz} ,^{py}_{pz} ) ĺáŕőńìğãěâáï ďńï íłáâàăŕőńïæĺĺ ć őâáãâáâćĺĺ ňăčŋĺâŋőčő ŕőńï. Őŋ âăłęě ãďőąěŋ ďńï ŕőĺáłă ĺ äĺâă ćěàèĺŋë. Ŕěàěåőď őâ őďŋőčő ŋăąőàă ŕăàăňěâàőć ł ďàãčőňã ćëŕőńŋïěâáï ăćâőňăâĺçěáłĺ ć ğăćĺáĺňőáâĺ őâ čěőňěâàĺçěáłőčő ŕőńőęěŋĺï âàěłă ĺ ăąáőńîâŋőľ ćěńĺçĺŋë ňăčŋĺâŋőčő ŕőńï.

Ňăčŋĺâŋőě ŕőńě ćŋãâàĺ ňăčŋĺâă ãáâăŋőćłĺ NOMAD ąëńő ĺğňěàěŋő ĺ ŕăàăňěâàĺğőćăŋő ŕőńĺŋőňĺăńìŋëňĺ äãŋłæĺïňĺ. Ŕőńãçěŋŋăï łăàâă ňăčŋĺâŋőčő ŕőńï ĺáŕőńìğãěâáï ďńï íłáâàăŕőńïæĺĺ âàěłőć ćŋãâàĺ ãáâăŋőćłĺ. Ňőęŋő áçĺâăâì ňăčŋĺâŋőě ŕőńě ŕőáâőïŋŋëň ćďőńì őáĺ x (ĺğňěŋěŋĺï ćěńĺçĺŋë ňăčŋĺâŋőčő ŕőńï ćŋãâàĺ íääěłâĺćŋőčő őąêěňă ďěâěłâőàă ŋě ŕàěćőáåőďïâ ŋěáłőńìłĺå ŕàőæěŋâőć) ĺ ŕàěŋěąàěçì ďćãňï ďàãčĺňĺ łőňŕőŋěŋâăňĺ.

Ďńï ňĺŋĺňĺğăæĺĺ çĺáńă őŕěàăæĺľ ŕàĺ íłáâàăŕőńïæĺĺ âàěłőć ąëń àăğàăąőâăŋ áŕěæĺăńìŋëľ ĺŋâěàäěľá. Łăęďőňã âàěłã ŕàĺŕĺáëćăěâáï ŋăąőà ěčő íłáâàăŕőńïæĺľ ć őŕàěďěńěŋŋëě ĺğňěàĺâěńìŋëě ŕńőáłőáâĺ, łőâőàëľ őąŋőćńïěâáï ć áőőâćěâáâćĺĺ á ğăŕàőáăňĺ ŕőńìğőćăâěńï âăłĺň őąàăğőň, çâő ãęě áãéěáâćãîéĺľ àěğãńìâăâ ŋě ćëçĺáńïěâáï ğăŋőćő. Ěáńĺ âàěł ąëń őâäĺâĺàőćăŋ ğăŋőćő (ŋăŕàĺňěà, ŕàĺ ĺğňěŋěŋĺĺ âĺŕă çăáâĺæë), ćáě àăŋěě áãéěáâćőćăćèĺě àěğãńìâăâë íłáâàăŕőńïæĺĺ őâąàăáëćăîâáï ĺ ćëçĺáńïîâáï ŋőćëě.

Őďŋă őáőąěŋŋőáâì ŕàőæěďãàë íłáâàăŕőńïæĺĺ őłăğăńăáì łàăľŋě ŕőńěğŋőľ: őâłăğ őâ íłáâàăŕőńïæĺĺ âàěłőć, łőâőàëě ğăłăŋçĺćăîâáï ć ćěàèĺŋăå, áőďěàęăéĺå ćëåőďïéĺě ğăàïęěŋŋëě âàěłĺ. Šăłőľ ŕőďåőď ŕőğćőńïěâ ãńãçèĺâì ŋăåőęďěŋĺě áőőâćěâáâćĺľ ňěęďã őâłńĺłăňĺ íńěňěŋâőć ãáâăŋőćłĺ NOMAD ďńï áěčňěŋâőć âàěłőć, çâő őáőąěŋŋő ćăęŋő ďńï ĺďěŋâĺäĺłăæĺĺ ĺ àěłőŋáâàãłæĺĺ íńěłâàőŋőć ĺ ďńï ĺğąěęăŋĺï ďćőľŋőčő ãçěâă ĺŋäőàňăæĺĺ^{11}.

11Ŋăŕàĺňěà, ŋě áâàőïâáï ńĺèŋĺě TRD âàěłĺ ĺ ŋě ŕàĺňěŋïěâáï ŋăŕàăáŋő ăńčőàĺâň ďńï

Řĺá. 3.4: Řăáŕàěďěńěŋĺï χ^2 ĺ ćěàőïâŋőáâĺ χ^2 ďńï ňîőŋŋëå âàěłőć ĺğ àěăńìŋëå ďăŋŋëå.

3.1.10 Řěğãńìâăâë àăąőâë NOMAD ŕàőčàăňňë àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå

χ^2 âàěłőć ŕőáńě äĺâă ïćńïěâáï ćăęŋëň łàĺâěàĺěň łăçěáâćă àăąőâë ŕàőčàăňňë àěłőŋáâàãłæĺĺ. Ć ńĺŋěľŋőň áńãçăě ŕàĺ čăãááőőąàăğŋőň àăáŕàěďěńěŋĺĺ èãňă χ^2 âàěłőć ďőńęěŋ áőőâćěâáâćőćăâì àăáŕàěďěńěŋĺî χ^2 á (n − m) çĺáńőň áâěŕěŋěľ áćőąőďë, čďě n - çĺáńő ŋěğăćĺáĺňëå ĺğňěàěŋĺľ ĺ m - çĺáńő ŕăàăňěâàőć âàěłă. Ćăęŋőáâì íâőčő łàĺâěàĺï ğăłńîçăěâáï ć ěčő áŕőáőąŋőáâĺ ŕőďâćěàďĺâì ĺńĺ őŕàőćěàčŋãâì čĺŕőâěğã ő âőň, çâő ďăŋŋëľ ŋăąőà ĺğňěàěŋĺľ ďěľáâćĺâěńìŋő áőőâćěâáâćãěâ őďŋőňã âàěłã. Ć áńãçăě, łőčďă íääěłâ ňŋőčőłàăâŋőčő àăááěïŋĺï ĺ őèĺąłĺ ĺğňěàěŋĺï ć ďěâěłâőàě ŕàăćĺńìŋő ãçâěŋë, χ^2 âàěłőć á ąőńìèőľ âőçŋőáâìî áőőâćěâáâćãěâ àăáŕàěďěńěŋĺî χ^2. Šăł łăł ńîąőľ ĺáâőçŋĺł äőŋă ĺňěěâ âěŋďěŋæĺî ãćěńĺçĺâì χ^2 âàěłă, âő őąàěğăŋĺě ŕő íâőľ ćěńĺçĺŋě ŕőğćőńïěâ ĺğąăćĺâìáï őâ őèĺąőł, áőćěàèěŋŋëå ŕàĺ ŕőĺáłě âàěłőć.

Şçěâ őŕĺáăŋŋëå ćëèě íääěłâőć ć ŕàőčàăňňě àěłőŋáâàãłæĺĺ ŕőğćőńĺń ãńãçèĺâì ĺňŕãńìáŋőě àăğàěèěŋĺě ĺ ŕőńãçĺâì àăğãňőě àăáŕàěďěńěŋĺě ďńï χ^2 ŋă çĺáńő áâěŕěŋěľ áćőąőďë (number of degrees of freedom - NDF) - χ^2/NDF. Ć àěğãńìâăâě àăáŕàěďěńěŋĺě ďńï ćěàőïâŋőáâĺ χ^2 ŕőçâĺ àăćŋőňěàŋőě (àĺá. 3.4).

Ĺáŕőńìğőćăŋĺě ŕàěďńőęěŋŋőčő ăńčőàĺâňă ďńï ŕőĺáłă âàěłőć ĺ àăğàăąőâăŋŋőľ ňőďěńĺ âàěłă ŕőğćőńĺńő ďőáâĺčŋãâì ćëáőłőľ íääěłâĺćŋőáâĺ àěłőŋáâàãłæĺĺ. Ŋă àĺá. 3.5 ŕàěďáâăćńěŋă ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ àěłőŋáâàãłæĺĺ őâ çĺáńă őâáçěâőć ĺ ĺňŕãńìáă âàěłă, ŕőńãçěŋŋăï á ŕőňőéìî ŕàőčàăňňë ňőďěńĺ-

ĺďěŋâĺäĺłăæĺĺ ć TRD ŕàĺ ŋăńőęěŋĺïå áĺčŋăńă (áň. ďăńěě), çâő ňőęěâ ŕàĺćőďĺâì ł ŕőâěàě íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć.

Řĺá. 3.5: Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ àěłőŋáâàãłæĺĺ âàěłőć őâ ďńĺŋë (çĺáńă őâáçěâőć) âàěłă (ńěćő) ĺ ěčő ĺňŕãńìáă (ŕàăćő).

Řĺá. 3.6: Łăçěáâćő àěłőŋáâàãłæĺĺ K^0_S ć ćëąőàłě ďăŋŋëå ’96 čőďă (ĺŋćăàĺăŋâŋăï ňăááă ĺ ćàěňï ęĺğŋĺ). Ğŋăçěŋĺï, ŕőńãçěŋŋëě ć ďăŋŋëå ’95 čőďă, ŕàĺćěďěŋë ďńï áàăćŋěŋĺï.

àőćăŋĺï. Śâőĺâ őâňěâĺâì, çâő íääěłâĺćŋőáâì àěłőŋáâàãłæĺĺ ńãçèě çěň 95%, ă őáŋőćŋëě ŕőâěàĺ ćőğŋĺłăîâ ĺğ-ğă ŋĺğłőíŋěàčěâĺçŋëå łőàőâłĺå âàěłőć, ĺáŕãéěŋŋëå ŕőď ąőńìèĺňĺ ãčńăňĺ.

Ąëń ŕàěďńőęěŋ łàĺâěàĺľ ďńï ŕàőćěàłĺ ĺňŕãńìáŋőčő àăğàěèěŋĺï ć àěăńìŋëå ďăŋŋëå á ŕőňőéìî ćâőàĺçŋëå ćěàèĺŋ âĺŕă V^0: èĺàĺŋë ćőááâăŋőćńěŋŋëå K^0_S (àĺá. 3.6) ĺ Λ^0 (àĺá. 3.7) ŕĺłőć íääěłâĺćŋëå ňăáá áćïğăŋë á àăğàěèěŋĺěň ŕő ĺňŕãńìáã. Ĺğňěàěŋŋëě èĺàĺŋë (11 ŇíĆ ĺ 4 ŇíĆ) áőőâćěâáâćãîâ ŋăèěľ őæěŋłě ĺňŕãńìáŋőčő àăğàěèěŋĺï^{σp}_p ∼ 3.5% (àĺá. 2.17).

3.1.11 Řěłőŋáâàãłæĺï ćěàèĺŋ

Řěłőŋáâàãłæĺï ćěàèĺŋ ć ďěâěłâőàě NOMAD ćëŕőńŋěŋă á ŕőňőéìî ŕăłěâă ďńï ŋăåőęďěŋĺï ĺ äĺâă ćěàèĺŋ [112], łőâőàëľ ĺáŕőńìğãěâ ćőááâăŋőćńěŋŋëě âàěłĺ ć ďàěľäőćëå łăňěàăå.

Őáŋőćŋëňĺ ğăďăçăňĺ ŕàőæěááă àěłőŋáâàãłæĺĺ ćěàèĺŋ ïćńïîâáï

• őŕàěďěńěŋĺě âőŕőńőčĺĺ áőąëâĺï (àěèěŋĺě ő âőň, łăłĺě âàěłĺ ďőńęŋë

Řĺá. 3.7: Łăçěáâćő àěłőŋáâàãłæĺĺ Λ^0 ć ćëąőàłě ďăŋŋëå ’96 čőďă (ĺŋćăàĺăŋâŋăï ňăááă ĺ ćàěňï ęĺğŋĺ). Ğŋăçěŋĺï, ŕőńãçěŋŋëě ć ďăŋŋëå ’95 čőďă, ŕàĺćěďěŋë ďńï áàăćŋěŋĺï.

ŕàĺŋăďńěęăâì łăęďőľ ĺğ ćěàèĺŋ);

• ćëŕőńŋěŋĺě äĺâă ďńï őŕàěďěńěŋĺï ŕőńőęěŋĺï ćěàèĺŋë ĺ ŕăàăňěâàőć łăęďőčő âàěłă ć ćěàèĺŋě;

• őŕàěďěńěŋĺě âĺŕă ćěàèĺŋë (ŕěàćĺçŋăï, ćâőàĺçŋăï, V^0 ĺ â.ď.).

Ňěâőďĺłă äĺńìâàă Łăńìňăŋă ŕőğćőńïěâ őáãéěáâćĺâì äĺâ ćěàèĺŋë, ă âăłęě ďőąăćĺâì ĺńĺ ãďăńĺâì âàěł ĺğ áãéěáâćãîéěľ ćěàèĺŋë ąěğ ŕőćâőàŋőčő ćëŕőńŋěŋĺï äĺâă.

Ğďěáì ąãďãâ łàăâłő ŕàěďáâăćńěŋë őáŋőćŋëě àěğãńìâăâë ŕő àěłőŋáâàãłæĺĺ ćěàèĺŋë ć ďěâěłâőàě NOMAD. Ąőńěě ďěâăńìŋăï ĺŋäőàăæĺï ňőęěâ ąëâì ŋăľďěŋă ć [86].

Ąőńìèĺŋáâćő ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć íääěłâĺćŋőň őąêěňě ãáâăŋőćłĺ NOMAD ŕàőĺáåőďĺâ ć ŕăááĺćŋőň ćěéěáâćě (ŕăŋěńïå) ďàěľäőćëå łăňěà. Ćěàèĺŋë ćğăĺňőďěľáâćĺï ćőááâăŋőćńĺćăîâáï ŕőáàěďáâćőň íłáâàăŕőńïæĺĺ âàěłőć ğăàïęěŋŋëå çăáâĺæ. Ŋă àĺáãŋłě 3.8 ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕěàćĺçŋëå ćěàèĺŋ ć ŕńőáłőáâĺ, ŕěàŕěŋďĺłãńïàŋőľ ŋăŕàăćńěŋĺî ŕãçłă (á ãçěâőň łàĺâěàĺï őâąőàă −120 ≤ x, y ≤ 120 áň). Ğăňěâŋő ŕőáâěŕěŋŋőě ãňěŋìèěŋĺě ĺŋâěŋáĺćŋőáâĺ ŕãçłă őâ æěŋâàă ł łàăïň ďěâěłâőàă. Ďěćïâì łćăďàăâőć á ćëáőłőľ ĺŋâěŋáĺćŋőáâìî áőőâćěâáâćãîâ àăáŕőàłăň, łőâőàëě áńãęăâ ďńï łàěŕńěŋĺï łăňěà.

Ŋă àĺáãŋłě 3.9 ŕőłăğăŋő àăáŕàěďěńěŋĺě ŕěàćĺçŋëå ćěàèĺŋ ćďőńì ŋăŕàăćńěŋĺï ŕãçłă. Ĺŋäőàňăæĺï őą 11 ňőďãńïå ąëńă ĺáŕőńìğőćăŋă ďńï ďěâăńìŋőčő ĺğãçěŋĺï őąńăáâĺ ∼ 10 áň ćőłàãč æěŋâàă łăňěàë. Ňőęŋő ńěčłő ãćĺďěâì, çâő, łăł ĺ őęĺďăńőáì, ąőńìèăï çăáâì ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ŕàőĺáåőďĺâ ć áâěŋłăå ďàěľäőćëå łăňěà (ćőáěňì ŕĺłőć, áň. àĺá. 2.7). Őąńăáâĺ á ňăńëň çĺáńőň ćğăĺňőďěľáâćĺľ áőőâćěâáâćãîâ âàěň ďàěľäőćëň ŕàőňěęãâłăň ĺ áőâőćëň ŕăŋěńïň.

Ŕàőáâàăŋáâćěŋŋőě àăğàěèěŋĺě ŕàĺ àěłőŋáâàãłæĺĺ ćěàèĺŋë ąëńő ĺğãçěŋő á ŕőňőéìî ňőďěńĺàőćăŋëå áőąëâĺľ. Řěğãńìâăâë ŕàěďáâăćńěŋë ŋă àĺáãŋłě 3.10: ďőáâĺčăěâáï àăğàěèěŋĺě 600 ňłň, 90 ňłň ĺ 860 ňłň ďńï x, y ĺ z áőőâćěâáâćěŋŋő.

Řĺá. 3.8: Řăáŕàěďěńěŋĺě ŕěàćĺçŋëå ćěàèĺŋ ć ŕńőáłőáâĺ, ŕěàŕěŋďĺłãńïàŋőľ ŋăŕàăćńěŋĺî ŕãçłă, ďńï àěăńìŋëå ďăŋŋëå.

Řĺá. 3.9: Řăáŕàěďěńěŋĺě ŕěàćĺçŋëå ćěàèĺŋ ćďőńì ŋăŕàăćńěŋĺï ŕãçłă ďńï àěăńìŋëå ďăŋŋëå.

Řĺá. 3.10: Ŕàőáâàăŋáâćěŋŋőě àăğàěèěŋĺě ŕàĺ àěłőŋáâàãłæĺĺ ćěàèĺŋë ć ν_μ CC MC áőąëâĺïå: ďőáâĺčăěâáï àăğàěèěŋĺě 600 ňłň, 90 ňłň ĺ 860 ňłň ďńï x, y ĺ z áőőâćěâáâćěŋŋő.

3.2 Ĺďěŋâĺäĺłăæĺï çăáâĺæ ć íłáŕěàĺňěŋâě NO- MAD Ťĺğĺçěáłĺě ğăďăçĺ, áâőïéĺě ŕěàěď íłáŕěàĺňěŋâőň NOMAD, âàěąãîâ íääěłâĺćŋőľ ĺďěŋâĺäĺłăæĺĺ çăáâĺæ. İâă ŕàőąńěňă ąëńă àěèěŋă á ŕőňőéìî áŕěæĺăńìŋőčő ŕăłěâă ŕőďŕàőčàăňň (subdetector matching package) ďńï ăááőæĺăæĺĺ ĺŋäőàňăæĺĺ őâ àăğŋëå íńěňěŋâőć ãáâăŋőćłĺ, őŕĺáăŋŋőčő ŋĺęě.

3.2.1 Ăááőæĺăæĺï ĺŋäőàňăæĺĺ őâ àăğŋëå íńěňěŋâőć ãáâăŋőćłĺ (subdetector matching)

Ŕàőæěáá ăááőæĺăæĺĺ ĺğňěàěŋĺľ ć àăğŋëå íńěňěŋâăå ãáâăŋőćłĺ ğăćĺáĺâ łăł őâ âĺŕă ŕőďďěâěłâőàőć, âăł ĺ őâ áâăďĺĺ áăňőčő ŕàőæěááă. Ŕőíâőňã őŋ ďőńęěŋ őąěáŕěçĺćăâì ćőğňőęŋőáâì ŕěàěďăçĺ ĺŋäőàňăæĺĺ őâ őďŋőčő ŕőďďěâěłâőàă ł ďàãčőňã, â.ł. ğŋăŋĺě ő àěğãńìâăâăå ĺğňěàěŋĺï ć őďŋőň ĺğ íńěňěŋâőć ãáâăŋőćłĺ ňőęěâ ŕàĺćěáâĺ ł ďàãčőľ ĺŋâěàŕàěâăæĺĺ ĺğňěàěŋĺľ. Ŋăŕàĺňěà, ŕőáâàőěŋĺě łńăáâěàőć ć łăńőàĺňěâàăå ğăćĺáĺâ łăł őâ âőçěł ŕőŕăďăŋĺï ğăàïęěŋŋëå âàěłőć, âăł ĺ őâ ĺå âĺŕőć (ěáńĺ őŋ ĺğćěáâěŋ). Ďàãčőľ ŕàĺňěà áćïğăŋ á àěłőŋáâàãłæĺěľ âàăěłâőàĺĺ íńěłâàőŋă ć ďěâěłâőàě NOMAD: ěáńĺ àěłőŋáâàãĺàőćăŋŋëľ ć ďàěľäőćëå łăňěàăå âàěł ąëń ĺďěŋâĺäĺæĺàőćăŋ łăł íńěłâàőŋ ć TRD, âő ňőęŋő àăğąĺâì âàěł ŋă áěčňěŋâë, áőğďăâì ŋěľâàăńìŋëě âàěłĺ, áőőâćěâáâćãîéĺě âőàňőğŋëň äőâőŋăň, ĺ ŕőâàěąőćăâì ĺå ăááőæĺăæĺĺ á ĺŋäőàňăæĺěľ ďěâěłâőàă ńĺćŋěľ ĺ íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă.

Ŕàőæěáá ŕőáâàőěŋĺï ăááőæĺăæĺľ (matching process)

Ŕàőæěáá ŕőáâàőěŋĺï ăááőæĺăæĺľ áőáâőĺâ ć łőňąĺŋĺàőćăŋĺĺ ĺğňěàěŋĺľ ć łăęďőň ĺğ íńěňěŋâőć ãáâăŋőćłĺ ĺ ćëąőàě ŕőďåőďïéĺå łőňąĺŋăæĺľ ďńï ŕőáâàőěŋĺï őąêěłâőć ąőńěě ćëáőłőčő ãàőćŋï (ğăàïęěŋŋëå ĺ ŋěľâàăńìŋëå âàěłőć).

Ŕàĺ áőğďăŋĺĺ ăńčőàĺâňă, łőâőàëľ őáãéěáâćńïěâ ćëąőà łőňąĺŋăæĺľ, ŋăďő ŕàěďãáňőâàěâì áńěďãîéěě:

• âăł łăł àěğãńìâăâőň àăąőâë ăńčőàĺâňă ïćńïěâáï ĺďěŋâĺäĺłăæĺï çăáâĺæ, âő ŋěőąåőďĺňő ŕàěďćĺďěâì ŋěłőâőàãî őąàăâŋãî áćïğì á ŕàőæěááăňĺ àěłőŋáâàãłæĺĺ ąőńěě ŋĺğłőčő ãàőćŋï, ŋăŕàĺňěà:

– ňőďěńì âàěłă ďńï ĺďěŋâĺäĺæĺàőćăŋŋëå íńěłâàőŋőć ďőńęŋă ãçĺâëćăâì ŕőâěàĺ íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě. İâő ňőęěâ ŕőâàěąőćăâì őâäĺâĺàőćăâì âàěł ğăŋőćő á ĺáŕőńìğőćăŋĺěň ďàãčőľ ňőďěńĺ âàěłă;

– àăáŕăďë π ĺ K ňěğőŋőć ŕàĺćőďïâ ł őąàăğőćăŋĺî ňîőŋőć, łőâőàëě ęěńăâěńìŋő őâńĺçĺâì őâ ňîőŋőć ĺğ ŕěàćĺçŋőľ ćěàèĺŋë. Ďńï íâőčő ňőęŋő ĺáŕőńìğőćăâì ăńčőàĺâň ŕőĺáłă âőçěł ĺğńőňă ŋă âàěłăå, ĺďěŋâĺäĺæĺàőćăŋŋëå łăł ňîőŋë;

– ğăàïęěŋŋëľ âàěł, łőâőàëľ àăááňăâàĺćăěâáï ŕàőčàăňňőľ łăł ăďàőŋ (ŋěâ íńěłâàőŋŋőľ ĺďěŋâĺäĺłăæĺĺ ć TRD; ěáâì íŋěàčőćëďěńěŋĺě ć HCAL), âàěąãěâ őâńĺçŋőčő őâ íńěłâàőŋŋőčő ăńčőàĺâňă ŕőáâàőěŋĺï łńăáâěàőć [113].

• ŋěőąåőďĺňő ŕàěďãáňőâàěâì ćëáőłãî áâěŕěŋì čĺąłőáâĺ ć ŕàőæěááě ŕőáâàőěŋĺï ăááőæĺăæĺľ. İâő ŕőğćőńĺńő ąë àăğćĺćăâì ŋěğăćĺáĺňő łàĺâěàĺĺ ĺďěŋâĺäĺłăæĺĺ ć łăęďőň ĺğ íńěňěŋâőć ãáâăŋőćłĺ ĺ őąńěčçĺńő ąë ĺå áőćňěáâŋőě ĺáŕőńìğőćăŋĺě ć ďăńìŋěľèěň.

Şŕàăćńěŋĺě ćáěň ŕàőæěááőň őáãéěáâćńïěâ ïďàő ŕàőčàăňňë (matching engine), łőâőàőě ŕőáńěďőćăâěńìŋő ćëğëćăěâ ćáě ďěłńăàĺàőćăŋŋëě ŋă áâăďĺĺ ĺŋĺæĺăńĺğăæĺĺ ŕőďŕàőčàăňňë ďńï łăęďőčő ĺğ ŕőďďěâěłâőàőć ĺ ŕàőćěàïěâ, çâő őŋĺ ďěľáâćãîâ ć àăňłăå ãáâăŋőćńěŋŋëå ŕàăćĺń.

Ŕőďŕàőčàăňňë ďńï ŕőáâàőěŋĺï ăááőæĺăæĺľ

Ćáě ăńčőàĺâňë ĺďěŋâĺäĺłăæĺĺ àěăńĺğőćăŋë ć ćĺďě ŋăąőàă ŕőďŕàőčàăňň (őďŋă ŋă łăęďëľ ŕőďďěâěłâőà).

Řěğãńìâăâőň àăąőâë ăńčőàĺâňă ïćńïěâáï ŕőáâàőěŋĺě őąêěłâă (MatchObject (MO)), łőâőàëľ ŕàěďáâăćńïěâ áőąőľ łőňąĺŋăæĺî ĺŋďĺćĺďãăńìŋëå ĺğňěàěŋĺľ ć łăęďőň ĺğ ŕőďďěâěłâőàőć (detector object (DO)). DO ňőęěâ áőďěàęăâì łàőňě ááëńőł ŋă ŋěáłőńìłő àěğãńìâăâőć “phase 1” àěłőŋáâàãłæĺĺ (ŋăŕàĺňěà, łńăáâěàë ć łăęďőľ ĺğ ŕńőáłőáâěľ PRS, ďćă áěčňěŋâă ć ŕàőěłæĺïå ňîőŋŋëå łăňěà) âăłęě ĺŋäőàňăæĺî ő łăçěáâćě ăááőæĺăæĺĺ őąêěłâőć (mismatch χ^2).

Ć ŕàőæěááě àăąőâë ăńčőàĺâňă ňőčãâ ćőğŋĺłŋãâì ŋěőďŋőğŋăçŋőáâĺ. Ąëńő àěèěŋő, çâő łăęďëľ DO ňőęěâ ćåőďĺâì ć áőáâăć âőńìłő őďŋőčő MO (ěáńĺ łăłăï-âő ĺğ ŕőďŕàőčàăňň ŋăàãèăěâ íâő ŕàăćĺńő, âő ŋă íłàăŋě ŕőïćńïěâáï áőőâćěâáâćãîéăï ĺŋäőàňăæĺï, ŋő ŋě ŕàěďŕàĺŋĺňăěâáï ŋĺłăłĺå ďěľáâćĺľ).

Ąőńěě ďěâăńìŋőě őŕĺáăŋĺě ŕàőæěááă ŕőáâàőěŋĺï ăááőæĺăæĺľ ć ŕàőčàăňňŋőň őąěáŕěçěŋĺĺ íłáŕěàĺňěŋâă NOMAD ňőęěâ ąëâì ŋăľďěŋő ć [114].

Ŋěłőâőàëě ŕőńěğŋëě àăáŕàěďěńěŋĺï

Ğďěáì ąãďãâ ŕàěďáâăćńěŋë ŋěłőâőàëě àěğãńìâăâë àăąőâë ŕàőčàăňňë, łőâőàëě ąëńĺ ŕőńãçěŋë ŕőáàěďáâćőň íłáâàăŕőńïæĺĺ DC âàěłőć ć TRD, PRS ĺ ECAL (àĺá. 2.23). Őŋĺ ŕőğćőńïîâ łőŋâàőńĺàőćăâì łăçěáâćő őâłńĺłă ŕőďďěâěłâőàőć ĺ ňőčãâ àăááňăâàĺćăâìáï łăł ĺńńîáâàăæĺï ŕàěďńőęěŋŋőčő ňěâőďă ŕőáâàőěŋĺï ăááőæĺăæĺľ. Ŋăŕàĺňěà, ňőęŋő ŕàőćěàĺâì ŕàăćĺńìŋőáâì čěőňěâàĺçěáłőčő ŕőńőęěŋĺï TRD, őďŋőàőďŋőáâì ěčő őâłńĺłă, ĺğãçĺâì ğăćĺáĺňőáâì íŋěàčőćëďěńěŋĺï ć âàãąłě TRD őâ ĺňŕãńìáă ĺ ãčńă âàěłă (àĺá. 3.11). Ŋăåőęďěŋĺě áőőâćěâáâćĺľ ňěęďã ğăàïęěŋŋëňĺ âàěłăňĺ ĺ łńăáâěàăňĺ PRS ŕőğćőńïěâ ãâőçŋĺâì čěőňěâàĺçěáłőě ŕőńőęěŋĺě PRS (àĺá. 3.12).

Čàăäĺłă

Ąőńìèĺŋáâćő őèĺąőł ć ŕàőæěááě àěłőŋáâàãłæĺĺ ĺ ŋěíääěłâĺćŋőáâěľ ăńčőàĺâňőć ŕőáâàőěŋĺï ăááőæĺăæĺľ ňőčãâ ąëâì ãáâàăŋěŋë ŕőáńě ćĺğãăńĺğăæĺĺ ŋěáłőńìłĺå áőąëâĺľ ŋă čàăäĺçěáłőň ďĺáŕńěě. Ŋěőąåőďĺňő âăłęě őąàăâĺâì ćŋĺňăŋĺě ŋă ćőğňőęŋőáâì ńěčłő ĺğćńěçì ŋěőąåőďĺňãî ďěâăńìŋőľ ĺŋäőàňăæĺî. Ňë àăğàăąőâăńĺ ďőćőńìŋő čĺąłĺľ ãŋĺćěàáăńìŋëľ ŕăłěâ čàăäĺçěáłĺå ŕàőčàăňň (generic package [115]), őáŋőćăŋŋëľ ŋă OnX [116] ĺ Ci [117] ŕàőčàăňňăå, ĺ ĺáŕőńìğőćăńĺ ćőğňőęŋőáâì ŋăŕěçăâăâì ŋă íłàăŋě ĺŋäőàňăæĺî ő ćëąàăŋŋëå őąêěłâăå.

3.2.2 Ĺďěŋâĺäĺłăæĺï ňîőŋőć ć íłáŕěàĺňěŋâě NOMAD

Ňîőŋŋăï ĺďěŋâĺäĺłăæĺï ć íłáŕěàĺňěŋâě NOMAD ïćńïěâáï őçěŋì ćăęŋőľ ğăďăçěľ.

Ĺňŕãńìá ňîőŋă ĺğňěàïěâáï áĺáâěňőľ ďàěľäőćëå łăňěà á âőçŋőáâìî ∼3% ďńï ĺňŕãńìáőć ŋĺęě 20 ČíĆ, čďě őáŋőćŋőľ ćłńăď ć őèĺąłã ćŋőáĺâ íääěłâ ňŋőčőłàăâŋőčő àăááěïŋĺï. Ďńï ąőńìèĺå ĺňŕãńìáőć àăğàěèěŋĺě ŕőáâěŕěŋŋő ãåãďèăěâáï, ŕőáłőńìłã ćłńăď őèĺąłĺ łőőàďĺŋăâŋőčő ĺğňěàěŋĺï áâăŋőćĺâáï ďőňĺŋĺàãîéĺň. Őďŋăłő, ğŋăł ğăàïďă ňîőŋă ňőęěâ ąëâì ŋăďěęŋő ĺğňěàěŋ ďő ĺňŕãńìáă ∼200 ČíĆ (áň. àĺá. 3.13).

Śěčňěŋâë âàěłă ćőááâăŋőćńĺćăîâáï ŕő őâáçěâăň ć ňîőŋŋëå łăňěàăå, ĺ íłáâàăŕőńĺàőćăŋŋëě ĺğ ďàěľäőćëå łăňěà âàěłĺ ăááőæĺĺàãîâáï á íâĺňĺ áěčňěŋâăňĺ. Ć áńãçăě, łőčďă ăááőæĺăæĺï ãďőćńěâćőàïěâ őŕàěďěńěŋŋëň łàĺâěàĺïň łăçěáâćă (łőâőàëě ğăćĺáïâ őâ âĺŕă ăŋăńĺğă), âàěł ĺďěŋâĺäĺæĺàãěâáï łăł ňîőŋ. Ďěâăńìŋőě őŕĺáăŋĺě áőőâćěâáâćãîéěčő ăńčőàĺâňă ďăŋő ć [118]. Łăł ćĺďŋő ĺğ àĺáãŋłă 3.14 íääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ ňîőŋă ŕàăłâĺçěáłĺ ŋě ğăćĺáĺâ őâ ěčő ĺňŕãńìáă ć őąńăáâĺ ąőńìèě 5 ČíĆ.

Ňîőŋ őąëçŋő őáâăćńïěâ íŋěàčőćëďěńěŋĺě ć ECAL íłćĺćăńěŋâŋőě 500 ŇíĆ íńěłâàőňăčŋĺâŋőčő ńĺćŋï, ĺ íŋěàčőćëďěńěŋĺě ć HCAL íłćĺćăńěŋâŋőě 1.4 ČíĆ ăďàőŋŋőčő ńĺćŋï^{12}.

Ďńï ŋěłőâőàëå âĺŕőć ăŋăńĺğă ć íłáŕěàĺňěŋâě NOMAD őçěŋì ćăęŋő őâőąàăâì áőąëâĺï, łőâőàëě ŋě áőďěàęăâ ŕěàćĺçŋëľ ňîőŋ. Ňîőŋë á őçěŋì ňăńëň ĺňŕãńìáőň ňőčãâ ąëâì ĺďěŋâĺäĺæĺàőćăŋë ńĺèì á ĺáŕőńìğőćăŋĺěň łĺŋěňăâĺçěáłĺå łàĺâěàĺěć őâąőàă. Ďńï ąőńěě íŋěàčěâĺçŋëå ňîőŋőć ňőęŋő ŕàőćěàĺâì áőőâćěâáâćĺě íŋěàčőćëďěńěŋĺľ ć ECAL ĺ HCAL ňîőŋŋőľ čĺŕőâěğě. Ďńï ňîőŋőć á ĺňŕãńìáőň, ŕàěćëèăîéĺň ŕőàőč ŋă ďőáâĺęěŋĺě ňîőŋŋëå łăňěà ĺ ŕőŕăďăîéĺå ć ĺå čěőňěâàĺçěáłĺľ ăłáěŕâăŋá, íääěłâĺćŋőáâì őąŋăàãęĺâì ŕő łàăľŋěľ ňěàě 2 ĺğ 8-16 ćőğňőęŋëå őâáçěâőć áőáâăćńïěâ ŕő áãéěáâćã 100%. Ŋăŕàĺňěà, âàěąőćăŋĺě őâáãâáâćĺï őâáçěâőć ć ňîőŋŋëå łăňěàăå ćďőńì âàăěłâőàĺĺ íłáâàăŕőńĺàőćăŋŋőčő âàěłă áőćňěáâŋő á âàěąőćăŋĺěň áőőâćěâáâćĺï íŋěàčőćëďěńěŋĺľ ć ECAL ĺ HCAL ňĺŋĺňăńìŋő-ĺőŋĺğĺàãîéěľ çăáâĺæě, ŕàĺćőďïâ ł ãàőćŋî ŕőďăćńěŋĺï äőŋă őâ ňîőŋőć 10^{−3} áàěďĺ ăďàőŋőć á ĺňŕãńìáőň p > 4 ČíĆ ŕàĺ íääěłâĺćŋőáâĺ 90%.

12Ć őąőĺå áńãçăïå äăłâĺçěáłőě íŋěàčőćëďěńěŋĺě ŋěáłőńìłő ŋĺęě, â.ł. łăńĺąàőćőçŋëě łőŋáâăŋâë őŕâĺňĺğĺàőćăŋë ďńï ĺğňěàěŋĺï íŋěàčĺľ íńěłâàőňăčŋĺâŋëå ĺ ăďàőŋŋëå ńĺćŋěľ áőőâćěâáâćěŋŋő.

Řĺá. 3.11: Śàěďŋěě íŋěàčőćëďěńěŋĺě ć âàãąłě TRD (ğăŕőńŋěŋŋőľ łáěŋőŋőň) łăł äãŋłæĺï ĺňŕãńìáă ňîőŋă. Śàěďŋěě íŋěàčőćëďěńěŋĺě ć âàãąłě TRD łăł äãŋłæĺï ãčńă ϕ (ãčőń ć ćěàâĺłăńìŋőľ ŕńőáłőáâĺ). İŋěàčőćëďěńěŋĺě ć ğăćĺáĺňőáâĺ őâ àăááâőïŋĺï ďő ŕàőćőńőçłĺ. Śàěďŋěě íŋěàčőćëďěńěŋĺě ć âàãąłě TRD łăł äãŋłæĺï y-łőőàďĺŋăâë: ŋěâ ğăćĺáĺňőáâĺ.

Řĺá. 3.12: Ŕàĺňěà îáâĺàőćłĺ PRS ďńï ŕěàĺőďă ŋăąőàă ďăŋŋëå. Řăááâőïŋĺě őâ âőçłĺ íłáâàăŕőńïæĺĺ DC âàěłă ďő ąńĺęăľèěčő łńăáâěàă PRS ć x ĺ y ŕàőěłæĺïå ŕőáńě áňěéěŋĺï PRS ŋă -0.4 áň (x) ĺ -1.3 áň (y). Ćŋĺğã: àăğŋőáâì ć őďŋőľ ĺğ łőőàďĺŋăâ łăł äãŋłæĺï ďàãčőľ: ćĺďŋő, çâő PRS ŕőćěàŋãâ őâŋőáĺâěńìŋő áĺáâěňë ďàěľäőćëå łăňěà (ŕàĺňěàŋő ŋă 0.5 áň ŕàĺ èĺàĺŋě ďěâěłâőàă ąőńěě çěň 240 áň).

Řĺá. 3.13: Ĺňŕãńìáŋëľ áŕěłâà ňîőŋőć á ãçěâőň ğŋăłă ğăàïďă (áàăćŋěŋĺě àěăńìŋëå ďăŋŋëå ĺ ňőďěńĺàőćăŋŋëå áőąëâĺľ).

Řĺá. 3.14: İääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ ňîőŋă łăł äãŋłæĺï ěčő ĺňŕãńìáă ďńï ν_μ CC áőąëâĺľ.

Řĺá. 3.15: Śňőďěńĺàőćăŋŋëě 10 ČíĆ íńěłâàőŋë ćőááâăŋőćńěŋë á ĺáŕőńìğőćăŋĺěň áâăŋďăàâŋőľ ňőďěńĺ âàěłă (”ŕĺőŋŋăï” čĺŕőâěğă) ćő ćàěňï äĺâă. Ňőęŋő őâňěâĺâì, çâő àěłőŋáâàãĺàőćăŋŋëľ ŋăçăńìŋëľ ĺňŕãńìá íńěłâàőŋă ĺ ěčő ŋăŕàăćńěŋĺě ć ŕńőáłőáâĺ YZ ĺňěîâ áĺáâěňăâĺçěáłĺľ áďćĺč.

3.3 Ĺďěŋâĺäĺłăæĺï íńěłâàőŋőć

Ĺďěï íłáŕěàĺňěŋâă NOMAD őáŋőćăŋă ŋă ŕàěďŕőńőęěŋĺĺ ő ćőğňőęŋőáâĺ íääěłâĺćŋőčő őâąőàă τ^− → e^−ν_τ ν̄_e áőąëâĺľ ŕàĺ ãďěàęăŋĺĺ äőŋă ŋă ãàőćŋě ŋěáłőńìłĺå áőąëâĺľ. İâőâ ňěâőď âàěąãěâ åőàőèěľ ĺďěŋâĺäĺłăæĺĺ ĺ àěłőŋáâàãłæĺĺ íńěłâàőŋőć. Ŕőíâőňã ďěâěłâőà ąëń áłőŋáâàãĺàőćăŋ á ãçěâőň ŕőâàěąŋőáâěľ íâőčő ăŋăńĺğă. Ćőğňőęŋőáâì ĺáŕőńìğőćăŋĺï ăďàőŋŋëå ňőď àăáŕăďă τ^− ąëńă ĺğãçěŋă ćŕőáńěďáâćĺĺ. Ćëïáŋĺńőáì, çâő łőŋäĺčãàăæĺï ŕàěďńőęěŋŋőľ ãáâăŋőćłĺ őłăğăńăáì åőàőèő ŕőďåőďïéěľ ďńï ĺå àěčĺáâàăæĺĺ. Ąőńěě âőčő, ćőğňőęŋőáâì ŕàőćěàłĺ ĺ áàăćŋěŋĺï àěğãńìâăâőć, ŕőńãçěŋŋëå ć àăğńĺçŋëå ňőďăå àăáŕăďă τ^−-ńěŕâőŋă, őłăğăńăáì őáőąěŋŋő ĺŋâěàěáŋőľ ĺğ-ğă àăğŋëå äőŋőćëå ãáńőćĺľ.

Šěň ŋě ňěŋěě, íńěłâàőŋŋëľ łăŋăń àăáŕăďă τ^−-ńěŕâőŋă àăááňăâàĺćăěâáï łăł ŋăĺąőńěě ňőéŋëľ ĺŋáâàãňěŋâ ďńï ŕőĺáłă őáæĺńńïæĺľ ć íłáŕěàĺňěŋâě NOMAD. Őďŋăłő, áãéěáâćãěâ ąőńìèőě łőńĺçěáâćő ŕőâěŋæĺăńìŋëå ĺáâőçŋĺłőć äőŋă, łőâőàëě ŕàĺćőďïâ ł ŋăńĺçĺî ĺğőńĺàőćăŋŋőčő e^− ć áőąëâĺĺ: ν_e CC ćğăĺňőďěľáâćĺï, ăáĺňňěâàĺçŋëě łőŋćěàáĺĺ äőâőŋőć, π^0 ĺ η Ďăńĺæ-àăáŕăďë, łőňŕâőŋőćáłőě àăááěïŋĺě ĺ àăáŕăďë μ^−, K_{e3} ĺ π_{e2}. Ŕěàćëě ďćă ĺğ ćëèěŕěàěçĺáńěŋŋëå ĺáâőçŋĺłőć äőŋă ïćńïîâáï ŋăĺąőńěě ćăęŋëňĺ.

Őçěćĺďŋő, çâő ďńï ŕőĺáłă őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ → e ŋěőąåőďĺňő áőćňěáâĺâì ćëáőłãî íääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć á åőàőèěľ àěłőŋáâàãłæĺěľ ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă ĺ ěčő ŋăŕàăćńěŋĺï.

Ł áőęăńěŋĺî, ĺáŕőńìğőćăŋĺě áâăŋďăàâŋőčő ŕőďåőďă (”ŕĺőŋŋăï” čĺŕőâěğă ć ŕàőæěďãàě äĺâă) ŕàĺ àěłőŋáâàãłæĺĺ íńěłâàőŋőć ŕàĺćőďĺâ ł áĺáâěňăâĺçěáłĺň

Řĺá. 3.16: Śàăćŋěŋĺě őâłńĺłă ďěâěłâőàă ńĺćŋěľ ŋă ŕĺőŋë ĺ íńěłâàőŋë (ĺğňěàěŋĺï ŋă âěáâőćőň ŕãçłě).

őèĺąłăň łăł ć őŕàěďěńěŋĺĺ ĺňŕãńìáă, âăł ĺ ŋăŕàăćńěŋĺï íńěłâàőŋă ć ŕěàćĺçŋőľ ćěàèĺŋě (áň. àĺá. 3.15). Ć íâőň áńãçăě ćőğňőęŋőáâì ĺáŕőńìğőćăŋĺï łĺŋěňăâĺłĺ áőąëâĺï ďńï ŕőĺáłă őáæĺńńïæĺľ ć τ^− → e^−ν_τ ν̄_e łăŋăńě àăáŕăďă áãéěáâćěŋŋő őčàăŋĺçěŋă. Ďàãčĺňĺ áńőćăňĺ, ŋěőąåőďĺňő àăğàăąőâăâì áŕěæĺăńìŋãî ŕàőæěďãàã ďńï ĺďěŋâĺäĺłăæĺĺ ĺ àěłőŋáâàãłæĺĺ âàăěłâőàĺĺ íńěłâàőŋă ć ãáâăŋőćłě NOMAD. İâă ŕàőæěďãàă őłăğăńăáì ďőáâăâőçŋő áńőęŋőľ, ĺ ňë őŕĺèěň ŕãâĺ àěèěŋĺï ŋěłőâőàëå őáŋőćŋëå ŕàőąńěň.

Ŕàěęďě ćáěčő, ŋěőąåőďĺňő őąěáŕěçĺâì ćëáőłãî íääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć, ãďěàęĺćăï ć âő ęě ćàěňï äőŋ őâ ăďàőŋőć ŋă ãàőćŋě < 3 × 10^{−6}. İâő âàěąőćăŋĺě ńěčłő ŕőŋïâì ŋă őáŋőćě áãňňăàŋőľ áâăâĺáâĺłĺ, łőâőàăï ąãďěâ ŋăłőŕńěŋă ć íłáŕěàĺňěŋâě NOMAD ŕő őłőŋçăŋĺĺ ŕěàĺőďă ŋăąőàă ďăŋŋëå (1.15 × 10^6 ν_μ CC áőąëâĺľ ĺ 3.9 × 10^5 ν_μ NC áőąëâĺľ).

3.3.1 Ĺďěŋâĺäĺłăæĺï íńěłâàőŋőć ć íłáŕěàĺňěŋâě NOMAD

Ďńï őâďěńěŋĺï íńěłâàőŋőć őâ ďàãčĺå ğăàïęěŋŋëå çăáâĺæ ć ãáâăŋőćłě NOMAD ĺáŕőńìğãěâáï ĺŋäőàňăæĺï ďěâěłâőàă ŕěàěåőďŋőčő ĺğńãçěŋĺï (TRD), ďěâěłâőàă ńĺćŋěľ (PRS) ĺ íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă (ECAL). Śőőâćěâáâćãîéĺě ăńčőàĺâňë ąëńĺ àăğàăąőâăŋë ŋă őáŋőćě ĺŋâěŋáĺćŋëå ĺğňěàěŋĺľ ŋă âěáâőćëå ŕãçłăå.

Ĺáŕőńìğőćăŋĺě ďěâěłâőàă ńĺćŋěľ ĺ íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă

Ŕàőâőâĺŕ ďěâěłâőàă ńĺćŋěľ, áőáâőïéĺľ ĺğ ďćãå áńőěć ŕő 10 âàãąőł ć łăęďőň, ąëń ĺáŕőńìğőćăŋ ďńï ĺğãçěŋĺï őâłńĺłă ďěâěłâőàă ŋă íńěłâàőŋë ĺ ŕĺőŋë ć àěęĺňě âěáâőćőčő ŕãçłă [119]. Šăłĺň őąàăğőň ãďăńőáì őŕàěďěńĺâì ãàőćěŋì ŕőďăćńěŋĺï ŕĺőŋőć (π) ŋă őáŋőćě áĺčŋăńă PRS ŕàĺ ĺğćěáâŋőľ íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć. Ąëńő ŕőłăğăŋő, çâő ĺáŕőńìğőćăŋĺě âőńìłő PRS ďńï íńěłâàőŋőć á íŋěàčĺěľ ąőńìèě 4 ČíĆ ŕőğćőńïěâ ŕőńãçĺâì 90% íääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć ŕàĺ 10% äőŋě őâ π (áň àĺá. 3.16).

Řĺá. 3.17: Śőćňěáâŋëľ ãàőćěŋì ŕőďăćńěŋĺï äőŋă őâ ăďàőŋőć ďńï PRS ĺ ECAL (ĺğňěàěŋĺï ŋă âěáâőćőň ŕãçłě).

Řăğďěńěŋĺě π/e áãéěáâćěŋŋő ãńãçèăěâáï ŕàĺ ĺáŕőńìğőćăŋĺĺ ECAL áőćňěáâŋő á PRS. Ć ãáńőćĺïå âěáâőćőčő ŕãçłă çăáâĺæă àăááňăâàĺćăěâáï łăł íńěłâàőŋ ěáńĺ íŋěàčőćëďěńěŋĺě ć ECAL áőćňěáâĺňő á íŋěàčĺěľ ŕãçłă ć ŕàěďěńăå àăğàěèěŋĺï łăńőàĺňěâàă. Őąêěďĺŋěŋĺě íâőčő âàěąőćăŋĺï á PRS ăńčőàĺâňőň ŕőğćőńïěâ ďőáâĺçì ãàőćŋï äőŋă 10^{−3} ć őąńăáâĺ íŋěàčĺľ 2 ÷ 10 ČíĆ ŕàĺ íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ íńěłâàőŋőć 90%, áňőâàĺ àĺá. 3.17.

Ďőŕőńŋĺâěńìŋëľ äăłâőà ŕőďăćńěŋĺï äőŋă (2–3) ćőğŋĺłăěâ ĺğ-ğă âàěąőćăŋĺï áőőâćěâáâćĺï íŋěàčőćëďěńěŋĺï ć ïçěľłăå ECAL äőàňě íńěłâàőňăčŋĺâŋőčő ńĺćŋï [121].

Ł áőęăńěŋĺî, àěğãńìâăâë, ŕőńãçěŋŋëě ŋă âěáâőćőň ŕãçłě, ŋě ňőčãâ ąëâì ŋăŕàïňãî ĺáŕőńìğőćăŋë ŕàĺ àăąőâě ďěâěłâőàă ć àěęĺňě ŋăąőàă ďăŋŋëå ĺğ-ğă ŋăńĺçĺï ŋăńőęěŋĺï áĺčŋăńőć ć áńãçăě ćëáőłőíŋěàčěâĺçŋëå ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ á ąőńìèőľ ňŋőęěáâćěŋŋőáâìî.

Ĺáŕőńìğőćăŋĺě ďěâěłâőàă ŕěàěåőďŋőčő ĺğńãçěŋĺï

Ďěâěłâőà ŕěàěåőďŋőčő ĺğńãçěŋĺï (TRD) ąëń áłőŋáâàãĺàőćăŋ ďńï őâďěńěŋĺï íńěłâàőŋőć őâ ďàãčĺå ğăàïęěŋŋëå çăáâĺæ. Śőőâćěâáâćãîéĺľ ňěâőď ąăğĺàãěâáï ŋă àăğńĺçĺĺ ć őâłńĺłě TRD ŋă íńěłâàőŋë ĺ ďàãčĺě ğăàïęěŋŋëě çăáâĺæë ć őąńăáâĺ ĺňŕãńìáőć őâ 0.5 ďő 50 ČíĆ. Řĺá. 3.18 ŕőłăğëćăěâ őâłńĺł őďŋőľ âàãąłĺ TRD ŕàĺ ŕěàěáěçěŋĺĺ ěě 10 ČíĆ íńěłâàőŋăňĺ ĺ ŕĺőŋăňĺ.

Řăğďěńěŋĺě ďćãå čĺŕőâěğ őáãéěáâćńïěâáï ŋă őáŋőćě őâŋőèěŋĺï ŕàăćďőŕőďőąĺï L (áňőâàĺ àĺá. 3.19), ćëçĺáńěŋŋőčő ĺáåőďï ĺğ őâłńĺłă ćáěå âàãąőł, ŕěàěáěłăěňëå ŋăńěâăîéěľ çăáâĺæěľ.

L = N∑ i=1 ln P (ε_i | e) P (ε_i | π) (3.1)

čďě:

Řĺá. 3.18: İŋěàčőćëďěńěŋĺě ć őďŋőľ âàãąłě TRD ŕàĺ ŕěàěáěçěŋĺĺ ěě 10 ČíĆ íńěłâàőŋăňĺ ĺ ŕĺőŋăňĺ (Ňőŋâě-Łăàńő ňőďěńĺàőćăŋĺě).

• N - áãňňăàŋőě çĺáńő âàãąőł, ŕěàěáěłăěňëå ğăàïęěŋŋőľ çăáâĺæěľ ĺ ćłńîçěŋŋëå ć TRD âàěł (N ≤ 9);

• ε_i - íŋěàčőćëďěńěŋĺě ć i-őľ âàãąłě ćďőńì âàăěłâőàĺĺ çăáâĺæë;

• P (ε_i | e) ĺ P (ε_i | π) - ćěàőïâŋőáâĺ ďńï íńěłâàőŋă e ĺ ŕĺőŋă^{13} π őáâăćĺâì íŋěàčĺî ε_i ć i-őľ TRD ŕńőáłőáâĺ.

Łăł ćĺďŋő ĺğ àĺá. 3.19, âàěąãěňăï íääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć őŕàěďěńïěâ ŕőàőč ŋă őâŋőèěŋĺě ŕàăćďőŕőďőąĺï ĺ áőőâćěâáâćãěâ ĺğćěáâŋőňã ãàőćŋî ŕőďăćńěŋĺï äőŋă őâ ğăàïęěŋŋëå ăďàőŋőć.

Śŕěłâàë íŋěàčěâĺçěáłĺå ŕőâěàì (łăł ĺőŋĺğăæĺőŋŋëå, âăł ĺ ŕőâěàì ŋă ŕěàěåőďŋőě ĺğńãçěŋĺě) ąëńĺ ćëçĺáńěŋë ŋă őáŋőćě ňőďěńĺàőćăŋĺï ĺ ŕőďâćěàęďěŋë ĺğňěàěŋĺïňĺ ŋă âěáâőćőň ŕãçłě.

Ŕàĺ 90% íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć NOMAD TRD ďőáâĺčăěâ 10^3 ãàőćŋï ŕőďăćńěŋĺï äőŋă ďńï ĺğőńĺàőćăŋŋëå âàěłőć ć őąńăáâĺ ĺňŕãńìáőć 0.5 ÷ 50 ČíĆ [93].

Łăł ćĺďŋő ĺğ őŕĺáăŋĺï ăńčőàĺâňă, ŕàăćĺńìŋăï ăááőæĺăæĺï TRD âàãąőł ĺğãçăěňőňã âàěłã ïćńïěâáï ćăęŋëň äăłâőàőň ďńï íääěłâĺćŋőľ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć.

3.3.2 Ŕőáâàőěŋĺě TRD âàěłőć ŕàĺ ŕőňőéĺ íłáâàăŕőńïæĺĺ DC âàěłőć

İâă ğăďăçă ąëńă àěèěŋă á ŕőňőéìî íłáâàăŕőńïæĺĺ DC âàěłőć ĺ ŕàőæěďãàë “matching”. Ć ŕàőæěááě àěłőŋáâàãłæĺĺ áőąëâĺï ć ďěâěłâőàě NOMAD áãéě-

13Ŕőď ŕĺőŋőň ŕőďàăğãňěćăěâáï ńîąăï ğăàïęěŋŋăï çăáâĺæă łàőňě íńěłâàőŋă.

Řĺá. 3.19: Řăáŕàěďěńěŋĺï őâŋőèěŋĺï ŕàăćďőŕőďőąĺï ďńï 10 ČíĆ íńěłâàőŋőć ĺ ŕĺőŋőć, ŕěàěáěłăîéĺå 9 ňőďãńěľ TRD (Ňőŋâě-Łăàńő ňőďěńĺàőćăŋĺě).

áâćãěâ őąňěŋ ĺŋäőàňăæĺěľ ňěęďã DC ĺ TRD. Ŋăŕàĺňěà, ŋă ŕěàćőľ áâăďĺĺ àěłőŋáâàãłæĺĺ ĺŋäőàňăæĺï őą x łőőàďĺŋăâě, ĺğňěàěŋŋőľ ŕőáàěďáâćőň TRD, ĺáŕőńìğãěâáï ďńï ŕőáâàőěŋĺï DC âàěłőć [101] ć TRD őąńăáâĺ ăłâĺćŋőľ ňĺèěŋĺ.

Ĺğŋăçăńìŋő ąëńă àăğàăąőâăŋă ŋěğăćĺáĺňăï ŕàőčàăňňă àěłőŋáâàãłæĺĺ ć TRD [120]. Őŋă áâàőĺâ TRD âàěłĺ, łőâőàëě ğăâěň ăááőæĺĺàãîâáï á DC âàěłăňĺ ďńï őąěáŕěçěŋĺï ĺďěŋâĺäĺłăæĺĺ çăáâĺæ [90]. Ł áőęăńěŋĺî, ć áńãçăě ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ á ćëáőłőľ ňŋőęěáâćěŋŋőáâìî, ňőčńő áńãçĺâìáï çâő ŋěáłőńìłő çăáâĺæ ŕěàěáěłăîâ őďĺŋ ĺ âőâ ęě ŋăąőà TRD âàãąőł (ŋăńőęěŋĺě áĺčŋăńőć ć TRD). Ěáńĺ ĺŋäőàňăæĺï őą íâőň őâáãâáâćãěâ (łăł ć áńãçăě ĺáŕőńìğőćăŋĺï ŋěğăćĺáĺňőľ ŕàőčàăňňë àěłőŋáâàãłæĺĺ ć TRD), âő ňőęěâ ŕàőĺğőľâĺ őèĺąłă ŕàĺ àăąőâě ăńčőàĺâňă ĺďěŋâĺäĺłăæĺĺ, â.ł. ĺğ-ğă áńőęěŋĺï íŋěàčőćëďěńěŋĺľ őâ ŋěáłőńìłĺå çăáâĺæ ćěàőïâŋőáâì ŋěćěàŋőľ ĺďěŋâĺäĺłăæĺĺ áãéěáâćěŋŋő ćőğàăáâăěâ. İâă ŕàőąńěňă ąëńă çăáâĺçŋő àěèěŋă ğă áçěâ ĺáŕőńìğőćăŋĺï íłáâàăŕőńĺàőćăŋŋëå DC âàěłőć ďńï áąőàă őâáçěâőć ć TRD ĺ ŕőáâàőěŋĺï TRD âàěłőć^{14}. Ŋăŕàĺňěà, íâő ňőęěâ ŕàĺćěáâĺ ł ŕőáâàőěŋĺî ŋěáłőńìłĺå TRD âàěłőć á ĺáŕőńìğőćăŋĺěň őďŋĺå ĺ âěå ęě őâáçěâőć ć TRD. Ć âăłőň áńãçăě ňőęěâ ąëâì ŕàĺňěŋěŋ áŕěæĺăńìŋëľ ăńčőàĺâň [90], łőâőàëľ ŕàĺŋĺňăěâ ćő ćŋĺňăŋĺě ćáî ďőáâãŕŋãî ĺŋäőàňăæĺî őą ĺňŕãńìáăå çăáâĺæ, çĺáńě ŕěàěłàëćăîéĺåáï őâáçěâőć ĺ â.ď. Ďăŋŋëľ ŕőďåőď ŕőğćőńïěâ áãéěáâćěŋŋő ãńãçèĺâì çĺáâőâã ĺďěŋâĺäĺæĺàőćăŋŋëå íńěłâàőŋőć/ŕőğĺâàőŋőć. Ŋăŕàĺňěà, çĺáńő ŕěàěłàëćăîéĺåáï π&π ĺďěŋâĺäĺæĺàőćăŋŋëå łăł e&e ãąëćăěâ á 95% ďő ∼1% [90].

14İâő áďěńăŋő ŋă íâăŕě ŕőáâàőěŋĺï ăááőæĺăæĺľ á ĺáŕőńìğőćăŋĺěň ćëáőłőľ łőőàďĺŋăâŋőľ âőçŋőáâĺ ďńï íłáâàăŕőńĺàőćăŋŋëå DC âàěłőć (∼1 ňň, àĺá. 3.20), łőâőàăï áãéěáâćěŋŋő ńãçèě, çěň ďĺăňěâà TRD âàãąłĺ.

Řĺá. 3.20: Ŋěőŕàěďěńěŋŋőáâì ŕő x łőőàďĺŋăâě ďńï íłáâàăŕőńĺàőćăŋŋőčő DC âàěłă ć TRD ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ ∼1 ňň; íâő ŋăňŋőčő ńãçèě, çěň ďĺăňěâà TRD âàãąłĺ (1.6 áň).

Ć àěğãńìâăâě, ňőęŋő ãâćěàęďăâì, çâő őąêěďĺŋěŋĺě ĺŋäőàňăæĺĺ àăğńĺçŋëå íńěňěŋâőć ãáâăŋőćłĺ NOMAD (DC, TRD, PRS ĺ ECAL) ŕőğćőńïěâ ďőáâĺçì âàěąãěňőčő ãàőćŋï ŕőďăćńěŋĺï äőŋă őâ ăďàőŋőć ŕàĺ åőàőèěľ íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć.

3.4 Řěłőŋáâàãłæĺï íńěłâàőŋőć

Ŕàěďńőęěŋŋëľ ăńčőàĺâň ŕőáâàőěŋĺï áőőâćěâáâćĺľ őáőąěŋŋő ŕőńěğěŋ ďńï ĺďěŋâĺäĺłăæĺĺ ĺ àěłőŋáâàãłæĺĺ âàăěłâőàĺľ íńěłâàőŋőć/ŕőğĺâàőŋőć ć ãáâăŋőćłě NOMAD.

3.4.1 Śŕěæĺăńìŋëľ ăńčőàĺâň ďńï àěłőŋáâàãłæĺĺ âàăěłâőàĺľ íńěłâàőŋőć

Ŋěáłőńìłő àăğńĺçŋëå ŕőďåőďőć ąëńĺ őŕàőąőćăŋë ďńï ĺďěŋâĺäĺłăæĺĺ ĺ àěłőŋáâàãłæĺĺ íńěłâàőŋőć. Ŕàőáâěľèĺľ ĺğ ŋĺå ŕàĺňěŋïěâáï ěáńĺ íńěłâàőŋ ćőááâăŋőćńěŋ ć ćĺďě őďŋőčő âàěłă ŋă ŕěàćőň íâăŕě DC àěłőŋáâàãłæĺĺ ĺ ĺďěŋâĺäĺæĺàőćăŋ ć TRD. Šőčďă ňë ňőęěň ğăŋőćő őâäĺâĺàőćăâì âàěł, ďőąăćńïï Q_{brem} ňăâàĺæã ć őŕĺáăŋĺě èãňă ć ŕàőæěááě äĺńìâàă Łăńìňăŋă. Ţőâï ŋăçăńìŋőě ŋăŕàăćńěŋĺě íńěłâàőŋă őŕàěďěńïěâáï ďőáâăâőçŋő åőàőèő, ĺňŕãńìáŋőě àăğàěèěŋĺě σ(p)/p ∼ 15% őáâăćńïěâ ęěńăâì ńãçèěčő (áň. àĺá. 3.21).

Ć áńãçăě, ěáńĺ âàăěłâőàĺï íńěłâàőŋă ąëńă àăğąĺâă ŋă ŋěáłőńìłő çăáâěľ ŋă ŕěàćőň íâăŕě DC àěłőŋáâàãłæĺĺ, ĺ âőńìłő ŕőáńěďŋĺľ áěčňěŋâ ąëń ĺďěŋâĺäĺæĺàőćăŋ łăł íńěłâàőŋ, âő ňë áłăŋĺàãěň áâàãłâãàã âàěłőć ĺ ćěàèĺŋ á æěńìî ĺğňěŋĺâì âĺŕ ćáěå áěčňěŋâőć, łőâőàëě áőěďĺŋěŋë ňěęďã áőąőľ ŕőáàěďáâćőň ćěàèĺŋ áŕěæĺăńìŋőčő âĺŕă.

Ďńï ãńãçèěŋĺï ĺňŕãńìáŋőčő àăğàěèěŋĺï ňőęŋő ĺáŕőńìğőćăâì áńěďãîéĺľ ňěâőď. Őŋ áőáâőĺâ ć ŕőáńěďőćăâěńìŋőň ŕàĺňěŋěŋĺĺ ăńčőàĺâňă ŕőĺáłă âőçěł

Řĺá. 3.21: Śňőďěńĺàőćăŋŋëě 10 ČíĆ íńěłâàőŋë ćőááâăŋőćńěŋë á ĺáŕőńìğőćăŋĺěň áŕěæĺăńìŋőľ ňőďěńĺ âàěłă (”íńěłâàőŋŋăï” čĺŕőâěğă), łőâőàëľ ŕàĺŋĺňăěâ ćő ćŋĺňăŋĺě ŕőâěàĺ íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě ć ŕàőæěááě äĺâă. Ŋăŕàăćńěŋĺě ŕěàćĺçŋőčő íńěłâàőŋă ćőááâăŋőćńěŋő ńãçèě ć áàăćŋěŋĺĺ á ”ŕĺőŋŋőľ” ňőďěńìî âàěłă (áň. àĺá. 3.15). Ćőááâăŋőćńěŋŋëľ ŋăçăńìŋëľ ĺňŕãńìá íńěłâàőŋă âăłęě ąńĺęě ł áňőďěńĺàőćăŋŋőňã ğŋăçěŋĺî, őďŋăłő, àăğàěèěŋĺě ŕő ĺňŕãńìáã ŋěďőáâăâőçŋő åőàőèő.

Řĺá. 3.22: Śőąëâĺě Run 10409 Event 22765 (YZ ŕàőěłæĺï) ĺğ àěăńìŋëå ďăŋŋëå ďő ŕőŕëâłĺ ŕàĺňěŋĺâì ăńčőàĺâň ŕőĺáłă âőçěł ĺğńőňă âàăěłâőàĺĺ. Ŋĺęŋĺľ âàěł ąëń ĺďěŋâĺäĺæĺàőćăŋ łăł íńěłâàőŋ ć TRD.

Řĺá. 3.23: Śőąëâĺě Run 10409 Event 22765 (YZ ŕàőěłæĺï) ŕőáńě ŕàĺňěŋěŋĺï ăńčőàĺâňă ŕőáńěďőćăâěńìŋőčő ŕőĺáłă âőçěł ĺğńőňă. Ďćě âăłĺå âőçłĺ ąëńĺ ŋăľďěŋë ćďőńì âàăěłâőàĺĺ íńěłâàőŋă ĺ áćïğăŋë á ďćãňï äőâőŋăňĺ: őďĺŋ áäőàňĺàőćăŋ ĺğ àěłőŋáâàãĺàőćăŋŋőľ łőŋćěàáĺĺ ć íääěłâĺćŋőň őąêěňě ďàěľäőćëå łăňěà, ă ďàãčőľ - ĺğ ŋěľâàăńìŋőčő łńăáâěàă ć ECAL.

ĺğńőňă ćďőńì ĺďěŋâĺäĺæĺàőćăŋŋőľ íńěłâàőŋŋőľ âàăěłâőàĺĺ. Ŋăďő őâňěâĺâì, çâő ďàãčăï ňőďěńì âàěłă ďőńęŋă ąëâì ĺáŕőńìğőćăŋă ć íâőň áńãçăě, â.ł. ňőďěńì, ĺáŕőńìğãîéăï Q_{brem}, ŕàĺćőďĺâ ł àăğàãèěŋĺî ĺŋäőàňăæĺĺ, łőâőàăï ŋěőąåőďĺňă ďńï ŕőĺáłă âőçěł ĺğńőňă âàăěłâőàĺĺ. Šăłĺň őąàăğőň, ňë ďőńęŋë ććěáâĺ ěéě őďŋã ňőďěńì âàěłă, łőâőàăï ŕőďàăğãňěćăěâ ňăááã íńěłâàőŋă ĺ őâáãâáâćĺě ŕőâěàì íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě. İâőâ ŋőćëľ ŕőďåőď àăąőâăěâ áńěďãîéĺň őąàăğőň. Ćő-ŕěàćëå, ňë áőğďăěň æěŕőçłã áěčňěŋâőć âàěłă, áőěďĺŋěŋŋëå ďàãč á ďàãčőň ŕőáàěďáâćőň ćěàèĺŋ, àăğńăňëćăï ŋăçăńìŋãî âàăěłâőàĺï ć ňěáâăå ŋăĺąőńěě ćěàőïâŋëå ĺğńőňőć (áőőâćěâáâćãîéĺå âőçłăň ĺáŕãáłăŋĺï ćëáőłőíŋěàčěâĺçŋëå âőàňőğŋëå äőâőŋőć) ĺ áőěďĺŋïï ŋőćëě áěčňěŋâë á ŕőňőéìî ćěàèĺŋ áŕěæĺăńìŋőčő âĺŕă (BREM). Ćő-ćâőàëå, ňë ŕëâăěňáï ŋăľâĺ âőàňőğŋëě äőâőŋë, áőőâćěâáâćãîéĺě íâĺň ćěàèĺŋăň, ĺáŕőńìğãï ŋěľâàăńìŋëě łńăáâěàë ć ECAL ĺ àěłőŋáâàãĺàőćăŋŋëě łőŋćěàáĺĺ ć íääěłâĺćŋőň őąêěňě ďěâěłâőàă. Ďăćăľâě őąàăâĺň ćŋĺňăŋĺě ŋă âő, çâő ďőŕőńŋĺâěńìŋëě ĺŋáâàãňěŋâë ďńï àăąőâë á ŋěľâàăńìŋëňĺ âàěłăňĺ ŋěőąåőďĺňë çâőąë àăğàăąăâëćăâì íâőâ ŕőďåőď. Ŕàĺňěà ĺáŕőńìğőćăŋĺï íâőčő ąőńěě áńőęŋőčő ňěâőďă ďńï áőąëâĺï ĺğ àěăńìŋëå ďăŋŋëå ŕàĺćěďěŋ ŋă àĺá. 3.22 ĺ àĺá. 3.23.

3.4.2 Ŋěľâàăńìŋëě âàěłĺ

Łăł ąëńő áłăğăŋő ćëèě, ŋěľâàăńìŋëě âàěłĺ ŕàěďáâăćńïîâ áőąőľ ćăęŋãî áőáâăćŋãî çăáâì NOMAD ŕàőčàăňňë àěłőŋáâàãłæĺĺ:

• őŋĺ őąěáŕěçĺćăîâ ěďĺŋőőąàăğŋëľ ŕőďåőď ďńï ćëçĺáńěŋĺï łĺŋěňăâĺłĺ áőąëâĺľ;

• ňőčãâ őâőąàăęăâì ŋěľâàăńìŋãî çăáâĺæã, áőőâćěâáâćãîéãî ćěàèĺŋě âĺŕă V^0, çâő őąńěčçăěâ ăŋăńĺğ àőęďěŋĺï áâàăŋŋëå ŋěľâàăńìŋëå çăáâĺæ ć ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺïå. Łàĺâěàĺĺ ĺďěŋâĺäĺłăæĺĺ ďńï ćěàèĺŋ âĺŕă V^0 őŕĺáăŋë ć [86];

• ŕőğćőńïîâ àăğàěèĺâì ŋěłőâőàëě ŕàőąńěňë ć àěłőŋáâàãłæĺĺ łĺŋěňăâĺłĺ áőąëâĺľ ğă áçěâ ćłńîçěŋĺï ŋěľâàăńìŋëå âàěłőć ćő ćâőàĺçŋëě ćěàèĺŋë;

• ŕőğćőńïîâ ŕàěďáâăćĺâì âàăěłâőàĺî íńěłâàőŋă/ŕőğĺâàőŋă ć ďěâěłâőàě NO- MAD ć ćĺďě æěŕőçłĺ ğăàïęěŋŋëľ âàěł / ćěàèĺŋă / (ğăàïęěŋŋëľ ĺ ŋěľâàăńìŋëľ âàěłĺ), çâő őąńěčçăěâ őŕàěďěńěŋĺě

– ŋăçăńìŋőčő ŋăŕàăćńěŋĺï íńěłâàőŋă, ĺáŕőńìğãï ĺŋäőàňăæĺî ő ŕěàćőň ğăàïęěŋŋőň áěčňěŋâě;

– ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă, áãňňĺàãï ćáî íńěłâàőňăčŋĺâŋãî íŋěàčĺî, ćëďěńĺćèãîáï ć łăńőàĺňěâàě, łőâőàăï áőőâćěâáâćãěâ æěŕőçłě ğăàïęěŋŋëå áěčňěŋâőć ĺ ŋěľâàăńìŋëå âàěłőć;

– ŋăńőęěŋĺľ áĺčŋăńă ć ECAL, çâő ŕőğćőńïěâ ĺğąěęăâì ďćãåłàăâŋőčő áãňňĺàőćăŋĺï íŋěàčőćëďěńěŋĺï, áőőâćěâáâćãîéěčő łńăáâěàăň őâ âőàňőğŋëå äőâőŋőć, ĺ ĺňŕãńìáă íńěłâàőŋă.

Ďőŕőńŋĺâěńìŋëě ŕőďŕàőčàăňňë ąëńĺ ďőąăćńěŋë ł DC ŕàőčàăňňě àěłőŋáâàãłæĺĺ ďńï ŕőáâàőěŋĺï, íłáâàăŕőńïæĺĺ ĺ àĺáőćăŋĺï ŋěľâàăńìŋëå âàěłőć. Śãéěáâćãîéĺľ ć ŋăáâőïéěě ćàěňï ăńčőàĺâň áőğďăěâ ŋěľâàăńìŋëě âàěłĺ ŋă áâăďĺĺ ŕőáâàőěŋĺï ăááőæĺăæĺľ (“matching”). Ŋěľâàăńìŋëě âàěłĺ áâàőïâáï ĺğ:

• łńăáâěàőć ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě, ŋě ăááőæĺĺàőćăŋŋëå á ğăàïęěŋŋëňĺ âàěłăňĺ;

• ćěàèĺŋ âĺŕă V^0, ãďőćńěâćőàïîéĺå čĺŕőâěğăň K^0_S ĺ (−) Λ^0 àăáŕăďőć ĺńĺ łőŋćěàáĺĺ äőâőŋă;

• ćâőàĺçŋëå ćěàèĺŋ ąěğ ŋăńěâăîéĺå ğăàïęěŋŋëå âàěłőć, łőâőàëě ňőčãâ ąëâì ĺŋâěàŕàěâĺàőćăŋë łăł ćğăĺňőďěľáâćĺï ŋěľâàăńìŋëå ăďàőŋőć;

• őâďěńìŋëå ğăàïęěŋŋëå âàěłőć, ãłăğëćăîéĺå ć ŕěàćĺçŋãî ćěàèĺŋã, łőâőàëě áőőâćěâáâćãîâ ăáĺňňěâàĺçŋőľ äőâőŋŋőľ łőŋćěàáĺĺ.

Ŕàĺňěà áőąëâĺï ĺğ àěăńìŋëå ďăŋŋëå, áőďěàęăéěčő âàĺ äőâőŋă (őďĺŋ áőőâćěâáâćãěâ ŋěľâàăńìŋőňã łńăáâěàã ć ECAL, ă ďćă ďàãčĺå ŕőáâàőěŋë ŋă őáŋőćě ĺďěŋâĺäĺæĺàőćăŋŋëå äőâőŋŋëå łőŋćěàáĺľ), ŕàěďáâăćńěŋ ŋă àĺáãŋłě 3.24.

3.4.3 Ŕőĺáł ĺğńőňă âàăěłâőàĺĺ

Ďàãčőľ ćăęŋőľ áőáâăćńïîéěľ çăáâìî ŕàěďńőęěŋŋőčő ňěâőďă àěłőŋáâàãłæĺĺ íńěłâàőŋőć ïćńïěâáï ăńčőàĺâň ŕőĺáłă âőçěł ĺğńőňă âàăěłâőàĺĺ, ŕőğćőńïîéĺľ ŋăľâĺ ŋăĺąőńěě ćěàőïâŋëě âőçłĺ ĺáŕãáłăŋĺï ćëáőłőíŋěàčěâĺçŋëå âőàňőğŋëå äőâőŋőć. Ďăćăľâě, őďŋăłő, àăááňăâàĺň ŕàőąńěňã ć ąőńěě őąéěň ćĺďě.

Őŕàěďěńĺň ĺğńőň (ĺńĺ ”breakpoint”) łăł àěğłőě ĺğňěŋěŋĺě ćěłâőàă áőáâőïŋĺï, âő ěáâì âőçłã, čďě őďĺŋ ĺńĺ ŋěáłőńìłő ŕăàăňěâàőć âàěłă ŕàěâěàŕěćăîâ ĺğňěàĺňëľ áłăçőł. Řăááňőâàĺň âàĺ äĺğĺçěáłĺå ŕàőæěááă, łőâőàëě ňőčãâ ĺňěâì àăğńĺçŋãî âőŕőńőčĺî:

• íńěłâàőŋ, ĺáŕãáłăîéĺľ âőàňőğŋőľ äőâőŋ, őąëçŋő ĺğňěŋïěâ âőńìłő łàĺćĺğŋã 1/R, âăł łăł äőâőŋ łőńńĺŋěăàěŋ ŋăŕàăćńěŋĺî ďćĺęěŋĺï íńěłâàőŋă;

• ŕĺőŋ, ĺáŕëâëćăîéĺľ ãŕàãčőě àăááěïŋĺě, ňőęěâ ĺňěâì ŋěĺğňěŋŋëľ 1/R, ć âő ćàěňï łăł ĺğňěŋïîâáï tan λ ĺ ϕ;

• àăáŕăď ğăàïęěŋŋőčő ŕĺőŋă ĺńĺ łăőŋă ŋă ňîőŋ ŕàĺćőďĺâ ł ĺğňěŋěŋĺî 1/R, tan λ ĺ ϕ.

Řĺá. 3.24: Ŕőńŋőáâìî ćőááâăŋőćńěŋŋőě ν_μ-CC ćğăĺňőďěľáâćĺě (run 9753 event 81). Śăňëľ ďńĺŋŋëľ âàěł ćŋĺğã - ňîőŋ, áőőâćěâáâćãîéĺľ áěčňěŋâăň ć ňîőŋŋëå łăňěàăå; ňăńěŋìłĺě âàěãčőńìŋĺłĺ - íłáâàăŕőńïæĺĺ âàěłőć. Šàĺ äőâőŋă (ŕãŋłâĺàŋëě ńĺŋĺĺ) ąëńĺ ŕőáâàőěŋë: őďĺŋ ĺğ ŋěľâàăńìŋőčő łńăáâěàă ć ECAL, ă ďćă ďàãčĺå ŋă őáŋőćě ĺďěŋâĺäĺæĺàőćăŋŋëå äőâőŋŋëå łőŋćěàáĺľ ć íääěłâĺćŋőň őąêěňě ďàěľäőćëå łăňěà.

Őáŋőćŋőľ æěńìî ăńčőàĺâňă ŕőĺáłă âőçěł ĺğńőňă âàăěłâőàĺĺ ïćńïěâáï ŋăåőęďěŋĺě ĺ ŕàăćĺńìŋăï ĺŋâěàŕàěâăæĺï íâĺå äĺğĺçěáłĺå ŕàőæěááőć.

Ĺŋäőàňăæĺï, ďőáâãŕŋăï ŕőáńě äĺńìâàăæĺĺ ĺ áčńăęĺćăŋĺï DC âàěłőć, ŕőğćőńïěâ ŕőáâàőĺâì ąëáâàëľ ĺ ďőáâăâőçŋő íääěłâĺćŋëľ ăńčőàĺâň ŕőĺáłă âőçěł ĺğńőňă. Ŕőáńě őłőŋçăŋĺï àăąőâë ŕàőæěďãàë äĺâĺàőćăŋĺï âàěłă áãéěáâćãěâ őčàőňŋőě łőńĺçěáâćő ĺŋäőàňăæĺĺ ő ŕăàăňěâàăå âàěłă ć łăęďőľ ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ: ŕăàăňěâàë âàěłă, ŕőńãçěŋŋëě ŕàĺ äĺâĺàőćăŋĺĺ âőńìłő ŕàěďëďãéěčő áěčňěŋâă, âőńìłő ŕőáńěďãîéěčő áěčňěŋâă ĺńĺ âàěłă łăł æěńőčő.

Ěáńĺ ĺğńőň ŕàőĺáåőďĺâ čďě-âő ňěęďã ĺğňěàěŋĺïňĺ k ĺ k + 1, âő ňë ňőęěň őęĺďăâì, çâő ćěłâőà áőáâőïŋĺï^∼x_k ŕőńãçěŋŋëľ ŕàĺ äĺâě ŕàěďëďãéěčő áěčňěŋâă âàěłă {m_1, ..., m_k} őâńĺçăěâáï őâ ăŋăńőčĺçŋőčő ćěłâőàă áőáâőïŋĺï^∼x^{k+1 (b)}_k , ŕőńãçěŋŋőčő ĺğ ŕőáńěďãîéěčő áěčňěŋâă âàěłă {m_{k+1}, ..., m_n}. Ůâőąë àěèĺâì ďěľáâćĺâěńìŋő ńĺ ŕàőĺğőèěń ĺğńőň ňěęďã ĺğňěàěŋĺïňĺ k ĺ k+1, ňőęŋő ŕàőćěàĺâì őâńĺçăěâáï ńĺ àăğŋőáâì Δ_k =^∼x^{k+1 (b)} k −^∼x_k őâ 0 ŕőáàěďáâćőň âěáâă χ^2 [102]:

χ^2_{k,Δ} = Δ^T_k (cov{Δ_k })^{−1}Δ_k = Δ^T_k (C_k + C^{k+1 (b)}_k )^{−1}Δ_k = Δ^T_k C^{−1}_k (C_k − C^n_k )C^{−1}_k Δ_k

İłćĺćăńěŋâŋëľ, ŋő ąőńěě ŕàőáâőľ áŕőáőą ćëçĺáńĺâì χ^2_{k,Δ}:

χ^2_{k,Δ} = χ^2_n − χ^2_k − χ^{2 (b)}_{k+1} ,

čďě χ^2_n, χ^2_k ĺ χ^{2 (b)}_{k+1} - χ^2 ďńï ćáěčő âàěłă, ŕěàćőčő ĺ ćâőàőčő áěčňěŋâőć áőőâćěâáâćěŋŋő.

Ŕàĺ őâáãâáâćĺĺ ĺğńőňă χ^2_{k,Δ} áőőâćěâáâćãěâ χ^2 àăáŕàěďěńěŋĺî á çĺáńőň áâěŕěŋěľ áćőąőďë n_{df} , àăćŋëň àăğňěàŋőáâĺ Δ_k.

İâőâ łàĺâěàĺľ, őďŋăłő, őçěŋì çãćáâćĺâěńěŋ ł ŋăńĺçĺî ńőęŋőčő őâáçěâă, őèĺąőçŋő ćłńîçěŋŋőčő ć âàěł. Ďàãčăï ćőğňőęŋőáâì ğăłńîçăěâáï ć ňőďĺäĺłăæĺĺ íâőľ ŕàőćěàłĺ, łőâőàăï âàěąãěâ, çâőąë χ^2 ďńï áěčňěŋâőć {m_1, ..., m_k} ĺ {m_{k+1}, ..., m_n} ąëń ŋěąőńìèĺň ć őâńĺçĺě őâ χ^2_{k,Δ}. Łőňąĺŋăæĺï íâĺå âàěąőćăŋĺľ ć ćĺďě őďŋőľ ŕěàěňěŋŋőľ ŕàĺćőďĺâ ł:

F_{k,Δ} =

(χ^2_{k,Δ}/n_{df} )

[(χ^2_k + χ^{2 (b)}_{k+1} )/n_k] , čďě n_k - áãňňă çĺáńă áâěŕěŋěľ áćőąőďë ďńï ŕěàćőčő ĺ ćâőàőčő áěčňěŋâőć.

Ł áőęăńěŋĺî, ŋĺ őďĺŋ ĺğ łàĺâěàĺěć ŋě ďăěâ ŕàăćĺńìŋőčő őâćěâă ć áńãçăě ŋăńĺçĺï ŋěáłőńìłĺå âőçěł ĺğńőňă ćďőńì âàăěłâőàĺĺ. Ąőńěě âőčő, χ^2_{k,Δ} ĺ F_{k,Δ} łàĺâěàĺĺ áňěèĺćăîâ ćáě ŕăàăňěâàë ĺ ŋěçãćáâćĺâěńìŋë ł ăàĺäňěâĺçěáłőňã ğŋăłã àăğŋőáâĺ ňěęďã ŕăàăňěâàăňĺ ĺ, âăłĺň őąàăğőň, ŋě őŕâĺňăńìŋë ďńï ŋăèěčő áńãçăï.

Ďàãčőľ ŕőďåőď [122] ąëń őŕàőąőćăŋ á æěńìî ŕàőćěàĺâì łăłőľ àěğãńìâăâ ňőęŋő ąëńő ąë ŕőńãçĺâì á ŕőňőéìî âàăďĺæĺőŋŋőčő äĺâă, łőâőàëľ ĺáŕőńìğãěâ ćáě őâáçěâë, ŋő àăğàěèăěâ àăğàëć őďŋőčő ĺńĺ ŋěáłőńìłĺå ŕăàăňěâàőć âàěłă ć âőçłě k. Ć áőőâćěâáâćĺĺ á łńăááĺäĺłăæĺěľ äĺğĺçěáłĺå ŕàőæěááőć, ŕàĺćěďěŋŋőľ ćëèě, ňë ŕőŕëâăěňáï őŕĺáăâì âàěł ć âőçłě k á ŕőňőéìî 7, 8 ĺńĺ 9 ŕăàăňěâàőć:

• 7 ŕăàăňěâàőć: {x, y, 1/R_F , 1/R_B, tan λ, ϕ, t_0}

• 8 ŕăàăňěâàőć: {x, y, 1/R, tan λ_F , tan λ_B , ϕ_F , ϕ_B , t_0}

• 9 ŕăàăňěâàőć: {x, y, 1/R_F , 1/R_B, tan λ_F , tan λ_B , ϕ_F , ϕ_B , t_0}

čďě ŕőďáâàőçŋëě ĺŋďěłáë_F ĺ_B őąőğŋăçăîâ ŕăàăňěâàë “ćŕěàěď” ĺ “ŋăğăď” őâ őâáçěâă k.

İâőâ ňěâőď őąěáŕěçĺćăěâ ąőńìèőě łőńĺçěáâćő ŕőńěğŋőľ ĺŋäőàňăæĺĺ. Őďŋăłő, ćëąőà ŕőďåőďïéĺå ŕěàěňěŋŋëå ĺ ŕőńőęěŋĺľ łàĺâěàĺěć őâąőàă âàěąãěâ ďőŕőńŋĺâěńìŋőčő ĺğãçěŋĺï, ęěńăâěńìŋő á ĺáŕőńìğőćăŋĺěň àěăńìŋëå ďăŋŋëå, ă ŋě ňőďěńĺàőćăŋĺï.

Ňë őáâăŋőćĺńĺ ćëąőà ŋă áńěďãîéěň ăńčőàĺâňě. Ďńï ĺďěŋâĺäĺæĺàőćăŋŋëå íńěłâàőŋőć ŕàĺňěŋěŋ àěłãàáĺćŋëľ ŕőĺáł âőçěł ĺğńőňă âàăěłâőàĺĺ. Ěáńĺ áăňëľ ŕěàćëľ (ŕő ŋăŕàăćńěŋĺî ŋěľâàĺŋŋőčő ŕãçłă) áěčňěŋâ ĺňěěâ ąőńìèě 40 őâáçěâőć, âő ňë ŋăáĺńìŋő ńőňăěň âàěł ŕőáńě 30 őâáçěâőć, çâőąë őæěŋĺâì ŋăĺńãçèĺň őąàăğőň ŋăçăńìŋőě ŋăŕàăćńěŋĺě íńěłâàőŋă (áň. àĺá. 3.25). Ťőâőŋë őâ âőàňőğŋőčő ĺğńãçěŋĺï áâàőïâáï ŋă őáŋőćě àěłőŋáâàãĺàőćăŋŋëå łőŋćěàáĺľ ć íääěłâĺćŋőň őąêěňě ďàěľäőćëå łăňěà ĺ ŋěľâàăńìŋëå łńăáâěàőć ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě. Őŋĺ ăááőæĺĺàãîâáï á áőőâćěâáâćãîéĺňĺ ćěàèĺŋăňĺ, áőěďĺŋïîéĺňĺ áěčňěŋâë ćďőńì âàăěłâőàĺĺ íńěłâàőŋă. İŋěàčĺï íńěłâàőŋă őŕàěďěńïěâáï áãňňĺàőćăŋĺěň íŋěàčĺĺ ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě, łőâőàăï áőőâćěâáâćãěâ ćáěň łőňŕőŋěŋâăň íńěłâàőŋŋőľ âàăěłâőàĺĺ, âőčďă łăł ŋăçăńìŋőě ŋăŕàăćńěŋĺě őŕàěďěńïěâáï ĺğ ŕěàćőčő àěłőŋáâàãĺàőćăŋŋőčő áěčňěŋâă ć ďàěľäőćëå łăňěàăå.

Őčàăŋĺçěŋĺě íâőčő ŕőďåőďă ŕàőĺńńîáâàĺàőćăŋő ŋă ŕàĺňěàě áőąëâĺï ĺğ àěăńìŋëå ďăŋŋëå (àĺá. 3.26 ĺ àĺá. 3.27). Ć ďăŋŋőň íńěłâàőŋŋőň łăŋďĺďăâě ŋăáçĺâëćăěâáï âőńìłő 18 őâáçěâőć, çâő ïćŋő ŋěďőáâăâőçŋő ďńï ŕàĺňěŋěŋĺï ćëèěĺğńőęěŋŋőčő ňěâőďă ŕőĺáłă ĺğńőňőć âàăěłâőàĺĺ. Ć áńěďáâćĺĺ íâőčő äőâőŋ őâ âőàňőğŋőčő ĺğńãçěŋĺï őèĺąőçŋő ćłńîçăěâáï ć ŕěàćĺçŋãî ćěàèĺŋã ĺ ăááőæĺĺàãěâáï á ăďàőŋŋőľ áâàãěľ, çâő ŕàĺćőďĺâ ł ŋěćěàŋőňã ćőááâăŋőćńěŋĺî łĺŋěňăâĺłĺ áőąëâĺï.

Ůâőąë àăğàěèĺâì íâã ŕàőąńěňã, ąëńő àěèěŋő ăááőæĺĺàőćăâì ćáě àěłőŋáâàãĺàőćăŋŋëě äőâőŋë á íńěłâàőŋŋëň/ŕőğĺâàőŋŋëň łăŋďĺďăâőň, ěáńĺ őŋĺ ĺáŕãéěŋë ćŋãâàĺ łőŋãáă á ãčńőň ŕàĺ ćěàèĺŋě 2.5^o ŕő őâŋőèěŋĺî ł ğăàïęěŋŋőňã âàěłã.

Řĺá. 3.25: Śňőďěńĺàőćăŋŋëě 10 ČíĆ íńěłâàőŋë ćőááâăŋőćńěŋë á ĺáŕőńìğőćăŋĺěň ňőďěńĺ âàěłă, łőâőàăï ŕőďàăğãňěćăěâ ňăááã íńěłâàőŋă ĺ őâáãâáâćĺě ŕőâěàì íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě. Ć ŕàőæěááě äĺâă âàěłă àăááňăâàĺćăîâáï âőńìłő 30 ŕěàćëå őâáçěâőć.

Řĺá. 3.26: Śőąëâĺě run 10037 event 2084 (YZ ŕàőěłæĺï) ĺğ àěăńìŋëå ďăŋŋëå ŕőłăğëćăěâ őčàăŋĺçěŋĺě ăńčőàĺâňă ŕőĺáłă âőçłĺ ĺğńőňă. Ć íńěłâàőŋŋőň âàěłě âőńìłő 18 őâáçěâőć, çâő ïćŋő ŋěďőáâăâőçŋő ďńï àăąőâë ăńčőàĺâňă.

Řĺá. 3.27: Śőąëâĺě run 10037 event 2084 (XZ ŕàőěłæĺï) ĺğ àěăńìŋëå ďăŋŋëå ŕőłăğëćăěâ őčàăŋĺçěŋĺě ăńčőàĺâňă ŕőĺáłă âőçłĺ ĺğńőňă. Ć íńěłâàőŋŋőň âàěłě âőńìłő 18 őâáçěâőć, çâő ïćŋő ŋěďőáâăâőçŋő ďńï àăąőâë ăńčőàĺâňă.

Ŕőńãçěŋŋőě ĺňŕãńìáŋőě àăğàěèěŋĺě (^{σp}_p ≈ 5%) ŕàĺćěďěŋő ŋă àĺáãŋłě 4.11 (áň. ďăńěě).

Ąëń àăğàăąőâăŋ ăńčőàĺâň, łőâőàëľ ďőŕőńŋïěâ ćëèěĺğńőęěŋŋëľ ňěâőď ďńï őâáńěęĺćăŋĺï âàăěłâőàĺĺ íńěłâàőŋă, ĺ áńãęĺâ ďńï ąőńěě áłàãŕãńěğŋőčő őŕàěďěńěŋĺï íŋěàčĺĺ ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě (brem strip algorithm) [124]. İŋěàčĺï íńěłâàőŋŋőčő łăŋďĺďăâă őŕàěďěńïěâáï łăł áãňňă íŋěàčĺĺ, ćëďěńĺćèěľáï ć ŋőŋěâě (3 × 3 ňăâàĺæě ïçěěł łăńőàĺňěâàă), ŋă łőâőàëľ ãłăğëćăěâ ŕěàćĺçŋëľ íńěłâàőŋŋëľ łăŋďĺďăâ, ĺ íŋěàčĺľ, áőőâćěâáâćãîéĺå âőàňőğŋëň äőâőŋăň, ĺáŕãéěŋŋëň ć ŕńőáłőáâĺ ğăčĺąă âàăěłâőàĺĺ. Łăçěáâćő àăąőâë íâőčő ňěâőďă ŕőłăğăŋő ŋă àĺá. 3.28. Ďńï ĺğőńĺàőćăŋŋëå ŕěàćĺçŋëå íńěłâàőŋőć ďőáâĺčăěâáï àăğàěèěŋĺě ŕő íŋěàčĺĺ ∼ 2.3%, âőčďă łăł ćőğňőęŋőáâì ĺáŕőńìğőćăŋĺï íâőčő ŕőďåőďă ć áńãçăě ŋăńőęěŋĺľ áĺčŋăńă őâ íńěłâàőŋă ĺ ăďàőŋŋőľ áâàãĺ ĺğãçăěâáï.

Ć ŕőáńěďãîéěň ĺğńőęěŋĺĺ ňë ąãďěň ĺáŕőńìğőćăâì ăńčőàĺâň, őŕĺáăŋŋëľ àăŋěě, łőâőàëľ áőçěâăěâ ňěâőď ŕőĺáłă ĺğńőňőć íńěłâàőŋŋőľ âàăěłâőàĺĺ á ŕőáâàőěŋĺěň âőàňőğŋëå äőâőŋőć ŕő ĺŋäőàňăæĺĺ íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă. Ŕàĺçĺŋă ğăłńîçăěâáï ć ĺğãçěŋĺĺ ćőğňőęŋőáâĺ ŕàĺňěŋěŋĺï ďăŋŋőčő ŕőďåőďă ł ąőńìèĺň ŋăąőàăň ďăŋŋëå, łőčďă ŕőćěďěŋĺě ăńčőàĺâňă ŋă åćőáâăå àăáŕàěďěńěŋĺľ ňőęěâ ĺčàăâì ąőńěě ćăęŋãî àőńì, çěň ěčő áŕőáőąŋőáâì ŕàăćĺńìŋő ćőááâăŋőćĺâì æěŋâàăńìŋőě ğŋăçěŋĺě.

3.5. ŕàőćěàłă ăńčőàĺâňőć á ĺáŕőńìğőćăŋĺěň íńěłâàőŋőć ĺğ àěăńìŋëå ďăŋŋëå119

Řĺá. 3.28: Řăáŕàěďěńěŋĺě^{ΔE}_E =^{EM C −EBREM}_{EM C} ďńï ν_e CC MC áőąëâĺľ.

3.5 Ŕàőćěàłă ăńčőàĺâňőć á ĺáŕőńìğőćăŋĺěň íńěłâàőŋőć ĺğ àěăńìŋëå ďăŋŋëå

Ăńčőàĺâňë, àăğàăąőâăŋŋëě ďńï ĺďěŋâĺäĺłăæĺĺ ĺ àěłőŋáâàãłæĺĺ íńěłâàőŋőć ć ďěâěłâőàě NOMAD ąëńĺ ŕàőćěàěŋë á ĺáŕőńìğőćăŋĺěň àěăńìŋëå ďăŋŋëå. Ďńï íâőčő ąëńĺ őâőąàăŋë δ-íńěłâàőŋë, őąàăğãîéĺěáï őâ ňîőŋőć (5 < p_μ(ČíĆ)< 50), ŕěàěáěłăîéĺå ãáâăŋőćłã ňěęďã ďćãňï ŋěľâàĺŋŋëňĺ áąàőáăňĺ. Ŕàĺňěà âăłőčő áőąëâĺï ŕàĺćěďěŋ ŋă àĺá. 3.29.

Őâąőà áőąëâĺľ âăłőčő âĺŕă őáãéěáâćńïńáï á ŕőňőéìî ŕàőæěďãàë “matching”, âàěąãï ŋăńĺçĺï ďćãå àěłőŋáâàãĺàőćăŋŋëå âàěłőć ć íääěłâĺćŋőň őąêěňě ďàěľäőćëå łăňěà, őďĺŋ ĺğ łőâőàëå ąëń ĺďěŋâĺäĺæĺàőćăŋ łăł ňîőŋ. Ŕàěďŕőńăčăńőáì, çâő ćâőàőľ âàěł ïćńïěâáï δ-íńěłâàőŋőň. Ďăŋŋăï čĺŕőâěğă ŕőďâćěàęďăńăáì ĺňŕãńìáŋëň ĺ ãčńőćëň àăáŕàěďěńěŋĺïňĺ íâĺå âàěłőć.

Ŋăąőà őâőąàăŋŋëå âăłĺň őąàăğőň íńěłâàőŋőć ąëń ĺáŕőńìğőćăŋ ďńï ŕàőćěàłĺ őâłńĺłă ŕőďďěâěłâőàőć ãáâăŋőćłĺ (TRD, PRS ĺ ECAL) ć áàăćŋěŋĺĺ á ňőďěńĺàőćăŋĺěň, ŋăáâàőľłĺ ăńčőàĺâňă ŕőĺáłă âőçěł ĺğńőňă íńěłâàőŋŋőľ âàăěłâőàĺĺ á ãçěâőň łăçěáâćă îáâĺàőćłĺ ďàěľäőćëå łăňěà (áň àĺá. 3.30) ĺ ŕàőćěàłĺ ŕàěďńőęěŋŋőčő ňěâőďă àěłőŋáâàãłæĺĺ âàăěłâőàĺĺ íńěłâàőŋă.

Ňőďěńĺàőćăŋĺě őâłńĺłă TRD ąëńő âéăâěńìŋő ŕàőćěàěŋő á ŕőňőéìî íâőčő ŋăąőàă áőąëâĺľ [93]. Ŋă àĺá. 3.31 ŕőłăğăŋő àăáŕàěďěńěŋĺě íŋěàčőćëďěńěŋĺï ć âàãąłě TRD ďńï 5 ČíĆ ňîőŋőć (âőńìłő ĺőŋĺğăæĺőŋŋëě ŕőâěàĺ) ĺ ďńï δíńěłâàőŋőć áő áàěďŋĺň ĺňŕãńìáőň 2 ČíĆ (áãňňă ĺőŋĺğăæĺőŋŋëå ŕőâěàì ĺ ŕőčńőéěŋŋëå äőâőŋőć őâ ŕěàěåőďŋőčő ĺğńãçěŋĺï).

Ŋăďő ŕőďçěàłŋãâì, çâő âàěł ğăàïęěŋŋőľ çăáâĺæë ňőęěâ ąëâì àăğąĺâ ć ŕàőæěááě àěłőŋáâàãłæĺĺ ŋă ďćě çăáâĺ ć âőçłě ĺáŕãáłăŋĺï δ-íńěłâàőŋă. Ŕőíâőňã ć íâőň áńãçăě âàěąőćăńőáì ŕěàěďăâì ĺŋäőàňăæĺî ő âĺŕě çăáâĺæë ććěàå ŕő æěŕőçłě (íâő áďěńăŋő ŋă áâăďĺĺ “matching” ďńï ňîőŋőć ĺ íńěłâàőŋőć).

Řĺá. 3.29: Śőąëâĺě Run 8246 Event 20299 ĺğ àěăńìŋëå ďăŋŋëå áőďěàęĺâ ňîőŋ, ŕěàěáěłăîéĺľ ãáâăŋőćłã NOMAD ĺ ŕàĺćőďïéĺľ ł őąàăğőćăŋĺî δ-íńěłâàőŋă.

Řĺá. 3.30: Ŕàőćěàłă àăąőâë ăńčőàĺâňă ŕőĺáłă âőçěł ĺğńőňă âàăěłâőàĺĺ á ĺáŕőńìğőćăŋĺěň àěăńìŋëå ďăŋŋëå (ňîőŋőć, ŕàĺćőďïéĺå ł őąàăğőćăŋĺî δíńěłâàőŋőć). Śàăćŋěŋĺě χ^2_{k,Δ} ĺ őâŋőàňĺàőćăŋŋőľ àăğŋőáâĺ łàĺćĺğŋë^{1/RB −1/RF}_{σ1/R} ďńï ňîőŋőć (áŕńőèŋăï ńĺŋĺï) ĺ íńěłâàőŋőć (ŕãŋłâĺàŋăï ńĺŋĺï). Ňőęŋő ãćĺďěâì ŋăńĺçĺě ŕőâěŋæĺăńìŋëå âőçěł ĺğńőňă ďńï íńěłâàőŋőć (ąőńìèĺě ŕőńőęĺâěńìŋëě ğŋăçěŋĺï ć őąőĺå àăáŕàěďěńěŋĺïå). Šĺŕĺçŋëě ğŋăçěŋĺï łàĺâěàĺěć ďńï ŕőáâàőěŋĺï ďćãå áěčňěŋâőć ćňěáâő őďŋőčő âàěłă 25 ĺ 3 áőőâćěâáâćěŋŋő.

3.6. àěłőŋáâàãłæĺï ć ECAL 121

Řĺá. 3.31: Śàăćŋěŋĺě íŋěàčőćëďěńěŋĺľ ć âàãąłě TRD ďńï 5 ČíĆ ňîőŋőć ĺ ďńï δ-íńěłâàőŋőć áő áàěďŋĺň ĺňŕãńìáőň 2 ČíĆ ć íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå (âőçłĺ á őèĺąłăňĺ) ĺ ňőďěńĺàőćăŋŋëå áőąëâĺïå (áŕńőèŋăï ńĺŋĺï).

3.6 Řěłőŋáâàãłæĺï ć ECAL

Ďńï őąěáŕěçěŋĺï åőàőèěčő łăçěáâćă ĺğňěàěŋĺï ŕőńŋőčő ŕőâőłă íŋěàčĺĺ ć ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺïå ćăęŋő ŕàăćĺńìŋő ćëŕőńŋĺâì àěłőŋáâàãłæĺî ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě.

Ŕàĺ àăğàăąőâłě ăńčőàĺâňă ŕőáâàőěŋĺï łńăáâěàőć ŋăďő ĺňěâì ć ćĺďã, çâő ŕàĺ ŕőĺáłě őáæĺńńïæĺľ ŕàěďŕőçâĺâěńìŋěě ŋěďőőæěŋĺâì ăďàőŋŋãî íŋěàčĺî. Ŕěàěőæěŋłă ăďàőŋŋőčő ćěłâőàă ĺňĺâĺàãěâ âőŕőńőčĺî áőąëâĺï, łőâőàăï åăàăłâěàŋă ďńï τ àăáŕăďă, ŕőáłőńìłã íâő ŕàĺćőďĺâ ł ŕőïćńěŋĺî ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć ŋăŕàăćńěŋĺĺ ńěŕâőŋŋőčő łăŋďĺďăâă.

Őáŋőćŋăï ŕàőąńěňă áćïğăŋă á ŋăåőęďěŋĺěň łńăáâěàőć, áőőâćěâáâćãîéĺå ŋěľâàăńìŋëň çăáâĺæăň, ĺ őŕàěďěńěŋĺěň ĺå íŋěàčĺĺ. Ŕőíâőňã ŋăňĺ ąëń ćëąàăŋ ăńčőàĺâň, őáŋőćăŋŋëľ ŋă ĺáŕőńìğőćăŋĺĺ ĺŋäőàňăæĺĺ ő ğăàïęěŋŋëå âàěłăå ŕàĺ àěłőŋáâàãłæĺĺ łńăáâěàőć ć ECAL. Ĺďěï ğăłńîçăěâáï ć ŋăåőęďěŋĺĺ ĺ ŕőáâàőěŋĺĺ ć ŕěàćãî őçěàěďì łńăáâěàőć, áőőâćěâáâćãîéĺå àěłőŋáâàãĺàőćăŋŋëň ğăàïęěŋŋëň çăáâĺæăň, ĺ ćëŕőńŋěŋĺĺ áŕěæĺăńìŋőľ łńăáâěàĺğăæĺĺ ďńï őáâăćèĺåáï ïçěěł łăńőàĺňěâàă á ãçěâőň ĺŋäőàňăæĺĺ ďěâěłâőàă ńĺćŋěľ ő łőőàďĺŋăâăå łőŋćěàâĺàőćăćèĺå äőâőŋőć. Šăłőľ ŕőďåőď ďăěâ ćőğňőęŋőáâì ć őâďěńìŋëå áőąëâĺïå ŕàăćĺńìŋő ćëŕőńŋĺâì àěłőŋáâàãłæĺî ć áńãçăě ŋăńőęěŋĺï áĺčŋăńőć őâ ğăàïęěŋŋőľ ĺ ŋěľâàăńìŋőľ çăáâĺæ ĺńĺ ďăęě ďćãå ŋěľâàăńìŋëå çăáâĺæ.

Ďĺăčàăňňă, ŕőłăğëćăîéăï ŕàĺŋæĺŕ àăąőâë ăńčőàĺâňă àěłőŋáâàãłæĺĺ ć ECAL, ŕàĺćěďěŋă ŋă àĺá. 3.32.

Łńăáâěàĺğăæĺï ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě ćëŕőńŋěŋă ŋă íâăŕě ŕőáâàőěŋĺï ăááőæĺăæĺľ (łăł âőńìłő áâăŋőćĺâáï ĺğćěáâěŋ âĺŕ çăáâĺæë) ć áńěďãîéěň ŕőàïďłě:

• áőğďăŋĺě ňîőŋŋëå łńăáâěàőć;

• ćëŕőńŋěŋĺě íńěłâàőŋŋőľ łńăáâěàĺğăæĺĺ, ćëçĺáńěŋĺě χ^2 ďńï ŕàőäĺńï íńěłâàőňăčŋĺâŋőčő ńĺćŋï;

Řĺá. 3.32: Ďĺăčàăňňă, ŕőłăğëćăîéăï ŕàĺŋæĺŕ àăąőâë ăńčőàĺâňă àěłőŋáâàãłæĺĺ ć ECAL.

• ŋăåőęďěŋĺě łőňŕăłâŋëå íńěłâàőňăčŋĺâŋëå łńăáâěàőć, áőőâćěâáâćãîéĺå äőâőŋăň, łőŋćěàâĺàőćăćèĺň ć PRS;

• ćëŕőńŋěŋĺě ćëçĺâăŋĺï ăďàőŋŋőčő íŋěàčőćëďěńěŋĺï [113], áőőâćěâáâćãîéěčő ğăàïęěŋŋëň âàěłăň;

• őłőŋçăâěńìŋőě ŕěàěàăáŕàěďěńěŋĺě íŋěàčĺĺ ňěęďã äőâőŋŋëňĺ łńăáâěàăňĺ.

Ąőńěě ŕőďàőąŋăï ĺŋäőàňăæĺï ő àěăńĺğăæĺĺ íâőčő ăńčőàĺâňă ňőęěâ ąëâì ŋăľďěŋă ć [123].

3.7 Řěğîňě

Ć íâőľ čńăćě ąëńĺ ŕàěďáâăćńěŋë őáŋőćŋëě ăńčőàĺâňë, àăğàăąőâăŋŋëě ďńï àěłőŋáâàãłæĺĺ áőąëâĺľ ć ãáâăŋőćłě NOMAD.

Ćőááâăŋőćńěŋĺě âàěłőć ğăàïęěŋŋëå çăáâĺæ őáãéěáâćńïěâáï á ŕőňőéìî áĺáâěňë ďàěľäőćëå łăňěà. Őŋă őąěáŕěçĺćăěâ íääěłâĺćŋőáâì àěłőŋáâàãłæĺĺ ńãçèě 95% ĺ àăğàěèěŋĺě ŕő ĺňŕãńìáã ∼ 3.5% ć ĺŋâěàěáãîéěľ ŋăá őąńăáâĺ ĺňŕãńìáőć. Ĺáŕőńìğőćăŋŋăï ďńï àěłőŋáâàãłæĺĺ ňőďěńì âàěłă ąëńă ďěâăńìŋő őŕĺáăŋă.

Ćőááâăŋőćńěŋŋëě ğăàïęěŋŋëě âàěłĺ ĺáŕőńìğãîâáï ďńï àăáŕőğŋăćăŋĺï őąàăğőć ć ďàãčĺå íńěňěŋâăå ãáâăŋőćłĺ NOMAD. Řăğàăąőâăŋŋëľ ăńčőàĺâň ďńï ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć ŕőáàěďáâćőň TRD ĺáŕőńìğãěâ ĺŋäőàňăæĺî őą íłáâàăŕőńĺàőćăŋŋëå DC âàěłăå ĺ ŕőğćőńïěâ ďőáâĺčăâì ãàőćŋï ŕőďăćńěŋĺï äőŋă őâ ğăàïęěŋŋëå ăďàőŋőć 10^3 ŕàĺ 90% íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć (ďńï ĺğőńĺàőćăŋŋëå âàěłőć). Ďőŕőńŋĺâěńìŋëľ ãàőćěŋì ŕőďăćńěŋĺï äőŋă őâ ăďàőŋőć

3.7. àěğîňě 123

ďőáâĺčăěâáï ğă áçěâ łőňąĺŋĺàőćăŋĺï ĺŋäőàňăæĺĺ őâ ďěâěłâőàă ńĺćŋěľ ĺ íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă, łőâőàëě âăłęě ĺáŕőńìğãîâáï ďńï ćőááâăŋőćńěŋĺï íńěłâàőňăčŋĺâŋëå ńĺćŋěľ őâ äőâőŋőć.

Ĺďěŋâĺäĺłăæĺï çăáâĺæ ćëŕőńŋïěâáï áŕěæĺăńìŋő àăğàăąőâăŋŋëň ŕăłěâőň ŕàőčàăňň, łőâőàëľ áńãęĺâ ďńï ăááőæĺăæĺĺ ĺğňěàěŋĺľ, ćëŕőńŋěŋŋëå ć àăğńĺçŋëå ŕőďďěâěłâőàăå ãáâăŋőćłĺ. İääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ ňîőŋőć ŕàěćőáåőďĺâ 97% ďńï ňîőŋőć á ĺňŕãńìáőň ąőńìèě 5 ČíĆ.

Ąëńĺ őŕàőąőćăŋë ŋěáłőńìłő ňěâőďőć ďńï ćőááâăŋőćńěŋĺï âàăěłâőàĺĺ íńěłâàőŋă ć ãáâăŋőćłě NOMAD. Ŋăĺąőńěě áńőęŋëľ ĺğ ŋĺå łőňąĺŋĺàãěâ ăńčőàĺâň ŕőĺáłă âőçěł ĺğńőňă âàăěłâőàĺĺ (ŋă őáŋőćě ĺŋäőàňăæĺĺ äĺńìâàă Łăńìňăŋă) á ăńčőàĺâňőň ŋăåőęďěŋĺï ĺ ŕőáâàőěŋĺï âőàňőğŋëå äőâőŋőć ŕő ćőááâăŋőćńěŋŋëň ćěàèĺŋăň âĺŕă V^0 ĺ ŋěľâàăńìŋëň łńăáâěàăň ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě.

Ć áńěďãîéěľ čńăćě ňë őąáãďĺň ćőğňőęŋőáâì ĺáŕőńìğőćăŋĺï ĺŋäőàňăæĺĺ ő àěłőŋáâàãĺàőćăŋŋőň áőąëâĺĺ ďńï ćőááâăŋőćńěŋĺï ěčő łĺŋěňăâĺłĺ.

124 čńăćă 3. àěłőŋáâàãłæĺï áőąëâĺľ ć íłáŕěàĺňěŋâě NOMAD

Čńăćă 4

Řěłőŋáâàãłæĺï łĺŋěňăâĺłĺ áőąëâĺľ

Ňěâőď, ćëąàăŋŋëľ ďńï ŕőĺáłă őáæĺńńïæĺľ ć íłáŕěàĺňěŋâě NOMAD, őáŋőćăŋ ŋă ĺáŕőńìğőćăŋĺĺ łĺŋěňăâĺłĺ áőąëâĺľ ďńï ćëďěńěŋĺï ćőğňőęŋőčő áĺčŋăńă ŋăď ãàőćŋěň äőŋă. Ĺňěŋŋő ŕőíâőňã çàěğćëçăľŋő ćăęŋő ŕàőďěňőŋáâàĺàőćăâì, çâő ďěâěłâőà ňőęěâ ąëâì ĺáŕőńìğőćăŋ ďńï ŕàăćĺńìŋőčő ćőááâăŋőćńěŋĺï łĺŋěňăâĺłĺ ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ. Ąőńěě âőčő, íääěłâĺćŋőáâì ćëďěńěŋĺï áőąëâĺľ, áőďěàęăéĺå àăáŕăď τ^−, ĺ ãàőćěŋì ŕőďăćńěŋĺï äőŋă ćëçĺáńïîâáï á ŕőňőéìî ňőďěńĺàőćăŋĺï ňěâőďőň Ňőŋâě-Łăàńő. Šăłĺň őąàăğőň, ŋěőąåőďĺňő âăłęě ãąěďĺâìáï ć ŕàăćĺńìŋőáâĺ ňőďěńĺàőćăŋĺï ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ãáâăŋőćłě NOMAD.

4.1 Ňőďěńĺàőćăŋĺě áőąëâĺľ ć íłáŕěàĺňěŋâě NO- MAD Ŋĺęě ŕàĺćěďěŋő łàăâłőě őŕĺáăŋĺě čńãąőłőŋěãŕàãčőčő àăááěïŋĺï (deep inelastic scattering - DIS) ŋěľâàĺŋő ŋă ŋãłńőŋě.

4.1.1 Řăááěïŋĺě ŋěľâàĺŋő ŋă ŋãłńőŋě

Ć Śâăŋďăàâŋőľ Ňőďěńĺ àěăłæĺĺ, ŕàőâěłăîéĺě ŕő łăŋăńã ğăàïęěŋŋőčő âőłă, ν_lN → l^−X ν̄_lN → l^+X ŕàőĺáåőďïâ ć àěğãńìâăâě őąňěŋă ğăàïęěŋŋëň ŕàőňěęãâőçŋëň ćěłâőàŋëň ąőğőŋőň. İâőâ ŕàőæěáá ŕàěďáâăćńěŋ ŋă ďĺăčàăňňě àĺá. 4.1, čďě k = (E, ⃗k) ŕàěďáâăćńïěâ 4-å ćěłâőà ŋăńěâăîéěčő (ăŋâĺ)ŋěľâàĺŋő, k^′ = (E^′, ⃗k^′) - 4-å ćěłâőà ćëńěâăîéěčő ğăàïęěŋŋőčő ńěŕâőŋă, ă P = (M, 0), p^′ = (E_h, ⃗p_h) ĺ q = (q_0, ⃗q) 4-å ćěłâőàë ŋãłńőŋă ňĺèěŋĺ, áĺáâěňë ăďàőŋőć ć łőŋěçŋőň áőáâőïŋĺĺ ĺ ŕàőňěęãâőçŋőčő ąőğőŋă áőőâćěâáâćěŋŋő.

Śńěďãîéĺě Ńőàěŋæ-ĺŋćăàĺăŋâŋëě łĺŋěňăâĺçěáłĺě ŕěàěňěŋŋëě őąëçŋő ĺáŕőńìğãîâáï ďńï őŕĺáăŋĺï àăááěïŋĺï ńěŕâőŋă ŋă ŋãłńőŋě: ν = P · q M Q^2 = −q · q > 0

Řĺá. 4.1: Ďĺăčàăňňă, ŕőłăğëćăîéăï őáŋőćŋëě ŕěàěňěŋŋëě, ĺáŕőńìğőćăŋŋëě ďńï őŕĺáăŋĺï łĺŋěňăâĺłĺ ńěŕâőŋ-ŋãłńőŋŋőčő àăááěïŋĺï.

Ć ńăąőàăâőàŋőľ áĺáâěňě ν ŕàěďáâăćńïěâ áőąőľ ŕěàěďăŋŋãî íŋěàčĺî (E − E^′) őâ ŋěľâàĺŋő ł ğăàïęěŋŋőňã ńěŕâőŋã, ă Q^2 ćëàăęăěâáï çěàěğ

Q^2 = 2(EE^′ − ⃗k⃗k^′) − m^2_l − m^2_l′ ≈ 4EE^′ sin^2 θ 2 čďě m^2_l (m^2_l′ ) - ňăááă ńěŕâőŋă ć ŋăçăńìŋőň (łőŋěçŋőň) áőáâőïŋĺĺ ĺ θ ãčőń àăááěïŋĺï ńěŕâőŋă ć ńăąőàăâőàŋőľ áĺáâěňě.

Śńěďãîéĺě ďćě ŕěàěňěŋŋëě ŋőáïâ ŋăğćăŋĺě ňăáèâăąŋëå ŕěàěňěŋŋëå Ąìě̈àłěŋă: x = Q^2 2Mν (ć łćăàł-ŕăàâőŋŋőľ ňőďěńĺ x ĺğňěàïěâ ďőńî ĺňŕãńìáă ŋãłńőŋă, ŕěàěŋőáĺňãî łćăàłőň, ŋă łőâőàőň ŕàőĺáåőďĺâ àăááěïŋĺě) ĺ y = ν E ďőńï íŋěàčĺĺ ŋăńěâăîéěčő ńěŕâőŋă ć ńăąőàăâőàŋőľ áĺáâěňě, ŕőâěàïŋăï ć àěğãńìâăâě ćğăĺňőďěľáâćĺï.

Łćăďàăâ ĺŋćăàĺăŋâŋőľ ňăácë ăďàőŋŋőľ áĺáâěňë

W^2 = (P + q)^2 = M^2 + 2Mν − Q^2 = M^2 + Q^2( 1 x − 1)

Łćăďàăâ ŕőńŋőľ íŋěàčĺĺ ć áĺáâěňě æěŋâàă ňăáá

s = (k + P )^2 = 2ME + M^2 =

Q^2 xy + M^2

Ďĺääěàěŋæĺăńìŋőě áěçěŋĺě àăááěïŋĺï (ăŋâĺ)ŋěľâàĺŋő ŋă ŋãłńőŋě ňőęěâ ąëâì ğăŕĺáăŋő çěàěğ x ĺ y d^2σ^{ν,ν̄} dxdy = G^2ME π ·( m^2_W m^2_W + Q^2

)^2·[2xF^{ν,ν̄}_1 (x, Q^2) y^2 2 +F^{ν,ν̄}_2 (x, Q^2)(1−y− Mxy 2E )±xF^{ν,ν̄}_3 (x, Q^2)y(1− y 2 )] Ĺáŕőńìğőćăŋĺě ŋăďáâàőçŋëå ĺŋďěłáőć ν, ν̄ ŕőďçěàłĺćăěâ, çâő áâàãłâãàŋëě äãŋłæĺĺ F_i àăğńĺçăîâáï ďńï àăááěïŋĺï ŋěľâàĺŋő ĺ ăŋâĺŋěľâàĺŋő ŋă ŋãłńőŋě. Šăłęě ŕőłăğăŋă ĺå ïćŋăï ğăćĺáĺňőáâì őâ ŕěàěňěŋŋëå x ĺ Q^2. Ďăŋŋëě áâàãłâãàŋëě äãŋłæĺĺ őŕĺáëćăîâ áćőľáâćă ŋãłńőŋă á âőçłĺ ğàěŋĺï ŋăńěâăîéěčő ńěŕâőŋă. Ć ŕăàâőŋŋőľ ňőďěńĺ őŋĺ áőőâćěâáâćãîâ àăáŕàěďěńěŋĺïň ŕńőâŋőáâĺ ŕăàâőŋőć ćŋãâàĺ ŋãłńőŋă.

Ć őąńăáâĺ ňăńëå ŕěàěďăŋŋëå ĺňŕãńìáőć Q^2 (çâő áŕàăćěďńĺćő ďńï ćáěå áãéěáâćãîéĺå ŋă áěčőďŋïèŋĺľ ďěŋì ŋěľâàĺŋŋëå ŕãçłőć) çńěŋőň (^{m2W}_{m2W +Q2} )^2 ňőęŋő ŕàěŋěąàěçì, âăł łăł őŋ őçěŋì ąńĺğőł ł ěďĺŋĺæě, ć âő ćàěňï łăł^{Mxy}_{2E} =^{Q2}_{4E2} ≪ 1.

Ć čĺŕőâěğě ňăáèâăąŋőľ ĺŋćăàĺăŋâŋőáâĺ [125] (łőâőàăï ïćńïěâáï ŕàïňëň áńěďáâćĺěň àăááěïŋĺï ŋă âőçěçŋëå őąêěłâăå) ğăćĺáĺňőáâì őâ Q^2 ĺáçěğăěâ, ĺ ňë ŕőńãçăěň: d^2σ^{ν,ν̄} dxdy = G^2ME π · [xy^2F^{ν,ν̄}_1 (x) + (1 − y)F^{ν,ν̄}_2 (x) ± y(1 − y 2 )xF^{ν,ν̄}_3 (x)]

Ŋăńĺçĺě áŕĺŋă^1_2 ã ŕăàâőŋőć ŕàĺćőďĺâ ł áőőâŋőèěŋĺî Łăńńăŋă-Čàőááă [126]: 2xF_1 = F_2 ĺ, áőőâćěâáâćěŋŋő, ł ąőńěě ŕàőáâőňã ćëàăęěŋĺî ďńï áěçěŋĺï: d^2σ^{ν,ν̄} dxdy = G^2ME π · [(1 − y + y^2 2 )F^{ν,ν̄}_2 (x) ± y(1 − y 2 )xF^{ν,ν̄}_3 (x)]

Ěáńĺ ććěáâĺ őąőğŋăçěŋĺï q(x) =^1_2 [F_2(x)+xF_3(x)] ĺ q̄(x) =^1_2 [F_2(x)−xF_3(x)], âő ŕőńãçăěň d^2σ^ν dxdy = G^2ME π · [q(x) + (1 − y)^2 · q̄(x)]

d^2σ^{ν̄} dxdy = G^2ME π · [(1 − y)^2 · q(x) + q̄(x)]

Ťãŋłæĺï q(x) (q̄(x)) ňőęěâ ąëâì ĺŋâěàŕàěâĺàőćăŋă łăł ĺňŕãńìáŋőě àăáŕàěďěńěŋĺě ’ńěćëå’ ŕăàâőŋőć (’ŕàăćëå’ ăŋâĺŕăàâőŋőć) ć ŋãłńőŋě.

Ĺŋâěčàĺàãï ŕő x, ŋăåőďĺň dσ^ν dy = G^2ME π · [Q + (1 − y)^2 · Q̄] dσ^{ν̄} dy = G^2ME π · [(1 − y)^2 · Q + Q̄]

Ŕőńŋőě áěçěŋĺě ŕőáńě ĺŋâěčàĺàőćăŋĺï ŕő y ŕàĺŋĺňăěâ ćĺď

σ^ν = G^2ME π · [Q + 1 3 · Q̄]

σ^{ν̄} = G^2ME π · [ 1 3 · Q + Q̄] Ĺğ ćëèěŕàĺćěďěŋŋëå äőàňãń ňőęŋő áďěńăâì ćëćőď, çâő ŕàĺ ŋăńĺçĺĺ ňăáèâăąŋőľ ĺŋćăàĺăŋâŋőáâĺ, áěçěŋĺï àăááěïŋĺï ŋěľâàĺŋő ĺ ăŋâĺŋěľâàĺŋő ŋă ŋãłńőŋě àăáâãâ ńĺŋěľŋő á ãćěńĺçěŋĺěň íŋěàčĺĺ E. Ŋăłńőŋ íâőľ ğăćĺáĺňőáâĺ őŕàěďěńïěâáï ĺŋâěčàăńőň áâàãłâãàŋëå äãŋłæĺľ. Ć áńãçăě ŕőńŋőčő őâáãâáâćĺï ăŋâĺŕăàâőŋőć (ăŋâĺłćăàłőć) ć ŋãłńőŋě, őâŋőèěŋĺě ŕőńŋőčő áěçěŋĺï ăŋâĺŋěľâàĺŋő ł ŕőńŋőňã áěçěŋĺî ŋěľâàĺŋő ďőńęŋő ąëâì àăćŋő^{σν̄}_{σν} =^1_3 .

Ĺğňěàěŋĺï ŕőńŋőčő áěçěŋĺï ćğăĺňőďěľáâćĺï ć őąńăáâĺ íŋěàčĺľ ćëèě 10 ČíĆ ŕàĺćěńĺ ł áńěďãîéĺň àěğãńìâăâăň:

< σ^ν /E >≈ 0.67 × 10^{−38} áň^2/ČíĆ

< σ^{ν̄} /E >≈ 0.33 × 10^{−38} áň^2/ČíĆ

Řĺá. 4.2: Śåěňă ĺáŕőńìğőćăŋĺï àăğńĺçŋëå ŕăłěâőć łőňŕìîâěàŋëå ŕàőčàăňň ďńï ňőďěńĺàőćăŋĺï ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ãáâăŋőćłě NOMAD (ĺğ [89]).

Ć àěğãńìâăâě, íłáŕěàĺňěŋâăńìŋőě ğŋăçěŋĺě ďńï őâŋőèěŋĺï r = σ^{ν̄}_{CC} σ^ν_{CC} = 0.49 ± 0.01

ŕőďâćěàęďăěâ ŋăńĺçĺě ăŋâĺłćăàłőćőľ łőňŕőŋěŋâë ć ŋãłńőŋě.

Őąàăâĺň ćŋĺňăŋĺě ŋă âő, çâő ŋěľâàĺŋŋëě ćğăĺňőďěľáâćĺï ňőčãâ ŕàőâěłăâì âăłęě ŕő łăŋăńã ŋěľâàăńìŋőčő âőłă: ν_lN → ν_lX ν̄_lN → ν̄_lX İłáŕěàĺňěŋâăńìŋő ĺğňěàěŋŋëě őâŋőèěŋĺï áěçěŋĺľ NC/CC ďńï ŋěľâàĺŋő ĺ ăŋâĺŋěľâàĺŋő ŕàĺćěďěŋë ŋĺęě R = σ^ν_{NC} σ^ν_{CC} = 0.309 ± 0.003

R̄ = σ^{ν̄NC} σ^{ν̄}_{CC} = 0.39 ± 0.01

Ćăęŋő ĺňěâì ć ćĺďã, çâő àăáŕàěďěńěŋĺï ŕő łĺŋěňăâĺçěáłőľ ŕěàěňěŋŋőľ y ďńï ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ŕő łăŋăńã ŋěľâàăńìŋőčő ĺ ğăàïęěŋŋőčő âőłă ĺňěîâ őďĺŋăłőćëľ ćĺď. İâőâ äăłâ ąëń ŕőďâćěàęďěŋ íłáŕěàĺňěŋâăńìŋő [127].

4.1.2 Ňőďěńĺàőćăŋĺě áőąëâĺľ

Ŋă àĺá. 4.2 áåěňăâĺçěáłĺ ŕàěďáâăćńěŋă ŕőáńěďőćăâěńìŋőáâì ĺáŕőńìğőćăŋĺï àăğńĺçŋëå ŕăłěâőć łőňŕìîâěàŋëå ŕàőčàăňň ďńï ňőďěńĺàőćăŋĺï ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ãáâăŋőćłě NOMAD.

Řăáçěâ áŕěłâàőć ŋăńěâăîéĺå ŋěľâàĺŋő (ŕăłěâ NUBEAM [128]) ćëŕőńŋěŋ á ŕőňőéìî ňőďěńĺàőćăŋĺï ćğăĺňőďěľáâćĺľ ŕàőâőŋőć á ąěàĺńńĺěćőľ ňĺèěŋìî ć àăňłăå ŕăłěâă FLUKA [129] á ŕőáńěďãîéěľ âàăŋáŕőàâĺàőćłőľ ćâőàĺçŋëå çăáâĺæ çěàěğ àăáŕăďŋëľ łăŋăń.

Čěŋěàăâőà áőąëâĺľ NOMAD (ŕăłěâ NEGLIB [130]) ĺáŕőńìğãěâáï ďńï ňőďěńĺàőćăŋĺï ŋěľâàĺŋŋëå (ćłńîçăï ν_τ ) ćğăĺňőďěľáâćĺľ ŕő łăŋăńăň ğăàïęěŋŋőčő ĺ ŋěľâàăńìŋőčő âőłőć ć ŕàĺąńĺęěŋĺĺ łćăàł-ŕăàâőŋŋőľ ňőďěńĺ á ãçěâőň ŁŢĎíćőńîæĺĺ áâàãłâãàŋëå äãŋłæĺľ. İâă ŕàőčàăňňă őáŋőćăŋă ŋă ĺáŕőńìğőćăŋĺĺ ŕăłěâă LEPTO 6.1 [131] áő áńěďãîéĺňĺ ĺğňěŋěŋĺïňĺ ĺ ďőŕőńŋěŋĺïňĺ [132]:

Řĺá. 4.3: Łĺŋěňăâĺçěáłĺ àăğàěèěŋŋăï őąńăáâì ŕěàěňěŋŋëå Ąìěàłěŋă x ĺ y ĺğğă ŋăńĺçĺï âïęěńőčő τ-ńěŕâőŋă ć łőŋěçŋőň áőáâőïŋĺĺ ć ν_τ CC ćğăĺňőďěľáâćĺïå ďńï íŋěàčĺĺ ć áĺáâěňě æěŋâàă ňăáá (s−M^2) ňěŋìèě 25 ČíĆ^2 (ŋăŕàăćő őâ áŕńőèŋőľ łàĺćőľ) ĺ ν_τ CC áőąëâĺï, áňőďěńĺàőćăŋŋëě NOMAD čěŋěàăâőàőň áőąëâĺľ (âőçłĺ). Śňőâàĺ ďěâăńìŋőě őŕĺáăŋĺě ć [132].

• ňăááă ćëńěâăîéěčő ğăàïęěŋŋőčő ńěàâőŋă ĺ ňăááă ŋãłńőŋă ňĺèěŋĺ ŕàĺŋïâë ćő ćŋĺňăŋĺě (àĺá. 4.3);

• ŕőńïàĺğăæĺï ćëńěâăîéěčő ğăàïęěŋŋőčő ńěàâőŋă;

• ňőďěńĺàőćăŋĺě àăáŕăďőć ŕőńïàĺğőćăŋŋőčő τ-ńěŕâőŋă;

• őčàăŋĺçěŋĺï ŋă őąńăáâì ďőŕãáâĺňëå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå (Q^2, W^2, ν) ąëńĺ ãáâàăŋěŋë. İâő ŕőğćőńĺńő ďőąĺâìáï ńãçèěčő áőčńăáĺï ňěęďã àěăńìŋëňĺ ďăŋŋëňĺ ĺ áňőďěńĺàőćăŋŋëňĺ áőąëâĺïňĺ;

• àăğńĺçŋëě ŕăàăňěâàĺğăæĺĺ ďńï Ťěàňĺ-ďćĺęěŋĺï ŋãłńőŋőć ćŋãâàĺ ïďàă ňőčãâ ąëâì ĺáŕőńìğőćăŋë (àĺá. 4.4).

Ŕàőčàăňňă ŕőńŋőáâìî ňőďěńĺàãěâ áőąëâĺě, ĺáŕőńìğãï íŋěàčěâĺçěáłĺľ áŕěłâà ŋăńěâăîéĺå ŋěľâàĺŋő. Ăďàőŋĺğăæĺï őąàăğőćăćèĺåáï ŕăàâőŋőć ć ŋăąńîďăěňëě çăáâĺæë ćëŕőńŋěŋă ć àăňłăå áâàãŋŋőľ ňőďěńĺ Lund [135] á ŕőňőéìî ŕàőčàăňňë JETSET 7.4 [136]. Ťãŋłæĺĺ ŕńőâŋőáâĺ ŕăàâőŋőć ć ŋãłńőŋě ŋěőąåőďĺňë ďńï őŕàěďěńěŋĺï áőáâăćă ŋãłńőŋă ć ŕàőæěááě ćëçĺáńěŋĺï áěçěŋĺï. Ňë ĺáŕőńìğőćăńĺ GRV-HO ŕăàăňěâàĺğăæĺî [137] (ĺğ ŕăłěâă PDFLIB [138]), áŕàăćěďńĺćãî ć őąńăáâĺ 10^{−5} ≤ x < 1 ĺ 0.3 ≤ Q^2 ≤ 10^8 (ČíĆ^2).

Ąëńő ğăňěçěŋő, çâő ďńï ńãçèěčő őŕĺáăŋĺï ŕőćěďěŋĺï ăďàőŋŋőľ áâàãĺ, ŋăąńîďăěňőčő ć àěăńìŋëå ďăŋŋëå NOMAD, íŋěàčěâĺçěáłĺľ ŕőàőč E_{min}, ŕàĺ łőâőàőň ŕàőæěáá äàăčňěŋâăæĺĺ ŕěàěáâăěâ áőğďăćăâì łćăàł-ăŋâĺłćăàłőćëě ŕăàë, ďőńęěŋ ąëâì ŕőŋĺęěŋ ćŕńőâì ďő 0.2 ČíĆ [139, 140].

Šàăááĺàőćłă ćâőàĺçŋëå çăáâĺæ çěàěğ ãáâăŋőćłã, ĺå ćğăĺňőďěľáâćĺï ĺ àăáŕăďë, őłâńĺł àăğńĺçŋëå çăáâěľ ãáâăŋőćłĺ ňőďěńĺàãîâáï á ŕőňőéìî ŕàőčàăňňë GENOM [110], őáŋőćăŋŋőľ ŋă ãŋĺćěàáăńìŋőň ŕăłěâě ďńï ňőďěńĺàőćăŋĺï äĺğĺçěáłĺå ŕàőæěááőć GEANT [80].

Ŕàőčàăňňă àěłőŋáâàãłæĺĺ áőąëâĺľ ć ãáâăŋőćłě NOMAD őąàăéăěâáï á ňőďěńĺàőćăŋŋëňĺ áőąëâĺïňĺ łăł ěáńĺ ąë őŋĺ ąëńĺ àěăńìŋëňĺ ďăŋŋëňĺ.

Řĺá. 4.4: Ďćě ŕăàăňěâàĺğăæĺĺ Ťěàňĺ-ďćĺęěŋĺï ŋãłńőŋă ć ïďàě, łőâőàëě ĺáŕőńìğőćăńĺáì ć ŕăłěâě NEGLIB: Guoju - Irvine [133] (áŕńőèŋăï ńĺŋĺï) ĺ Bodek - Ritchie [134] (ŕãŋłâĺàŋăï ńĺŋĺï). Śâőĺâ őâňěâĺâì, çâő ŕěàćăï ŕěàěňěâàĺğăæĺï ŋě ĺňěěâ ďńĺŋŋőčő åćőáâă ŕő áàăćŋěŋĺî áő ćâőàőľ, ŋő ŕàěďáłăğëćăěâ ąőńìèãî ďőńî áőąëâĺľ ć ĺŋâěàćăńě [0.4, 1] (ČíĆ).

4.1.3 Őâąőà áőąëâĺľ

Ďńï âőčő, çâőąë áàăćŋĺâì áňőďěńĺàőćăŋŋëě áőąëâĺï á àěăńìŋëňĺ ďăŋŋëňĺ, ŋěőąåőďĺňő őâőąàăâì ŋěľâàĺŋŋëě ćğăĺňőďěľáâćĺï ć íääěłâĺćŋőň őąêěňě ďěâěłâőàă NOMAD. Ŋă ŕěàćőľ áâăďĺĺ őâąőàă ćáě áőąëâĺï, áőőâćěâáâćãîéĺě V̄ T_1T_2 âàĺččěàã, ŕàőŕãáłăîâáï çěàěğ áŕěæĺăńìŋëľ äĺńìâà [141], æěńìî łőâőàőčő ïćńïěâáï ãáâàăŋěŋĺě äőŋőćëå áőąëâĺľ őâ ŕàőåőďïéĺå ňîőŋőć (ćëğćăŋŋëå ŋěíääěłâĺćŋőáâìî áĺáâěňë ćěâő), łőáňĺçěáłĺå ňîőŋőć ĺ ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ćěéěáâćě, őłàãęăîéěň ďěâěłâőà. Ğăďăçă íâőčő äĺńìâàă, őáŋőćăŋŋőčő ŋă àěłőŋáâàãłæĺĺ âőńìłő ć ďàěľäőćëå łăňěàăå, ğăłńîçăěâáï ć ŕőďăćńěŋĺĺ ňăłáĺňăńìŋő ćőğňőęŋőľ ďőńĺ äőŋă ŕàĺ áőåàăŋěŋĺĺ ćáěå ŕőâěŋæĺăńìŋő ĺŋâěàěáŋëå áőąëâĺľ, ŕàĺčőďŋëå ďńï ăŋăńĺğă. Şàőćěŋì ŕőďăćńěŋĺï äőŋă ĺ íääěłâĺćŋőáâì őâąőàă ŕőńěğŋëå áőąëâĺľ ąëńĺ őæěŋěŋë á ŕőňőéìî ćĺğãăńìŋőčő ŕàőáňőâàă àěăńìŋëå áőąëâĺľ ĺ á ĺáŕőńìğőćăŋĺěň MC ĺ áőáâăćĺńĺ: ãàőćěŋì ŕőďăćńěŋĺï äőŋă ∼ 10, íääěłâĺćŋőáâì ∼ 99%. Ŕőńěğŋëě áőąëâĺï ąëńĺ ŕőńŋőáâìî ćőááâăŋőćńěŋë ĺ áőåàăŋěŋë ć áŕěæĺăńìŋőň DST^1 äőàňăâě [142].

Ůâőąë ąëâì ãćěàěŋŋëň ć âőň, çâő őâőąàăŋŋëě ďńï ăŋăńĺğă áőąëâĺï ŋě áőďěàęăâ łăłĺå-âő ďőŕőńŋĺâěńìŋëå ĺáâőçŋĺłőć äőŋă, łőâőàëě ŋě ąëńĺ ŕàĺŋïâë ćő ćŋĺňăŋĺě ć ŕàőæěááě ňőďěńĺàőćăŋĺï, ňë ĺáŕőńìğőćăńĺ áńěďãîéĺě łàĺâěàĺĺ őâąőàă:

• İääěłâĺćŋëľ őąêěň: ŕěàćĺçŋăï ćěàèĺŋă áőąëâĺï ďőńęŋă ńěęăâì ć őąńăáâĺ −120 < x, y < 120 (áň) 5 < z < 395 (áň)

âő ěáâì ŋăåőďĺâìáï ć őąńăáâĺ ďàěľäőćëå łăňěà ňĺèěŋŋőľ çăáâĺ ãáâăŋőćłĺ;

• Łàĺâěàĺĺ łăçěáâćă: ŕőďâćěàęďăîâ åőàőèãî àěłőŋáâàãłæĺî áőąëâĺľ

−2 ≤ Śãňňă ğăàïďőć ć ŕěàćĺçŋőľ ćěàèĺŋě ≤ 3

ďńï ŕőďăćńěŋĺï áőąëâĺľ, áőďěàęăéĺå ŋěáłőńìłő ŋěàěłőŋáâàãĺàőćăŋŋëå

1Data Summary Tape

ŕěàćĺçŋëå ğăàïęěŋŋëå âàěłőć;

Ůĺáńő âàěłőć ć TRD, ŋě ĺňěîéĺå áőőâćěâáâćãîéěčő DC âàěłă ≤ 10

ďńï ŕőďăćńěŋĺï áőąëâĺľ, áőďěàęăéĺå ŕńőåő àěłőŋáâàãĺàőćăŋŋőě ćğăĺňőďěľáâćĺě ćëńěâăîéěčő ăďàőŋă; E^{tot}_{HCAL}/E^{tot}_{visible} ≤ 0.75 őâąàăáëćăîéĺľ áőąëâĺï, áőďěàęăéĺě íŋěàčěâĺçŋëľ ŋěľâàăńìŋëľ ăďàőŋ, ćëńěâăîéĺľ ĺğ íääěłâĺćŋőčő őąêěňă ďěâěłâőàă ĺ ćğăĺňőďěľáâćãîéĺľ ć HCAL;

• Łàĺâěàĺľ ňŋőęěáâćěŋŋőáâĺ: ≥ 2 ğăàïęěŋŋëå âàěłőć ć ŕěàćĺçŋőľ ćěàèĺŋě.

Ŋěőąåőďĺňőáâì ĺáŕőńìğőćăŋĺï íâĺå łàĺâěàĺěć őâąőàă ňőęěâ ąëâì ńěčłő ŕàőĺńńîáâàĺàőćăŋă á ŕőňőéìî àĺá. 4.5, ŋă łőâőàőň ŕőłăğăŋă ğăćĺáĺňőáâì ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć ν_μ CC áőąëâĺïå^2 ĺğ àěăńìŋëå ďăŋŋëå őâ ŕőńőęěŋĺï ŕěàćĺçŋőľ ćěàèĺŋë (X_{vtx}, Y_{vtx}, Z_{vtx}), áãňňë ğăàïďőć ć ŕěàćĺçŋőľ ćěàèĺŋě, çĺáńă ŋěăááőæĺĺàőćăŋŋëå TRD âàěłőć ĺ ďőńĺ íŋěàčĺĺ, ćëďěńěŋŋőľ ć ăďàőŋŋőň łăńőàĺňěâàě, ŕő őâŋőèěŋĺî ł ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć áőąëâĺĺ. Ŋěďőáâăîéĺľ ŕőŕěàěçŋëľ ĺňŕãńìá (p^{miss}_T ) ïćńïěâáï åőàőèĺň łàĺâěàĺěň łăçěáâćă ćőááâăŋőćńěŋĺï áőąëâĺï. Ďńï ŕàăćĺńìŋőčő ćőááâăŋőćńěŋĺï łĺŋěňăâĺłĺ ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ łàăľŋě ćăęŋő ďőąĺâìáï ňăńëå áàěďŋĺå ğŋăçěŋĺľ p^{miss}_T . Ąëńő őæěŋěŋő, çâő ĺáŕőńìğőćăŋĺě íâĺå ďőŕőńŋĺâěńìŋëå łàĺâěàĺěć őâąőàă őâąàăáëćăěâ ŕàĺąńĺğĺâěńìŋő 10% åőàőèĺå áőąëâĺľ, ŋő ŕàĺćőďĺâ ł áãéěáâćěŋŋőňã ãńãçèěŋĺî łăçěáâćă íłáŕěàĺňěŋâăńìŋőčő ňăâěàĺăńă.

Ć ďăńìŋěľèěň ňë ćáěčďă ąãďěň ĺáŕőńìğőćăâì ćëèěãŕőňïŋãâëě łàĺâěàĺĺ őâąőàă łăł ďńï àěăńìŋëå ďăŋŋëå, âăł ĺ ďńï ňőďěńĺàőćăŋŋëå áőąëâĺľ, çâőąë čăàăŋâĺàőćăâì ďőáâőćěàŋőáâì áàăćŋěŋĺï.

4.2 Śàăćŋěŋĺě áňőďěńĺàőćăŋŋőľ ĺ ćőááâăŋőćńěŋŋőľ łĺŋěňăâĺłĺ áőąëâĺľ

Ć őâńĺçĺě őâ ąőńìèĺŋáâćă ăŋăńĺğőć, ćëŕőńŋěŋŋëå ć àăňłăå łőńńăąőàăæĺĺ NO- MAD, ňë àěèĺńĺ ĺáŕőńìğőćăâì âőńìłő ğăàïęěŋŋëě ĺ ŋěľâàăńìŋëě âàěłĺ, ĺáåőďïéĺě ĺğ ŕěàćĺçŋőľ ćěàèĺŋë, ďńï ćëçĺáńěŋĺï łĺŋěňăâĺłĺ áőąëâĺï. İâő őáőąěŋŋő ćăęŋő ďńï ćëąőàă łăŋďĺďăâőć, áőďěàęăéĺå íńěłâàőŋ ĺğ ŕěàćĺçŋőľ ćěàèĺŋë, âăł łăł áãéěáâćãěâ ŋěőąåőďĺňőáâì ŕőďăćĺâì ňăłáĺňăńìŋëň őąàăğőň äőŋ őâ áőąëâĺľ, áőďěàęăéĺå ŋěŕěàćĺçŋëľ íńěłâàőŋ (ŋăŕàĺňěà, łőŋćěàáĺï äőâőŋă ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë). Ăńìâěàŋăâĺćŋëľ ňěâőď ğăłńîçăěâáï ć ĺáŕőńìğőćăŋĺĺ ćáěå âàěłőć, ŋăçĺŋăîéĺåáï ŋă àăááâőïŋĺĺ ňěŋěě 5 áň őâ ŕěàćĺçŋőľ ćěàèĺŋë [86, 100].

Ć ν_μ CC ćğăĺňőďěľáâćĺïå ďćă ŕăàăňěâàă ĺğňěàěŋë á ďőáâăâőçŋő åőàőèěľ âőçŋőáâìî: ĺňŕãńìá ćëńěâăîéěčő ňîőŋă (p_μ) ĺ ãčőń àăááěïŋĺï ć ńăąőàăâőàŋőľ áĺáâěňě (θ). Ďńï ŕőńŋőčő ćőááâăŋőćńěŋĺï łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå, őŕĺáëćăîéĺå ŋěľâàĺŋŋëě ćğăĺňőďěľáâćĺï, âàěąãěâáï âàěâĺľ ŕăàăňěâà, ŋăŕàĺňěà, íŋěàčĺï ŋăńěâăîéěčő ŋěľâàĺŋő (E_ν ). Ŋăňĺ ąëń ĺáŕőńìğőćăŋ ŕàĺąńĺęěŋŋëľ ňěâőď, łőâőàëľ ğăłńîçăěâáï ć ĺáŕőńìğőćăŋĺĺ ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć áőąëâĺĺ (E_{tot}) ďńï őæěŋłĺ íŋěàčĺĺ ŋăńěâăîéěčő ŋěľâàĺŋő. Ŕőńŋăï ćĺďĺňăï

2Šàěąãěâáï ŋăńĺçĺě μ^− ć ŕěàćĺçŋőľ ćěàèĺŋě.

Řĺá. 4.5: Ğăćĺáĺňőáâì ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć ν_μ CC áőąëâĺïå ĺğ àěăńìŋëå ďăŋŋëå őâ ŕőńőęěŋĺï ŕěàćĺçŋőľ ćěàèĺŋë (X_{vtx}, Y_{vtx}, Z_{vtx}), áãňňë ğăàïďőć ć ŕěàćĺçŋőľ ćěàèĺŋě, çĺáńă ŋěăááőæĺĺàőćăŋŋëå TRD âàěłőć ĺ ďőńĺ íŋěàčĺĺ, ćëďěńěŋŋőľ ć ăďàőŋŋőň łăńőàĺňěâàě, ŕő őâŋőèěŋĺî ł ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć áőąëâĺĺ.

Řĺá. 4.6: Śàăćŋěŋĺě áňőďěńĺàőćăŋŋëå ĺ àěłőŋáâàãĺàőćăŋŋëå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ć ν_μ CC MC áőąëâĺïå.

íŋěàčĺï ćëçĺáńïěâáï ć ćĺďě áãňňë íŋěàčĺľ ćáěå çăáâĺæ (ğăàïęěŋŋëå ĺ ŋěľâàăńìŋëå), ćëńěâăîéĺå ĺğ ŕěàćĺçŋőľ ćěàèĺŋë, á ãçěâőň ĺå âĺŕă (ěáńĺ őŋ ĺğćěáâěŋ): E_{tot} = E_{lepton} + ∑ E_{primary charged tracks} + ∑ E_{primary neutral tracks} Ŕàěęďě ćáěčő, ŋěőąåőďĺňő ŕàőćěàĺâì łăçěáâćő ćőááâăŋőćńěŋĺï łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå, ŕàőćőďï áàăćŋěŋĺě áňőďěńĺàőćăŋŋëå ĺ àěłőŋáâàãĺàőćăŋŋëå ćěńĺçĺŋ.

4.2.1 ν_μ CC áőąëâĺï

Ďăćăľâě ŕőáňőâàĺň ŋă áňőďěńĺàőćăŋŋëě ĺ àěłőŋáâàãĺàőćăŋŋëě łĺŋěňăâĺçěáłĺě ŕěàěňěŋŋëě ć ν_μ CC áőąëâĺïå (àĺá. 4.6): ćĺďŋă ïćŋăï łőààěńïæĺï, àăğňëâăï àăğàěèěŋĺěň ďěâěłâőàă ĺ ŋăńĺçĺěň ŋěćőááâăŋőćńěŋŋëå çăáâĺæ.

Őâőąàăć ν_μ CC łăŋďĺďăâë ĺğ àěăńìŋëå ďăŋŋëå, âàěąãï μ^− ĺğ ŕěàćĺçŋőľ ćěàèĺŋë, ňë ňőęěň ŕàőćěáâĺ áàăćŋěŋĺě ćőááâăŋőćńěŋŋëå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ňěęďã àěăńìŋëňĺ ďăŋŋëňĺ ĺ MC (áň. àĺá. 4.7). Ŋă íâőň àĺáãŋłě ćĺďŋő ïćŋőě àăááőčńăáőćăŋĺě, ćëğćăŋŋőě ŋăńĺçĺěň ďőŕőńŋĺâěńìŋőčő ćłńăďă őâ łćăğĺãŕàãčĺå áőąëâĺľ ĺ őąàăğőćăŋĺï àěğőŋăŋáőć ć àěăńìŋëå ďăŋŋëå. Śőąëâĺï íâĺå âĺŕőć ŋě ąëńĺ áňőďěńĺàőćăŋë ŋăèěľ ŕàőčàăňňőľ Ňőŋâě-Łăàńő ďńï čńãąőłőŋěãŕàãčĺå ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ.

Ĺáŕőńìğőćăŋĺě ďőŕőńŋĺâěńìŋëå łàĺâěàĺěć őâąőàă ďńï ćëďěńěŋĺï čńãąőłőŋěãŕàãčĺå ćğăĺňőďěľáâćĺľ ŕàĺćőďĺâ ł àăğãňŋőňã áőčńăáĺî ňěęďã àěăńìŋëňĺ ďăŋŋëňĺ ĺ MC (àĺá. 4.8).

Řĺá. 4.7: Śàăćŋěŋĺě àěłőŋáâàãĺàőćăŋŋëå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï ĺďěŋâĺäĺæĺàőćăŋŋëå ν_μ CC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ àěăńìŋëå ďăŋŋëå (âőçłĺ á őèĺąłăňĺ). §ćŋőě àăááőčńăáőćăŋĺě ćëğćăŋő ŋăńĺçĺěň ďőŕőńŋĺâěńìŋőčő ćłńăďă őâ łćăğĺãŕàãčĺå áőąëâĺľ ĺ őąàăğőćăŋĺï àěğőŋăŋáőć ć àěăńìŋëå ďăŋŋëå, ć âő ćàěňï łăł áőąëâĺï íâĺå âĺŕőć ŋě ąëńĺ áňőďěńĺàőćăŋë ŋăèěľ ŕàőčàăňňőľ Ňőŋâě-Łăàńő ďńï čńãąőłőŋěãŕàãčĺå ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ.

Řĺá. 4.8: Śàăćŋěŋĺě àěłőŋáâàãĺàőćăŋŋëå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï ĺďěŋâĺäĺæĺàőćăŋŋëå ν_μ CC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ àěăńìŋëå ďăŋŋëå (âőçłĺ á őèĺąłăňĺ). Čńãąőłőŋěãŕàãčĺě ŋěľâàĺŋŋëě ćğăĺňőďěľáâćĺï őâąĺàăîâáï á ŕőňőéìî áńěďãîéĺå łàĺâěàĺěć: Q^2 > 3 ČíĆ^2 ĺ W^2 > 3 ČíĆ^2.

Őďŋăłő, áěàìěğŋăï ŕàőąńěňă ćőğŋĺłăěâ ŕàĺ ŕőŕëâłě áàăćŋĺâì ŕőćěďěŋĺě àěăńìŋëå ďăŋŋëå ĺ áňőďěńĺàőćăŋŋëå áőąëâĺľ ć ŕńőáłőáâĺ, ŕěàŕěŋďĺłãńïàŋőľ ŋăŕàăćńěŋĺî ŋăńěâăîéěčő ŋěľâàĺŋő. Őáőąěŋŋő íâő ğăňěâŋő ć àăáŕàěďěńěŋĺĺ ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă (àĺá. 4.9). Śàěďŋěě ğŋăçěŋĺě < p^{miss}_T > ć ν_μ CC MC áőąëâĺïå àăćŋő < p^{miss}_T >= 0.6 ČíĆ, ć âő ćàěňï łăł ďńï ν_μ CC łăŋďĺďăâőć ĺğ àěăńìŋëå ďăŋŋëå < p^{miss}_T >= 0.74 ČíĆ. Ćőğňőęŋëě ŕàĺçĺŋë, łőâőàëě ňőčãâ ŕàĺćőďĺâì ł âăłőňã àăğńĺçĺî ąëńĺ ćŋĺňăâěńìŋő ĺğãçěŋë: - ąőńěě ŋĺğłăï íääěłâĺćŋőáâì àěłőŋáâàãłæĺĺ ć àěăńìŋëå ďăŋŋëå; - ŋěŕàăćĺńìŋőě őŕĺáăŋĺě ŕàőæěááőć, ćëğćăŋŋëå ćğăĺňőďěľáâćĺïňĺ ćëńěâăîéĺå ăďàőŋőć, ć MC ŕàőčàăňňě;

- ïďěàŋëě íääěłâë (Ťěàňĺ-ďćĺęěŋĺě, ćŋãâàĺïďěàŋëľ łăáłăď ĺ â.ď. ĺ â.ŕ.).

Ćłńăď àăğńĺçŋëå ŕàőæěááőć ć p^{miss}_T ąëń ĺğãçěŋ ŋă őáŋőćě áňőďěńĺàőćăŋŋëå ćğăĺňőďěľáâćĺľ ĺ ŕàőáâěľèĺå áőąëâĺľ ĺğ àěăńìŋëå ďăŋŋëå á ďćãňï ğăàïęěŋŋëňĺ âàěłăňĺ [143]. Ąëńő ŕőłăğăŋő, çâő ňăłáĺňăńìŋëľ ćłńăď ć ŋěďőáâăîéĺľ ŕěàěďăŋŋëľ ĺňŕãńìá ŕàěćŋőáïâ ŋěľâàăńìŋëě çăáâĺæë, ŕőłĺďăîéĺě íääěłâĺćŋëľ őąêěň ďěâěłâőàă ąěğ ćğăĺňőďěľáâćĺï (∼ 375 ŇíĆ), íääěłâë, áćïğăŋŋëě á àăğàěèěŋĺěň ďěâěłâőàă, ďăîâ ćłńăď ∼ 330 ŇíĆ, ŋěíääěłâĺćŋőáâì àěłőŋáâàãłæĺĺ ∼ 300 ŇíĆ, ă Ťěàňĺ-ďćĺęěŋĺě ∼ 200 ŇíĆ.

Ćŋãâàĺïďěàŋëľ łăáłăď ňőęěâ ŕàőĺáåőďĺâì ć ïďěàŋëå ňĺèěŋïå, łőčďă őąàăğőćăćèĺľáï ŕěàćĺçŋëľ ăďàőŋ ćğăĺňőďěľáâćãěâ á ďàãčĺňĺ ŋãłńőŋăňĺ ďő ćëńěâă ĺğ ïďàă. Łăł ąëńő ŕőłăğăŋő ć [139], ćŋãâàĺïďěàŋëľ łăáłăď ŋě ćëğëćăěâ áãéěáâćěŋŋőčő ĺáłăęěŋĺï łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ŕő áàăćŋěŋĺî á ãęě áãéěáâćãîéĺň àăğňëćăŋĺěň ĺğ-ğă Ťěàňĺ-ďćĺęěŋĺï. Őďŋăłő, íâőâ ŕàőæěáá ŕàĺćőďĺâ ł ãćěńĺçěŋĺî ãčńőć ćëńěâă çăáâĺæ ĺ ãňěŋìèěŋĺî ĺå ĺňŕãńìáőć, çâő ŋěęěńăâěńìŋő á âőçłĺ ğàěŋĺï íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ âàěłőć ć ãáâăŋőćłě

Řĺá. 4.9: Řăáŕàěďěńěŋĺï ďńï ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă p^{miss}_T ć ĺďěŋâĺäĺæĺàőćăŋŋëå ν_μ CC MC áőąëâĺïå (áŕńőèŋăï ńĺŋĺï) ĺ ć àěăńìŋëå ďăŋŋëå (âőçłĺ á őèĺąłăňĺ). Řăğńĺçĺě ć áàěďŋěň ğŋăçěŋĺĺ ďőáâĺčăěâ 140 ŇíĆ.

NOMAD. Šăłĺň őąàăğőň, ňőęŋő őęĺďăâì ãćěńĺçěŋĺï < p^{miss}_T > ŋă ∼ 50 ÷ 100 ŇíĆ. Ďăŋŋëľ ćëćőď ŋăåőďĺâáï ć áőőâćěâáâćĺĺ á àěğãńìâăâőň ŋěğăćĺáĺňőčő ĺááńěďőćăŋĺï, ŕàěďáâăćńěŋŋőčő ć [144]. Ąőńěě âőčő, ćőğňőęŋëľ ĺğąëâőł ŕàőâőŋőć ć ăďàőŋŋőľ áâàãě, ŋăąńîďăěňëľ ć àěăńìŋëå ďăŋŋëå, âàěąãěâ ďőŕőńŋĺâěńìŋőčő ĺğãçěŋĺï íääěłâőć, ćëğćăŋŋëå ćŋãâàĺïďěàŋëň łăáłăďőň, ĺ ňőęěâ áńãęĺâì ďńï ãâőçŋěŋĺï ŕàőčàăňňë ňőďěńĺàőćăŋĺï.

Ĺáŕőńìğőćăŋĺě àěăńìŋëå ďăŋŋëå ďńï ňőďěńĺàőćăŋĺï áőąëâĺľ Ł áőęăńěŋĺî, ŋă ďăŋŋëľ ňőňěŋâ ŋăň ŋě ãďăńőáì ŋăľâĺ àěèěŋĺě ŕàőąńěňë < p^{miss}_T >. Ďàãčĺňĺ áńőćăňĺ, ŋăň ŋě ãďăńőáì ’ĺáŕőàâĺâì’ ŋăèě ňőďěńĺàőćăŋĺě ďő âăłőľ áâěŕěŋĺ, çâőąë őŋő ćőáŕàőĺğćőďĺńő ŋăąńîďăěňőě ć àěăńìŋëå ďăŋŋëå àăáŕàěďěńěŋĺě.

Šěň ŋě ňěŋěě, ąëń ŋăľďěŋ ćëåőď ĺğ áőğďăćèěčőáï ŕőńőęěŋĺï, łőâőàëľ ğăłńîçăěâáï ć ĺáŕőńìğőćăŋĺĺ àěăńìŋëå ďăŋŋëå ďńï ňőďěńĺàőćăŋĺï áőąëâĺľ (ć âěå áńãçăïå, łőčďă íâő ćőğňőęŋő). Ŋăŕàĺňěà:

- ďńï âőčő, çâőąë ŕőńãçĺâì ν_τ CC áőąëâĺě á ŕőáńěďãîéĺň àăáŕăďőň τ^−- ńěŕâőŋă ňőęŋő ćğïâì ν_μ CC áőąëâĺě ĺğ àěăńìŋëå ďăŋŋëå ĺ ğăňěŋĺâì μ^− ŋă áňőďěńĺàőćăŋŋëľ àăáŕăď τ^−. Śâőĺâ ğăňěâĺâì, çâő íâă ŕàőæěďãàă âàěąãěâ âéăâěńìŋőáâĺ ĺğ-ğă àăğŋőáâĺ ňăáá ňěęďã μ ĺ τ, łőâőàăï ŕàĺćőďĺâ ł ŋăàãèěŋĺî ğăłőŋőć áőåàăŋěŋĺï íŋěàčĺĺ/ĺňŕãńìáă;

- ďńï ŕőńãçěŋĺï ν_μ NC áőąëâĺï ňőęŋő ĺáŕőńìğőćăâì ν_μ CC áőąëâĺě ĺğ àěăńìŋëå ďăŋŋëå, ć łőâőàőň ŕěàćĺçŋëľ μ^− ŕőńŋőáâìî ĺčŋőàĺàãěâáï. Őďŋăłő, ŋãęŋő ĺňěâì ć ćĺďã, çâő ďăŋŋëľ ŕőďåőď ŕàĺćőďĺâ ł ĺáłăęěŋĺî àăáŕàěďěńěŋĺï ŕő y ĺğ-ğă ŋăńĺçĺï ŋĺęŋěčő ŕőàőčă ŋă ĺňŕãńìá ĺďěŋâĺäĺæĺàőćăŋŋőčő ňîőŋă. Śãňňăàŋëľ ğăàïď ăďàőŋŋőľ áâàãĺ ć ŕáěćďő-ν_μ NC áőąëâĺïå âăłęě őâńĺçăěâáï őâ ŋăáâőïéĺå ν_μ NC áőąëâĺľ;

- ďńï ňőďěńĺàőćăŋĺï ν_e CC áőąëâĺľ ňőęŋő ğăňěŋĺâì μ^− ŋă e^− ć ν_μ CC áőąëâĺïå ĺğ àěăńìŋëå ďăŋŋëå ĺ ŕěàěćğćěáĺâì áőąëâĺï á ãçěâőň àăğŋĺæë ć íŋěàčěâĺçěáłĺå áŕěłâàăå ďńï ν_μ ĺ ν_e. Őďŋăłő, ćáěćőğňőęŋëě ďěâěłâőàŋëě íääěłâë (âăłĺě łăł ŋăńőęěŋĺï áĺčŋăńőć ć ŕőďďěâěłâőàăå ãáâăŋőćłĺ NOMAD) ŋě ňőčãâ ąëâì ŕàăćĺńìŋő ŕàĺŋïâë ćő ćŋĺňăŋĺě.

Řĺá. 4.10: Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ ŕěàćĺçŋőčő íńěłâàőŋă ĺ ěčő ăááőæĺăæĺĺ á ŕěàćĺçŋőľ ćěàèĺŋőľ łăł äãŋłæĺï ŕőńőęěŋĺï ŕěàćĺçŋőľ ćěàèĺŋë ĺ íŋěàčĺĺ ŋăńěâăîéěčő ŋěľâàĺŋő.

4.2.2 ν_e CC áőąëâĺï

Ďăćăľâě ĺğãçĺň łăçěáâćő ćőááâăŋőćńěŋĺï áňőďěńĺàőćăŋŋëå ν_e CC áőąëâĺľ. Ŕàěęďě ćáěčő, ŋăá ĺŋâěàěáãěâ ĺďěŋâĺäĺłăæĺï ĺ àěłőŋáâàãłæĺï ŕěàćĺçŋőčő íńěłâàőŋă.

Ŋă àĺá. 4.10 ŕàĺćěďěŋă ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ ŕěàćĺçŋőčő íńěłâàőŋă ĺ ěčő ăááőæĺăæĺĺ á ŕěàćĺçŋőľ ćěàèĺŋőľ łăł äãŋłæĺï ŕőńőęěŋĺï ŕěàćĺçŋőľ ćěàèĺŋë ĺ íŋěàčĺĺ ŋăńěâăîéěčő ŋěľâàĺŋő. Śàěďŋïï íääěłâĺćŋőáâì àăćŋă ∼ 55%. §ćŋăï ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ őâ Z łőőàďĺŋăâë ŕěàćĺçŋőľ ćěàèĺŋë őąêïáŋïěâáï âàěąőćăŋĺěň, çâő íńěłâàőŋ ďőńęěŋ ãłăğëćăâì ć íääěłâĺćŋãî ŕńőéăďì íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă.

Łăçěáâćő ćőááâăŋőćńěŋĺï ĺňŕãńìáă ŕěàćĺçŋőčő íńěłâàőŋă ĺ ěčő ŋăçăńìŋőčő ŋăŕàăćńěŋĺï ŕàőĺńńîáâàĺàőćăŋő ŋă àĺá. 4.11. Ŕàěďńőęěŋŋëľ ňěâőď ćőááâăŋőćńěŋĺï íńěłâàőŋŋőčő âàěłă ŕőğćőńïěâ ŕőńãçĺâì àăğàěèěŋĺě ŕő ĺňŕãńìáã^{σp}_p ≈ 5%. Ŕàőćěàĺć, çâő íŋěàčĺï íńěłâàőŋă (àĺá. 4.12) ĺ ŕőńŋăï ćĺďĺňăï íŋěàčĺï (àĺá. 4.13) ć ν_e CC MC áőąëâĺïå ďőáâăâőçŋő åőàőèő ćőááâăŋőćńĺćăîâáï, ňë ňőęěň áàăćŋĺâì ďàãčĺě łĺŋěňăâĺçěáłĺě ŕěàěňěŋŋëě (àĺá. 4.14).

Śâőĺâ őâňěâĺâì, çâő ŋěâ áãéěáâćěŋŋőčő àăğńĺçĺï ć łăçěáâćě ćőááâăŋőćńěŋĺï łĺŋěňăâĺłĺ áőąëâĺľ ňěęďã ν_e CC MC ĺ ν_μ CC MC.

Ąőńěě ćëáőłőě áàěďŋěě ğŋăçěŋĺě ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć ν_e CC MC áőąëâĺïå őąêïáŋïěâáï ąőńìèěľ áàěďŋěľ íŋěàčĺĺ ćğăĺňőďěľáâćãîéĺå ŋěľâàĺŋő. Ŕěàěňěŋŋëě, őŕĺáëćăîéĺě łĺŋěňăâĺłã ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ, ćőááâăŋăćńěŋë á àăğàěèěŋĺěň ∼ 15 ÷ 30%.

Řĺá. 4.11: Łăçěáâćő ćőááâăŋőćńěŋĺï íńěłâàőŋă ĺğ ŕěàćĺçŋőľ ćěàèĺŋë: őŕàěďěńěŋĺě ěčő ĺňŕãńìáă ĺ ŋăçăńìŋőčő ŋăŕàăćńěŋĺï; àăáŕàěďěńěŋĺě ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă p^{miss}_T ć ćőáâăŋőćńěŋŋëå ν_e CC MC áőąëâĺïå.

Řĺá. 4.12: Řěłőŋáâàãłæĺï ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă ć ν_e CC MC áőąëâĺïå.

Řĺá. 4.13: Řěłőŋáâàãłæĺï ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć ν_e CC MC áőąëâĺïå.

Řĺá. 4.14: Śàăćŋěŋĺě áňőďěńĺàőćăŋŋëå ĺ ćőááâăŋőćńěŋŋëå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï ν_e CC MC áőąëâĺľ.

4.3 Řěğîňě

Ć ďăŋŋőľ čńăćě ąëńő ŕőłăğăŋő, çâő ďěâěłâőà NOMAD ňőęěâ ąëâì ĺáŕőńìğőćăŋ ďńï ćőááâăŋőćńěŋĺï łĺŋěňăâĺłĺ ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ á åőàőèěľ âőçŋőáâìî. Ąëńő őâňěçěŋő, çâő ŕàőčàăňňă ňőďěńĺàőćăŋĺï ŋě ňőęěâ ćőáŕàőĺğćěáâĺ ŕőćěďěŋĺě ăďàőŋŋőľ áâàãĺ, ŋăąńîďăěňőě ć àěăńìŋëå ďăŋŋëå, őáőąěŋŋő ć ŕńőáłőáâĺ, ŕěàŕěŋďĺłãńïàŋőľ ŋăŕàăćńěŋĺî ŋăńěâăîéěčő ŋěľâàĺŋő. Śâőĺâ őąàăâĺâì ćŋĺňăŋĺě ŋă âőâ äăłâ, çâő ďăŋŋőě àăğńĺçĺě őłăğëćăěâ ňěŋìèĺľ íääěłâ ŋă ŕőĺáł ńěŕâőŋŋëå τ^− àăáŕăďőć, çěň ŋă ĺğãçěŋĺě ăďàőŋŋëå ňőď àăáŕăďă. Ŕàěďńőęěŋ áŕőáőą őąőľâĺ ďăŋŋãî âàãďŋőáâì, łőâőàëľ ğăłńîçăěâáï ć ĺáŕőńìğőćăŋĺĺ ňőďěńĺàőćăŋĺï, őáŋőćăŋŋőčő ŋă àěăńìŋëå ďăŋŋëå.

Ŕàőæěáá ňőďěńĺàőćăŋĺï àőęďěŋĺï τ-ńěŕâőŋă ĺ ěčő ŕőáńěďãîéěčő àăáŕăďă ŕàĺŋĺňăěâ ćő ćŋĺňăŋĺě ňăááã ćëńěâăîéěčő ğăàïęěŋŋőčő ńěŕâőŋă ĺ ěčő ŕőńïàĺğăæĺî. İääěłâ Ťěàňĺ-ďćĺęěŋĺï ŋãłńőŋőć ćŋãâàĺ ïďàă âăłęě ąëń ãçâěŋ, ć âő ćàěňï łăł ćőğňőęŋőě àăğňëćăŋĺě ăďàőŋŋőľ áâàãĺ ĺğ-ğă ćŋãâàĺïďěàŋőčő łăáłăďă ŋăåőďĺâáï ć áâăďĺĺ ĺğãçěŋĺï.

Ć áńěďãîéěľ čńăćě ąãďěâ ŕàěďáâăćńěŋ ăŋăńĺğ, ćëŕőńŋěŋŋëľ á æěńìî őâąőàă łăŋďĺďăâőć ŋă ν_e CC ćğăĺňőďěľáâćĺï ĺ ŕőĺáłă ν_μ → ν_τ őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ^− → e^−ν̄_eν_τ .

Čńăćă 5

Ăŋăńĺğ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå

Ďăŋŋăï čńăćă áőáâőĺâ ĺğ ďćãå őáŋőćŋëå çăáâěľ. Śŋăçăńă ąãďěâ őŕĺáăŋ ňěâőď, ĺáŕőńìğőćăŋŋëľ ďńï őâąőàă łăŋďĺďăâőć ŋă ν_e CC ćğăĺňőďěľáâćĺï ĺğ àěăńìŋëå ďăŋŋëå, ă ğăâěň ąãďěâ ŕàěďáâăćńěŋ ăŋăńĺğ, ćëŕőńŋěŋŋëľ á æěńìî ŕőĺáłă ν_μ → ν_τ őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ^− → e^−ν̄_eν_τ .

Őâąőà ν_e CC áőąëâĺľ ŕàěáńěďãěâ ďćőïłãî æěńì. Ćő-ŕěàćëå, ňë åőâĺň ŋăľâĺ ŋăąőà łàĺâěàĺěć, łőâőàëľ ŕőğćőńĺń ąë ĺğąăćĺâìáï őâ äőŋőćëå ν NC áőąëâĺľ, ćëğćăŋŋëå äőâőŋŋőľ łőŋćěàáĺěľ ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë ĺńĺ ŋěćěàŋő ĺďěŋâĺäĺæĺàőćăŋŋëň ăďàőŋőň, ŕàĺŋïâëň ğă íńěłâàőŋ. İâőâ ŋăąőà łàĺâěàĺěć ąãďěâ ĺáŕőńìğőćăŋ ć ďăńìŋěľèěň ďńï ŕőĺáłă őáæĺńńïæĺľ. Ćő-ćâőàëå, ňë åőâĺň ãąěďĺâìáï ć âőň, çâő íääěłâĺćŋőáâì őâąőàă ĺ łăçěáâćő ćőááâăŋőćńěŋĺï łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ć ν_e CC áőąëâĺïå åőàőèő ćőáŕàőĺğćőďïâáï ŋăèěľ ŕàőčàăňňőľ ňőďěńĺàőćăŋĺï. Ďăŋŋőě áàăćŋěŋĺě łàăľŋě ćăęŋő á âőçłĺ ğàěŋĺï ĺáŕőńìğőćăŋĺï áňőďěńĺàőćăŋŋëå ν_e CC áőąëâĺľ ďńï ŕàěďáłăğăŋĺï äőŋă ŕàĺ ŕőĺáłě ν_μ → ν_τ őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ^− → e^−ν̄_eν_τ .

5.1 Őâąőà łăŋďĺďăâőć ŋă ν_e CC ćğăĺňőďěľáâćĺï

Ňěâőď, àăğàăąőâăŋŋëľ ďńï őâąőàă łăŋďĺďăâőć ŋă ν_e CC ćğăĺňőďěľáâćĺï ĺğ àěăńìŋëå ďăŋŋëå, ŋăłőŕńěŋŋëå ć íłáŕěàĺňěŋâě NOMAD, ąãďěâ őŕĺáăŋ ŋĺęě.

5.1.1 Ŋăąőà íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå

Ŋăąőà íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå, łőâőàëľ ňőęěâ ąëâì ĺáŕőńìğőćăŋ ďńï ăŋăńĺğă ŋă ďăŋŋëľ ňőňěŋâ, áőőâćěâáâćãěâ ďćãň čőďăň ŋăąőàă áâăâĺáâĺłĺ (’95 ĺ ’96)^1. Ĺğ-ğă ğăďěàęłĺ, ćëğćăŋŋőľ áąőěň ć ŕàőĺğćőďáâćě ďàěľäőćëå łăňěà, ďăŋŋëě ’95 čőďă ďőńęŋë ąëâì àăğďěńěŋë ŋă 3 ŕěàĺőďă, áőőâćěâáâćãîéĺě àăğŋőľ łőŋäĺčãàăæĺĺ ňĺèěŋĺ - 4, 8 ĺ 11 (ŕőńŋăï ňĺèěŋì) ňőďãńěľ ďàěľäőćëå łăňěà ćŋãâàĺ ňăčŋĺâă. Ć âő ćàěňï łăł ŋăąőà ďăŋŋëå ć ’96 čőďã ŕàőćőďĺńáï ŕàĺ ŕőńŋőľ ňĺèěŋĺ.

Śńěďãîéĺľ ŋăąőà íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ąëń ĺáŕőńìğőćăŋ ďńï ăŋăńĺğă:

• Řěăńìŋëě ďăŋŋëě (áň. Šăąńĺæã 5.1):

- ŋăąőà ďăŋŋëå ’95 čőďă, áőőâćěâáâćãîéĺľ 8 ĺ 11 ňőďãńïň ďàěľäőćëå łăňěà (0.86 × 10^{19} p.o.t.). Ł áőęăńěŋĺî, ŕàăćĺńìŋăï ŋőàňĺàőćłă ŋă çĺáńő

1Ďăŋŋëě ’97 čőďă, áőőâćěâáâćãîéĺě 1.5 × 10^{19} p.o.t., őąàăąăâëćăîâáï V̄ T_1T_2 äĺńìâàőň ďńï őâąőàă ŕőńěğŋëå áőąëâĺľ.

Šăąńĺæă 5.1: Ŋăąőà áőąëâĺľ ĺğ àěăńìŋëå ďăŋŋëå, ĺáŕőńìğőćăŋŋëľ ďńï ăŋăńĺğă.

Ŋăąőà áőąëâĺľ N áőąëâĺľ N áőąëâĺľ ć FV ďěâěłâőàă ĺďěŋâĺäĺæĺàőćăŋŋëå łăł ν_μ CC ďăŋŋëě ’95 145909 85432 ďăŋŋëě ’96 514061 256074

Šăąńĺæă 5.2: Ŋăąőà Ňőŋâě-Łăàńő áőąëâĺľ, ĺáŕőńìğőćăŋŋëľ ďńï ăŋăńĺğă. Ůĺáńő ν_μ CC áőąëâĺľ ć ŕőáńěďŋěľ łőńőŋłě ďăŋŋőľ âăąńĺæë ňőęŋő áàăćŋĺćăâì á ŕőáńěďŋěľ łőńőŋłőľ âăąńĺæë 5.1.

Ňőŋâě-Łăàńő N ňőď. N ňőď. N áőąëâĺľ N áőąëâĺľ âĺŕ áőąëâĺï áőąëâĺľ áőąëâĺľ á ćěàèĺŋőľ á àěł. ćěàèĺŋőľ ĺďěŋâĺäĺæĺàőćăŋ. ć FV ďěâěłâőàă ć FV ďěâěłâőàă łăł ν_μ CC ν_μ CC 484302 391977 377423 275644 ν_μ NC 148132 117772 108481 602 ν̄_μ CC 13127 9824 9590 158 ν_e CC 19775 15114 13892 67 ν̄_e CC 2717 1971 1883 11 τ^− → e^−ν̄_eν_τ 28460 23361 21891 103

ŕàőâőŋőć ŋă ňĺèěŋì ŋě ňőęěâ ąëâì áďěńăŋă ďńï íâőčő ŋăąőàă áőąëâĺľ ĺğ-ğă ŋěłőŋâàőńĺàãěňëå ŕőâěàì áőąëâĺľ ć ŕàőæěááě ŕěàěőąàăąőâłĺ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ďńï ďăŋŋőčő ăŋăńĺğă. Šěň ŋě ňěŋěě, íâőâ íłáŕěàĺňěŋâăńìŋëľ ňăâěàĺăń ąëń ĺáŕőńìğőćăŋ ďńï őâńăďłĺ ćáěľ ŕàőæěďãàë ăŋăńĺğă ĺ ďńï ćáěćőğňőęŋëå ŕàőćěàőł; - ŕőńŋëľ ŋăąőà ďăŋŋëå ’96 čőďă (1.4 × 10^{19} p.o.t.);

• Ňőŋâě-Łăàńő áőąëâĺï (áň. Šăąńĺæã 5.2):

- ν_μ CC & NC, ν̄_μ CC, ν_e CC ĺ ν̄_e CC áőąëâĺï ąëńĺ áňőďěńĺàőćăŋë áńěďãîéĺňĺ ćěàáĺïňĺ ŕàőčàăňň: NEGLIB 5.06 ĺ GENOM 5.12.6. Ŕěàćĺçŋăï ćěàèĺŋă ďńï áňőďěńĺàőćăŋŋëå áőąëâĺľ ńěęăńă ć őąńăáâĺ: |x| < 140 áň, |y| < 140 áň ĺ 0 < z < 405 (áň). Ůĺáńő ν_μ CC & NC MC ĺ ν̄_μ CC MC áőąëâĺľ áőőâćěâáâćãěâ áâăâĺáâĺłě, ŋăłőŕńěŋŋőľ ć ’96 čőďã, ć âő ćàěňï łăł çĺáńő ν_e CC ĺ ν̄_e CC MC ŕàěćőáåőďĺâ őęĺďăěňőě çĺáńő áőąëâĺľ áőőâćěâáâćãîéěčő âĺŕă ć ∼ 3 àăğă;

- τ^− → e^−ν̄_eν_τ áőąëâĺï áňőďěńĺàőćăŋë á ãçěâőň őąáãęďăćèĺåáï àăŋěě ŕőŕàăćőł ŋă ŕàőæěáá àőęďěŋĺï^2 τ^− ĺ ěčő àăáŕăďă (ćěàáĺĺ NEGLIB 5.07.1 ĺ GENOM 5.12.12). Śâőĺâ őąàăâĺâì ćŋĺňăŋĺě, çâő Guoju - Irvine [133] ŕăàăňěâàĺğăæĺï Ťěàňĺ-ďćĺęěŋĺï ŋãłńőŋőć ćŋãâàĺ ïďàă ąëńă ĺáŕőńìğőćăŋă ďńï ν_τ CC áőąëâĺľ, ć âő ćàěňï łăł ćáě őáâăńìŋëě MC áőąëâĺï ąëńĺ áňőďěńĺàőćăŋë á ĺáŕőńìğőćăŋĺěň Bodek - Ritchie [134] ŕăàăňěâàĺğăæĺĺ (áň. àĺá. 4.4);

- ďőŕőńŋĺâěńìŋëľ ŋěğăćĺáĺňëľ ŋăąőà MC áőąëâĺľ ąëń ĺáŕőńìğőćăŋ ďńï ŕàőćěàłĺ àěğãńìâăâőć, ŕőńãçěŋŋëå ďńï íääěłâĺćŋőáâĺ őâąőàă ĺ ãàőćŋï ŕőďăćńěŋĺï äőŋă.

2Ć [132] ąëńő ŕőłăğăŋő, çâő ŋěâ ŋěőąåőďĺňőáâĺ ĺáŕőńìğőćăâì äăłâőà ŕőďăćńěŋĺï (1−^{m2τ}_s )^2 ŕàĺ ćëçĺáńěŋĺĺ áěçěŋĺï ν_τ CC ćğăĺňőďěľáâćĺľ.

5.1.2 Őâąőà áőąëâĺľ

Śńěďãîéĺľ ŋăąőà łàĺâěàĺěć ąëń ĺáŕőńìğőćăŋ ďńï ŕàěďćăàĺâěńìŋőčő őâąőàă áőąëâĺľ, čőďŋëå ďńï ďăŋŋőčő ăŋăńĺğă:

• İääěłâĺćŋëľ őąêěň (Fiducial Volume - FV) ďěâěłâőàă:

ŕěàćĺçŋăï ćěàèĺŋă ďőńęŋă ŋăåőďĺâìáï ć őąńăáâĺ

−120 < x, y < 120 (áň) 5 < z < 395 (áň)

• Łàĺâěàĺĺ łăçěáâćă, ŕőďâćěàęďăîéĺě åőàőèãî àěłőŋáâàãłæĺî áőąëâĺľ:

– (−2 ≤ Śãňňă ğăàïďőć ć ŕěàćĺçŋőľ ćěàèĺŋě ≤ 3)

– Ůĺáńő âàěłőć ć TRD, ŋě ĺňěîéĺå áőőâćěâáâćãîéěčő DC âàěłă < 10 – E^{tot}_{HCAL}/E^{tot}_{visible} < 0.75 – Z łőőàďĺŋăâă ŕěàćőčő őâáçěâă ć ńěŕâőŋŋőň âàěłě < 400 áň

– Ĺňŕãńìá ńěŕâőŋŋőčő łăŋďĺďăâă > 1.5 ČíĆ

• Łàĺâěàĺľ ňŋőęěáâćěŋŋőáâĺ: ≥ 2 ğăàïęěŋŋëå âàěłőć ć ŕěàćĺçŋőľ ćěàèĺŋě.

Ůâőąë ĺňěâì ŕàěďáâăćńěŋĺě ő ŕàőæěááě őâąőàă áőąëâĺľ ĺğ ďăŋŋëå ’96 čőďă őâňěâĺň, çâő ĺğ ∼ 8 ňĺńńĺőŋőć áàăąăâëćăŋĺľ âàĺččěàă V̄ T_1T_2 807123 áőąëâĺľ ãďőćńěâćőàïîâ ãáńőćĺïň V̄ T_1T_2 äĺńìâàă ĺ âőńìłő 514061 áőőâćěâáâćãîâ ŕàĺćěďěŋŋëň ćëèě łàĺâěàĺïň őâąőàă ĺ ĺáŕőńìğãîâáï ďńï ăŋăńĺğă.

5.1.3 Ňěâőď ăŋăńĺğă

Ć ďăŋŋőň ăŋăńĺğě ŋăňĺ ąëń ĺáŕőńìğőćăŋ áŕěæĺăńìŋő àăğàăąőâăŋŋëľ ňěâőď ďńï őâďěńěŋĺï ŕőńěğŋëå áőąëâĺľ (áĺčŋăńă) őâ äőŋă [145]. Šăł łăł őâŋőèěŋĺě ŕàăćďőŕőďőąĺï őąěáŕěçĺćăěâ ŕàĺ őŕàěďěńěŋŋëå ãáńőćĺïå őŕâĺňăńìŋőě àăğďěńěŋĺě áĺčŋăńă ĺ äőŋă, őŋő ąëńő ĺáŕőńìğőćăŋő ć ďăŋŋőň ŕőďåőďě.

Řăááňőâàĺň áńãçăľŋãî ŕěàěňěŋŋãî ⃗x (ňőęěâ ąëâì n-ňěàŋőľ), łőâőàăï ňőęěâ ąëâì ĺáŕőńìğőćăŋă ďńï àăğďěńěŋĺï áőąëâĺľ àăğŋëå łńăááőć, ĺ ąãďěň ŋăğëćăâì S àăáŕàěďěńěŋĺě ŕàăćďőŕőďőąĺï ŕő ŕěàěňěŋŋőľ ⃗x ďńï áĺčŋăńă ĺ B àăáŕàěďěńěŋĺě ŕàăćďőŕőďőąĺï ŕő ŕěàěňěŋŋőľ ⃗x ďńï äőŋă. Őďŋőňěàŋăï ŕěàěňěŋŋăï (őâŋőèěŋĺě ŕàăćďőŕőďőąĺï) z =^{S(⃗x)}_{B(⃗x)} , łőâőàăï ïćńïěâáï äãŋłæĺěľ áńãçăľŋőľ ŕěàěňěŋŋőľ ⃗x ňőęěâ áńãęĺâì åőàőèĺň łàĺâěàĺěň ďńï àăğďěńěŋĺï ďćãå àăğńĺçŋëå čĺŕőâěğ.

Ŋěáłőńìłő ŕőńěğŋëå ŋăąńîďěŋĺľ:

• ńîąăï ňőŋőâőŋŋăï äãŋłæĺï ŕàăćďőŕőďőąĺï őąńăďăěâ ăŋăńőčĺçŋëňĺ áćőľáâćăňĺ. Ůăéě ćáěčő ĺáŕőńìğãîâáï ďćă âăłĺå ŕàěőąàăğőćăŋĺï: log(^S_B ) ĺ S (S+B) , ŕàĺçěň ŕàěĺňãéěáâćőň ŕőáńěďŋěčő ïćńïěâáï őčàăŋĺçěŋŋőáâì ć ĺŋ-

âěàćăńě [0,1];

• ěáńĺ őâŋőèěŋĺě ŕàăćďőŕőďőąĺï ďńï őďŋőňěàŋőľ ŕěàěňěŋŋőľ ïćńïěâáï ňőŋőâőŋŋőľ äãŋłæĺěľ íâőľ ŕěàěňěŋŋőľ, âő ĺáŕőńìğőćăŋĺě őâŋőèěŋĺï ŕàăćďőŕőďőąĺï ćňěáâő ŋăçăńìŋőľ ŕěàěňěŋŋőľ ŋě ćŋőáĺâ ĺáłăęěŋĺľ ć őâŋőèěŋĺě íääěłâĺćŋőáâĺ őâąőàă ł ãàőćŋî ŕőďăćńěŋĺï äőŋă.

Řăáŕàěďěńěŋĺï S ĺ B ňőčãâ ąëâì ŕőáâàőěŋë, łăł á ĺáŕőńìğőćăŋĺěň ňőďěńĺàőćăŋŋëå, âăł ĺ àěăńìŋëå (áň. ŋĺęě) áőąëâĺľ. Ůâőąë ĺğąěęăâì ŋěęěńăâěńìŋëå àăğàëćőć ŋă åćőáâăå íâĺå àăáŕàěďěńěŋĺľ, őŋĺ ąëńĺ ŕăàăňěâàĺğőćăŋë á ŕőňőéìî ŕőďŕàőčàăňňë HQUAD ĺğ ŕăłěâă HBOOK [146]. HQUAD őąěáŕěçĺćăěâ ďőáâăâőçŋő čĺąłãî âěåŋĺłã ŕăàăňěâàĺğăæĺĺ, łőâőàăï ňőęěâ ąëâì ĺáŕőńìğőćăŋă ďńï ĺğńőęěŋŋőčő ğďěáì ňěâőďă. Ňë őčàăŋĺçĺńĺ àăááňőâàěŋĺě äãŋłæĺĺ ŕàăćďőŕőďőąĺï ć ćĺďě ŕàőĺğćěďěŋĺï 1- ĺ 2-ňěàŋëå àăáŕàěďěńěŋĺľ, â.ě. ňë ŕàěŋěąàěčăěň çăáâìî ćőğňőęŋëå łőààěńïæĺľ ňěęďã łőňŕőŋěŋâăňĺ n-ňěàŋőčő ćěłâőàă ⃗x.

Ěáńĺ ŕàěďŕőńőęĺâì, çâő ŕěàěňěŋŋëě (łőňŕőŋěŋâë) x_1 ĺ x_2 ŋěğăćĺáĺňë, âő ĺå äãŋłæĺï ŕàăćďőŕőďőąĺï f(x_1, x_2) ňőęěâ ąëâì ŕàěďáâăćńěŋă ć ćĺďě g(x_1) × h(x_2), â.ě. ŋěğăćĺáĺňőáâì ŕěàěňěŋŋëå ŕőŋĺęăěâ àăğňěàŋőáâì äãŋłæĺľ ŕàăćďőŕőďőąĺï, łőâőàëě ďőńęŋë ąëâì ŕăàăňěâàĺğőćăŋë.

Řăááňőâàĺň ŕàĺňěà ŕőáâàőěŋĺï ŕěàěňěŋŋőľ X_{pa} = S (S + B)

ĺ ŕőłăęěň ŕàěĺňãéěáâćő ĺáŕőńìğőćăŋĺï ďăŋŋőľ ŕěàěňěŋŋőľ. Ŕãáâì σ ĺ β ïćńïîâáï àăáŕěďěńěŋĺïňĺ X_{pa} áőőâćěâáâćěŋŋő ďńï áĺčŋăńă ĺ äőŋă: σ(y) = ∫ S(x)δ(y − S(x) S(x) + B(x) )dx β(y) = ∫ B(x)δ(y − S(x) S(x) + B(x) )dx Ćëçĺáńïï^{σ(y)}_y , ŋăåőďĺň: σ(y) y = ∫ S(x) y δ(y − S(x) S(x) + B(x) )dx = ∫ S(x) S(x) (S(x) + B(x))δ(y − S(x) S(x) + B(x) )dx = ∫ (S(x) + B(x))δ(y − S(x) S(x) + B(x) )dx = σ(y) + β(y) ĺńĺ σ(y) σ(y) + β(y) = y (5.1)

âő ěáâì

• àăááňăâàĺćăï y = X_{pa}(x) łăł áńãçăľŋãî ŕěàěňěŋŋãî ĺ ćëçĺáńïï X_{pa}(y), ãąěęďăěňáï ć âőň, çâő X_{pa}(y) = y, â.ě. ŕőćâőàěŋĺě ďăŋŋőčő ŕàěőąàăğőćăŋĺï ŋě ćŋőáĺâ ŋĺłăłőčő ďőŕőńŋĺâěńìŋőčő ćłńăďă ć łăçěáâćő àăğďěńěŋĺï ďćãå čĺŕőâěğ (łăł ĺ őęĺďăńőáì);

• äãŋłæĺĺ S ĺ B ćŋãâàĺ δ-äãŋłæĺľ ïćńïîâáï ŕăàăňěâàĺğăæĺïňĺ (â.ě. âěňĺ äãŋłæĺïňĺ, łőâőàëě áńãęăâ ďńï ćëçĺáńěŋĺï X_{pa}(x) ŕàĺ ŋăńĺçĺĺ x), ć âő ćàěňï łăł őáâăńìŋëě S ĺ B ŕàěďáâăćńïîâ ŋăçăńìŋëě àăáŕàěďěńěŋĺï. Şáńőćĺě (5.1) ćëŕőńŋïěâáï ć âőň áńãçăě, ěáńĺ ŕăàăňěâàĺğăæĺĺ åőàőèő áőćŕăďăîâ á ŋăçăńìŋëňĺ àăáŕàěďěńěŋĺïňĺ, â.ě. ãàăćŋěŋĺě (5.1) ňőęěâ ąëâì ĺáŕőńìğőćăŋő ďńï ŕàőćěàłĺ łăçěáâćă ŕőńãçěŋŋëå ŕăàăňěâàĺğăæĺľ. Ŋă ŕàăłâĺłě, ěáńĺ ğăŕőńŋĺâì čĺáâőčàăňňë s ĺ b ďńï X_{pa}(x) ďńï áĺčŋăńă ĺ äőŋă, ă ğăâěň ŕőáâàőĺâì őâŋőèěŋĺě s/(s + b), âő äĺâ ŕàïňőľ ńĺŋĺěľ (y = αx+β) ŕőńãçěŋŋőľ čĺáâőčàăňňë ďőńęěŋ ŕàĺćőďĺâì ł α = 1 ĺ β = 0 ć ŕàěďěńăå őèĺąőł. Ć áńãçăě, łőčďă ŕàĺ ŕăàăňěâàĺğăæĺĺ ćőğňőęŋëě łőààěńïæĺĺ ŋě ąëńĺ ŕàĺŋïâë ćő ćŋĺňăŋĺě, ďăŋŋăï ŕàőæěďãàă ďăěâ ćőğňőęŋőáâì ŕőçãćáâćőćăâì őąőáŋőćăŋŋőáâì íâőčő ŕàĺąńĺęěŋĺï.

Ďńï ĺńńîáâàăæĺĺ ĺğńőęěŋŋőčő ňěâőďă, ňë ŕàĺćőďĺň ğďěáì ŕàĺňěà ďńï áńãçăï, łőčďă áĺčŋăń ĺ äőŋ ïćńïîâáï 2-ňěàŋëňĺ àăáŕàěďěńěŋĺïňĺ Čăãááă á σ = 1 ĺ 50% łőààěńïæĺěľ; áĺčŋăń őâńĺçăěâáï őâ äőŋă áàěďŋĺň ğŋăçěŋĺěň: (1,1) ĺ (-1,-1). Ŕàĺ ŕăàăňěâàĺğăæĺĺ àăáŕàěďěńěŋĺľ ďńï S ĺ B ňőęŋő łăł ŕàěŋěąàěçì (uncor), âăł ĺ ŕàĺŋïâì ćő ćŋĺňăŋĺě (cor) łőààěńïæĺĺ. Ŋă àĺá. 5.1 ňőęŋő ãćĺďěâì, çâő àăáŕàěďěńěŋĺě s/(s+b) ŕőğćőńïěâ ńěčłő ŕőçãćáâćőćăâì àăğńĺçĺě ňěęďã íâĺňĺ ďćãňï áńãçăïňĺ (cor ĺ uncor). Łăł ćĺďŋő ĺğ àĺá. 5.2 íâő àăğńĺçĺě ć ňěâőďě, ĺáŕőńìğőćăŋŋőň ŕàĺ ŕăàăňěâàĺğăæĺĺ àăáŕàěďěńěŋĺľ, áâăŋőćĺâáï ćăęŋëň, ěáńĺ âàěąãěâáï ďőáâĺçì ãàőćŋï ŕőďăćńěŋĺï äőŋă ńãçèě çěň 10^3.

Śãňňĺàãï ćëèěĺğńőęěŋŋőě, áâőĺâ őâňěâĺâì, çâő ŕěàěňěŋŋăï X_{pa} ŕàĺŋĺňăěâ ğŋăçěŋĺï ć ĺŋâěàćăńě [0, 1] (çěň ąőńìèě ğŋăçěŋĺě X_{pa}, âěň á ąőńìèěľ ćěàőïâŋőáâìî ďăŋŋőě áőąëâĺě ïćńïěâáï áĺčŋăńőň). Ĺáŕőńìğőćăŋĺě X_{pa} ŕőğćőńïěâ ŕàőćěàĺâì łăçěáâćő ŕăàăňěâàĺğăæĺĺ ďńï àăáŕàěďěńěŋĺľ S ĺ B. Šěň ŋě ňěŋěě, ňë ãąěďĺńĺáì ć âőň, çâő ćáěčďă ŕőńěğŋő ŕàőćěàĺâì łăçěáâćő ŕăàăňěâàĺğăæĺĺ “ŋă čńăğ”.

Ŕàěęďě çěň ğăćěàèĺâì ďăŋŋëľ àăğďěń, ććěďěň áńěďãîéĺě őąőğŋăçěŋĺï. Ć áńãçăě 3 ŕěàěňěŋŋëå a, b, c:

− őąőğŋăçěŋĺě {a, b, c} őğŋăçăěâ, çâő ŕàĺ ŕőáâàőěŋĺĺ ďĺáłàĺňĺŋăŋâŋőľ ŕěàěňěŋŋőľ ŕőďàăğãňěćăěâáï ŋěğăćĺáĺňőáâì a, b ĺ c;

− őąőğŋăçěŋĺě {[a, b], c} (ĺńĺ {HQ[a, b], c}) őğŋăçăěâ, çâő ŕăàăňěâàĺğăæĺï ćëŕőńŋěŋă á ãçěâőň łőààěńïæĺľ ňěęďã ŕěàěňěŋŋëňĺ a ĺ b, ć âő ćàěňï łăł c ïćńïěâáï ŋěğăćĺáĺňőľ ŕěàěňěŋŋőľ.

5.1.4 Ĺďěŋâĺäĺłăæĺï íńěłâàőŋőć

Ďńï őâąőàă ŕěàćĺçŋëå íńěłâàőŋőć ŕàěęďě ćáěčő âàěąãěâáï ĺďěŋâĺäĺłăæĺï ŋă őáŋőćě TRD (ŕàĺňěáì ŕĺőŋőć < 10^{−3}). Ďàãčőľ (ŋěğăćĺáĺňëľ) łàĺâěàĺľ ĺďěŋâĺäĺłăæĺĺ ąëń ŕőáâàőěŋ á ĺáŕőńìğőćăŋĺěň ćëèěĺğńőęěŋŋőčő ňěâőďă ŋă őáŋőćě ĺŋäőàňăæĺĺ PRS ĺ ECAL á ãçěâőň ĺğňěàěŋĺľ, ŕàőćěďěŋŋëå ć àěăńìŋëå ãáńőćĺïå ŋăąőàă ďăŋŋëå. Ďńï ćëąőàă íńěłâàőŋőć ĺğ àěăńìŋëå ďăŋŋëå ňë ŕàĺňěŋĺńĺ łĺŋěňăâĺçěáłĺľ őâąőà, ŕőğćőńïîéĺľ ďőąĺâìáï åőàőèěľ çĺáâőâë őâąőàă ν_e CC áőąëâĺľ. Ŋăąőà äőŋőćëå áőąëâĺľ ąëń ŕőńãçěŋ ć àěğãńìâăâě áŕěæĺăńìŋőľ ŕàőæěďãàë àěłőŋáâàãłæĺĺ áőąëâĺľ, łőâőàăï àăááňăâàĺćăńă łăęďëľ âàěł łăł ćőğňőęŋëľ íńěłâàőŋ, ŋő âàěąőćăńă, çâőąë őŋ ŋě ąëń ŕőåőę ŋă íńěłâàőŋ á âőçłĺ ğàěŋĺï àăáŕàěďěńěŋĺï áĺčŋăńőć ć TRD. Śâőĺâ ŕőďçěàłŋãâì, çâő ŋăńĺçĺě ňăńőčő ćłńăďă őâ ŋăáâőïéĺå íńěłâàőŋőć ć ŋăąőàě äőŋőćëå áőąëâĺľ ŋě ïćńïěâáï ŕàőąńěňőľ ć ďăŋŋőň łőŋłàěâŋőň áńãçăě.

Ŕěàěňěŋŋăï, ĺáŕőńìğőćăŋŋăï ďńï őâąőàă íńěłâàőŋŋëå łăŋďĺďăâőć ŋă őáŋőćě ĺŋäőàňăæĺĺ PRS ĺ ECAL, ąëńă ŕőáâàőěŋă ć áńěďãîéěň ćĺďě:

eleid = {HQ[eop,HQ[prsx,prsy]],cxy=HQ[chix,chiy]},

čďě ňë łőňąĺŋĺàãěň ĺŋäőàňăæĺî ő áĺčŋăńě ć őąěĺå ŕńőáłőáâïå PRS (prsx, prsy) á áőčńăáőćăŋŋëň ĺğňěàěŋĺěň ĺňŕãńìáă/íŋěàčĺĺ íńěłâàőŋă ć DC ĺ ECAL (eop = E_{CAL}−P_{DC} E_{CAL}+P_{DC} ), âàěąãï áőőâćěâáâćĺï äőàňë áĺčŋăńă ć łăńőàĺňěâàě ŕőćěďěŋĺî íńěł-

âàőňăčŋĺâŋőčő ńĺćŋï (chix, chiy). Ďăŋŋëľ łàĺâěàĺľ ŕőğćőńĺń ďőáâĺçì ãàőćŋï ŕàĺňěáĺ ∼ 4×10^{−2} ďńï ŕěàćĺçŋëå ăďàőŋőć, âěàïîéĺå > 0.75 ČíĆ ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě, ŕàĺ íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć ∼ 90%. Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ őâ ãàőćŋï ŕőďăćńěŋĺï äőŋă ŕàĺćěďěŋă ŋă àĺá. 5.3.

Ŕàĺ ŋăńĺçĺĺ ďćãå ŋěğăćĺáĺňëå ăńčőàĺâňőć ďńï ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć: ŋă őáŋőćě TRD (1) ĺ PRS/ECAL (2), ňőęŋő ŕőŕëâăâìáï őæěŋĺâì ãàőćěŋì ŕőďăćńěŋĺï äőŋă ďńï łăęďőčő ĺğ ăńčőàĺâňőć (ε^π_1 ĺ ε^π_2 ) ŕàĺ ãáńőćĺĺ, çâő őŋĺ ďěľáâćĺâěńìŋő ŋěğăćĺáĺňë ĺ íääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć ďńï łăęďőčő ĺğ ŋĺå ĺğćěáâŋă (ε^e_1 ĺ ε^e_2). Ěáńĺ ěáâì N âàěłőć, ĺğ łőâőàëå N_e ďěľáâćĺâěńìŋő ïćńïîâáï íńěłâàőŋăňĺ, âőčďă çĺáńő âàěłőć, ĺďěŋâĺäĺæĺàőćăŋŋëå

Řĺá. 5.1: Ŕàĺňěà ĺáŕőńìğőćăŋĺï X_{pa} ŕàěőąàăğőćăŋĺï ďńï 2-ňěàŋőľ ŕěàěňěŋŋőľ (áĺčŋăń ĺ äőŋ ïćńïîâáï ďćãňěàŋëňĺ àăáŕàěďěńěŋĺïňĺ Čăãááă á σ = 1 ĺ 50% łőààěńïæĺěľ). Ććěàåã: àăáŕàěďěńěŋĺï X_{pa} ďńï áĺčŋăńă s (ńěćő) ĺ äőŋă b (ŕàăćő). Śńěćă ćŋĺğã: àăáŕàěďěńěŋĺě s/(s+b) á ãçěâőň łőààěńïæĺľ, őâäĺâĺàőćăŋŋőě ŕàïňőľ ńĺŋĺěľ. Ŕăàăňěâàë äĺâă ŋăåőďïâáï ć ŕàěďěńăå őèĺąőł őâ őęĺďăěňëå ğŋăçěŋĺľ 0 ĺ 1. Śŕàăćă ćŋĺğã: âő ęě àăáŕàěďěńěŋĺě, çâő ĺ áńěćă, ŋő ŕěàěňěŋŋëě áçĺâăîâáï ŋěğăćĺáĺňëňĺ, ŕăàăňěâàë äĺâă áãéěáâćěŋŋő őâńĺçăîâáï őâ 0 ĺ 1.

Řĺá. 5.2: Şàőćěŋì ŕőďăćńěŋĺï äőŋă łăł äãŋłæĺï íääěłâĺćŋőáâĺ ďńï ŕàĺňěàă á ďćãňï àăáŕàěďěńěŋĺïňĺ Čăãááă ŕàĺ ãçěâě łőààěńïæĺľ (áŕńőèŋăï ńĺŋĺï) ĺ ŕàěŋěąàěęěŋĺĺ ĺňĺ (ŕãŋłâĺàŋăï ńĺŋĺï). Ćĺďŋő, çâő ãçěâ łőààěńïæĺľ áâăŋőćĺâáï ćăęŋëň ć áńãçăě, ěáńĺ âàěąãěâáï ďőáâĺçì ãàőćŋï ŕőďăćńěŋĺï äőŋă ńãçèě çěň 10^3.

Řĺá. 5.3: Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć őâ ãàőćŋï ŕőďăćńěŋĺï äőŋă ďńï ŕěàěňěŋŋőľ, ĺáŕőńìğãîéěľ ĺŋäőàňăæĺî PRS ĺ ECAL (ďńï ŕěàćĺçŋëå âàěłőć, âěàïîéĺå > 0.75 ČíĆ ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě).

ŕěàćëň ăńčőàĺâňőň àăćŋő:

N_1 = ε^e_1 · N_e + ε^π_1 · (N − N_e)

âőčďă łăł çĺáńő âàěłőć, ĺďěŋâĺäĺæĺàőćăŋŋëå ćâőàëň ňěâőďőň:

N_2 = ε^e_2 · N_e + ε^π_2 · (N − N_e)

ĺ, ŋăłőŋěæ, çĺáńő âàěłőć, ĺďěŋâĺäĺæĺàőćăŋŋëå őąőĺňĺ ăńčőàĺâňăňĺ őďŋőćàěňěŋŋő:

N_{12} = ε^e_1 · ε^e_2 · N_e + ε^π_1 · ε^π_2 · (N − N_e)

İâă áĺáâěňă ãàăćŋěŋĺľ ňőęěâ ąëâì àěèěŋă, çâő ŕőğćőńïěâ ĺğćńěçì ŋãęŋëě ŋăň ćěńĺçĺŋë. Ďăŋŋăï ŕàőćěàłă ĺáłńîçĺâěńìŋő ćăęŋă á âőçłĺ ğàěŋĺï ćőğňőęŋőáâĺ őæěŋĺâì ŋěğăćĺáĺňëň őąàăğőň łăçěáâćő àăąőâë TRD ć ãáńőćĺïå íłáŕěàĺňěŋâă (łőâőàőě ňőęěâ áãéěáâćěŋŋő őâńĺçăâìáï őâ àěğãńìâăâőć, ŕőńãçěŋŋëå ŋă âěáâőćőň ŕãçłě).

Ŕàĺ ĺáŕőńìğőćăŋĺĺ ďăŋŋőčő ŕőďåőďă ć àěăńìŋëå ďăŋŋëå ďńï őæěŋłĺ ãàőćŋï ŕőďăćńěŋĺï äőŋă őâ ăďàőŋőć, őáâăćńïîéĺå > 0.75 ČíĆ ć ECAL, ŕàĺ 90% íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć ć TRD, ŕőńãçăěň ε^π_{T RD} ∼ 0.7% ŕàĺ őâáãâáâćĺĺ ŋăńőęěŋĺľ áĺčŋăńă^3 ć TRD ĺ ε^π_{T RD} ∼ 7% ć őąéěň áńãçăě. İâĺ àěğãńìâăâë áőčńăáãîâáï á őęĺďăěňëňĺ.

Őďŋăłő, ŕàĺ ŕàĺňěŋěŋĺĺ ăŋăńőčĺçŋőľ ŕàőæěďãàë ł ňőďěńĺàőćăŋŋëň áőąëâĺïň, íâőâ ňěâőď ŕàĺćőďĺâ ł àěğãńìâăâăň, łőâőàëě ŋăň ŋě ãďăńőáì őąêïáŋĺâì (ε^π_{T RD} ∼ 10% ć ĺďěăńìŋőň áńãçăě őâáãâáâćĺï ŋăńőęěŋĺľ áĺčŋăńă ć TRD). Ć áćïğĺ á âěň, çâő ŋăňĺ ąëńĺ ĺáŕőńìğőćăŋë àěăńìŋëě ďăŋŋëě ďńï ŕőáâàőěŋĺï àăáŕàěďěńěŋĺľ ďńï áĺčŋăńă ĺ äőŋă, íâőâ äăłâ ňőęěâ ŋăćőďĺâì ŋă ňëáńì ő ŋěďőáâăâőçŋő ŕàăćĺńìŋőň ňőďěńĺàőćăŋĺĺ őâłńĺłőć ŕőďďěâěłâőàőć. Ąőńěě âőčő, âăłőě àăğńĺçĺě ãáĺńĺćăěâáï ŋěőąåőďĺňőľ ğăćĺáĺňőáâìî ăńčőàĺâňőć ĺďěŋâĺäĺłăæĺĺ őâ ňěâőďőć àěłőŋáâàãłæĺĺ. Ŋăŕàĺňěà, áŕěæĺăńìŋëľ ăńčőàĺâň ŕőáâàőěŋĺï íńěłâàőňăčŋĺâŋëå łńăáâěàőć ć łăńőàĺňěâàě ĺáŕőńìğãěâáï âőńìłő ďńï âàěłőć, ĺďěŋâĺäĺæĺàőćăŋŋëå łăł íńěłâàőŋë ć TRD. Ŋă ďăŋŋëľ ňőňěŋâ íâă ŕàőąńěňă ŋě àěèěŋă.

5.1.5 Ćőááâăŋőćńěŋĺě íńěłâàőŋőć

Šőńìłő âàěłĺ, ćłńîçěŋŋëě ć ŕěàćĺçŋãî ćěàèĺŋã, àăááňăâàĺćăîâáï łăł ŕőâěŋæĺăńìŋëě łăŋďĺďăâë ŋă ŕěàćĺçŋëľ íńěłâàőŋ. Ďńï ćőááâăŋőćńěŋĺï âàěłă íńěłâàőŋă ŋăňĺ ąëń ĺáŕőńìğőćăŋ ăńčőàĺâň, őŕĺáăŋŋëľ àăŋěě, łőâőàëľ áőáâőĺâ ć łőňąĺŋĺàőćăŋĺĺ ĺŋäőàňăæĺĺ ďàěľäőćëå łăňěà (àěłőŋáâàãĺàőćăŋŋëě áěčňěŋâë, áćïğăŋŋëě ć æěŕőçłã á ŕőňőéìî ćěàèĺŋ; ŕőĺáł ćőğňőęŋëå âőçěł ĺğńőňă âàăěłâőàĺĺ) ĺ íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă (łńăáâěàë, áőőâćěâáâćãîéĺě łăł ğăàïęěŋŋëň âàěłăň, âăł ĺ ĺáŕãéěŋŋëň âőàňőğŋëň γ-łćăŋâăň).

Őæěŋěŋŋăï á ŕőňőéìî MC ďőńï áőąëâĺľ, ć łőâőàëå âàěł ąëń ĺďěŋâĺäĺæĺàőćăŋ ć TRD łăł íńěłâàőŋ, ŋő ŋě ćłńîçěŋ ć ŕěàćĺçŋãî ćěàèĺŋã, áőáâăćńïěâ ňěŋěě 2%.

5.1.6 Ćëąőà ńěŕâőŋă ĺğ ŕěàćĺçŋőľ ćěàèĺŋë

Ćëąőà ćëńěâăîéěčő ĺğ ŕěàćĺçŋőľ ćěàèĺŋë (âőłőćőčő) ńěŕâőŋă ąëń áďěńăŋ áńěďãîéĺň őąàăğőň. Ŕàĺ ŋăńĺçĺĺ ć ŕěàćĺçŋőľ ćěàèĺŋě ńĺèì őďŋőčő ĺďěŋâĺäĺæĺàőćăŋŋőčő ńěŕâőŋă l (μ^± ĺńĺ e^±), ďăŋŋőě áőąëâĺě àăááňăâàĺćăńőáì łăł

łăŋďĺďăâ ŋă^{(−)}ν_l CC ćğăĺňőďěľáâćĺě. Ć áńãçăě, łőčďă ć ŕěàćĺçŋőľ ćěàèĺŋě

3Ŋăńőęěŋĺě áĺčŋăńă ć TRD ŕàőĺáåőďĺâ łőčďă ŋěáłőńìłő ğăàïęěŋŋëå çăáâĺæ ŕěàěáěłăîâ őďĺŋ ĺ âőâ ęě ŋăąőà TRD âàãąőł.

Řĺá. 5.4: Śàăćŋěŋĺě àăáŕàěďěńěŋĺľ ĺŋćăàĺăŋâŋőľ ňăááë ĺ ŕőŕěàěçŋőčő ĺňŕãńìáă őďŋőčő ĺğ âàěłőć ŕő őâŋőèěŋĺî ł ĺå áãňňăàŋőňã ĺňŕãńìáã (p^{int}_T ) ďńï ŕăàë âàěłőć (ŕěàćĺçŋëľ e^± łăŋďĺďăâ ĺ ďàãčőľ ŕàőâĺćőŕőńőęŋő ğăàïęěŋŋëľ âàěł, áőáâăćńïîéĺľ ŋăĺňěŋìèĺľ ãčőń á ŕěàćëň ć ŕńőáłőáâĺ YZ) ďńï ν_μ NC (áŕńőèŋăï ńĺŋĺï), τ → e (ŕãŋłâĺàŋăï ńĺŋĺï) ĺ ν_e CC (èâàĺåőćăï ńĺŋĺï) Ňőŋâě-Łăàńő áőąëâĺľ. Ňőęŋő ńěčłő ãćĺďěâì ćłńăď őâ łőŋćěàáĺľ ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë (áłőŕńěŋĺě áőąëâĺľ ćąńĺğĺ ŋőńï ć őąőĺå àăáŕàěďěńěŋĺïå).

ąëńő ďćă ĺďěŋâĺäĺæĺàőćăŋŋëå ńěŕâőŋă àăğŋőčő âĺŕă, ĺ őďĺŋ ĺğ ŋĺå μ^−, áőąëâĺě łńăááĺäĺæĺàőćăńőáì łăł ν_μ CC ĺ ĺáŕőńìğőćăńőáì ďńï ŕőáâàőěŋĺï ŕáěćďő-ν_μ NC, âő ěáâì ν_μ CC, ć łőâőàőň ňîőŋ ĺğ ŕěàćĺçŋőľ ćěàèĺŋë ŕőńŋőáâìî ĺčŋőàĺàãěâáï. Ěáńĺ őąă ńěŕâőŋă ĺňěńĺ őďĺŋ ĺ âőâ ęě âĺŕ, âő âőłőćëň ńěŕâőŋőň áçĺâăńáï âàěł, ĺňěîéĺľ ąőńìèĺľ ŕőŕěàěçŋëľ ĺáŕãńìá (p_T ). Śőąëâĺï, ć łőâőàëå ć ŕěàćĺçŋőľ ćěàèĺŋě áőďěàęăńőáì ąőńìèě ďćãå ĺďěŋâĺäĺæĺàőćăŋŋëå ńěŕâőŋőć, ŋě ĺáŕőńìğőćăńĺáì ďńï ďăŋŋőčő ăŋăńĺğă.

5.1.7 Łĺŋěňăâĺçěáłĺľ őâąőà

Šőńìłő áőąëâĺï, ãďőćńěâćőàïîéĺě őŕĺáăŋŋëň àăŋěě łàĺâěàĺïň őâąőàă ŋă íääěłâĺćŋëľ őąêěň ďěâěłâőàă, łăçěáâćő ćőááâăŋőćńěŋĺï ĺ ňŋőęěáâćěŋŋőáâì, ąãďãâ ĺáŕőńìğőćăŋë ďńï íâőčő ăŋăńĺğă. Ňë âàěąãěň âăłęě őâáãâáâćĺï ĺďěŋâĺäĺæĺàőćăŋŋőčő ňîőŋă ć áőąëâĺĺ.

Ňőďěńĺàőćăŋŋëě ν_e CC áőąëâĺï ąëńĺ ĺáŕőńìğőćăŋë ďńï ŕőáâàőěŋĺï àăáŕàěďěńěŋĺľ ďńï áĺčŋăńă, ă ŕáěćďő-ν_μ NC áőąëâĺï ĺğ àěăńìŋëå ďăŋŋëå ďńï ŕăàăňěâàĺğăæĺĺ äőŋă. Őâďěńěŋĺě ν_e CC łăŋďĺďăâőć őâ äőŋőćëå ν_μ CC ĺ NC ćğăĺňőďěľáâćĺľ őáãéěáâćńïńőáì ć ŋěáłőńìłő íâăŕőć.

Ŕěàćëľ ŋăąőà łàĺâěàĺěć áńãęĺâ ďńï âőčő, çâőąë ĺğąăćĺâìáï őâ áőąëâĺľ, áőďěàęăéĺå łőŋćěàáĺî äőâőŋă ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë, łőčďă őďĺŋ ĺğ ğăàïęěŋŋëå âàěłőć ćłńîçěŋ ć ŕěàćĺçŋãî ćěàèĺŋã, âőčďă łăł ěčő ŕăàâŋěà ćőááâăŋőćńěŋ, ŋő ŋě ăááőæĺĺàőćăŋ á ŕěàćëň âàěłőň. Ňë ćëąĺàăěň âàěł^4 ŕàőâĺćőŕőńőęŋőčő ğăàïďă, őąàăğãîéĺľ ŋăĺňěŋìèĺľ ãčőń ć ŕńőáłőáâĺ^5 YZ á íńěłâàőŋŋëň łăŋďĺďăâőň ĺğ ŕěàćĺçŋőľ ćěàèĺŋë (oyz) ĺ ŕàĺňěŋïěň áâăŋďăàâŋëě łàĺâěàĺĺ

4Ŕàĺ ćëąőàě ŕăàâŋěàă àăğŋőáâì ňěęďã Z-łőőàďĺŋăâăňĺ ŕěàćőčő őâáçěâă ďńï e^± łăŋďĺďăâă ĺ ďàãčőčő âàěłă ňőęěâ ďőáâĺčăâì 100 áň. İâő ďőŕãáłăěâáï ĺğ-ğă âőčő, çâő ďćă âàěłă őâ łőŋćěàáĺĺ äőâőŋă őąëçŋő ńěęăâ őçěŋì ąńĺğłő ďàãč ł ďàãčã, ĺ őâáçěâë őďŋőčő ĺğ ŋĺå ňőčãâ ňăáłĺàőćăâì őâáçěâë ďàãčőčő.

5Šăł łăł łăçěáâćő àěłőŋáâàãłæĺĺ áãéěáâćěŋŋő ńãçèě ć ŕńőáłőáâĺ YZ ŕő áàăćŋěŋĺî á ŕńőáłőáâìî XZ.

Řĺá. 5.5: Śàăćŋěŋĺě àăáŕàěďěńěŋĺľ qt2ratio vs rho nu ďńï ν_e CC MC áőąëâĺľ (âőçłĺ) ĺ ν_μ NC MC áőąëâĺľ, áőďěàęăéĺå íńěłâàőŋ ć ŕěàćĺçŋőľ ćěàèĺŋě (łàěáâĺłĺ).

ŋă ĺŋćăàĺăŋâŋãî ňăááã (xm yz), ŕőŕěàěçŋëľ ĺňŕãńìá őďŋőčő ĺğ âàěłőć ŕő őâŋőèěŋĺî ł ĺå áãňňăàŋőňã ĺňŕãńìáã (ptp yz) (áň. àĺá. 5.4), ŕàĺŋĺňăï âăłęě ćő ćŋĺňăŋĺě ãčńë ňěęďã íâĺňĺ ďćãňï âàěłăňĺ (ć ŕàőáâàăŋáâćě (op yz) ĺ ć ŕńőáłőáâĺ XZ (oxz yz)):

conv = {ptp_yz,xm_yz,oyz,op_yz,oxz_yz}

Ćâőàőľ ŋăąőà łàĺâěàĺěć ĺáŕőńìğãěâáï ďńï âőčő, çâőąë őâąàőáĺâì áőąëâĺï, ć łőâőàëå ăďàőŋ, ćëńěâăîéĺľ ĺğ ŕěàćĺçŋőľ ćěàèĺŋë, ŋěćěàŋő ĺďěŋâĺäĺæĺàőćăŋ ŕàőčàăňňőľ àěłőŋáâàãłæĺĺ łăł íńěłâàőŋ. Ďăŋŋëľ łàĺâěàĺľ áőáâőĺâ ĺğ ďćãå çăáâěľ.

Ŕěàćăï çăáâì őáŋőćăŋă ŋă ňěâőďě, ŕàěďńőęěŋŋőň ć [100], ďńï őâďěńěŋĺï CC áőąëâĺľ őâ NC ćğăĺňőďěľáâćĺľ. Őŋ áńãęĺâ ďńï âőčő, çâőąë ãąěďĺâìáï, çâő âàěł, ĺďěŋâĺäĺæĺàőćăŋŋëľ łăł íńěłâàőŋ, áőőâćěâáâćãěâ čĺŕőâěğě ő âőň, çâő íâő âőłőćëľ ńěŕâőŋ. Ĺďěï ğăłńîçăěâáï ć ćëçĺáńěŋĺĺ áàěďŋěčő Q^2_T ăďàőŋŋőľ áâàãĺ ć ďćãå ŕàěďŕőńőęěŋĺïå: áőąëâĺě ŕő łăŋăńã ŋěľâàăńìŋőčő âőłă - Q^2_T (NC) (ćáě âàěłĺ, ćëńěâăîéĺě ĺğ ŕěàćĺçŋőľ ćěàèĺŋë, áçĺâăîâáï çăáâìî ăďàőŋŋőľ áâàãĺ) ĺ áőąëâĺě ŕő łăŋăńã ğăàïęěŋŋőčő âőłă - Q^2_T (CC) (ŕàĺ ćëçĺáńěŋĺĺ Q^2_T ŕőďàăğãňěćăěâáï, çâő őďĺŋ ĺğ âàěłőć ïćńïěâáï ńěŕâőŋőň, ă ćáě őáâăńìŋëě áőáâăćńïîâ ăďàőŋŋãî áâàãî). Őâŋőèěŋĺě^{Q2T (CC)}_{Q2T (NC)} ŕőğćőńïěâ àăğďěńĺâì íâĺ ďćě čĺŕőâěğë: őŋő ąńĺğłő ł 1 ďńï NC áőąëâĺľ, â.ł. áńãçăľŋëň őąàăğőň ćëąàăŋŋëľ âàěł ŋě ĺğňěŋïěâ ŕőćěďěŋĺï ăďàőŋŋőľ áâàãĺ. Ć âő ćàěňï łăł ďńï CC áőąëâĺľ őâŋőèěŋĺě ąńĺğłő ł 0, â.ł. âőłőćëľ ńěŕâőŋ áãéěáâćěŋŋő ãćěńĺçĺćăěâ Q^2_T ŕàĺ ćłńîçěŋĺĺ ěčő ć áőáâăć ăďàőŋŋőľ áâàãĺ. Šăłĺň őąàăğőň, ŕàĺ ŕàăćĺńìŋőň ćëąőàě âőłőćőčő ńěŕâőŋă ć CC áőąëâĺïå Q^2_T (NC) > Q^2_T (CC) (áň. àĺá. 5.5).

Ŕěàěňěŋŋăï, ĺáŕőńìğőćăŋŋăï ďńï őâąőàă, ąëńă ŕőáâàőěŋă áńěďãîéĺň őąàăğőň:

nc = HQ[qt2ratio,rho_nu]

Ŕàĺňěà s/(s+b) àăáŕàěďěńěŋĺï ŕàĺćěďěŋ ŋă àĺá. 5.6. Őŋ ŕőğćőńïěâ ŕàőćěàĺâì łăçěáâćő ŕăàăňěâàĺğăæĺĺ ďńï ďăŋŋőľ ŕěàěňěŋŋőľ nc ĺ ãąěďĺâìáï ć âőň, çâő ãçěâ łőààěńïæĺľ ňěęďã qt2ratio ĺ rho nu ĺčàăěâ ćăęŋãî àőńì.

Řĺá. 5.6: Ŕàĺňěà s/(s+b) àăáŕàěďěńěŋĺï ŕőğćőńïěâ ŕàőćěàĺâì łăçěáâćő ŕăàăňěâàĺğăæĺĺ ďńï ďăŋŋőľ ŕěàěňěŋŋőľ nc ĺ ãąěďĺâìáï ć âőň, çâő ãçěâ łőààěńïæĺľ ňěęďã qt2ratio ĺ rho nu ĺčàăěâ ćăęŋãî àőńì. Řăáŕàěďěńěŋĺï ć áńãçăïå ŕàěŋěąàěęěŋĺï łőààěńïæĺěľ (ńěćő) ĺ ěě ãçěâě (ŕàăćő).

Ćâőàăï çăáâì ďăŋŋőčő łàĺâěàĺï őâąőàă ŕàěďáâăćńïěâ áőąőľ łőňąĺŋăæĺî ňĺŋĺňăńìŋőčő ãčńă ć ŕàőáâàăŋáâćě ňěęďã íńěłâàőŋŋëň łăŋďĺďăâőň ĺ ńîąëň ďàãčĺň ğăàïęěŋŋëň âàěłőň ć áőąëâĺĺ (opanch) ĺ ŕőŕěàěçŋőčő ĺňŕãńìáă íńěłâàőŋă ŕő őâŋőèěŋĺî ł ŋăŕàăćńěŋĺî ăďàőŋŋőľ áâàãĺ (qtisol):

ang = HQ[opanch,qtisol]

Ďăŋŋëľ łàĺâěàĺľ ŕőğćőńïěâ őâńĺçĺâì CC áőąëâĺï őâ NC, ĺáŕőńìğãï âőâ äăłâ, çâő âőłőćëľ ńěŕâőŋ, łăł ŕàăćĺńő, åőàőèő ĺğőńĺàőćăŋ őâ ăďàőŋŋőľ áâàãĺ.

Ŋăłőŋěæ, łĺŋěňăâĺçěáłĺľ őâąőà ν_e CC łăŋďĺďăâőć őáŋőćăŋ ŋă áńěďãîéĺå ŕěàěňěŋŋëå: ŕőńŋăï ćĺďĺňăï íŋěàčĺï ć áőąëâĺĺ (etot), ĺňŕãńìá íńěłâàőŋă (plep), ŋěďőáâăîéĺľ ŕőŕěàěçŋëľ ĺňŕãńìá ć áőąëâĺĺ (ptmis), ŕőŕěàěçŋăï ňăááă (xmt), ćëçĺáńěŋŋăï á ŕőňőéìî ćěłâőàőć ⃗p^e_T ĺ ⃗p^{miss}_T , ĺ ŕěàěňěŋŋëě (rho nu, rho mu), őŕĺáëćăîéĺě ŕőćěďěŋĺě áőąëâĺï ć ŕńőáłőáâĺ, ŕěàŕěŋďĺłãńïàŋőľ ŋăŕàăćńěŋĺî ŋăńěâăîéěčő ŋěľâàĺŋő:

kin1={xmt,etot,plep,qtisol,rho_nu,rho_mu,ptmis}

Ŋĺęě ŕàĺćěďěŋë äőàňãńë ďńï ćëçĺáńěŋĺï ŕěàěňěŋŋëå, ĺáŕőńìğőćăŋŋëå ć íâőň àăğďěńě: ⃗q_T = ⃗p − (⃗p · ⃗P_h) P^2_h ⃗P_h Q^2_T (NC) = 1 n ∑ i q^2_T (i)

Q^2_T (CC) = 1 n − 1 ∑ i≠lepton q^2_T (i)

qt2ratio = Q^2_T (CC) Q^2_T (NC) ρ_ν = rho nu = p^{lep}_T − p^{miss}_T p^{had}_T , ρ_μ = rho mu = p^{lep}_T + p^{miss}_T − p^{had}_T p^{lep}_T + p^{miss}_T + p^{had}_T M_T = xmt = √ (p^{lep}_T + p^{miss}_T )^2 − (⃗p^{lep}_T + ⃗p^{mis}_T )^2

Šăąńĺæă 5.3: Şàőćěŋì ŕőďăćńěŋĺï äőŋă á ŕőňőéìî ŕàěďńőęěŋŋëå łàĺâěàĺěć őâąőàă (łőňąĺŋăæĺï eleid, conv, nc, ang ĺ kin1) ďńï ν_μ CC ĺ NC áőąëâĺľ. Śâőĺâ őąàăâĺâì ćŋĺňăŋĺě, çâő 20 ”−” áőąëâĺľ ĺğ ŕáěćďő-NC, ŕőáâàőěŋŋëå ŋă őáŋőćě ν_e CC ( MC ), ŕàěďáâăćńïîâ áőąőľ ŋăáâőïéĺě ν_e CC ćğăĺňőďěľáâćĺï, áőďěàęăéĺě μ^− (őâ àăáŕăďă ăďàőŋă), łőâőàëľ ąëń ŕàőĺčŋőàĺàőćăŋ ŕàĺ ŕőáâàőěŋĺĺ ŕáěćďő-NC (áň. âěłáâ).

Šĺŕ áőąëâĺï N N ňőď. N àěł. N äőŋ N äőŋ áőąëâĺľ áőąëâĺľ FV áőąëâĺľ ć FV ”−” ”+” ν_μ CC ( MC ) 484302 391977 377423 3 9 ν_μ NC ( MC ) 148132 117772 108481 3 4 ν_μ NC ( MC ) test 150000 119527 110178 5 4 ν̄_μ CC ( MC ) 13127 9824 9590 0 - ŕáěćďő-NC ĺğ ν_μ CC ( MC ) - - 275644 4 17 ŕáěćďő-NC ĺğ ν_e CC ( MC ) 19775 15114 13892 20 - ŕáěćďő-NC ( ďăŋŋëě ’96 ) - - 256074 18 33 ŕáěćďő-NC ( ćáě ďăŋŋëě ) - - 341510 23 41

5.1.8 İääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ ĺ őæěŋłă ãàőćŋï äőŋă

Ĺáŕőńìğãï łőňąĺŋăæĺî łàĺâěàĺěć őâąőàă, őŕĺáăŋŋëå àăŋěě, ŋăňĺ ąëńă ďőáâĺčŋãâă íääěłâĺćŋőáâì^6 őâąőàă ν_e CC áőąëâĺľ (38.5 ± 0.5)%.

Ŕàőćěàłă ŋă ŋěğăćĺáĺňőň ŋăąőàě áőąëâĺľ (ŋě ĺáŕőńìğőćăŋŋőň ďńï ŕőáâàőěŋĺï äãŋłæĺľ ŕàăćďőŕőďőąĺï) ďăńă áőčńăáőćăŋëľ àěğãńìâăâ ε_{νe CC} = (39.0 ± 0.4)%.

Ńĺèì ŋěąőńìèőě çĺáńő äőŋőćëå áőąëâĺľ ćëęĺćăěâ ć łăęďőľ ĺğ łăâěčőàĺľ (áň. Šăąńĺæã 5.3). Ŋă őáŋőćě íâőčő ňë ňőęěň őæěŋĺâì ãàőćěŋì ŕőďăćńěŋĺï äőŋă őâ ν_μ NC MC áőąëâĺľ (őâ 2 ďő 5) × 10^{−5} łăł ďńï őâàĺæăâěńìŋëå (“−”), âăł ĺ ďńï ŕőńőęĺâěńìŋëå (“+”) ŕěàćĺçŋëå íńěłâàőŋŋëå/ŕőğĺâàőŋŋëå łăŋďĺďăâőć. Şàőćěŋì ŕőďăćńěŋĺï äőŋă őâ ν_μ CC MC áőąëâĺľ ŋăåőďĺâáï ć ŕàěďěńăå (őâ 3 ďő 13) × 10^{−6} ďńï “−” ĺ (őâ 1 ďő 3) × 10^{−5} ďńï “+”. “+”/“−” áĺňňěâàĺï äőŋă őâ ν_μ NC áőőâćěâáâćãěâ ŋăèĺň őęĺďăŋĺïň, âăłęě łăł ĺ åãďèĺľ ãàőćěŋì ŕőďăćńěŋĺï “+” äőŋă ć ν_μ CC, őąãáńőćńěŋŋëľ ŋăńĺçĺěň ŕőńãńěŕâőŋŋëå àăáŕăďőć őçăàőćăŋŋëå ňěğőŋőć (c → he^+ν_e). Ŕàĺňěà âăłőčő áőąëâĺï ŕàĺćěďěŋ ŋă àĺá. 5.7.

Ďńï ŕàőćěàłĺ ŕőńãçěŋŋëå àěğãńìâăâőć ąëńĺ ĺáŕőńìğőćăŋë ŕáěćďő-NC áőąëâĺï, ŕőáâàőěŋŋëě ĺğ ν_μ CC MC, ν_e CC MC ĺ àěăńìŋëå áőąëâĺľ. Śàăğã ąàőáăěâáï ć čńăğă “+”/“−” ăáĺňňěâàĺï őâ àăáŕăďőć őçăàőćăŋŋëå çăáâĺæ ć ŕáěćďő-NC ŋă ąăğě ν_μ CC áőąëâĺľ. Ďńï âőčő, çâőąë ŕőďăćĺâì äőŋ őâ àăáŕăďőć ăŋâĺ-őçăàőćăŋŋëå çăáâĺæ, őąàăğőćăŋŋëå ć ν̄_μ CC, ňë ŋě áâàőĺň ŕáěćďő-NC ĺğ áőąëâĺľ, áőďěàęăéĺå μ^+.

Ŕàĺ ĺáŕőńìğőćăŋĺĺ ŕáěćďő-NC ďńï őæěŋłĺ äőŋă őâ àěăńìŋëå NC áőąëâĺľ, ćăęŋő ĺňěâì ć ćĺďã ďćě ćőğňőęŋëě ŕàőąńěňë.

Ŕěàćăï ĺğ ŋĺå ŕàĺáãâáâćãěâ âőńìłő ć àěăńìŋëå ďăŋŋëå ĺ áćïğăŋă á ĺáŕőńìğãěňëň ăńčőàĺâňőň ćëąőàă âőłőćőčő ńěŕâőŋă. Ďěńő ć âőň, çâő ěáńĺ ć ν_e CC áőąëâĺĺ őâàĺæăâěńìŋëľ ăďàőŋ àăáŕăďăěâáï ŋă ňîőŋ, âő íâő áőąëâĺě ąãďěâ ĺáŕőńìğőćăŋő ďńï ŕőáâàőěŋĺï ŕáěćďő-NC. Ĺğ 18 “−” áőąëâĺľ ć łăâěčőàĺĺ ŕáěćďő- NC ĺğ ďăŋŋëå ’96 čőďă ∼ 7 áőąëâĺľ őąêïáŋïîâáï ĺňěŋŋő íâĺň ňěåăŋĺğňőň, łăł áńěďãěâ ĺğ ĺğãçěŋĺï ν_e CC MC áőąëâĺľ (áň. áâàőłã ”ŕáěćďő-NC ĺğ ν_e CC MC” ć

6İääěłâĺćŋőáâì ĺ ãàőćěŋì ŕőďăćńěŋĺï äőŋă ćëçĺáńěŋë ŕő őâŋőèěŋĺî ł çĺáńã áőąëâĺľ á àěłőŋáâàãĺàőćăŋŋőľ ćěàèĺŋőľ, ńěęăéěľ ć íääěłâĺćŋőň őąêěňě (fiducial volume - FV) ďěâěłâőàă.

Řĺá. 5.7: Śőąëâĺě run 212013 event 27069 (YZ ŕàőěłæĺï): ïćńïěâáï “+” łăŋďĺďăâőň ĺğ ŋăąőàă ν_μ CC MC. Őŋő áőďěàęĺâ àăáŕăď D^0 → e^+ν_eK^− (p_e+ = 5.3 ČíĆ, p_{νe} = 4.3 ČíĆ, p_K− = 14.7 ČíĆ).

Šăąńĺæě 5.3). Őáâăćèĺěáï 11 “−” áőąëâĺľ áőčńăáãîâáï á ŋăèěľ őæěŋłőľ, ŕőńãçěŋŋőľ á ĺáŕőńìğőćăŋĺěň ňőďěńĺàőćăŋŋëå áőąëâĺľ ([(őâ 2 ďő 5)×10^{−5}]×256074).

Ćâőàăï ŕàőąńěňă ŕàĺáãâáâćãěâ ĺ ć àěăńìŋëå, ĺ ć ňőďěńĺàőćăŋŋëå áőąëâĺïå. Őŋă ïćńïěâáï ŋěĺğąěęŋëň áńěďáâćĺěň ŕàőæěďãàë ŕőáâàőěŋĺï ŕáěćďő-NC. Ďěńő ć âőň, çâő łĺŋěňăâĺłă ŕáěćďő-NC ĺáłăęěŋă ŋěőąåőďĺňőáâìî ĺďěŋâĺäĺæĺàőćăâì ňîőŋ, ă áàěďŋĺľ ğăàïď ăďàőŋŋőľ áâàãĺ 3/2 ćňěáâő 1/2, çâő ŕàĺćőďĺâ ł ĺğňěŋěŋĺïň ć àăáŕàěďěńěŋĺïå ďńï ńĺďĺàãîéĺå çăáâĺæ. Ąőńěě âőčő, ĺğ-ğă ŋěćőğňőęŋőáâĺ àăğńĺçĺâì őâáçěâë ć ďàěľäőćëå łăňěàăå, ŕàĺŋăďńěęăéĺě ďćãň ąńĺğłőńěęăéĺň âàěłăň, ňë ŋě ňőęěň őŕàěďěńĺâì łăłĺě őâáçěâë ďőńęŋë ąëâì ŕàőĺčŋőàĺàőćăŋë ćňěáâě á ňîőŋőň. Ŋăŕàĺňěà, ěáńĺ ňîőŋ ĺáŕãáłăěâ δ-íńěłâàőŋ ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë, íâőâ íńěłâàőŋ ňőęěâ ąëâì őèĺąőçŋő ćłńîçěŋ ć ďăŋŋãî ćěàèĺŋã, ĺáŕőńìğãï őâáçěâë, őáâăćńěŋŋëě ć łăňěàăå ňîőŋőň. Ďăŋŋőě áőąëâĺě ŋě ąãďěâ őâąàőèěŋő łàĺâěàĺěň ŋă ãčőń ňěęďã ďćãňï âàěłăňĺ (ang), â.ł. ňë ĺčŋőàĺàãěň ňîőŋŋëľ âàěł. Ďàãčĺň ŕàĺňěàőň ňőęěâ áńãęĺâì áőąëâĺě, ć łőâőňőň ňîőŋ, ŕàőåőďï çěàěğ âě ęě âàãąłĺ ć TRD, çâő ĺ ğăàïęěŋŋëľ ăďàőŋ, ćëğëćăěâ ěčő ŋěćěàŋãî ĺŋďěŋâĺäĺłăæĺî.

Šěň ŋě ňěŋěě, äőŋ, çãćáâćĺâěńìŋëľ ł łĺŋěňăâĺłě ăďàőŋŋőľ áâàãĺ ĺ ěě ğăàïďã, ćőğŋĺłăěâ ĺğ-ğă ŋěŕàăćĺńìŋőľ ĺďěŋâĺäĺłăæĺĺ, łőâőàăï, ć ŕěàćőň ŕàĺąńĺęěŋĺĺ, ŋě ğăćĺáĺâ őâ łĺŋěňăâĺłĺ áőąëâĺï. Ďěâěłâőàŋëě íääěłâë ďőáâăâőçŋő àěďłő ïćńïîâáï áěàìěğŋőľ ŕàőąńěňőľ ďńï őâąőàă ν_e CC łăŋďĺďăâőć, ŋő ňőčãâ őłăğăâìáï ğŋăçĺâěńìŋő ćăęŋěě ŕàĺ ŕőĺáłě ν_μ → ν_τ őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ → e.

Śàăćŋěŋĺě ĺáŕőńìğőćăŋŋëå ďńï ăŋăńĺğă łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ňěęďã ν_μ NC ĺ ŕáěćďő-NC ć MC áőąëâĺïå (àĺá. 5.8 ĺ àĺá. 5.9) ĺ àěăńìŋëå ďăŋŋëå (àĺá. 5.10 ĺ àĺá. 5.11) ãłăğëćăěâ ŋă àăğãňŋőě áőčńăáĺě, łőâőàőě ŕőďâćěàęďăěâ ćőğňőęŋőáâì ĺáŕőńìğőćăŋĺï ŕáěćďő-NC áőąëâĺľ ďńï ŕőáâàőěŋĺï äãŋłæĺľ ŕàăćďőŕőďőąĺï. Ďńï őŕĺáăŋŋőčő ğďěáì őâąőàă ŕàĺ ŕăàăňěâàĺğăæĺĺ äőŋőćëå àăáŕàěďěńěŋĺľ ąëńĺ ĺáŕőńìğőćăŋë łăł őâàĺæăâěńìŋëě, âăł ĺ ŕőńőęĺâěńìŋëě íńěłâàőŋŋëě/ŕőğĺâàőŋŋëě łăŋďĺďăâë.

5.1.9 Řěğãńìâăâë őâąőàă

Ŕàĺňěŋěŋĺě ďăŋŋőľ ŕàőæěďãàë őâąőàă ł àěăńìŋëň ďăŋŋëň, ŋăłőŕńěŋŋëň ć ’96 čőďã, ŕàĺćőďĺâ ł ŋăąőàã ĺğ 1842 łăŋďĺďăâőć ŋă ν_e CC ćğăĺňőďěľáâćĺï. Ŕàĺ íâőň ãàőćěŋì äőŋă őæěŋĺćăěâáï łăł ∼ 5 (ĺńĺ < 9 ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ) áőąëâĺľ őâ ν_μ NC ĺ ∼ 3 (ĺńĺ < 7 ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ) áőąëâĺľ őâ ν_μ CC.

Řĺá. 5.8: Śàăćŋěŋĺě ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć áőąëâĺĺ, ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă, ŕőŕěàěçŋőčő ĺňŕãńìáă íńěłâàőŋă ŕő őâŋőèěŋĺî ł ăďàőŋŋőľ áâàãě ĺ ŕőŕěàěçŋőľ ňăááë ďńï áőąëâĺľ, áőďěàęăéĺå e^± łăŋďĺďăâ ć ŕěàćĺçŋőľ ćěàèĺŋě: ν_μ NC MC áőąëâĺï (áŕńőèŋăï ńĺŋĺï) ĺ ŕáěćďő-NC, ŕőáâàőěŋŋëě ŋă őáŋőćě ν_μ CC MC áőąëâĺľ (èâàĺåőćăï ńĺŋĺï).

Řĺá. 5.9: Śàăćŋěŋĺě ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć áőąëâĺĺ, P_T íńěłâàőŋă ĺ ŕěàěňěŋŋëå ρ_μ ĺ ρ_ν ďńï áőąëâĺľ, áőďěàęăéĺå e^± łăŋďĺďăâ ć ŕěàćĺçŋőľ ćěàèĺŋě: ν_μ NC MC áőąëâĺï (áŕńőèŋăï ńĺŋĺï) ĺ ŕáěćďő-NC, ŕőáâàőěŋŋëě ŋă őáŋőćě ν_μ CC MC áőąëâĺľ (èâàĺåőćăï ńĺŋĺï)

Řĺá. 5.10: Śàăćŋěŋĺě ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć áőąëâĺĺ, ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă, ŕőŕěàěçŋőčő ĺňŕãńìáă íńěłâàőŋă ŕő őâŋőèěŋĺî ł ăďàőŋŋőľ áâàãě ĺ ŕőŕěàěçŋőľ ňăááë ďńï áőąëâĺľ, áőďěàęăéĺå e^± łăŋďĺďăâ ć ŕěàćĺçŋőľ ćěàèĺŋě: ŕáěćďő-NC ĺğ ν_μ NC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ ŕáěćďő-NC, ŕőáâàőěŋŋëě ŋă őáŋőćě ν_μ CC łăŋďĺďăâőć ĺğ ďăŋŋëå ’96 čőďă (âőçłĺ á őèĺąłăňĺ).

Řĺá. 5.11: Śàăćŋěŋĺě ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć áőąëâĺĺ, P_T íńěłâàőŋă ĺ ŕěàěňěŋŋëå ρ_μ ĺ ρ_ν ďńï áőąëâĺľ, áőďěàęăéĺå e^± łăŋďĺďăâ ć ŕěàćĺçŋőľ ćěàèĺŋě: ŕáěćďő-NC ĺğ ν_μ CC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ ŕáěćďő-NC, ŕőáâàőěŋŋëě ŋă őáŋőćě ν_μ CC łăŋďĺďăâőć ĺğ ďăŋŋëå ’96 čőďă (âőçłĺ á őèĺąłăňĺ).

Śàăćŋěŋĺě łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï áőąëâĺľ, őâőąàăŋŋëå ĺğ àěăńìŋëå ďăŋŋëå ĺ ν_e CC MC ćğăĺňőďěľáâćĺľ, ŕàĺćěďěŋő ŋă àĺá. 5.12 ĺ àĺá. 5.13. Řăğãňŋőě áőčńăáĺě ďőáâĺčŋãâő ďńï ŕàőďőńìŋëå ŕěàěňěŋŋëå, âőčďă łăł ŕőŕěàěçŋëě ŕěàěňěŋŋëě őâàăęăîâ ãęě őâňěçěŋŋőě ŋăňĺ àăğńĺçĺě ć ŕőćěďěŋĺĺ ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă p^{miss}_T (áň. àĺá. 4.9). Śâőĺâ őâňěâĺâì, çâő ĺáŕőńìğőćăŋĺě ŕáěćďő-NC áőąëâĺľ ĺğ àěăńìŋëå ďăŋŋëå çăáâĺçŋő łőňŕěŋáĺàãěâ íâőâ ŋěďőáâăâőł.

Ňőęŋő ŕőŕëâăâìáï ŕàěďáłăğăâì őęĺďăěňőě çĺáńő ĺďěŋâĺäĺæĺàőćăŋŋëå ν_e CC áőąëâĺľ ć ďăŋŋëå ’96 čőďă. Ĺáŕőńìğãï ŋăąńîďăěňőě çĺáńő ν_μ CC ćğăĺňőďěľáâćĺľ ć íääěłâĺćŋőň őąêěňě ďěâěłâőàă (256074), ŕőŕàăćńěŋŋőě ŋă íääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ (ε_{νμ CC} = (73.0 ± 0.2)%), ĺ ŕàěďáłăğăŋĺě Ňőŋâě-Łăàńő ŕő őâŋőáĺâěńìŋőňã áőáâăćã ŕãçłă (ν_e/ν_μ ∼ 1.4%), ňë ňőęěň őæěŋĺâì őęĺďăěňőě çĺáńő ν_e CC áőąëâĺľ: 1891 ± 25(áâăâ.) ± 95(áĺáâ.), çâő ŋăåőďĺâáï ć åőàőèěň áőčńăáĺĺ á ŋăąńîďăěňëň çĺáńőň áőąëâĺľ.

Ąëńő ŕàőćěàěŋő, çâő á ĺáŕőńìğőćăŋĺěň ŕàěďńőęěŋŋőľ ŕàőæěďãàë őâąőàă ňőęŋő ŕőńãçĺâì ďőáâăâőçŋő çĺáâëľ ŋăąőà ν̄_e CC áőąëâĺľ. Ňë őâőąàăńĺ 240 áőąëâĺľ ŕàĺ őæěŋłě äőŋă ∼ 5 (ĺńĺ < 9 ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ) áőąëâĺľ őâ ν_μ NC ĺ ∼ 9 (ĺńĺ < 14 ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ) áőąëâĺľ őâ ν_μ CC. İääěłâĺćŋőáâì őâąőàă, őæěŋěŋŋăï á ŕőňőéìî ν̄_e CC MC, ε_{ν̄e CC} = (38.4 ± 1.4)% áőćŕăďăěâ á íääěłâĺćŋőáâìî ĺďěŋâĺäĺłăæĺĺ ν_e CC ćğăĺňőďěľáâćĺľ. Őâŋőèěŋĺě çĺáńă ν̄_e CC łăŋďĺďăâőć ł ν_e CC áőąëâĺïň áőáâăćńïěâ (12 ± 1)%, çâő áőćŕăďăěâ á ŕàěďáłăğăŋĺïňĺ ŕàőčàăňňë ňőďěńĺàőćăŋĺï ŋěľâàĺŋŋőčő ŕãçłă.

Ňë ãąěďĺńĺáì âăłęě ć âőň, çâő őâőąàăŋŋëě e^± łăŋďĺďăâë ïćńïîâáï ŕěàćĺçŋëňĺ âàěłăňĺ, áàăćŋĺćăï ΔZ àăáŕàěďěńěŋĺï (àăğŋőáâì ŕő Z łőőàďĺŋăâě ňěęďã ŕőńőęěŋĺěň ŕěàćĺçŋőľ ćěàèĺŋë ĺ ŕěàćëň őâáçěâőň ć ńěŕâőŋŋőň âàěłě) ďńï ν_e CC ĺ ν_μ CC áőąëâĺľ ĺğ àěăńìŋëå ďăŋŋëå (áň. àĺá. 5.14). Śőčńăáĺě ć íâĺå àăáŕàěďěńěŋĺïå ŕőďâćěàęďăěâ âőâ äăłâ, çâő ćłńăď íńěłâàőŋőć, őąàăğãîéĺåáï őâ łőŋćěàáĺľ äőâőŋőć ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë, ŕàěŋěąàěęĺňő ňăń.

5.1.10 Ĺáŕőńìğőćăŋĺě őâőąàăŋŋëå áőąëâĺľ

Őâőąàăŋŋëě ĺğ àěăńìŋëå ďăŋŋëå ν_e CC áőąëâĺï ŕőğćőńĺńĺ ŕàőćěáâĺ àïď ŕàőáâëå ŕàőćěàőł.

Ŕàěęďě ćáěčő, ňë ňőęěň ŕàőćěàĺâì ĺŋâěàŕàěâăæĺî íłáŕěàĺňěŋâă LSND łăł ŕàőïćńěŋĺě ν_μ → ν_e őáæĺńńïæĺľ á ćěàőïâŋőáâìî (0.31 ± 0.12 ± 0.05)% ć őąńăáâĺ ąőńìèĺå Δm^2. Ŋăńĺçĺě âăłĺå őáæĺńńïæĺľ ŕàĺćěńő ąë ł ĺğąëâłã ν_e CC áőąëâĺľ ć àěăńìŋëå ďăŋŋëå ŕő áàăćŋěŋĺî á ŕàěďáłăğăŋĺěň MC, őáőąěŋŋő ć őąńăáâĺ ŋĺğłĺå íŋěàčĺľ (ĺğ-ğă àăğńĺçĺï ć áŕěłâàăå ňěęďã ν_e ĺ ν_μ).

Ůâőąë ãňěŋìèĺâì áĺáâěňăâĺçěáłĺě ŋěőŕàěďěńěŋŋőáâĺ, ąőńěě ŕàěďŕőçâĺâěńìŋő ĺğãçăâì ŕőćěďěŋĺě őâŋőèěŋĺï çĺáńă ν_e CC ćğăĺňőďěľáâćĺľ ł çĺáńã ν_μ CC ćğăĺňőďěľáâćĺľ łăł äãŋłæĺî íŋěàčĺĺ ŋăńěâăîéěčő ŋěľâàĺŋő (áň. àĺá. 5.15). Ďăŋŋëě íłáŕěàĺňěŋâă NOMAD ŋě ŕőďâćěàęďăîâ ŋăńĺçĺě őáæĺńńïæĺľ. Ćëçĺáńěŋĺě ŕàěďěńă ŋă ćěàőïâŋőáâì ν_μ → ν_e őáæĺńńïæĺľ âàěąãěâ ďěâăńìŋőčő ãçěâă áĺáâěňăâĺçěáłĺå őèĺąőł ĺ ïćńïěâáï ŕàěďňěâőň ŋěğăćĺáĺňőčő ăŋăńĺğă [147]. Ăŋăńőčĺçŋëľ ăŋăńĺğ, ŕàőćěďěŋŋëľ ŋă ďăŋŋëå ’95 čőďă [148], ŕőğćőńĺń łőńńăąőàăæĺĺ NOMAD ãáâăŋőćĺâì ŕàěďěń ŋă sin^2(2θ) 2 × 10^{−3} ć őąńăáâĺ ąőńìèĺå Δm^2 ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ.

Śâàăŋŋőě ŕőćěďěŋĺě ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć ν_e CC áőąëâĺïå ŋăąńîďăěâáï ć ŋăèĺå ďăŋŋëå. Ć őąńăáâĺ ćëáőłĺå íŋěàčĺľ (∼ 120 ČíĆ) ğăňěâŋő ŕàěćëèěŋĺě çĺáńă áőąëâĺľ ŋăď őęĺďăěňëň ŋă ãàőćŋě ďćãå áâăŋďăàâŋëå őâłńőŋěŋĺľ (áň. àĺá. 5.16). Ćĺğãăńìŋëľ ŕàőáňőâà íâĺå áőąëâĺľ ŋě ćëïćĺń ĺå ŕàőĺáåőęďěŋĺï, ŋő ŕőďâćěàďĺń, çâő őŋĺ ïćńïîâáï ğăłőŋŋëňĺ łăŋďĺďăâăňĺ ŋă ν_e CC ćğăĺňőďěľáâćĺï.

Řĺá. 5.12: Śàăćŋěŋĺě ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć áőąëâĺĺ, ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă, ŕőŕěàěçŋőčő ĺňŕãńìáă íńěłâàőŋă ŕő őâŋőèěŋĺî ł ăďàőŋŋőľ áâàãě ĺ ŕőŕěàěçŋőľ ňăááë ďńï ν_e CC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ ν_e CC łăŋďĺďăâőć ĺğ ďăŋŋëå ’96 čőďă (âőçłĺ á őèĺąłăňĺ).

Řĺá. 5.13: Śàăćŋěŋĺě ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć áőąëâĺĺ, P_T íńěłâàőŋă ĺ ŕěàěňěŋŋëå ρ_μ ĺ ρ_ν ďńï ν_e CC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ ν_e CC łăŋďĺďăâőć ĺğ ďăŋŋëå ’96 čőďă (âőçłĺ á őèĺąłăňĺ).

Řĺá. 5.14: Śàăćŋěŋĺě ΔZ àăáŕàěďěńěŋĺľ (àăğŋőáâì ŕő Z łőőàďĺŋăâě ňěęďã ŕőńőęěŋĺěň ŕěàćĺçŋőľ ćěàèĺŋë ĺ ŕěàćëň őâáçěâőň ć ńěŕâőŋŋőň âàěłě) ďńï ν_e CC ĺ ν_μ CC áőąëâĺľ ĺğ àěăńìŋëå ďăŋŋëå.

Řĺá. 5.15: Őâŋőèěŋĺě çĺáńă ν_e CC ćğăĺňőďěľáâćĺľ ł çĺáńã ν_μ CC ćğăĺňőďěľáâćĺľ łăł äãŋłæĺï íŋěàčĺĺ ŋăńěâăîéěčő ŋěľâàĺŋő (ŕőłăğăŋë âőńìłő áâăâĺáâĺçěáłĺě őèĺąłĺ). Őâłàëâëňĺ łàãęłăňĺ ŕőłăğăŋő àăáŕàěďěńěŋĺě, őęĺďăěňőě ŋă őáŋőćě ŕàőčàăňňë ňőďěńĺàőćăŋĺï ŋěľâàĺŋŋőčő ŕãçłă, ć őâáãâáâćĺě ν_μ → ν_e őáæĺńńïæĺľ. Ğćěğďőçłăňĺ ŕőłăğăŋë íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě NO- MAD ’96 čőďă. Ůěàŋëňĺ łćăďàăâăňĺ ŕőłăğăŋë őęĺďăěňëě àěğãńìâăâë ć áńãçăě ν_μ → ν_e őáæĺńńïæĺľ á ŕăàăňěâàăňĺ, ŕőńãçěŋŋëňĺ łőńńăąőàăæĺěľ LSND: sin^2(2θ) = 6 × 10^{−3} ĺ Δm^2 = 19 íĆ^2.

Řĺá. 5.16: Őâŋőèěŋĺě (^{REAL−MC}_{MC} ) ďńï ν_e CC ćğăĺňőďěľáâćĺľ łăł äãŋłæĺï íŋěàčĺĺ ŋăńěâăîéěčő ŋěľâàĺŋő (ŕőłăğăŋë âőńìłő áâăâĺáâĺçěáłĺě őèĺąłĺ). REAL - íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě NOMAD ’96 čőďă. MC - ŋăèĺ őęĺďăŋĺï ŋă őáŋőćě ŕàőčàăňňë ňőďěńĺàőćăŋĺï ŋěľâàĺŋŋőčő ŕãçłă.

Řĺá. 5.17: Ŕőńŋăï ćĺďĺňăï íŋěàčĺï ć áőąëâĺĺ, ŋăçăńìŋëľ ĺňŕãńìá íńěłâàőŋă, ŕőŕěàěçŋëľ ĺňŕãńìá íńěłâàőŋă ŕő őâŋőèěŋĺî ł ăďàőŋŋőľ áâàãě ĺ ŕőŕěàěçŋăï ňăááă ďńï ν_τ CC MC áőąëâĺľ á ĺďěŋâĺäĺæĺàőćăŋŋëň íńěłâàőŋőň ĺğ ŕěàćĺçŋőľ ćěàèĺŋë őâ àăáŕăďă τ^− → e^−ν̄_eν_τ .

5.2 Ŕőĺáł őáæĺńńïæĺľ

Ŕàőďěňőŋáâàĺàőćăć, çâő ŋăňĺ ďőáâĺčŋãâ åőàőèĺľ ãàőćěŋì ŕőŋĺňăŋĺï ŋăèĺå íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ĺ ňěâőďőć ĺå ăŋăńĺğă, ňë ňőęěň ŕàĺáâãŕĺâì ł ŕőĺáłã ν_μ → ν_τ őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ^− → e^−ν̄_eν_τ .

5.2.1 Ŕőďåőď

Łăł ąëńő ŕőłăğăŋő àăŋěě (àĺá. 5.12 ĺ àĺá. 5.13), àěłőŋáâàãĺàőćăŋŋëě ŕàőďőńìŋëě łĺŋěňăâĺçěáłĺě ŕěàěňěŋŋëě áőőâćěâáâćãîâ ŋăèĺň őęĺďăŋĺïň. Ł áőęăńěŋĺî, àăğŋőčńăáĺï ňěęďã àěăńìŋëňĺ ďăŋŋëňĺ ĺ MC, ćőğŋĺłăîéĺě ć àăáŕàěďěńěŋĺïå ďńï ŕěàěňěŋŋëå, őŕĺáëćăîéĺå áőąëâĺě ć ŕőŕěàěçŋőľ ŕńőáłőáâĺ (p^{miss}_T , M_T ), ŋě ŋăèńĺ ŕőďåőďïéěčő őąêïáŋěŋĺï. Ůâőąë ãňěŋìèĺâì ćńĺïŋĺě íâőčő íääěłâă ŋă łőŋěçŋëľ àěğãńìâăâ, ňë ąãďěň ĺáŕőńìğőćăâì ňőďěńĺàőćăŋĺě, őáŋőćăŋŋőě ŋă àěăńìŋëå ďăŋŋëå (łőčďă íâő ŕàěďáâăćńïěâáï ćőğňőęŋëň).

Řăáŕàěďěńěŋĺï łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ć ν_τ CC áőąëâĺïå á ĺďěŋâĺäĺæĺàőćăŋŋëň íńěłâàőŋőň ĺğ ŕěàćĺçŋőľ ćěàèĺŋë őâ τ^− → e^−ν̄_eν_τ àăáŕăďă

Řĺá. 5.18: Ŋěďőáâăîéĺľ ŕőŕěàěçŋëľ ĺňŕãńìá ć áőąëâĺĺ, P_T íńěłâàőŋă ĺ ŕěàěňěŋŋëě ρ_μ ĺ ρ_ν ďńï ν_τ CC MC áőąëâĺľ á ĺďěŋâĺäĺæĺàőćăŋŋëň íńěłâàőŋőň ĺğ ŕěàćĺçŋőľ ćěàèĺŋë őâ àăáŕăďă τ^− → e^−ν̄_eν_τ .

ŕàĺćěďěŋë ŋă àĺá. 5.17 ĺ àĺá. 5.18. Ďńï őâąőàă áőąëâĺľ á âăłőľ âőŕőńőčĺěľ ňë ďőńęŋë ŕőďăćĺâì ďćă őáŋőćŋëå ĺáâőçŋĺłă äőŋă: ŕěàćëľ, ćőğŋĺłăîéĺľ ĺğ-ğă ν_e CC áőąëâĺľ; ćâőàőľ, áćïğăŋŋëľ á ν_μ NC ĺ CC áőąëâĺïňĺ, ć łőâőàëå âőłőćëľ ńěŕâőŋ ŋě ąëń ĺďěŋâĺäĺæĺàőćăŋ. Ţăàăłâěàŋő, çâő áĺčŋăń őâ àăáŕăďă τ^− çăáâő ŋăåőďĺâáï ňěęďã íâĺňĺ ďćãňï ĺáâőçŋĺłăňĺ äőŋă (áň. àĺá. 5.19 łăł ŕàĺňěà).

Ďńï ŕőĺáłă őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ^− → e^− ąëń ĺáŕőńìğőćăŋ ňěâőď, áåőďŋëľ âőňã, łőâőàëľ áńãęĺâ ďńï őâąőàă ν_e CC ćğăĺňőďěľáâćĺľ. Ěďĺŋáâćěŋŋőě őâńĺçĺě ğăłńîçăěâáï ć ĺáŕőńìğőćăŋĺĺ áńěčłă ćĺďőĺğňěŋěŋŋőčő łàĺâěàĺï ďńï łĺŋěňăâĺçěáłőčő őâąőàă áőąëâĺľ (á ãçěâőň łőààěńïæĺľ ňěęďã ŋěłőâőàëňĺ ŕěàěňěŋŋëňĺ), łőâőàëľ áńãęĺâ ďńï ćëďěńěŋĺï τ^− → e^− áőąëâĺľ:

kin = {etot,xmt,plep,ptmis,qtrr=HQ[qtisol,rr=HQ[rho_mu,rho_nu]]}

Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ őâąőàă őâ ãàőćŋï ŕőďăćńěŋĺï äőŋă ďńï íâőľ ŕěàěňěŋŋőľ ŕàĺćěďěŋă ŋă àĺá. 5.20. Ćőğňőęŋőáâì ĺáŕőńìğőćăŋĺï ďàãčĺå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï őâąőàă áőąëâĺľ ąëńă ĺğãçěŋă. Őďŋăłő, íâő ŋě ŕàĺćěńő ł ćëĺčàëèã ć íääěłâĺćŋőáâĺ ŕőďăćńěŋĺï äőŋă.

Ůâőąë ĺğąăćĺâìáï őâ äőŋă, őąãáńőćńěŋŋőčő NC áőąëâĺïňĺ, ňë ĺáŕőńìğőćăńĺ âě ęě łàĺâěàĺĺ őâąőàă (nc, conv ĺ ang), çâő ĺ őŕĺáăŋŋëě àăŋěě ŕàĺ őâąőàě ν_e

Řĺá. 5.19: Ŋěďőáâăîéĺľ ŕőŕěàěçŋëľ ĺňŕãńìá ć áőąëâĺĺ, P_T íńěłâàőŋă ŕő őâŋőèěŋĺî ł ŋăŕàăćńěŋĺî ăďàőŋŋőľ áâàãĺ ĺ ŕěàěňěŋŋăï ρ_ν ďńï ν_τ CC MC áőąëâĺľ á ĺďěŋâĺäĺæĺàőćăŋŋëň íńěłâàőŋőň ĺğ ŕěàćĺçŋőľ ćěàèĺŋë őâ àăáŕăďă τ^− → e^−ν̄_eν_τ (áŕńőèŋăï ńĺŋĺï), ν_e CC MC áőąëâĺľ (èâàĺåőćăï ńĺŋĺï) ĺ ν_μ NC MC áőąëâĺľ (ŕãŋłâĺàŋăï ńĺŋĺï). Śĺčŋăń ŋăåőďĺâáï ňěęďã ďćãňï ĺáâőçŋĺłăňĺ äőŋă.

Řĺá. 5.20: Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ őâąőàă áőąëâĺľ, áőďěàęăéĺå àăáŕăď τ^− → e^−ν̄_eν_τ , őâ ãàőćŋï ŕőďăćńěŋĺï äőŋă őâ ν_e CC áőąëâĺľ ďńï ŕěàěňěŋŋőľ kin (áŕńőèŋăï ńĺŋĺï). Ŕãŋłâĺàŋőľ ńĺŋĺěľ ŕàěďáâăćńěŋă ăŋăńőčĺçŋăï ğăćĺáĺňőáâì ć áńãçăě, łőčďă ňë ŕàěŋěąàěčăěň łőààěńïæĺïňĺ ňěęďã ŕěàěňěŋŋëňĺ, â.ě. kin′ = {etot, xmt, plep, ptmis, qtisol, rho mu, rho nu}. Ŕőćěďěŋĺě łàĺćőľ ć őąńăáâĺ ňěŋìèě 1 × 10^{−4} ŋě ŕőłăğăŋő, â.ł. ňë ŋě ňőęěň ŕàěďáłăğăâì ěčő ĺğ-ğă ŋěďőáâăâłă ν_e CC MC áőąëâĺľ.

CC áőąëâĺľ, ğă ĺáłńîçěŋĺěň âőčő, çâő âőńìłő őâàĺæăâěńìŋëě ŕěàćĺçŋëě âàěłĺ ąëńĺ ĺáŕőńìğőćăŋë ŕàĺ ŕăàăňěâàĺğăæĺĺ äőŋőćëå àăáŕàěďěńěŋĺľ ć ŕáěćďő-NC áőąëâĺïå. Śâőĺâ őąàăâĺâì ćŋĺňăŋĺě ŋă âő, çâő ąőńěě áâàőčĺě łàĺâěàĺĺ ąëńĺ ĺáŕőńìğőćăŋë ďńï ŕőďăćńěŋĺï äőŋă őâ NC áőąëâĺľ ďő ŋěőąåőďĺňőčő ãàőćŋï.

Šăłĺň őąàăğőň, őâąőà áőąëâĺľ ŕàőåőďĺń ć ďćă íâăŕă. Ŋă ŕěàćőň íâăŕě ňë áâăàăńĺáì ŕőďăćĺâì äőŋ őâ ν_μ NC áőąëâĺľ, ćŋőáï ĺáłăęěŋĺï ć àăáŕàěďěńěŋĺï łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå łăł ďńï τ^− → e^−ν̄_eν_τ áőąëâĺľ, âăł ĺ ďńï ν_e CC ćğăĺňőďěľáâćĺľ. Ŋă ćâőàőň íâăŕě ąëńă ĺáŕőńìğőćăŋă ŕàĺćěďěŋŋăï ćëèě ŕěàěňěŋŋăï kin ďńï őâďěńěŋĺï τ^− → e^−ν̄_eν_τ áőąëâĺľ őâ ν_e CC (ŕàĺ íâőň ĺáŕőńìğőćăńĺáì ńĺèì âě áőąëâĺï, łőâőàëě ŕàőåőďïâ ŕěàćëľ íâăŕ őâąőàă).

Ąëńő ŕàőćěàěŋő, çâő ŕőàïďőł őâąőàă ŋě őłăğëćăěâ ćńĺïŋĺï ŋă łőŋěçŋëľ àěğãńìâăâ.

Ňë áďěńăńĺ ŕőŕëâłã áňěèăâì íâĺ ďćă ĺáâőçŋĺłă äőŋă ć ŋãęŋőľ ŕàőŕőàæĺĺ ŕàĺ ŕőáâàőěŋĺĺ ăńčőàĺâňă őâąőàă ĺ ćëąőàě łàĺâěàĺěć. Ł áőęăńěŋĺî, íâőâ ŕőďåőď ŋě ŕàĺćěń ł őąŋăďěęĺćăîéĺň àěğãńìâăâăň. Őďŋő ĺğ ćőğňőęŋëå őąêïáŋěŋĺľ áćïğăŋő á áãéěáâćěŋŋëň ãňěŋìèěŋĺěň çĺáńă ĺáŕőńìğőćăŋŋëå ŕàĺ ŕăàăňěâàĺğăæĺĺ ν_e CC MC áőąëâĺľ, çâő ïćńïěâáï áńěďáâćĺěň őâłăğă őâ ććěďěŋĺï ćěáőć, â.ł. íâő ïćńïěâáï ŕőâěŋæĺăńìŋőľ ŕàőąńěňőľ ŕàĺ ĺáŕőńìğőćăŋĺĺ ŕőďŕàőčàăňňë HQUAD.

5.2.2 Śâàăâěčĺï ăŋăńĺğă

Ŕàĺ ŕőĺáłě ν_μ → ν_τ őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ^− → e^−ν̄_eν_τ őáőąëľ ĺŋâěàěá ŕàěďáâăćńïěâ ćőğňőęŋőě ŕàěćëèěŋĺě çĺáńă íłáŕěàĺňěŋâăńìŋëå áőąëâĺľ, ãďőćńěâćőàïîéĺå łàĺâěàĺïň őâąőàă, ŋăď őæěŋěŋëň ãàőćŋěň äőŋă. Ďőŕőńŋĺâěńìŋëň łàĺâěàĺěň ŋă łăçěáâćő őæěŋłĺ äőŋă ňőęěâ áńãęĺâì ăŋăńĺğ áőąëâĺľ, áőďěàęăéĺå ŕőğĺâàőŋ ĺğ ŕěàćĺçŋőľ ćěàèĺŋë (“+” âőŕőńőčĺï), â.ł. ňë ŋě

Šăąńĺæă 5.4: Şàőćěŋì ŕőďăćńěŋĺï äőŋă ďńï ŕàěďńőęěŋŋëå łàĺâěàĺěć őâąőàă (łőňąĺŋăæĺï eleid, conv, nc, ang ĺ kin). Ŋăąőàë áőąëâĺľ, őâňěçěŋŋëě ğćěğďőľ (^⋆), ïćńïîâáï ŋěğăćĺáĺňëňĺ (ŋě ĺáŕőńìğãîâáï ďńï ŕőáâàőěŋĺï ŕăàăňěâàĺğăæĺľ äãŋłæĺľ ŕàăćďőŕőďőąĺï) ĺ áńãęăâ ďńï ŕàőćěàłĺ ŕőńãçěŋŋëå àěğãńìâăâőć.

ν_μ CC ν_μ NC ŕáěćďő-NC ŕáěćďő-NC ŕáěćďő-NC Łàĺâěàĺľ ( MC ) ( MC ) ( MC ) ( ďăŋŋëě ’96 ) ( ćáě ďăŋŋëě ) − +^⋆ − +^⋆ − +^⋆ − +^⋆ − +^⋆ Ŋăąőà 484302 148132 - - - Řěł. ć FV 377423 108481 275644 256074 341506 EleID 183 296 496 522 922 1241 841 1165 1067 1463 ŕàőâĺć ν_μ NC 3 16 6 9 10 28 37 44 43 58 ŕàőâĺć ν_e CC 1 2 0 1 1 2 3 7 4 8

ν_μ NC ν̄_μ CC ν_e CC ν_e CC ν̄_e CC τ^− → τ^− → Łàĺâěàĺľ ( MC )^⋆ ( MC )^⋆ ( MC ) ( MC )^⋆ ( MC )^⋆ e^−ν̄_eν_τ e^−ν̄_eν_τ^⋆ − + − − − + − − Ŋăąőà 150000 13127 19775 40940 2712 28460 20654 Řěł. ć FV 110178 9590 13892 28687 1883 21891 15921 EleID 503 491 12 6070 12737 815 6665 4940 ŕàőâĺć ν_μ NC 4 11 0 4685 9733 653 4305 3191 ŕàőâĺć ν_e CC 0 1 0 12 30 2 685 480

őęĺďăěň ŋăńĺçĺï ν̄_τ ć ŕãçłě (łăł ć ĺğŋăçăńìŋőň áőáâăćě ŕãçłă, âăł ĺ ĺğ-ğă ćőğňőęŋëå ν̄_μ → ν̄_τ őáæĺńńïæĺľ). Őďŋăłő, ŋě áâőĺâ ğăąëćăâì, çâő äőŋőćëě ãáńőćĺï ŋě áĺňňěâàĺçŋë ďńï “+” ĺ “−” łőŋäĺčãàăæĺľ ĺğ-ğă ŕőńãńěŕâőŋŋëå àăáŕăďőć őçăàőćăŋŋëå çăáâĺæ, őąàăğőćăćèĺåáï ć ν_μ CC ćğăĺňőďěľáâćĺïå.

Ŋăąőà áőąëâĺľ ’95 čőďă ąëń ĺáŕőńìğőćăŋ ďńï őâńăďłĺ ŕàőæěďãàë ăŋăńĺğă. Ŕőíâőňã ąëńő àěèěŋő, çâő ŕőâěŋæĺăńìŋő ĺŋâěàěáŋëě áőąëâĺï ĺğ ďăŋŋëå ’95 čőďă ňőčãâ ąëâì ćĺğãăńìŋő ŕàőáňőâàěŋë ďńï âőčő, çâőąë ńãçèě ŕőŋïâì áâőïéĺě ŕěàěď ŋăňĺ ŕàőąńěňë ĺ ŋăľâĺ áŕőáőąë ĺå àěèěŋĺï. Őďŋăłő, ąëńő ğăŕàěéěŋő ŕàőáňăâàĺćăâì áőąëâĺï ĺğ ďăŋŋëå ’96 čőďă, â.ł. íâő ňőčńő ŕàĺćěáâĺ ł ććěďěŋĺî ďőŕőńŋĺâěńìŋëå łàĺâěàĺěć őâąőàă, őâąàăáëćăîéĺå ĺŋâěàěáŋëě áőąëâĺï, ĺ, áńěďőćăâěńìŋő, áãéěáâćěŋŋëň ĺğňěŋěŋĺïň ć àěğãńìâăâăå ăŋăńĺğă.

5.2.3 Řěğãńìâăâë

Ňőďěńĺàőćăŋŋëě áőąëâĺï

Ĺáŕőńìğőćăŋĺě ŕàěďńőęěŋŋëå łàĺâěàĺěć őâąőàă ŋă MC ŋăąőàăå ďăŋŋëå ŕàĺćőďĺâ ł áńěďãîéĺň àěğãńìâăâăň (áň. Šăąńĺæã 5.4):

• 3 áőąëâĺï (1 ”−” ĺ 2 ”+”) ĺğ 377423 ν_μ CC áőąëâĺľ á ćőááâăŋőćńěŋŋőľ ćěàèĺŋőľ, ŋăåőďïéěľáï ćŋãâàĺ íääěłâĺćŋőčő őąêěňă (FV) ďěâěłâőàă;

• 1 áőąëâĺě (”+”) ĺğ 108481 ν_μ NC áőąëâĺľ ć FV. Ąëńő ãáâăŋőćńěŋő, çâő ąěğ ŕàĺňěŋěŋĺï íńěłâàőŋŋőľ ĺďěŋâĺäĺłăæĺĺ, ğăàïęěŋŋëľ ăďàőŋ ĺğ ŕěàćĺçŋőľ ćěàèĺŋë ňőęěâ ŕàőľâĺ ćáě łàĺâěàĺĺ őâąőàă ďńï ŕőĺáłă őáæĺńńïæĺľ á ćěàőïâŋőáâìî ∼ 2 × 10^{−5} ďńï őâàĺæăâěńìŋő ğăàïęěŋŋëå ĺ ∼ 1 × 10^{−4} ďńï ŕőńőęĺâěńìŋő ğăàïęěŋŋëå âàěłőć;

• ŋěâ áőąëâĺľ, ŕàőåőďïéĺå ćáě łàĺâěàĺĺ őâąőàă, áàěďĺ 9590 ν̄_μ CC MC áőąëâĺľ ć FV.

Šăąńĺæă 5.5: Ŕőćěďěŋĺě íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ŕàĺ ŕàĺňěŋěŋĺĺ ŕàěďńőęěŋŋëå łàĺâěàĺěć őâąőàă (łőňąĺŋăæĺï eleid, conv, nc, ang ĺ kin).

Łàĺâěàĺľ ďăŋŋëě ’95 ďăŋŋëě ’96 − + − + Řěł. ć FV 145909 514061 EleID 912 329 2991 1166 ŕàőâĺć NC 565 71 1640 226 ŕàőâĺć CC 2 0 10 3

• 12 ”−” áőąëâĺľ áàěďĺ 13892 ν_e CC MC áőąëâĺľ á ćőááâăŋőćńěŋŋőľ ćěàèĺŋőľ, ŋăåőďïéěľáï ćŋãâàĺ íääěłâĺćŋőčő őąêěňă ďěâěłâőàă. Ŕàĺ ĺáŕőńìğőćăŋĺĺ ŋěğăćĺáĺňőčő ŋăąőàă áőąëâĺľ ąëńő ŋăľďěŋő 30 ĺğ 28687 áőąëâĺľ ć FV. Šăłĺň őąàăğőň, ňë ãąěęďăěňáï ć âőň, çâő ďăŋŋëľ ĺáâőçŋĺł äőŋă ïćńïěâáï ďőňĺŋĺàãîéĺň ŕàĺ ŕőĺáłě őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ → e;

• 2 ”+” áőąëâĺï ĺğ 1883 ν̄_e CC MC áőąëâĺľ ć FV;

• 3 áőąëâĺï (1 ”−” ĺ 2 ”+”) ĺğ 275644 ŕáěćďő-NC ( MC ) áőąëâĺľ;

• 12 áőąëâĺľ (4 ”−” ĺ 8 ”+”) ĺğ 341506 ŕáěćďő-NC áőąëâĺľ, ŕőáâàőěŋŋëå ŋă őáŋőćě àěăńìŋëå ďăŋŋëå;

• íääěłâĺćŋőáâì őâąőàă τ^− → e^− áőąëâĺľ áőáâăćĺńă ε_τ −_{→e}− = (3.1±0.1)%.

Ĺáŕőńìğőćăŋĺě ŋěğăćĺáĺňőčő ŋăąőàă áőąëâĺľ ďăěâ ăŋăńőčĺçŋëľ àěğãńìâăâ: (3.0±0.1)%. Řăáŕàěďěńěŋĺï łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï ν_τ CC ĺ ν_e CC áőąëâĺľ, ŕàőåőďïéĺå ćáě łàĺâěàĺĺ őâąőàă, ŕàĺćěďěŋë ŋă àĺá. 5.21.

Ŕàĺćěďěŋŋëě ćëèě àěğãńìâăâë áńãęăâ ĺńńîáâàăæĺěľ ãàőćŋï ŕőďăćńěŋĺï àăğńĺçŋëå ĺáâőçŋĺłőć äőŋă ďńï ďăŋŋőčő ăŋăńĺğă. Śőąëâĺï, ŕàőåőďïéĺě ćáě łàĺâěàĺĺ őâąőàă, ĺáŕőńìğãîâáï ďńï ďăńìŋěľèěčő ĺááńěďőćăŋĺï ňěâőďőć ŕőďăćńěŋĺï äőŋă á æěńìî ãńãçèĺâì çãćáâćĺâěńìŋőáâì ăŋăńĺğă.

Řěăńìŋëě ďăŋŋëě Ŕàĺňěŋěŋĺě ŕàěďńőęěŋŋëå łàĺâěàĺěć őâąőàă ł àěăńìŋëň ďăŋŋëň ŕàĺćőďĺâ ł áńěďãîéĺň àěğãńìâăâăň (áň. Šăąńĺæã 5.5): ’95 : 2 ”−” ĺ 0 ”+”; ’96 : 10 ”−” ĺ 3 ”+”.

5.2.4 Ĺŋâěàŕàěâăæĺï ŕőńãçěŋŋëå àěğãńìâăâőć

Ćěàåŋĺľ ŕàěďěń ŋă ćěàőïâŋőáâì őáæĺńńïæĺľ ć ŋăĺąőńěě őąéěň áńãçăě ďńï ŋěáłőńìłĺå łăŋăńőć àăáŕăďă τ-ńěŕâőŋă ňőęěâ ąëâì ćëçĺáńěŋ áńěďãîéĺň őąàăğőň: P_{osc} < N_τ (N_μ/ε_μ) × (σ_τ /σ_μ) × Σ_i(Br_i × ε_i)

čďě N_τ - ćěàåŋĺľ ŕàěďěń ŋă çĺáńő ćőğňőęŋëå τ àăáŕăďőć, N_μ - çĺáńő ğăàěčĺáâàĺàőćăŋŋëå ν_μ CC ćğăĺňőďěľáâćĺľ ć íääěłâĺćŋőň őąêěňě ďěâěłâőàă, ε_μ - íääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ ν_μ CC áőąëâĺľ, (σ_τ /σ_μ) - łĺŋěňăâĺçěáłĺľ äăłâőà, őąãáńőćńěŋŋëľ àăğńĺçĺěň áěçěŋĺľ ćğăĺňőďěľáâćĺï ν_μ ĺ ν_τ á ŋãłńőŋăňĺ, Br_i - ćěàőïâŋőáâĺ àăáŕăďőć ĺ ε_i - íääěłâĺćŋőáâĺ őâąőàă τ-ńěŕâőŋőć ŕő i-őľ ňőďě àăáŕăďă.

Řĺá. 5.21: Řăáŕàěďěńěŋĺï łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï ν_τ CC (áŕńőèŋăï ńĺŋĺï) ĺ ν_e CC (èâàĺåőćăï ńĺŋĺï) áőąëâĺľ, ŕàőåőďïéĺå ćáě łàĺâěàĺĺ őâąőàă.

Šăąńĺæă 5.6: Ďńï ďăŋŋőľ íääěłâĺćŋőáâĺ ćëďěńěŋĺï àăáŕăďă τ-ńěŕâőŋă ŕàĺćěďěŋë: áàěďŋěě çĺáńő őęĺďăěňëå äőŋőćëå áőąëâĺľ (< μ_B >), çĺáńő ŋăąńîďăěňëå áőąëâĺľ ć ďăŋŋëå ’96 čőďă (N_{DAT A}), áĺáâěňăâĺçěáłăï ŕőŕàăćłă, ćěàåŋĺľ ŕàěďěń ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ (CL) ŋă çĺáńő áĺčŋăńìŋëå áőąëâĺľ (N_{signal}), çãćáâćĺâěńìŋőáâì ăŋăńĺğă ć ŕàőĺğćőńìŋëå ěďĺŋĺæăå (a.u.) ĺ ŕàěďěń ŋă ćěàőïâŋőáâì őáæĺńńïæĺľ ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ.

τ íää. < μ_B > N_{DAT A} Śĺáâ. 90% CL Ůãćáâćĺâěńìŋőáâì Ćěàőïâŋőáâì (%) “−” “−” ŕőŕàăćłă N_{signal} (a.u.) (×10^{−3}) 15.0 295.3 ± 7.3 316 1.00 45.9 0.873 10.2 10.0 67.3 ± 3.6 96 1.07 38.1 1.181 12.7 9.0 51.0 ± 3.2 77 1.10 33.6 1.203 12.4 8.5 43.5 ± 2.9 61 1.11 24.1 1.224 9.5 8.0 38.0 ± 2.8 52 1.12 20.1 1.225 8.4 7.5 32.5 ± 2.6 43 1.13 16.4 1.236 7.3 7.0 27.9 ± 2.4 35 1.14 13.1 1.241 6.2 6.5 24.2 ± 2.3 29 1.15 11.0 1.234 5.6 6.0 21.2 ± 2.2 27 1.16 11.5 1.210 6.4 5.0 15.3 ± 1.9 19 1.17 9.3 1.185 6.2 4.0 9.8 ± 1.7 12 1.18 7.4 1.179 6.2 3.0 6.4 ± 1.5 9 1.18 7.3 1.094 8.1 2.0 3.4 ± 1.3 6 1.19 6.7 0.990 11.2 1.0 1.7 ± 1.2 5 1.19 7.3 0.697 24.2

Ŕàěďćăàĺâěńìŋëľ ŕàěďěń ŋă ćěàőïâŋőáâì ν_μ → ν_τ őáæĺńńïæĺľ, ŕőńãçěŋŋëľ łőńńăąőàăæĺěľ NOMAD ŋă őáŋőćě ďăŋŋëå ’95 čőďă á ĺáŕőńìğőćăŋĺěň ŋěáłőńìłĺå ňőď àăáŕăďă τ-ńěŕâőŋă, áőáâăćńïěâ:

P_{osc}(ν_μ → ν_τ ) < 2.1 × 10^{−3}

çâő áőőâćěâáâćãěâ ćěàåŋěňã ŕàěďěńã sin^2 2θ_{μτ} < 4.2 × 10^{−3} ďńï ąőńìèĺå Δm^2 ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ [149].

Ćłńăď őâ τ → e ăŋăńĺğă ć ŕőńãçěŋŋëľ àěğãńìâăâ áőáâăćńïěâ (N_μ/ε_μ) × (σ_τ /σ_μ) × (Br × ε) = 635 ŕàĺ őâáãâáâćĺĺ ŋăąńîďăěňëå áőąëâĺľ ć àěăńìŋëå ďăŋŋëå ĺ őæěŋłě ãàőćŋï äőŋă 0.6^{+0.7}_{−0.6}, çâő áőőâćěâáâćãěâ ŕàěďěńã ŋă ćěàőïâŋőáâì ν_μ → ν_τ őáæĺńńïæĺľ P_{osc}(ν_μ → ν_τ ) < 4 × 10^{−3} ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ. Śńěďãěâ őâňěâĺâì, çâő őâŋőèěŋĺě áěçěŋĺľ (σ_τ /σ_μ) àăćŋő 0.48 ďńï áőąëâĺľ čńãąőłő-ŋěãŕàãčőčő àăááěïŋĺï, ă ćěàőïâŋőáâì àăáŕăďă τ^− → e^−ν̄_eν_τ áőáâăćńïěâ 17.8%.

Ąőńìèăï áâăâĺáâĺłă, ŋăłőŕńěŋŋăï ć ’96 čőďã, ŋě ŕőğćőńĺńă ãńãçèĺâì ŕàěďěń ŋă ćěàőïâŋőáâì ν_μ → ν_τ őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ^− → e^−ν̄_eν_τ ĺğ-ğă ŋăńĺçĺï äőŋőćëå áőąëâĺľ ć ŋăèěň ăŋăńĺğě.

Ůâőąë ŕàěďáłăğăâì çĺáńő äőŋőćëå áőąëâĺľ, őęĺďăěňőě ć íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå μ_B , ŋăňĺ ąëńă ĺáŕőńìğőćăŋă áńěďãîéăï ŕàőæěďãàă: μ_B = p̂ · N_{DAT A} = ∑ i (n_i + 1 2 ) · N_{DAT Ai} N_{MCi} čďě n_i - çĺáńő áőąëâĺľ, ŕàőåőďïéĺå ćáě łàĺâěàĺĺ őâąőàă, ĺğ i-őľ łăâěčőàĺĺ MC áőąëâĺľ N_{MCi} ; N_{DAT Ai} - çĺáńő áőąëâĺľ i-őľ łăâěčőàĺĺ ć ŋăèĺå íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå. Łőčďă n_i ïćńïěâáï ňăńëň çĺáńőň, ă áâăâĺáâĺłă MC

Šăąńĺæă 5.7: Ďńï ďăŋŋőľ íääěłâĺćŋőáâĺ ćëďěńěŋĺï àăáŕăďă τ-ńěŕâőŋă ŕàĺćěďěŋë: áàěďŋěě çĺáńő őęĺďăěňëå äőŋőćëå “+” áőąëâĺľ (< μ_B >) ĺ çĺáńő ŋăąńîďăěňëå “+” áőąëâĺľ ć ďăŋŋëå ’96 čőďă (N_{DAT A}).

τ íää. (%) < μ_B > “+” N_{DAT A} “+”

15.0 56.9 ± 5.6 62 10.0 20.5 ± 3.6 21 9.0 15.1 ± 3.0 15 8.0 10.3 ± 2.5 13 7.0 9.0 ± 2.4 10 6.0 7.1 ± 2.1 9 5.0 5.6 ± 2.0 8 4.0 5.3 ± 2.0 7 3.0 4.0 ± 1.7 3 2.0 3.4 ± 1.7 2 1.0 1.4 ± 1.2 2

ŋăąőàă áőąëâĺľ ŕàĺňěàŋő áőćŕăďăěâ á őęĺďăěňőľ ć íłáŕěàĺňěŋâăńìŋëå ďăŋ- ŋëå (^{NDAT Ai} N_{M Ci} ∼ 1), âőčďă ŕàěďáłăğăŋĺě μB ňőęěâ ąëâì ŕńőåĺň ĺ áďćĺŋãâő ć

őąńăáâì ňăńëå ğŋăçěŋĺľ, őáőąěŋŋő ć áńãçăě n_i = 0. Ĺáŕőńìğőćăŋĺě^1_2 ć äőàňãńě őąêïáŋïěâáï âěň, çâő áâăâĺáâĺłă MC ŋăąőàőć áőąëâĺľ ąëńă őâŋőáĺâěńìŋő ŋěąőńìèőľ. Őďŋăłő, ć ďăŋŋőň łőŋłàěâŋőň áńãçăě, łőčďă őáŋőćŋőľ ĺáâőçŋĺł äőŋă ŕàěďáłăğăŋ á åőàőèěľ âőçŋőáâìî, ĺ ďő âěå ŕőà, ŕőłă μ_B ńěęĺâ ć őąńăáâĺ ŋěáłőńìłĺå ěďĺŋĺæ, íâő ŋě őłăğëćăěâ áãéěáâćěŋŋőčő ćńĺïŋĺï ŋă łőŋěçŋëľ àěğãńìâăâ.

Ŋăďő ŕőďçěàłŋãâì, çâő ŕàĺ ćëçĺáńěŋĺĺ őęĺďăěňőčő çĺáńă äőŋőćëå áőąëâĺľ, ąëńĺ ĺáŕőńìğőćăŋë ŋěğăćĺáĺňëě ŋăąőàë MC áőąëâĺľ.

Ňë őŕàěďěńĺńĺ çãćáâćĺâěńìŋőáâì ăŋăńĺğă łăł őâŋőèěŋĺě íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ τ^− àăáŕăďă ł łćăďàăâŋőňã łőàŋî ĺğ çĺáńă őęĺďăěňëå äőŋőćëå áőąëâĺľ. Ĺğňěŋïï łàĺâěàĺĺ őâąőàă, ňë ŋăèńĺ őąńăáâì ňăłáĺňăńìŋőľ çãćáâćĺâěńìŋőáâĺ ďăŋŋőčő ăŋăńĺğă, łőâőàăï áőőâćěâáâćãěâ ďőćőńìŋő ąőńìèőňã çĺáńã äőŋőćëå áőąëâĺľ (áň. Šăąńĺæã 5.6). Šăłĺň őąàăğőň, ňőęŋő áďěńăâì ćëćőď, çâő ŋěłőâőàëě ĺğ äőŋőćëå áőąëâĺľ ŋăáâőńìłő åőàőèő ĺňĺâĺàãîâ áĺčŋăń, çâő áâàěňńěŋĺě ĺå őâąàőáĺâì ŕàĺćőďĺâ ł ąőńìèěľ ŕőâěàě ć íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ τ^− àăáŕăďőć, çěň ł ćëĺčàëèã ć ãàőćŋě ŕőďăćńěŋĺï äőŋă.

Ąëńő ŕàőćěàěŋő, çâő á ŕőňőéìî ŕàěďńőęěŋŋőčő ňěâőďă ňë ňőęěň ďőáâăâőçŋő åőàőèő ŕàěďáłăğăâì çĺáńő áőąëâĺľ ć àěăńìŋëå ďăŋŋëå łăł ďńï “−”, âăł ĺ ďńï “+” (áň. Šăąńĺæã 5.7) łőňąĺŋăæĺľ.

Ćěàåŋĺľ ŕàěďěń ŋă çĺáńő ćőğňőęŋëå τ^− àăáŕăďőć ąëń ćëçĺáńěŋ á ĺáŕőńìğőćăŋĺěň ňěâőďă, ĺğńőęěŋŋőčő ć Review of Particle Properties [9] ĺ ć [150], łőâőàëľ ŕàěďŕőńăčăěâ, çâő çĺáńő őęĺďăěňëå äőŋőćëå áőąëâĺľ ĺğćěáâŋő á ŕàěŋěąàěęĺňő ňăńőľ őèĺąłőľ. Ďăŋŋőě ŕàěďŕőńőęěŋĺě áŕàăćěďńĺćő ďńï áâăâĺáâĺçěáłőľ őèĺąłĺ ŋă çĺáńő äőŋőćëå áőąëâĺľ, â.ł. ěčő őáŋőćŋăï áőáâăćńïîéăï ĺğćěáâŋă ďőáâăâőçŋő åőàőèő. Őďŋăłő, âàãďŋő ŋăľâĺ áŕőáőą őæěŋłĺ áĺáâěňăâĺçěáłőľ őèĺąłĺ ŋă íâő çĺáńő, őáőąěŋŋő ĺğ-ğă âőčő, çâő íääěłâë, ŕàĺćőďïéĺě ł àăğńĺçŋőňã ŕőćěďěŋĺî àěăńìŋëå ĺ ňőďěńĺàőćăŋŋëå áőąëâĺľ, ŋě ąëńĺ ďő łőŋæă ŕőŋïâë ĺ ĺğãçěŋë. Šěň ŋě ňěŋěě, ňë ŕőŕëâăńĺáì őæěŋĺâì ćěńĺçĺŋã áĺáâěňăâĺçěáłőľ ŕőčàěèŋőáâĺ. Ďńï íâőľ æěńĺ ąëńĺ őâőąàăŋë áőąëâĺï, ïćńïîéĺěáï łăŋďĺďăâăňĺ ŋă ν_μ CC ćğăĺňőďěľáâćĺï (á ŕőňőéìî łàĺâěàĺěć nc ĺ ang). Ůĺáâőâă őâąőàă áőáâăćńïńă 99.97%. Ğăâěň ăŋăńőčĺçŋăï ŕàőæěďãàă őâąőàă ąëńă ŕàĺňěŋěŋă ł áňěáĺ MC áőąëâĺľ, áőőâćěâáâćãîéěľ áőőâŋőèěŋĺî

Řĺá. 5.22: Ğăćĺáĺňőáâì őâŋőèěŋĺï çĺáńă ν_μ CC áőąëâĺľ ĺğ àěăńìŋëå ďăŋŋëå, ŕàőåőďïéĺå ćáě łàĺâěàĺĺ őâąőàă, ł ăŋăńőčĺçŋőňã çĺáńã áőąëâĺľ ĺğ áňěáĺ MC áőąëâĺľ, áőőâćěâáâćãîéěľ áőáâăćã íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå, łăł äãŋłæĺï ŕěàěňěŋŋőľ kin, ĺáŕőńìğőćăŋŋőľ ďńï ŕőďăćńěŋĺï CC áőąëâĺľ. Ć őąńăáâĺ ćőğňőęŋőčő ŕőńőęěŋĺï áĺčŋăńă (kin > 0.9) àăğŋőčńăáĺě ĺğňěŋïěâáï őâ 5% ďő 20% ĺ ňőęěâ àăááňăâàĺćăâìáï łăł őæěŋłă ŋă áĺáâěňăâĺçěáłãî ŕőčàěèŋőáâì ĺğ-ğă àăğńĺçŋőčő ŕőćěďěŋĺï ăďàőŋŋőľ áâàãĺ ć àěăńìŋëå ĺ ňőďěńĺàőćăŋŋëå áőąëâĺïå. Őąńăáâì ňăłáĺňăńìŋőľ çãćáâćĺâěńìŋőáâĺ ŕàěďáâăćńěŋŋőčő ăŋăńĺğă ŕő ŕőĺáłã őáæĺńńïæĺľ áőőâćěâáâćãěâ kin = 0.98.

Řĺá. 5.23: Śőąëâĺě run 212003 event 13655 (YZ ŕàőěłæĺï ňőďěńĺàőćăŋŋőčő áőąëâĺï) ĺğ ŋăąőàă ν_μ CC MC áőďěàęĺâ μ^− → e^−ν̄_eν_μ àăáŕăď: p_μ− = 15 ČíĆ ĺ p_e− = 2.8 ČíĆ. Ŋěďőáâăîéĺľ ĺňŕãńìá ãŋőáĺâáï ďćãňï ŋěľâàĺŋő (ďńĺŋŋëě èâàĺåőćëě ńĺŋĺĺ).

ňěęďã áőąëâĺïňĺ àăğńĺçŋëå âĺŕőć ć àěăńìŋëå ďăŋŋëå. Ğăćĺáĺňőáâì őâŋőèěŋĺï çĺáńă áőąëâĺľ ďńï íâĺå ďćãå łăâěčőàĺľ, ŕàőåőďïéĺå ćáě łàĺâěàĺĺ őâąőàă, ąëńă ĺğãçěŋă łăł äãŋłæĺï ŕěàěňěŋŋőľ kin, ĺáŕőńìğőćăŋŋőľ ďńï ŕőďăćńěŋĺï CC áőąëâĺľ. Ĺğ àĺá. 5.22 ćĺďŋő, çâő ć őąńăáâĺ ćőğňőęŋőčő ŕőńőęěŋĺï áĺčŋăńă (kin > 0.9) ŕőćěďěŋĺě àěăńìŋëå ďăŋŋëå ĺ ňőďěńĺàőćăŋŋëå áőąëâĺľ áãéěáâćěŋŋő àăğńĺçŋő. İâő őâńĺçĺě ŋě ňőęěâ ąëâì ĺŋâěàŕàěâĺàőćăŋő łăł ćőğňőęŋőě ŕàőïćńěŋĺě ν_μ → ν_τ őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ^− → μ^−ν̄_μν_τ , â.ł. âăłőľ áĺčŋăń ąëń ąë ŋă ďćă ŕőàïďłă ąőńěě ğăňěâěŋ ć łăŋăńě τ^− → e^−ν̄_eν_τ ĺğ-ğă ğŋăçĺâěńìŋő ńãçèĺå äőŋőćëå ãáńőćĺľ. Ňë ãąěďĺńĺáì ć âőň, çâő çĺáńő ν_μ CC áőąëâĺľ, ŕàőåőďïéĺå ćáě łàĺâěàĺĺ őâąőàă, áőőâćěâáâćãěâ ăŋăńőčĺçŋőňã çĺáńã ν_e CC áőąëâĺľ (á ãçěâőň ŕěàěćğćěèĺćăŋĺï ĺğ-ğă àăğŋĺæë ć áŕěłâàăå ν_μ ĺ ν_e). Šăłĺň őąàăğőň, ŋăąńîďăěňőě őâńĺçĺě àěăńìŋëå ďăŋŋëå őâ ňőďěńĺàőćăŋŋëå áőąëâĺľ ąëńő őąêïáŋěŋő àăğńĺçŋëň ŕőćěďěŋĺěň ăďàőŋŋőľ áâàãĺ. Ć ĺŋâěàěáãîéěľ ŋăá őąńăáâĺ áĺáâěňăâĺçěáłăï ŕőčàěèŋőáâì áőáâăćńïěâ 5% ÷ 20%.

Ďńï ćëçĺáńěŋĺï ćěàåŋěčő ŕàěďěńă ŋă ćěàőïâŋőáâì ŋěľâàĺŋŋëå őáæĺńńïæĺľ ďńï ďăŋŋőčő ăŋăńĺğă, ňë ĺáŕőńìğőćăńĺ çĺáńő áőąëâĺľ, ŋăąńîďăěňőě ć àěăńìŋëå ďăŋŋëå, ć őąńăáâĺ ňăłáĺňăńìŋőľ çãćáâćĺâěńìŋőáâĺ (Šăąńĺæă 5.6):

P_{osc}(ν_μ → ν_τ ) < 6.2 × 10^{−3} ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ

5.2.5 Ĺğãçěŋĺě äőŋőćëå áőąëâĺľ

Ŋěłőâőàëě äőŋőćëě áőąëâĺï ąëńĺ âéăâěńìŋő ĺğãçěŋë.

Ĺŋâěàěáŋőě äőŋőćőě áőąëâĺě ąëńő ŋăľďěŋő áàěďĺ ν_μ CC MC áőąëâĺľ. Őŋő áőďěàęĺâ àăáŕăď μ^− ć 40 áň őâ ŕěàćĺçŋőľ ćěàèĺŋë (áň. àĺá. 5.23). Ŋěďőáâăîéĺľ ĺňŕãńìá, áőőâćěâáâćãîéĺľ ďćãň ŋěľâàĺŋő ć łőŋěçŋőň áőáâőïŋĺĺ,

Řĺá. 5.24: Śőąëâĺě run 212011 event 19660 (DC ŕàőěłæĺï àěłőŋáâàãĺàőćăŋŋőčő áőąëâĺï) ĺğ ŕáěćďő-NC (MC) áőďěàęĺâ μ^−, ĺáŕãáłăîéĺľ δ-íńěłâàőŋ ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë. Šàěł íńěłâàőŋă ïćńïěâáï ąńĺęăľèĺň ł ňîőŋã (ŕőłăğăŋŋőňã ć ćĺďě ńĺŋĺĺ, ćëåőďïéěľ ğă ŕàěďěńë íääěłâĺćŋőčő őąêěňă ďàěľäőćëå łăňěà).

Řĺá. 5.25: Śőąëâĺě run 13312 event 3003 (DC ŕàőěłæĺï àěłőŋáâàãĺàőćăŋŋőčő áőąëâĺï) ĺğ ŕáěćďő-NC (àěăńìŋëě ďăŋŋëě) ćőğňőęŋő áőďěàęĺâ μ^−, ĺáŕãáłăîéĺľ δ-íńěłâàőŋ ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë.

Řĺá. 5.26: Śőąëâĺě run 232001 event 2971 (őąéĺľ ćĺď àěłőŋáâàãĺàőćăŋŋőčő áőąëâĺï): őŕăáŋőě áőąëâĺě ĺğ ŋăąőàă ν_e CC MC.

Řĺá. 5.27: Śőąëâĺě run 232001 event 2971 (őąéĺľ ćĺď áňőďěńĺàőćăŋŋőčő áőąëâĺï): őŕăáŋőě áőąëâĺě ĺğ ŋăąőàă ν_e CC MC. Ŕěàćĺçŋëľ ŋěľâàőŋ, ćëńěâăîéĺľ ğă ŕàěďěńë ďěâěłâőàă, ŕőłăğăŋ áěàőľ èâàĺåőćőľ ńĺŋĺěľ (p_n = 0.8 ČíĆ).

ãłăğëćăěâ ć ŋăŕàăćńěŋĺĺ ĺďěŋâĺäĺæĺàőćăŋŋőčő íńěłâàőŋă, çâő ŕőńŋőáâìî ĺňĺâĺàãěâ âőŕőńőčĺî τ^− àăáŕăďă.

Őąă “+” áőąëâĺï ĺğ ν_μ CC MC ŋăąőàă áőďěàęăâ ŕőńãńěŕâőŋŋëě àăáŕăďë őçăàőćăŋŋëå ňěğőŋőć. Őďŋő ĺğ 2 áőąëâĺľ ĺğ ŋăąőàă ŕáěćďő-NC (MC) ĺňěěâ ăŋăńőčĺçŋãî ŕàĺàőďã, ć âő ćàěňï łăł ďàãčőě őąêïáŋïěâáï ŋěćěàŋőľ ĺďěŋâĺäĺłăæĺěľ π^+.

Őâàĺæăâěńìŋőě (“−”) áőąëâĺě ĺğ ŋăąőàă ŕáěćďő-NC (MC) ĺŋâěàěáŋő âěň, çâő ć ŋěň ňîőŋ ĺáŕãáłăěâ δ-íńěłâàőŋ ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë (àĺá. 5.24), ĺ íâőâ íńěłâàőŋ ăááőæĺĺàãěâáï á ŕěàćĺçŋőľ ćěàèĺŋőľ ŕàőčàăňňőľ àěłőŋáâàãłæĺĺ. Ăŋăńőčĺçŋăï ŕàőąńěňă ąàőáăěâáï ć čńăğă ŕàĺ ŕàőáňőâàě “−” áőąëâĺľ ĺğ ŋăąőàă ŕáěćďő-NC (àěăńìŋëě ďăŋŋëě) (áň. àĺá. 5.25), ĺ ŕàěďáâăćńïěâ áőąőľ ŋěáãéěáâćãîéĺľ äőŋ, áćïğăŋŋëľ á ŕàőæěďãàőľ ŕőáâàőěŋĺï NC áőąëâĺľ ŕőáàěďáâćőň ãďăńěŋĺï ňîőŋă ĺğ ν_μ CC áőąëâĺľ.

Ŕőńőęĺâěńìŋőě “+” áőąëâĺě ĺğ ν_μ NC MC ŋăąőàă ćëğćăŋő Ďăńĺæ-àăáŕăďőň π^0.

Ŕàőáňőâà 12 áőąëâĺľ ĺğ ν_e CC MC ŋăąőàă ŕőğćőńĺń ćëïćĺâì áńěďãîéĺě ŕőâěŋæĺăńìŋëě ŕàőąńěňë. Ŋěáłőńìłő áőąëâĺľ áőďěàęăâ ŋě ŕőďďăîéãîáï ďěâěłâĺàőćăŋĺî ŋěľâàăńìŋãî çăáâĺæã (äőâőŋ ĺńĺ ŋěľâàőŋ) ć ŋăŕàăćńěŋĺĺ íńěłâàőŋŋőčő łăŋďĺďăâă (ŕàĺňěà âăłőčő áőąëâĺï ŕőłăğăŋ ŋă àĺá. 5.26 ĺ àĺá. 5.27). Řěłőŋáâàãłæĺï ŋěłőâőàëå áőąëâĺľ ğăâàãďŋěŋă ćâőàĺçŋëň ăďàőŋŋëň ćğăĺňőďěľáâćĺěň, ćëğëćăîéĺň ŋăńőęěŋĺï áĺčŋăńőć ć ŕőďďěâěłâőàăå ãáâăŋőćłĺ ĺ ŕàĺćőďïéĺň ł ŕěàěőæěŋłě ĺňŕãńìáă ăďàőŋŋőľ áâàãĺ, çâő ĺňĺâĺàãěâ âőŕőńőčĺî τ-àăáŕăďă. Śâőĺâ ğăňěâĺâì, çâő ćő ćáěå 12 áőąëâĺïå ŕěàćĺçŋëľ íńěłâàőŋ ąëń ŕàăćĺńìŋő ĺďěŋâĺäĺæĺàőćăŋ, ă ěčő ĺňŕãńìá ďőáâăâőçŋő åőàőèő ćőááâăŋőćńěŋ (áň. Šăąńĺæã 5.8), ğă ĺáłńîçěŋĺěň őďŋőčő áőąëâĺï (16507), ć łőâőàőň âőàňőğŋőľ äőâőŋ ŕàőåőďĺâ çěàěğ łàăľ íääěłâĺćŋőľ ŕőćěàåŋőáâĺ íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă. Ąëńő ğăňěçěŋő, çâő Ťěàňĺ-ĺňŕãńìá ć íâĺå áőąëâĺïå ĺňěěâ ğăćëèěŋŋőě ğŋăçěŋĺě: ć 5 áőąëâĺïå p_F > 0.35 ČíĆ. Ňë ŕàőćěàĺńĺ, çâő ćő ćáěå 5 áńãçăïå ćěłâőà ⃗p_F ãłăğëćăěâ ć áâőàőŋã, ŕàőâĺćőŕőńőęŋãî ⃗p_e ć ŕěàŕěŋďĺłãńïàŋőľ ŕńőáłőáâĺ, çâő ŕàĺćőďĺâ ł ŋěďőáâăîéěňã ŕőŕěàěçŋőňã ĺňŕãńìáã ć ŋăŕàăćńěŋĺĺ íńěłâàőŋă ĺ, âăłĺň őąàăğőň, ĺňĺâĺàãěâ âőŕőńőčĺî τ^− àăáŕăďă.

Ňë ŋăèńĺ őŕăáŋőě “+” áőąëâĺě ć ŋăąőàě ŕáěćďő-NC (àěăńìŋëě ďăŋŋëě), łőâőàőě ĺŋâěàěáŋő âěň, çâő ćëčńïďĺâ ďőáâăâőçŋő ŕàőáâëň ĺ åőàőèő àěłőŋáâàãĺàőćăŋŋëň (áň. àĺá. 5.28 ĺ àĺá. 5.29). Ňăńőćěàőïâŋő, çâő íâő áőąëâĺě ňőęěâ ąëâì ćëğćăŋő äőâőŋŋőľ łőŋćěàáĺěľ ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë, â.ł. e^+ łăŋďĺďăâ ĺğőńĺàőćăŋ őâ ăďàőŋŋőľ áâàãĺ ĺ ŋěâ őâáçěâőć ć ďàěľäőćëå łăňěàăå, łőâőàëě ňőčãâ ąëâì ŕàĺŕĺáăŋë őâàĺæăâěńìŋő ğăàïęěŋŋőňã ŕăàâŋěàã. Ŕàőáâěľèěľ ĺŋâěàŕàěâăæĺěľ íâőčő áőąëâĺï ïćńïěâáï ŕőńãńěŕâőŋŋëľ àăáŕăď őçăàőćăŋŋőčő ňěğőŋă, őďŋăłő ãďĺćńïěâ ňăńăï ăďàőŋŋăï ăłâĺćŋőáâì ć ďăŋŋőň áőąëâĺĺ.

Řăááňőâàĺň ěéě őďŋő áőąëâĺě ĺğ ŋăąőàă ŕáěćďő-NC (àěăńìŋëě ďăŋŋëě) (áň. àĺá. 5.30). Ćĺğãăńìŋëľ ŕàőáňőâà íâőčő áőąëâĺï ŕőğćőńïěâ ãąěďĺâìáï ć âőň, çâő őŋő őąãáńőćńěŋő äőâőŋŋőľ łőŋćěàáĺěľ ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë. Őďŋăłő, ŕőńőęĺâěńìŋëľ ŕăàâŋěà ŋě ąëń ćőááâăŋőćńěŋ ĺğ-ğă ňăńőáâĺ ěčő ĺňŕãńìáă (< 50 ŇíĆ). Śâőĺâ ğăňěâĺâì, çâő ďăŋŋőě áőąëâĺě ŋě ňőęěâ ąëâì őâąàőèěŋő á ŕőňőéìî łàĺâěàĺěć őâąőàă, àăğàăąőâăŋŋëå ŕàőâĺć NC áőąëâĺľ, ĺğ-ğă ňăńőľ ňŋőęěáâćěŋŋőáâĺ ĺ ŋĺğłőľ ăďàőŋŋőľ ăłâĺćŋőáâĺ (ć àěğãńìâăâě çěčő ŋăŕàăćńěŋĺě ăďàőŋŋőľ áâàãĺ ŕńőåő őŕàěďěńěŋő).

Śőąëâĺě ĺğ áĺčŋăńìŋőľ őąńăáâĺ, ŋăľďěŋŋőě ć ďăŋŋëå ’95 čőďă, ŕàĺćěďěŋő ŋă àĺá. 5.31. İâő áőąëâĺě ďěňőŋáâàĺàãěâ ěéě őďĺŋ ŕőâěŋæĺăńìŋëľ ĺáâőçŋĺł äőŋă: àěçì ĺďěâ őą ăďàőŋŋőň ćğăĺňőďěľáâćĺĺ ć őąńăáâĺ TRD. Šéăâěńìŋőě ĺğãçěŋĺě TRD âàěłă, ăááőæĺĺàőćăŋŋőčő á íńěłâàőŋŋëň łăŋďĺďăâőň, ŕàĺćőďĺâ ł áńěďãîéěňã ğăłńîçěŋĺî: âàěł ćěďěâ áěąï łăł çăáâĺæă á ňĺŋĺňăńìŋőľ ĺőŋĺğăæĺěľ ŕàĺ ćåőďě ć őąńăáâì TRD, ă ğăâěň łăàâĺŋă àěğłő ňěŋïěâáï:

Long Interactive Dump **** Reconstructed Track number : 3

Řĺá. 5.28: Śőąëâĺě run 8746 event 3736 (őąéĺľ ćĺď): őŕăáŋőě áőąëâĺě ĺğ ŋăąőàă ŕáěćďő-NC (àěăńìŋëě ďăŋŋëě). Ŕőğĺâàőŋ (p_{DC} = 2 ČíĆ, E_{ECAL} = 1.4 ČíĆ, E_{P RS X} = 36.9 mip, E_{P RS Y} = 45.3 mip ĺ áàěďŋěě íŋěàčőćëďěńěŋĺě ć âàãąłăå TRD < E_{T RD} >= 23.7 łíĆ) - âàěł ŕőď ŋăĺąőńìèĺň ãčńőň ć őąěĺå ŕàőěłæĺïå YZ ĺ XZ.

Řĺá. 5.29: Śőąëâĺě run 8746 event 3736 (DC ŕàőěłæĺï): őŕăáŋőě áőąëâĺě ĺğ ŋăąőàă ŕáěćďő-NC (àěăńìŋëě ďăŋŋëě). e^+ łăŋďĺďăâ ĺğőńĺàőćăŋ őâ ăďàőŋŋőľ áâàãĺ ĺ ŋěâ őâáçěâőć ć ďàěľäőćëå łăňěàăå, łőâőàëě ňőčãâ ąëâì ŕàĺŕĺáăŋë őâàĺæăâěńìŋő ğăàïęěŋŋőňã ŕăàâŋěàã.

Řĺá. 5.30: Śőąëâĺě run 13132 event 27820 (DC ŕàőěłæĺï): őŕăáŋőě “−” áőąëâĺě ĺğ ŋăąőàă ŕáěćďő-NC (àěăńìŋëě ďăŋŋëě). Ć ďàěľäőćëå łăňěàăå ćĺďŋë őâáçěâë, łőâőàëě ňőčãâ ąëâì ŕàĺŕĺáăŋë ŋěàěłőŋáâàãĺàőćăŋŋőňã ŕăàâŋěàã íâőčő e^− łăŋďĺďăâă.

Řĺá. 5.31: Śőąëâĺě run 9288 event 14549 (DC ŕàőěłæĺï) ĺğ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ’95 čőďă ćőğňőęŋő áőďěàęĺâ őâàĺæăâěńìŋő ğăàïęěŋŋëľ ăďàőŋ, ćğăĺňőďěľáâćãîéĺľ ć őąńăáâĺ TRD.

Šăąńĺæă 5.8: Łăçěáâćő ćőááâăŋőćńěŋĺï ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă ć ν_e CC MC áőąëâĺïå, ŕàőåőďïéĺå ćáě łàĺâěàĺĺ őâąőàă. Šăłęě ŕőłăğăŋ ňőďãńì Ťěàňĺ-ĺňŕãńìáă ć łăęďőň ĺğ íâĺå áőąëâĺľ.

 +--------+-------------+--------------+-------------+-------------+
 | RUN | EVT | ELEP_MC | PLEP_REC | FERMI |
 +--------+-------------+--------------+-------------+-------------+
 +--------+-------------+--------------+-------------+-------------+
 | 232001 | 14005 | 6.6469 | 6.5928 | 0.17697 |
 | 232001 | 16507 | 23.983 | 13.033 | 0.16529 |
 | 232001 | 2525 | 7.3583 | 7.3478 | 0.76017 |
 | 232001 | 21336 | 3.7789 | 4.0056 | 0.49693 |
 | 232001 | 2900 | 5.9707 | 4.9491 | 0.19862 |
 | 232001 | 2971 | 5.1870 | 5.6199 | 0.13800 |
 | 232001 | 22972 | 6.5169 | 6.1317 | 0.13853 |
 | 232001 | 17907 | 11.022 | 9.6290 | 0.53216 |
 | 232001 | 19245 | 5.8481 | 6.2265 | 1.5624 |
 | 232001 | 20281 | 2.7344 | 2.4591 | 0.39115 |
 | 232001 | 20294 | 4.2814 | 4.5042 | 0.16111 |
 | 232001 | 25962 | 6.6770 | 6.5326 | 0.19074 |
 +--------+-------------+--------------+-------------+-------------+

 Parameters : 0: -114.6836 1: -4.2941
 First last planes 1 9 , nhits 9
chi2, incremental : 13.0233 , global : 13.0232
 plane 1 rec 1 geant 0 x -112.10 residual -0.7619 energy 0.60 keV
 plane 2 rec 1 geant 0 x -111.21 residual 0.6378 energy 8.76 keV
 plane 3 rec 1 geant 0 x -113.51 residual -0.7511 energy 6.70 keV
 plane 4 rec 1 geant 0 x -112.78 residual 0.4859 energy 40.11 keV
 plane 5 rec 1 geant 0 x -113.62 residual 0.5468 energy 20.62 keV
 plane 6 rec 1 geant 0 x -114.57 residual 0.1087 energy 31.98 keV
 plane 7 rec 1 geant 0 x -115.24 residual 0.3468 energy 30.98 keV
 plane 8 rec 1 geant 0 x -115.97 residual 0.1245 energy 36.49 keV
 plane 9 rec 1 geant 0 x -117.73 residual -0.7376 energy 83.48 keV

Ăŋăńőčĺçŋőě ŕőćěďěŋĺě ňőęěâ ąëâì ŋăľďěŋő ć MC áőąëâĺïå. Ŋăŕàĺňěà, áőąëâĺě (áň. àĺá. 5.32) áőďěàęĺâ ćğăĺňőďěľáâćĺě π^− ć őąńăáâĺ TRD, łőâőàőě ŕàĺćőďĺâ ł őąàăğőćăŋĺî íŋěàčěâĺçŋőčő π^0 ĺ áőőâćěâáâćãîéěčő íńěłâàőňăčŋĺâŋőčő łńăáâěàă ć łăńőàĺňěâàě. TRD âàěł ćëčńïďĺâ ăŋăńőčĺçŋëň őąàăğőň (ŕőáńě 3 őâáçěâőć ŕàőĺáåőďĺâ ĺğňěŋěŋĺě âĺŕă çăáâĺæë (geant) ĺ áőőâćěâáâćãîéěčő íŋěàčőćëďěńěŋĺï):

Long Interactive Dump **** Reconstructed Track number : 3
 Parameters : 0: -78.8620 1: 1.9082
 First last planes 1 9 , nhits 8
chi2, incremental : 10.9934 , global : 10.9933
 plane 1 rec 3 geant 3 x -79.67 residual 0.6765 energy 12.34 keV
 plane 3 rec 3 geant 3 x -79.52 residual 0.1992 energy 6.09 keV
 plane 4 rec 3 geant 3 x -80.38 residual -0.8859 energy 7.10 keV
 plane 5 rec 3 geant 7 x -79.62 residual -0.5281 energy 32.30 keV
 plane 6 rec 3 geant 7 x -78.91 residual -0.0432 energy 38.37 keV
 plane 7 rec 3 geant 7 x -78.00 residual 0.4646 energy 159.16 keV
 plane 8 rec 3 geant 7 x -78.71 residual -0.4705 energy 43.88 keV
 plane 9 rec 3 geant 7 x -77.25 residual 0.5873 energy 472.22 keV

Ł áőęăńěŋĺî, ăńčőàĺâň, àăğàăąőâăŋŋëľ ďńï TRD ĺďěŋâĺäĺłăæĺĺ [93], ŋě

Řĺá. 5.32: Śőąëâĺě run 212001 event 20498 (DC ŕàőěłæĺï) áőďěàęĺâ ćğăĺňőďěľáâćĺě π^− ć őąńăáâĺ TRD, łőâőàőě ŕàĺćőďĺâ ł őąàăğőćăŋĺî íŋěàčěâĺçŋőčő π^0 ĺ áőőâćěâáâćãîéěčő íńěłâàőňăčŋĺâŋőčő łńăáâěàă ć łăńőàĺňěâàě. Šăłăï łőŋäĺčãàăæĺï áőąëâĺï ĺňĺâĺàãěâ ŕěàćĺçŋëľ íńěłâàőŋ. Ł áőęăńěŋĺî, àěłőŋáâàãĺàőćăŋŋëľ âàěł ć ŋăŕàăćńěŋĺĺ, ŕàőâĺćőŕőńőęŋőň ŋăńěâăîéěňã ŋěľâàĺŋő, ŋě ăááőæĺĺàőćăŋ á ăďàőŋŋëň ćğăĺňőďěľáâćĺěň ĺ ŋě ňőęěâ ąëâì ĺáŕőńìğőćăŋ ďńï ěčő ĺďěŋâĺäĺłăæĺĺ.

ŕàĺŋĺňăěâ ćő ćŋĺňăŋĺě ŕőàïďőł őâáçěâőć. Šăłĺň őąàăğőň, ćëďěńěŋĺě áőąëâĺľ, ŕàĺćěďěŋŋëå ćëèě, ŋě ňőęěâ ąëâì áďěńăŋő ŋă áőńĺďŋőľ őáŋőćě.

Ŋăďő áłăğăâì, çâő ćĺğãăńìŋëľ ŕàőáňőâà áőąëâĺľ ŕőňőčăěâ ãąěďĺâìáï ć âőň, çâő ňë ňőęěň ĺğąăćĺâìáï őâ ŋěłőâőàőľ çăáâĺ äőŋőćëå áőąëâĺľ ğă áçěâ ãńãçèěŋĺï ăńčőàĺâňőć àěłőŋáâàãłæĺĺ ĺ ĺďěŋâĺäĺłăæĺĺ. Őďŋăłő, áâőĺâ őâňěâĺâì, çâő ěáâì ďőńï áőąëâĺľ, ŕàěďáâăćńïîéĺå áőąőľ ďěľáâćĺâěńìŋëľ ĺ ŋěŕàěőďőńĺňëľ äőŋ ŕàĺ ŕőĺáłě ν_μ → ν_τ őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ → e.

5.2.6 Řěğîňě

Ŋěáňőâàï ŋă ćáě ŋăèĺ ãáĺńĺï ŕő ãńãçèěŋĺî łăçěáâćă àěłőŋáâàãłæĺĺ áőąëâĺľ ĺ çãćáâćĺâěńìŋőáâĺ ăŋăńĺğă, ňë ŕőłă ŋě áňőčńĺ ďőáâĺçì íääěłâĺćŋőáâĺ àěčĺáâàăæĺĺ τ → e áőąëâĺľ, őąáãęďăćèěľáï ć ŕàěďńőęěŋĺĺ íłáŕěàĺňěŋâă NOMAD, ŕàĺ ŋãęŋőň ãàőćŋě ŕőďăćńěŋĺï äőŋă [77].

Šěň ŋě ňěŋěě, ŕàěďáâăćńěŋŋëľ ć íâőľ àăąőâě ăŋăńĺğ ŕőłăğëćăěâ, çâő áãéěáâćãîâ ćőğňőęŋëě áŕőáőąë ãńãçèěŋĺï ŕàőæěďãàë àěłőŋáâàãłæĺĺ ĺ ňěâőďőć ăŋăńĺğă áőąëâĺľ. Ňë ŋăďěěňáï, çâő íâő ŕőğćőńĺâ ďőŕőńŋĺâěńìŋő ĺğąăćĺâìáï őâ ŋěłőâőàëå äőŋőćëå áőąëâĺľ.

Ğăňěâŋëľ ŕàőčàěáá ąëń ďőáâĺčŋãâ ć ňőďěńĺàőćăŋĺĺ ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ďěâěłâőàě NOMAD, łăł á âőçłĺ ğàěŋĺï ŕěàćĺçŋőčő ćğăĺňőďěľáâćĺï ĺ ŕàőæěááă äàăčňěŋâăæĺĺ ăďàőŋŋőľ áâàãĺ, âăł ĺ ć őŕĺáăŋĺĺ őâłńĺłă ďěâěłâőàă. Šěň ŋě ňěŋěě, ŋăąńîďăěâáï àăğŋőčńăáĺě ć ŕőćěďěŋĺĺ àěăńìŋëå ĺ ňőďěńĺàőćăŋŋëå áőąëâĺľ, őáőąěŋŋő ć ŕńőáłőáâĺ, ŕěàŕěŋďĺłãńïàŋőľ ŋăŕàăćńěŋĺî ŋăńěâăîéěčő ŋěľâàĺŋő, çâő áãéěáâćěŋŋő őčàăŋĺçĺćăěâ ŕàěďáłăğăâěńìŋãî ćőğňőęŋőáâì ŋăèěčő MC. Ĺáŕőńìğőćăŋĺě ňőďěńĺàőćăŋĺï, őáŋőćăŋŋőčő ŋă àěăńìŋëå ďăŋŋëå, ŕőğćőńïěâ őąőľâĺ ŋěłőâőàëě ĺğ íâĺå âàãďŋőáâěľ ć őčàăŋĺçěŋŋőľ łĺŋěňăâĺçěáłőľ őąńăáâĺ.

Ŕàěďáâăćńěŋŋëľ ğďěáì ăŋăńĺğ ïćńïěâáï ŕěàćőľ ŕőŕëâłőľ ĺáŕőńìğőćăâì ďăŋŋëě ’96 čőďă ďńï ŕőĺáłă ν_μ → ν_τ őáæĺńńïæĺľ ć łăŋăńě àăáŕăďă τ^− → e^−ν̄_eν_τ . Ďàãčĺě ăŋăńĺğë, ćëŕőńŋěŋŋëě ć àăňłăå łőńńăąőàăæĺĺ NOMAD ŋă ďăŋŋëå ’95 čőďă, ŕàĺćőďïâ ł ńãçèěľ íääěłâĺćŋőáâĺ őâąőàă ĺ ãàőćŋî ŕőďăćńěŋĺï äőŋă [151, 152]. §áŋő, çâő ąőńìèăï áâăâĺáâĺłă MC áőąëâĺľ âàěąãěâáï ďńï ŕőáâàőěŋĺï ŕăàăňěâàĺğăæĺľ ďńï àăáŕàěďěńěŋĺľ áĺčŋăńă ĺ äőŋă. Ś ďàãčőľ áâőàőŋë, ŕàĺ ŕőáâàőěŋĺĺ ŕěàěňěŋŋëå, áńãęăéĺå ďńï őâąőàă áőąëâĺľ, ŋăňĺ ąëńĺ ĺáŕőńìğőćăŋë čńăćŋëň őąàăğőň łĺŋěňăâĺçěáłĺě ŕěàěňěŋŋëě, àăáŕàěďěńěŋĺï ŕő łőâőàëň ďőáâăâőçŋő åőàőèő áőčńăáãîâáï ňěęďã MC ĺ àěăńìŋëňĺ ďăŋŋëňĺ.

Ć ğăłńîçěŋĺě ŕőďçěàłŋěň ěéě àăğ, çâő őáŋőćŋëň ĺáâőçŋĺłőň äőŋă ŕàĺ ŕőĺáłě τ^− → e^− àăáŕăďőć ïćńïîâáï ν_e CC ćğăĺňőďěľáâćĺï. Ć íâĺå áőąëâĺïå ŕàőąńěňă áćïğăŋă ŋě á ŕàăćĺńìŋőľ ĺďěŋâĺäĺłăæĺěľ ĺ àěłőŋáâàãłæĺěľ ŕěàćĺçŋőčő íńěłâàőŋă, ă á ŕőćěďěŋĺěň ăďàőŋŋőľ áâàãĺ.

182 čńăćă 5. ăŋăńĺğ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå

Ğăłńîçěŋĺě

Řăąőâă ŕőáćïéěŋă ŕőĺáłã ŋěľâàĺŋŋëå ν_μ → ν_τ őáæĺńńïæĺľ ŕő łăŋăńã àăáŕăďă τ^− → e^−ν̄_eν_τ ć íłáŕěàĺňěŋâě NOMAD (CERN)

Ŕàěďáâăćńěŋ łàăâłĺľ âěőàěâĺçěáłĺľ őąğőà ŋěľâàĺŋŋőľ äĺğĺłĺ ĺ őŕĺáăŋă áőćàěňěŋŋăï íłáŕěàĺňěŋâăńìŋăï áĺâãăæĺï ŕő ŕőĺáłã ŋěľâàĺŋŋëå őáæĺńńïæĺľ, łăł őďŋőčő ĺğ ćőğňőęŋëå áŕőáőąőć őąŋăàãęěŋĺï ňăááĺćŋëå ŋěľâàĺŋő. Ďăŋő ďěâăńìŋőě őŕĺáăŋĺě íłáŕěàĺňěŋâă NOMAD, áőğďăŋŋőčő ďńï ŕőĺáłă ŋěľâàĺŋŋëå ν_μ → ν_τ őáæĺńńïæĺľ ŋă ŋěľâàĺŋŋőň ŕãçłě èĺàőłőčő áŕěłâàă őâ ãáłőàĺâěńï SPS ć CERN. Őáőąëľ ăłæěŋâ áďěńăŋ ŋă őąáãęďěŋĺě ňěâőďőć, ĺáŕőńìğőćăŋŋëå ďńï àěłőŋáâàãłæĺĺ áőąëâĺľ ć ďěâěłâőàě NOMAD. Śŕěæĺăńìŋőě ćŋĺňăŋĺě âăłęě ãďěńěŋő ăńčőàĺâňăň ŕő ĺďěŋâĺäĺłăæĺĺ ĺ àěłőŋáâàãłæĺĺ íńěłâàőŋőć ć ďěâěłâőàě.

Ś ŕőňőéìî áňőďěńĺàőćăŋŋëå ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ŕàőĺńńîáâàĺàőćăŋő łăçěáâćő ćőááâăŋőćńěŋĺï łĺŋěňăâĺłĺ áőąëâĺľ ć ďěâěłâőàě NOMAD. Ŕàőćěďěŋő ďěâăńìŋőě áàăćŋěŋĺě ćőááâăŋőćńěŋŋëå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï áňőďěńĺàőćăŋŋëå ĺ àěăńìŋëå ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć íääěłâĺćŋőň őąêěňě ďěâěłâőàă.

Ďńï őâďěńěŋĺï áĺčŋăńă őâ äőŋă ĺáŕőńìğőćăŋă ŕàőæěďãàă, őáŋőćăŋŋăï ŋă ňěâőďě őâŋőèěŋĺï ŕàăćďőŕőďőąĺï. Ś ěě ŕőňőéìî ąëń ŕàőćěďěŋ őâąőà łăŋďĺďăâőć ŋă ćğăĺňőďěľáâćĺï íńěłâàőŋŋëå ŋěľâàĺŋő ν_e ŕő łăŋăńã ğăàïęěŋŋőčő âőłă ć íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå 1996 čőďă. Ąëńő ćëďěńěŋő 1842 áőąëâĺï ŕàĺ íääěłâĺćŋőáâĺ őâąőàă (38.5±0.5)% ĺ ãàőćŋě äőŋőćëå áőąëâĺľ ňěŋěě 0.5%. İâő çĺáńő áőąëâĺľ ŋăåőďĺâáï ć åőàőèěň áőčńăáĺĺ á őęĺďăěňëň çĺáńőň ćğăĺňőďěľáâćĺľ íńěłâàőŋŋëå ŋěľâàĺŋő ŕő łăŋăńã ğăàïęěŋŋőčő âőłă: 1891±25(áâăâ.)±95(áĺáâ.), ćëçĺáńěŋŋëň ĺáåőďï ĺğ ŕěàćĺçŋőčő áőáâăćă ŋěľâàĺŋŋőčő ŕãçłă. Šăłĺň őąàăğőň, ąëń áďěńăŋ ćëćőď ő âőň, çâő ŕőńãçěŋŋëě íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ŋě ŕőďâćěàęďăîâ ĺŋâěàŕàěâăæĺî àěğãńìâăâőć íłáŕěàĺňěŋâă LSND łăł ćőğňőęŋőě ŕàőïćńěŋĺě ŋěľâàĺŋŋëå ν_μ → ν_e őáæĺńńïæĺľ ć őąńăáâĺ ąőńìèĺå Δm^2.

Ŕàěďáâăćńěŋ ŕàěďćăàĺâěńìŋëľ ăŋăńĺğ, ŕőáćïéěŋŋëľ ŕőĺáłã ŋěľâàĺŋŋëå ν_μ → ν_τ őáæĺńńïæĺľ ŕő łăŋăńã àăáŕăďă τ^− → e^−ν̄_eν_τ ć íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå 1996 čőďă. Ŕőłăğăŋő, çâő ćłńăď ďăŋŋőčő łăŋăńă àăáŕăďă ć őąéãî çãćáâćĺâěńìŋőáâì íłáŕěàĺňěŋâă őčàăŋĺçěŋ ŋăńĺçĺěň äőŋőćëå áőąëâĺľ őâ ćğăĺňőďěľáâćĺľ ν_e ŕő łăŋăńã ğăàïęěŋŋőčő âőłă. Ć őąńăáâĺ ňăłáĺňăńìŋőľ çãćáâćĺâěńìŋőáâĺ ďăŋŋőčő ăŋăńĺğă ŕőńãçěŋ ćěàåŋĺľ ŕàěďěń ŋă ćěàőïâŋőáâì ŋěľâàĺŋŋëå ν_μ → ν_τ őáæĺńńïæĺľ ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ:

P_{osc}(ν_μ → ν_τ ) < 6.2 × 10^{−3}

184 čńăćă 6. ğăłńîçěŋĺě

Őáŋőćŋëě àěğãńìâăâë ďĺááěàâăæĺĺ:

1. Řăğàăąőâăŋ ňěâőď àěłőŋáâàãłæĺĺ ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ďěâěłâőàě NOMAD, łőâőàëľ ŕőğćőńïěâ ćëďěńïâì ĺ ĺďěŋâĺäĺæĺàőćăâì őâďěńìŋëě ćâőàĺçŋëě çăáâĺæë. İâő áďěńăŋő ćŕěàćëě ďńï ŋěľâàĺŋŋëå ďěâěłâőàőć á íńěłâàőŋŋëň áêěňőň ĺŋäőàňăæĺĺ.

2. Ŋă őáŋőćě äĺńìâàă Łăńìňăŋă áőğďăŋă ŕàőčàăňňă àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå ďěâěłâőàă NOMAD, łőâőàăï áńãęĺâ ďńï ćőááâăŋőćńěŋĺï âàăěłâőàĺľ ğăàïęěŋŋëå çăáâĺæ. Őŋă őąěáŕěçĺćăěâ íääěłâĺćŋőáâì àěłőŋáâàãłæĺĺ ńãçèě 95% ĺ àăğàěèěŋĺě ŕő ĺňŕãńìáã ∼ 3.5% ć ĺŋâěàěáãîéěľ ŋăá őąńăáâĺ ĺňŕãńìáőć, çâő áőőâćěâáâćãěâ ćëáőłĺň âàěąőćăŋĺïň íłáŕěàĺňěŋâă NOMAD.

3. Ŕàěďńőęěŋ ăńčőàĺâň ďńï ĺďěŋâĺäĺłăæĺĺ ĺ àěłőŋáâàãłæĺĺ íńěłâàőŋőć ć ďěâěłâőàě NOMAD ŋă őáŋőćě ĺŋäőàňăæĺĺ ďěâěłâőàă ŕěàěåőďŋőčő ĺğńãçěŋĺï, íńěłâàőňăčŋĺâŋőčő łăńőàĺňěâàă ĺ ďàěľäőćëå łăňěà. Ďăŋŋëľ ăńčőàĺâň łőňąĺŋĺàãěâ ňěâőď ŕőĺáłă âőçěł ĺğńőňă âàăěłâőàĺĺ, ćőááâăŋőćńěŋŋőľ ć ďàěľäőćëå łăňěàăå (ŋă őáŋőćě ĺŋäőàňăæĺĺ äĺńìâàă Łăńìňăŋă), á ăńčőàĺâňőň ŋăåőęďěŋĺï ĺ ŕőáâàőěŋĺï âőàňőğŋëå äőâőŋőć ŕő ćőááâăŋőćńěŋŋëň ćěàèĺŋăň âĺŕă V^0 ĺ ŋěľâàăńìŋëň łńăáâěàăň ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě. İâőâ ăńčőàĺâň ąëń ŕàěďńőęěŋ ĺ àěăńĺğőćăŋ ćŕěàćëě.

4. Ŕàőćěďěŋ ăŋăńĺğ âőçŋőáâĺ ćőááâăŋőćńěŋĺï łĺŋěňăâĺłĺ ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ. Ŕőłăğăŋő, çâő ďěâěłâőà NOMAD ňőęěâ ąëâì ĺáŕőńìğőćăŋ ďńï ćőááâăŋőćńěŋĺï ŕěàěňěŋŋëå, őŕĺáëćăîéĺå łĺŋěňăâĺłã ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ, á àăğàěèěŋĺěň ∼ 15 ÷ 30%, çâő áőőâćěâáâćãěâ łăçěáâćã àěłőŋáâàãłæĺĺ áőąëâĺľ ć ąőńìèĺå ŕãğëàìłőćëå łăňěàăå.

5. Ŋă őáŋőćě ňěâőďă őâŋőèěŋĺï ŕàăćďőŕőďőąĺï àăğàăąőâăŋă ŕàőæěďãàă ďńï őŕâĺňăńìŋőčő őâďěńěŋĺï áĺčŋăńă őâ äőŋă.

6. Ŕàőćěďěŋ őâąőà łăŋďĺďăâőć ŋă ćğăĺňőďěľáâćĺï íńěłâàőŋŋëå ŋěľâàĺŋő ν_e ŕő łăŋăńã ğăàïęěŋŋőčő âőłă ć NOMAD íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå 1996 čőďă. Ćëďěńěŋő 1842 áőąëâĺï ŕàĺ íääěłâĺćŋőáâĺ őâąőàă (38.5 ± 0.5)% ĺ ãàőćŋě äőŋőćëå áőąëâĺľ ňěŋěě 0.5%. İâő çĺáńő áőąëâĺľ ŋăåőďĺâáï ć åőàőèěň áőčńăáĺĺ á őęĺďăěňëň çĺáńőň ćğăĺňőďěľáâćĺľ íńěłâàőŋŋëå ŋěľâàĺŋő ŕő łăŋăńã ğăàïęěŋŋőčő âőłă: 1891 ± 25(áâăâ.) ± 95(áĺáâ.), ćëçĺáńěŋŋëň ĺáåőďï ĺğ ŕěàćĺçŋőčő áőáâăćă ŋěľâàĺŋŋőčő ŕãçłă. İŋěàčěâĺçěáłĺľ áŕěłâà ν_e CC ćğăĺňőďěľáâćĺľ áőőâćěâáâćãěâ őęĺďăěňőňã ć őâáãâáâćĺĺ ν_μ → ν_e őáæĺńńïæĺľ. Ŕőńãçěŋŋëě íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ŋě ŕőďâćěàęďăîâ ĺŋâěàŕàěâăæĺî àěğãńìâăâőć íłáŕěàĺňěŋâă LSND łăł ćőğňőęŋőě ŕàőïćńěŋĺě ŋěľâàĺŋŋëå ν_μ → ν_e őáæĺńńïæĺľ ć őąńăáâĺ ąőńìèĺå Δm^2.

7. Ćëŕőńŋěŋ ăŋăńĺğ ŕő ŕőĺáłã ŋěľâàĺŋŋëå ν_μ → ν_τ őáæĺńńïæĺľ ŕő łăŋăńã àăáŕăďă τ^− → e^−ν̄_eν_τ ć NOMAD íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå 1996 čőďă. Ŕőłăğăŋő, çâő ćłńăď ďăŋŋőčő łăŋăńă àăáŕăďă ć őąéãî çãćáâćĺâěńìŋőáâì íłáŕěàĺňěŋâă őčàăŋĺçěŋ ŋăńĺçĺěň äőŋőćëå áőąëâĺľ őâ ćğăĺňőďěľáâćĺľ ν_e ŕő łăŋăńã ğăàïęěŋŋőčő âőłă. Ć őąńăáâĺ ňăłáĺňăńìŋőľ çãćáâćĺâěńìŋőáâĺ ŕàěďáâăćńěŋŋőčő ăŋăńĺğă ŕőńãçěŋ ćěàåŋĺľ ŕàěďěń ŋă ćěàőïâŋőáâì ŋěľâàĺŋŋëå ν_μ → ν_τ őáæĺńńïæĺľ ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ:

P_{osc}(ν_μ → ν_τ ) < 6.2 × 10^{−3}

Łăŋăń àăáŕăďă τ^− → e^−ν̄_eν_τ ąëń ćŕěàćëě ĺáŕőńìğőćăŋ ďńï ŕőĺáłă ν_μ → ν_τ őáæĺńńïæĺľ.

Ňăâěàĺăńë ďĺááěàâăæĺĺ őŕãąńĺłőćăŋë ć àăąőâăå:

1. P.Astier, J.Dumarchez, A.Letessier-Selvon, B.Popov, K.Schahmaneche, “Drift Chamber global alignment: status report”, NOMAD memo # 73 (1994) http://nomadinfo.cern.ch/Classified/documents/documents.html

2. P.Astier, E.Gangler, A.Letessier-Selvon, E.Manola, P.Nedelec, B.Popov, S.Valuev, “TRD first stage package”, Nomad Reconstruction Software (1996) http://nomadinfo.cern.ch/Classified/documents/documents.html

3. P.Astier, E.Gangler, A.Letessier-Selvon, B.Popov, K.Schahmaneche, M.Serrano, “NOMAD Drift Chambers reconstruction program”, Nomad Reconstruction Software (1996) http://nomadinfo.cern.ch/Classified/documents/documents.html

4. P.Astier, E.Gangler, A.Letessier-Selvon, B.Popov, M.Serrano, S.Valuev, M.Vo, “Subdetector matching package”, Nomad Reconstruction Software (1995) http://nomadinfo.cern.ch/Classified/documents/documents.html

5. P.Astier, P.Cattaneo, A.Letessier-Selvon, B.Popov, “Extrapolator package”, Nomad Reconstruction Software (1996) http://nomadinfo.cern.ch/pub/doc/ps/extrapv7r2.ps

6. P.Astier, E.Gangler, A.Letessier-Selvon, B.Popov, “LIKE package”, Nomad Analysis Software (1998) http://nomadinfo.cern.ch/pub/doc/ps/like.ps

7. B.Popov, NOMAD Collaboration, “First results from the NOMAD experiment at CERN (search for ν_μ → ν_τ oscillations)”, ć âàãďăå łőŋäěàěŋæĺĺ XXXIInd Rencontres de Moriond, Les Arcs, France, 15-22 March 1997, Editions Frontieres, pp. 283-289

8. J. Altegoer, ..., B.Popov et al., NOMAD Collaboration, “The NOMAD experiment at the CERN SPS”, CERN-PPE-97-059 (1997), Nucl.Instrum.Meth. A404 (1998) 96

9. J. Altegoer, ..., B.Popov et al., NOMAD Collaboration, “A search for ν_μ → ν_τ oscillations using the NOMAD detector”, CERN-EP-98-057 (1998), Phys.Lett. B431 (1998) 219

10. J. Altegoer, ..., B.Popov et al., NOMAD Collaboration, “Precision measurement of scaled momentum, charge multiplicity and thrust in ν_μN and ν̄_μN interactions”, CERN-EP-98-179 (1998), Phys.Lett. B445 (1999) 439

11. P. Astier, ..., B.Popov et al., NOMAD Collaboration, “A more sensitive search for ν_μ → ν_τ oscillations in NOMAD”, CERN-EP-99-32 (1999), to be published in Phys.Lett. B (1999)

186 čńăćă 6. ğăłńîçěŋĺě

Śŕĺáőł àĺáãŋłőć

1.1 Ćěàőïâŋőáâì őáæĺńńïæĺľ ŋěľâàĺŋő ć ãŕàőéěŋŋőň áńãçăě 2 ăàőňăâőć ŋěľâàĺŋő. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 1.2 Řěğãńìâăâë ćőőąàăęăěňőčő íłáŕěàĺňěŋâă ŕő ŕőĺáłã őáæĺńńïæĺľ (ĺğ [9]). Ŕőłăğăŋë ćőğňőęŋëě őąńăáâĺ ŕăàăňěâàőć őáæĺńńïæĺľ ŋěľâàĺŋő, ĺáłńîçěŋŋëě á ŕőňőéìî àăğńĺçŋëå ňěâőďőć ŕàőćěďěŋĺï íłáŕěàĺňěŋâă: íłáŕěàĺňěŋâë ŋă ŕőïćńěŋĺě (appearance) ĺ íłáŕěàĺňěŋâë ŋă ĺáçěğŋőćěŋĺě (disappearance) (áň. ŋĺęě). . . . . 17 1.3 Ŕőâőł áőńŋěçŋëå ŋěľâàĺŋő (ć áň^{−2}á^{−1} ďńï ňőŋőíŋěàčĺçŋëå ńĺŋĺľ ĺ ć áň^{−2}á^{−1}ŇíĆ^{−1} ďńï ŋěŕàěàëćŋëå áŕěłâàőć). Šăłęě ŕőłăğăŋë ŕőàőčĺ àěčĺáâàăæĺĺ, áőőâćěâáâćãîéĺě àăğńĺçŋëň ňěâőďăň őąŋăàãęěŋĺï áőńŋěçŋëå ŋěľâàĺŋő. . . . . . . . . . . . . . . . . . . . 21 1.4 Řěğãńìâăâë ĺğňěàěŋĺľ ŕőâőłă áőńŋěçŋëå ŋěľâàĺŋő, ŕőńãçěŋŋëě ć GALLEX I, GALLEX II ĺ GALLEX III. Ńěćăï èłăńă ŕőłăğëćăěâ çĺáńő őąàăğőćăćèĺåáï ăâőňőć^{71}Ge; ŕàăćăï èłăńă - ŕőâőł áőńŋěçŋëå ŋěľâàĺŋő (ć SNU, čďě 1 SNU áőőâćěâáâćãěâ 10^{−36} ğăåćăâőć á^{−1} ăâőň^{−1}) ŕőáńě ćëçĺâăŋĺï ćłńăďă őâ äőŋőćëå àěăłæĺľ. . . . 22 1.5 Řăáŕàěďěńěŋĺě cos θ_{SUN} ďńï ğăłńîçĺâěńìŋőľ ćëąőàłĺ ďăŋŋëå ć ďěâěłâőàě KAMIOKANDE (1036 ďŋěľ ŋăąőàă áâăâĺáâĺłĺ) ŕőďâćěàęďăěâ áőńŋěçŋőě ŕàőĺáåőęďěŋĺě őąŋăàãęěŋŋëå ŋěľâàĺŋő. Śŕńőèŋăï ńĺŋĺï ŕőłăğëćăěâ ŕàěďáłăğăŋĺě SSM [30], ă ŕãŋłâĺàŋăï ńĺŋĺï ŕőłăğëćăěâ ńãçèĺľ äĺâ, ŕőďàăğãňěćăîéĺľ àăćŋőňěàŋőě äőŋőćőě àăáŕàěďěńěŋĺě. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 1.6 Řăğńĺçĺě ňěęďã ν_μ (ν_τ ) ĺ ν_e ŕàĺ ćğăĺňőďěľáâćĺĺ á íńěłâàőŋăňĺ ć ćěéěáâćě. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 1.7 Řěğãńìâăâ MSW àěèěŋĺï (ĺğ [44]) ć ŕàőáâàăŋáâćě ŕăàăňěâàőć (ğăèâàĺåőćăŋŋëě őąńăáâĺ), àăğàěèěŋŋëľ őąêěďĺŋěŋŋëňĺ ŋăąńîďěŋĺïňĺ ŋă 95% ãàőćŋě ďőáâőćěàŋőáâĺ ć ŕàěďŕőńőęěŋĺĺ Bahcall- Pinsonneault SSM á ãçěâőň He ďĺääãğĺĺ [30]. Őčàăŋĺçěŋĺï ĺğ íłáŕěàĺňěŋâőć Homestake, őąêěďĺŋěŋŋőčő Kamiokande ĺ SuperKamiokande, őąêěďĺŋěŋŋőčő SAGE ĺ GALLEX ŕőłăğăŋë èâàĺå-ŕãŋłâĺàŋőľ, áŕńőèŋőľ ĺ èâàĺåőćőľ ńĺŋĺïňĺ áőőâćěâáâćěŋŋő. Šăłęě ŕőłăğăŋë őąńăáâĺ, ĺáłńîçěŋŋëě íłáŕěàĺňěŋâőň Kamiokande ŕő ĺğňěàěŋĺî áŕěłâàă ĺ íääěłâă ŋőçì-ďěŋì (ŕãŋłâĺàë). . . . . . . . . . . . . . 26 1.8 Ŕàěďćăàĺâěńìŋëľ àěğãńìâăâ łőńńăąőàăæĺĺ SUPERKAMIOKANDE ŕő ĺğňěàěŋĺî őâŋőèěŋĺï çĺáńă ŋăąńîďăěňëå áőąëâĺľ ł áőőâćěâáâćãîéěňã çĺáńã őęĺďăěňëå áőąëâĺľ ć SSM (Data/SSM) łăł äãŋłæĺĺ íŋěàčĺĺ íńěłâàőŋă. Šőńáâëě (âőŋłĺě) łàěáâë áőőâćěâáâćãîâ áâăâĺáâĺçěáłĺň (áĺáâěňăâĺçěáłĺň) ŕőčàěèŋőáâïň. Čĺáâőčàăňňă (áŕńőèŋăï ńĺŋĺï) ãłăğëćăěâ, çâő ňőęŋő ąëńő ąë őęĺďăâì ć áńãçăě MSW àěèěŋĺï á ňăńëň ãčńőň áňěèĺćăŋĺï. . . . . . . . 27

1.9 Řăáŕàěďěńěŋĺï ŕő ğěŋĺâŋőňã ãčőńã (cos Θ), ŋăąńîďăěňëě ć ďěâěłâőàě SUPERKAMIOKANDE (ĺğ [45]). (a) íńěłâàőŋőŕőďőąŋëě ŕőńŋőáâìî áőďěàęăéĺěáï 1-łőńìæěćëě áőąëâĺï á íŋěàčĺěľ ňěŋìèě ČíĆ (sub-GeV), áőőâćěâáâćãîéĺě 326 ďŋïň ŋăąőàă ďăŋŋëå (718 áőąëâĺľ). Ğăèâàĺåőćăŋŋëě ğőŋë - őęĺďăěňőě àăáŕàěďěńěŋĺě ŕàĺ őâáãâáâćĺĺ őáæĺńńïæĺľ, ă ĺå èĺàĺŋă ŕőłăğëćăěâ áâăâĺáâĺçěáłãî âőçŋőáâì ňőďěńĺàőćăŋĺï. Ŕãŋłâĺàŋëě ńĺŋĺĺ ãłăğëćăîâ őęĺďăěňőě àăáŕàěďěńěŋĺě ć ŕàěďŕőńőęěŋĺĺ ő ŋăńĺçĺĺ ν_μ → ν_τ őáæĺńńïæĺľ á Δm^2 = 5 × 10^{−3} íĆ^2 ĺ sin^2 2θ = 1; (b) âő ęě áăňőě çâő (a) ďńï ňîőŋőŕőďőąŋëå ŕőńŋőáâìî áőďěàęăéĺåáï 1- łőńìæěćëå áőąëâĺľ á íŋěàčĺěľ ňěŋìèě ČíĆ (326 ďŋěľ, 735 áőąëâĺľ); (c) âő ęě áăňőě çâő (a) ďńï íńěłâàőŋőŕőďőąŋëå ŕőńŋőáâìî áőďěàęăéĺåáï áőąëâĺľ á íŋěàčĺěľ ąőńìèě ČíĆ (multi-GeV) (326 ďŋěľ, 149 áőąëâĺľ); (d) âő ęě áăňőě çâő (a) ďńï ňîőŋőŕőďőąŋëå ŕőńŋőáâìî áőďěàęăéĺåáï áőąëâĺľ á íŋěàčĺěľ ąőńìèě ČíĆ (326 ďŋěľ, 139 áőąëâĺľ) ĺ çăáâĺçŋő áőďěàęăéĺåáï áőąëâĺľ (293 ďŋï, 156 áőąëâĺľ). (e) Őâŋőèěŋĺě R, ŋăąńîďăěňőě ć KAMIOKANDE, ďńï áőąëâĺľ á íŋěàčĺěľ ąőńìèě ČíĆ; (f) âő ęě áăňőě çâő (e) ďńï SUPERKAMIOKANDE. . . . . . . . . . . . . . . . . . . . . . . . . 29 1.10 İŋěàčěâĺçěáłőě àăáŕàěďěńěŋĺě ŕőğĺâàőŋőć ďńï LSND áőąëâĺľ (ă) ďő ĺ (b) ŕőáńě őâąőàă. Ŕőłăğăŋë íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě, őæěŋłă äőŋă (èâàĺåőćăï ńĺŋĺï) ĺ őęĺďăěňőě àăáŕàěďěńěŋĺě ďńï őáæĺńńïæĺľ ŋěľâàĺŋő ŕàĺ ąőńìèĺå Δm^2 ŕńîá őæěŋěŋŋëľ äőŋ (áŕńőèŋăï ńĺŋĺï). . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 1.11 Őąńăáâĺ ŕăàăňěâàőć őáæĺńńïæĺľ, àăğàěèěŋŋëě àěğãńìâăâőň LSND (ğăèâàĺåőćăŋŋëě ŕńőéăďĺ) ĺ ĺáłńîçěŋŋëě áőâàãďŋĺçěáâćőň KAR- MEN (áŕńőèŋëě ńĺŋĺĺ). Őęĺďăěňăï çãćáâćĺâěńìŋőáâì íłáŕěàĺňěŋâă KARMEN ŕőáńě ňőďěàŋĺğăæĺĺ ďěâěłâőàă ŕőłăğăŋă ćňěáâě á ŕàěďěńăňĺ, ãáâăŋőćńěŋŋëňĺ ďàãčĺňĺ íłáŕěàĺňěŋâăňĺ (BNL E776 ĺ Bugey). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 1.12 Ńãçèĺě ćěàåŋĺě ŕàěďěńë ŋă |U_{eH} |^2 ĺ |U_{eH} |·|U_{μH} | íńěňěŋâë ňăâàĺæë áňěèĺćăŋĺï (ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ) ĺğ ãáłőàĺâěńìŋëå íłáŕěàĺňěŋâőć: (1) Ŋěľâàĺŋŋëľ Ďěâěłâőà ĹŤĆİ-ŐĹ§Ĺ [64], (2) CHARM [61], (3) PS191 [62]. . . . . . . . . . . . . . . . . . . . . . 34 1.13 Ďăŋŋëě íłáŕěàĺňěŋâőć ALEPH, DELPHI, L3 ĺ OPAL ŋă ãáłőàĺâěńě LEP (CERN) ŕő ĺğňěàěŋĺî áěçěŋĺï e^+e^− ăŋŋĺčĺńïæĺĺ ć ăďàőŋë ć őąńăáâĺ Z^0 ŕĺłă łăł äãŋłæĺï íŋěàčĺĺ ć áĺáâěňě æěŋâàă ňăáá. Łàĺćëě ŕőłăğëćăîâ ŕàěďáłăğăŋĺě Śâăŋďăàâŋőľ Ňőďěńĺ ć áńãçăě 2, 3 ĺ 4 ńěčłĺå ăàőňăâőć ŋěľâàĺŋő. . . . . . . . . . . . . . 35 1.14 Řěğãńìâăâë ŕőĺáłă ŋěľâàĺŋŋëå őáæĺńńïæĺľ ĺ őęĺďăěňăï çãćáâćĺâěńìŋőáâì ąãďãéĺå íłáŕěàĺňěŋâőć. . . . . . . . . . . . . . . . 37 1.15 Őąéěľ ćĺď ãáâăŋőćłĺ CHORUS. . . . . . . . . . . . . . . . . . . . . 38 1.16 İňãńìáĺőŋŋăï ňĺèěŋì íłáŕěàĺňěŋâă CHORUS á ĺńńîáâàăæĺěľ ňěâőďă őąŋăàãęěŋĺï τ^− àăáŕăďă. . . . . . . . . . . . . . . . . . . . 39 1.17 Ŕěàćëě àěğãńìâăâë íłáŕěàĺňěŋâă CHOOZ. . . . . . . . . . . . . . 40

2.1 Śàăćŋěŋĺě łĺŋěňăâĺłĺ ν_τ CC ćğăĺňőďěľáâćĺï, áőŕàőćőęďăîéěčőáï àăáŕăďőň τ^− → e^−ν_τ ν̄_e, ĺ łĺŋěňăâĺłĺ ν_e CC ćğăĺňőďěľáâćĺï. 44 2.2 Ďěâěłâőà NOMAD (ćĺď áąőłã) . . . . . . . . . . . . . . . . . . . . . 46 2.3 Ďěâěłâőà NOMAD (ćĺď áćěàåã) . . . . . . . . . . . . . . . . . . . . 46 2.4 Śåěňăâĺçěáłĺľ ćĺď őáŋőćŋëå íńěňěŋâőć, áńãęăéĺå ďńï áőğďăŋĺï ŋěľâàĺŋŋőčő ŕãçłă. . . . . . . . . . . . . . . . . . . . . . . . . . . 47 2.5 Řăáçěâŋëľ íŋěàčěâĺçěáłĺľ áŕěłâà ĺ áőáâăć ŋěľâàĺŋŋőčő ŕãçłă. 48 2.6 Ćĺď áćěàåã ŋă FCAL . . . . . . . . . . . . . . . . . . . . . . . . . . 49

2.7 Őąéĺľ ćĺď ďàěľäőćëå łăňěà ãáâăŋőćłĺ NOMAD. . . . . . . . . . 51 2.8 Śłőàőáâì ďàěľäă łăł äãŋłæĺï ŋăŕàïęěŋŋőáâĺ íńěłâàĺçěáłőčő ŕőńï ć čăğőćőľ áňěáĺ ăàčőŋ - íâăŋ ŕàĺ ăâňőáäěàŋőň ďăćńěŋĺĺ. Řăğŋëě łàĺćëě áőőâćěâáâćãîâ àăğńĺçŋőňã ŕàőæěŋâŋőňã áőőâŋőèěŋĺî ďńï íâăŋă ć čăğőćőľ áňěáĺ. . . . . . . . . . . . . . . . . . . . . 52 2.9 Řăáŕàěďěńěŋĺě ćàěňěŋĺ ďàěľäă. . . . . . . . . . . . . . . . . . . . . 53 2.10 Řăááâőïŋĺě ňěęďã őâáçěâőň ĺ âàěłőň ŕőáńě àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 2.11 Ğăćĺáĺňőáâì àăğàěèěŋĺï ďàěľäőćëå łăňěà őâ ďàěľäőćőčő àăááâőïŋĺï ĺ ãčńă. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 2.12 Őŕàěďěńěŋĺě łńăááőć áőąëâĺľ, łőâőàőě ąëńő ĺáŕőńìğőćăŋő ďńï ĺğãçěŋĺï íääěłâĺćŋőáâĺ ďàěľäőćëå łăňěà (áň. âěłáâ). . . . . . 56 2.13 Ŋěíääěłâĺćŋőáâì (1-ε_{min}) łăł äãŋłæĺï x-łőőàďĺŋăâë (ćďőńì ŕàőćőńőçłĺ). Ŕĺłĺ áőőâćěâáâćãîâ ŕńăáâĺŋłăň ďńï äĺłáăæĺĺ ŕàőćőńőçěł. İâő àăáŕàěďěńěŋĺě ňőęěâ ąëâì åőàőèő őŕĺáăŋő á ŕőňőéìî ŕőáâőïŋŋőľ ŕőďńőęłĺ (≈ 2.4%) ĺ âàěå àăáŕàěďěńěŋĺľ Čăãááă á èĺàĺŋőľ ≈ 6 ňň, àăáŕőńőęěŋŋëå ć ňěáâăå, áőőâćěâáâćãîéĺå ŕőńőęěŋĺïň ŕńăáâĺŋőł ďńï äĺłáăæĺĺ ŕàőćőńőçěł. Ŋěąőńìèĺě ğőŋë ŋěíääěłâĺćŋőáâĺ ćő ćâőàőľ (pl1) ĺ âàěâìěľ (pl2) ŕńőáłőáâïå áőőâćěâáâćãîâ àăáŕőàłăň ďńï ŕőďďěàęłĺ łăňěà. . . . . . . . . . . 57 2.14 Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ őâ ŕőńőęěŋĺï âàěłă ćŋãâàĺ ďàěľäőćőčő ŕàőňěęãâłă. Őąńăáâĺ ŋěíääěłâĺćŋőáâĺ, łăł ĺ őęĺďăńőáì, ŋăåőďïâáï ŋă łàăïå ďàěľäőćőčő ŕàőňěęãâłă. . . . . . . . . . . . . 59 2.15 Ŕàĺňěàë ŕőâěàĺ íääěłâĺćŋőáâĺ ć ďàěľäőćëå łăňěàăå. Śŕńőèŋăï čőàĺğőŋâăńìŋăï ńĺŋĺï áőőâćěâáâćãěâ ãàőćŋî íääěłâĺćŋőáâĺ ďńï ŋőàňăńìŋëå łăňěà ε = 0.98. Ğăèâàĺåőćăŋŋëě ğőŋë áőőâćěâáâćãîâ àăğńĺçŋëň łăâőďŋëň áâàĺŕăň. Ňë ňőęěň ãâćěàęďăâì, çâő . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 2.16 Ŕàĺňěà ćàěňěŋŋőčő ĺŋâěàćăńă (ć ŋá) ňěęďã őâáçěâőň, ćłńîçěŋŋëň ć âàěł, ĺ ďàãčĺň áàăąăâëćăŋĺěň ŋă âőľ ęě ŕàőćőńőçłě ďő (áńěćă) ĺ ŕőáńě (áŕàăćă) ćëçĺâăŋĺï áĺňňěâàĺçŋőčő ćłńăďă őâ δíńěłâàőŋőć. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 2.17 Řăğàěèěŋĺě ŕő ĺňŕãńìáã łăł äãŋłæĺï ďńĺŋë âàěłă (çĺáńő őâáçěâőć ć íääěłâĺćŋőň őąêěňě ďàěľäőćëå łăňěà). . . . . . . . . . . . 62 2.18 Śåěňăâĺçěáłĺľ ćĺď áćěàåã ŋă TRD ňőďãńì. . . . . . . . . . . . . . 63 2.19 Őâłńĺł âàãąłĺ TRD ŋă 10 ČíĆ-ŋëľ ŕĺőŋ ĺ íńěłâàőŋ (ĺğňěàěŋĺï ŋă âěáâőćőň ŕãçłě). Ŕãŋłâĺàŋăï ńĺŋĺï áőőâćěâáâćãěâ áĺčŋăńã őâ ĺáâőçŋĺłă^{55}F e (5.89 łíĆ). . . . . . . . . . . . . . . . . . . . . . 65 2.20 Ćĺď ďěâěłâőàă ńĺćŋěľ. . . . . . . . . . . . . . . . . . . . . . . . . . 65 2.21 Śåěňăâĺçěáłĺľ ćĺď ąńőłőć ĺğ áćĺŋæőćőčő áâěłńă á äőâőâěâàőďăňĺ. 66 2.22 Řăáŕàěďěńěŋĺě ĺŋćăàĺăŋâŋőľ ňăááë áĺáâěňë ďćãå äőâőŋőć, àěłőŋáâàãĺàőćăŋŋëå ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě, áőďěàęĺâ ïćŋëľ ŕĺł őâ π^0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 2.23 İŋěàčőćëďěńěŋĺě ć ECAL, ćëğćăŋŋőě ňîőŋăňĺ, ŕěàěáěłăîéĺňĺ ďěâěłâőà ćő ćàěňï ŋăąőàă ďăŋŋëå. Śĺčŋăńë ŕőŕàăćńěŋŋë á ãçěâőň ğăćĺáĺňőáâĺ íŋěàčőćëďěńěŋĺï őâ ãčńă ňîőŋă ŕő őâŋőèěŋĺî ł ŕńőáłőáâĺ łăńőàĺňěâàă. . . . . . . . . . . . . . . . . . . . . . . . 68 2.24 Ćĺď ŋă HCAL. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 2.25 Łőőàďĺŋăâŋőě àăğàěèěŋĺě ďńï ňîőŋőć, ŕàőåőďïéĺå çěàěğ őâďěńìŋëľ ňőďãńì ăďàőŋŋőčő łăńőàĺňěâàă. . . . . . . . . . . . . . . . . 70 2.26 Residuals ďńï áěčňěŋâőć ć ňîőŋŋëå łăňěàăå, áőďěàęăéĺå 4 őâáçěâă, ŕàĺ åőàőèěň łăçěáâćě čăğőćőľ áňěáĺ. . . . . . . . . . . . . 71

2.27 Řăğàěğ ňőďãńï ňîőŋŋëå łăňěà ŕőłăğëćăěâ čěőňěâàĺî ďàěľäőćëå âàãąőł ĺ åăàăłâěàŋőě àăáŕőńőęěŋĺě őâáçěâőć ŕàĺ ŕàőåőęďěŋĺĺ ňîőŋă (őáŋőćŋăï ńĺŋĺï) ĺ àěłőŋáâàãĺàőćăŋŋëě áěčňěŋâë ć ŕàőěłæĺïå (ŕãŋłâĺàŋëě ńĺŋĺĺ). . . . . . . . . . . . . . . . . . . . . . 72

3.1 Őŕàěďěńěŋĺě ŕăàăňěâàőć, łőâőàëě áńãęăâ ďńï őŕĺáăŋĺï âàăěłâőàĺĺ ğăàïęěŋŋëľ çăáâĺæë ć ãáâăŋőćłě NOMAD. . . . . . . . . . . 79 3.2 Śőąëâĺě run 8744 event 228 ĺğ àěăńìŋëå ďăŋŋëå. Ňőęŋő ńěčłő ãćĺďěâì ŋěàăąőâăîéãî ďàěľäőćãî ŕńőáłőáâì ć áěàěďĺŋě ďěâěłâőàă. 86 3.3 Śőąëâĺě run 8744 event 228 ĺğ àěăńìŋëå ďăŋŋëå ŕőáńě ćëŕőńŋěŋĺï àěłőŋáâàãłæĺĺ ć ďàěľäőćëå łăňěàăå ĺ ĺďěŋâĺäĺłăæĺĺ çăáâĺæ á ŕőňőéìî ďàãčĺå íńěňěŋâőć ãáâăŋőćłĺ (áň. ŋĺęě). . . . . . . . . 86 3.4 Řăáŕàěďěńěŋĺï χ^2 ĺ ćěàőïâŋőáâĺ χ^2 ďńï ňîőŋŋëå âàěłőć ĺğ àěăńìŋëå ďăŋŋëå. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 3.5 Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ àěłőŋáâàãłæĺĺ âàěłőć őâ ďńĺŋë (çĺáńă őâáçěâőć) âàěłă (ńěćő) ĺ ěčő ĺňŕãńìáă (ŕàăćő). . . . . . . . . 97 3.6 Łăçěáâćő àěłőŋáâàãłæĺĺ K^0_S ć ćëąőàłě ďăŋŋëå ’96 čőďă (ĺŋćăàĺăŋâŋăï ňăááă ĺ ćàěňï ęĺğŋĺ). Ğŋăçěŋĺï, ŕőńãçěŋŋëě ć ďăŋŋëå ’95 čőďă, ŕàĺćěďěŋë ďńï áàăćŋěŋĺï. . . . . . . . . . . . . . . . . . . . 97 3.7 Łăçěáâćő àěłőŋáâàãłæĺĺ Λ^0 ć ćëąőàłě ďăŋŋëå ’96 čőďă (ĺŋćăàĺăŋâŋăï ňăááă ĺ ćàěňï ęĺğŋĺ). Ğŋăçěŋĺï, ŕőńãçěŋŋëě ć ďăŋŋëå ’95 čőďă, ŕàĺćěďěŋë ďńï áàăćŋěŋĺï. . . . . . . . . . . . . . . . . . . . 98 3.8 Řăáŕàěďěńěŋĺě ŕěàćĺçŋëå ćěàèĺŋ ć ŕńőáłőáâĺ, ŕěàŕěŋďĺłãńïàŋőľ ŋăŕàăćńěŋĺî ŕãçłă, ďńï àěăńìŋëå ďăŋŋëå. . . . . . . . . . . 99 3.9 Řăáŕàěďěńěŋĺě ŕěàćĺçŋëå ćěàèĺŋ ćďőńì ŋăŕàăćńěŋĺï ŕãçłă ďńï àěăńìŋëå ďăŋŋëå. . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 3.10 Ŕàőáâàăŋáâćěŋŋőě àăğàěèěŋĺě ŕàĺ àěłőŋáâàãłæĺĺ ćěàèĺŋë ć ν_μ CC MC áőąëâĺïå: ďőáâĺčăěâáï àăğàěèěŋĺě 600 ňłň, 90 ňłň ĺ 860 ňłň ďńï x, y ĺ z áőőâćěâáâćěŋŋő. . . . . . . . . . . . . . . . . . . 100 3.11 Śàěďŋěě íŋěàčőćëďěńěŋĺě ć âàãąłě TRD (ğăŕőńŋěŋŋőľ łáěŋőŋőň) łăł äãŋłæĺï ĺňŕãńìáă ňîőŋă. Śàěďŋěě íŋěàčőćëďěńěŋĺě ć âàãąłě TRD łăł äãŋłæĺï ãčńă ϕ (ãčőń ć ćěàâĺłăńìŋőľ ŕńőáłőáâĺ). İŋěàčőćëďěńěŋĺě ć ğăćĺáĺňőáâĺ őâ àăááâőïŋĺï ďő ŕàőćőńőçłĺ. Śàěďŋěě íŋěàčőćëďěńěŋĺě ć âàãąłě TRD łăł äãŋłæĺï y-łőőàďĺŋăâë: ŋěâ ğăćĺáĺňőáâĺ. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 3.12 Ŕàĺňěà îáâĺàőćłĺ PRS ďńï ŕěàĺőďă ŋăąőàă ďăŋŋëå. Řăááâőïŋĺě őâ âőçłĺ íłáâàăŕőńïæĺĺ DC âàěłă ďő ąńĺęăľèěčő łńăáâěàă PRS ć x ĺ y ŕàőěłæĺïå ŕőáńě áňěéěŋĺï PRS ŋă -0.4 áň (x) ĺ -1.3 áň (y). Ćŋĺğã: àăğŋőáâì ć őďŋőľ ĺğ łőőàďĺŋăâ łăł äãŋłæĺï ďàãčőľ: ćĺďŋő, çâő PRS ŕőćěàŋãâ őâŋőáĺâěńìŋő áĺáâěňë ďàěľäőćëå łăňěà (ŕàĺňěàŋő ŋă 0.5 áň ŕàĺ èĺàĺŋě ďěâěłâőàă ąőńěě çěň 240 áň). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 3.13 Ĺňŕãńìáŋëľ áŕěłâà ňîőŋőć á ãçěâőň ğŋăłă ğăàïďă (áàăćŋěŋĺě àěăńìŋëå ďăŋŋëå ĺ ňőďěńĺàőćăŋŋëå áőąëâĺľ). . . . . . . . . . . . 105 3.14 İääěłâĺćŋőáâì ĺďěŋâĺäĺłăæĺĺ ňîőŋă łăł äãŋłæĺï ěčő ĺňŕãńìáă ďńï ν_μ CC áőąëâĺľ. . . . . . . . . . . . . . . . . . . . . . . . . . . 105 3.15 Śňőďěńĺàőćăŋŋëě 10 ČíĆ íńěłâàőŋë ćőááâăŋőćńěŋë á ĺáŕőńìğőćăŋĺěň áâăŋďăàâŋőľ ňőďěńĺ âàěłă (”ŕĺőŋŋăï” čĺŕőâěğă) ćő ćàěňï äĺâă. Ňőęŋő őâňěâĺâì, çâő àěłőŋáâàãĺàőćăŋŋëľ ŋăçăńìŋëľ ĺňŕãńìá íńěłâàőŋă ĺ ěčő ŋăŕàăćńěŋĺě ć ŕńőáłőáâĺ YZ ĺňěîâ áĺáâěňăâĺçěáłĺľ áďćĺč. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106 3.16 Śàăćŋěŋĺě őâłńĺłă ďěâěłâőàă ńĺćŋěľ ŋă ŕĺőŋë ĺ íńěłâàőŋë (ĺğňěàěŋĺï ŋă âěáâőćőň ŕãçłě). . . . . . . . . . . . . . . . . . . . . . 107

3.17 Śőćňěáâŋëľ ãàőćěŋì ŕőďăćńěŋĺï äőŋă őâ ăďàőŋőć ďńï PRS ĺ ECAL (ĺğňěàěŋĺï ŋă âěáâőćőň ŕãçłě). . . . . . . . . . . . . . . . . . . . 108 3.18 İŋěàčőćëďěńěŋĺě ć őďŋőľ âàãąłě TRD ŕàĺ ŕěàěáěçěŋĺĺ ěě 10 ČíĆ íńěłâàőŋăňĺ ĺ ŕĺőŋăňĺ (Ňőŋâě-Łăàńő ňőďěńĺàőćăŋĺě). . . . . . . 109 3.19 Řăáŕàěďěńěŋĺï őâŋőèěŋĺï ŕàăćďőŕőďőąĺï ďńï 10 ČíĆ íńěłâàőŋőć ĺ ŕĺőŋőć, ŕěàěáěłăîéĺå 9 ňőďãńěľ TRD (Ňőŋâě-Łăàńő ňőďěńĺàőćăŋĺě). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 3.20 Ŋěőŕàěďěńěŋŋőáâì ŕő x łőőàďĺŋăâě ďńï íłáâàăŕőńĺàőćăŋŋőčő DC âàěłă ć TRD ĺğňěàĺâěńìŋőľ ŕńőáłőáâĺ ∼1 ňň; íâő ŋăňŋőčő ńãçèě, çěň ďĺăňěâà TRD âàãąłĺ (1.6 áň). . . . . . . . . . . . . . . . . . 111 3.21 Śňőďěńĺàőćăŋŋëě 10 ČíĆ íńěłâàőŋë ćőááâăŋőćńěŋë á ĺáŕőńìğőćăŋĺěň áŕěæĺăńìŋőľ ňőďěńĺ âàěłă (”íńěłâàőŋŋăï” čĺŕőâěğă), łőâőàëľ ŕàĺŋĺňăěâ ćő ćŋĺňăŋĺě ŕőâěàĺ íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě ć ŕàőæěááě äĺâă. Ŋăŕàăćńěŋĺě ŕěàćĺçŋőčő íńěłâàőŋă ćőááâăŋőćńěŋő ńãçèě ć áàăćŋěŋĺĺ á ”ŕĺőŋŋőľ” ňőďěńìî âàěłă (áň. àĺá. 3.15). Ćőááâăŋőćńěŋŋëľ ŋăçăńìŋëľ ĺňŕãńìá íńěłâàőŋă âăłęě ąńĺęě ł áňőďěńĺàőćăŋŋőňã ğŋăçěŋĺî, őďŋăłő, àăğàěèěŋĺě ŕő ĺňŕãńìáã ŋěďőáâăâőçŋő åőàőèő. . . . . . . . . . . . . . . . . . . . . . . . . . . 112 3.22 Śőąëâĺě Run 10409 Event 22765 (YZ ŕàőěłæĺï) ĺğ àěăńìŋëå ďăŋŋëå ďő ŕőŕëâłĺ ŕàĺňěŋĺâì ăńčőàĺâň ŕőĺáłă âőçěł ĺğńőňă âàăěłâőàĺĺ. Ŋĺęŋĺľ âàěł ąëń ĺďěŋâĺäĺæĺàőćăŋ łăł íńěłâàőŋ ć TRD. 112 3.23 Śőąëâĺě Run 10409 Event 22765 (YZ ŕàőěłæĺï) ŕőáńě ŕàĺňěŋěŋĺï ăńčőàĺâňă ŕőáńěďőćăâěńìŋőčő ŕőĺáłă âőçěł ĺğńőňă. Ďćě âăłĺå âőçłĺ ąëńĺ ŋăľďěŋë ćďőńì âàăěłâőàĺĺ íńěłâàőŋă ĺ áćïğăŋë á ďćãňï äőâőŋăňĺ: őďĺŋ áäőàňĺàőćăŋ ĺğ àěłőŋáâàãĺàőćăŋŋőľ łőŋćěàáĺĺ ć íääěłâĺćŋőň őąêěňě ďàěľäőćëå łăňěà, ă ďàãčőľ - ĺğ ŋěľâàăńìŋőčő łńăáâěàă ć ECAL. . . . . . . . . . . . . . . . . . . . 113 3.24 Ŕőńŋőáâìî ćőááâăŋőćńěŋŋőě ν_μ-CC ćğăĺňőďěľáâćĺě (run 9753 event 81). Śăňëľ ďńĺŋŋëľ âàěł ćŋĺğã - ňîőŋ, áőőâćěâáâćãîéĺľ áěčňěŋâăň ć ňîőŋŋëå łăňěàăå; ňăńěŋìłĺě âàěãčőńìŋĺłĺ - íłáâàăŕőńïæĺĺ âàěłőć. Šàĺ äőâőŋă (ŕãŋłâĺàŋëě ńĺŋĺĺ) ąëńĺ ŕőáâàőěŋë: őďĺŋ ĺğ ŋěľâàăńìŋőčő łńăáâěàă ć ECAL, ă ďćă ďàãčĺå ŋă őáŋőćě ĺďěŋâĺäĺæĺàőćăŋŋëå äőâőŋŋëå łőŋćěàáĺľ ć íääěłâĺćŋőň őąêěňě ďàěľäőćëå łăňěà. . . . . . . . . . . . . . . . . . . . . . . . . . 115 3.25 Śňőďěńĺàőćăŋŋëě 10 ČíĆ íńěłâàőŋë ćőááâăŋőćńěŋë á ĺáŕőńìğőćăŋĺěň ňőďěńĺ âàěłă, łőâőàăï ŕőďàăğãňěćăěâ ňăááã íńěłâàőŋă ĺ őâáãâáâćĺě ŕőâěàì íŋěàčĺĺ ŋă âőàňőğŋőě ĺğńãçěŋĺě. Ć ŕàőæěááě äĺâă âàěłă àăááňăâàĺćăîâáï âőńìłő 30 ŕěàćëå őâáçěâőć. . . . . . . . 117 3.26 Śőąëâĺě run 10037 event 2084 (YZ ŕàőěłæĺï) ĺğ àěăńìŋëå ďăŋŋëå ŕőłăğëćăěâ őčàăŋĺçěŋĺě ăńčőàĺâňă ŕőĺáłă âőçłĺ ĺğńőňă. Ć íńěłâàőŋŋőň âàěłě âőńìłő 18 őâáçěâőć, çâő ïćŋő ŋěďőáâăâőçŋő ďńï àăąőâë ăńčőàĺâňă. . . . . . . . . . . . . . . . . . . . . . . . . 117 3.27 Śőąëâĺě run 10037 event 2084 (XZ ŕàőěłæĺï) ĺğ àěăńìŋëå ďăŋŋëå ŕőłăğëćăěâ őčàăŋĺçěŋĺě ăńčőàĺâňă ŕőĺáłă âőçłĺ ĺğńőňă. Ć íńěłâàőŋŋőň âàěłě âőńìłő 18 őâáçěâőć, çâő ïćŋő ŋěďőáâăâőçŋő ďńï àăąőâë ăńčőàĺâňă. . . . . . . . . . . . . . . . . . . . . . . . . 118 3.28 Řăáŕàěďěńěŋĺě^{ΔE}_E =^{EM C −EBREM}_{EM C} ďńï ν_e CC MC áőąëâĺľ. . . . . 119 3.29 Śőąëâĺě Run 8246 Event 20299 ĺğ àěăńìŋëå ďăŋŋëå áőďěàęĺâ ňîőŋ, ŕěàěáěłăîéĺľ ãáâăŋőćłã NOMAD ĺ ŕàĺćőďïéĺľ ł őąàăğőćăŋĺî δ-íńěłâàőŋă. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

3.30 Ŕàőćěàłă àăąőâë ăńčőàĺâňă ŕőĺáłă âőçěł ĺğńőňă âàăěłâőàĺĺ á ĺáŕőńìğőćăŋĺěň àěăńìŋëå ďăŋŋëå (ňîőŋőć, ŕàĺćőďïéĺå ł őąàăğőćăŋĺî δ-íńěłâàőŋőć). Śàăćŋěŋĺě χ^2_{k,Δ} ĺ őâŋőàňĺàőćăŋŋőľ àăğŋőáâĺ łàĺ- ćĺğŋë^{1/RB −1/RF} σ_{1/R} ďńï ňîőŋőć (áŕńőèŋăï ńĺŋĺï) ĺ íńěłâàőŋőć

(ŕãŋłâĺàŋăï ńĺŋĺï). Ňőęŋő ãćĺďěâì ŋăńĺçĺě ŕőâěŋæĺăńìŋëå âőçěł ĺğńőňă ďńï íńěłâàőŋőć (ąőńìèĺě ŕőńőęĺâěńìŋëě ğŋăçěŋĺï ć őąőĺå àăáŕàěďěńěŋĺïå). Šĺŕĺçŋëě ğŋăçěŋĺï łàĺâěàĺěć ďńï ŕőáâàőěŋĺï ďćãå áěčňěŋâőć ćňěáâő őďŋőčő âàěłă 25 ĺ 3 áőőâćěâáâćěŋŋő. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

3.31 Śàăćŋěŋĺě íŋěàčőćëďěńěŋĺľ ć âàãąłě TRD ďńï 5 ČíĆ ňîőŋőć ĺ ďńï δ-íńěłâàőŋőć áő áàěďŋĺň ĺňŕãńìáőň 2 ČíĆ ć íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå (âőçłĺ á őèĺąłăňĺ) ĺ ňőďěńĺàőćăŋŋëå áőąëâĺïå (áŕńőèŋăï ńĺŋĺï). . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

3.32 Ďĺăčàăňňă, ŕőłăğëćăîéăï ŕàĺŋæĺŕ àăąőâë ăńčőàĺâňă àěłőŋáâàãłæĺĺ ć ECAL. . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

4.1 Ďĺăčàăňňă, ŕőłăğëćăîéăï őáŋőćŋëě ŕěàěňěŋŋëě, ĺáŕőńìğőćăŋŋëě ďńï őŕĺáăŋĺï łĺŋěňăâĺłĺ ńěŕâőŋ-ŋãłńőŋŋőčő àăááěïŋĺï. . . 126

4.2 Śåěňă ĺáŕőńìğőćăŋĺï àăğńĺçŋëå ŕăłěâőć łőňŕìîâěàŋëå ŕàőčàăňň ďńï ňőďěńĺàőćăŋĺï ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ ć ãáâăŋőćłě NO- MAD (ĺğ [89]). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

4.3 Łĺŋěňăâĺçěáłĺ àăğàěèěŋŋăï őąńăáâì ŕěàěňěŋŋëå Ąìěàłěŋă x ĺ y ĺğ-ğă ŋăńĺçĺï âïęěńőčő τ-ńěŕâőŋă ć łőŋěçŋőň áőáâőïŋĺĺ ć ν_τ CC ćğăĺňőďěľáâćĺïå ďńï íŋěàčĺĺ ć áĺáâěňě æěŋâàă ňăáá (s − M^2) ňěŋìèě 25 ČíĆ^2 (ŋăŕàăćő őâ áŕńőèŋőľ łàĺćőľ) ĺ ν_τ CC áőąëâĺï, áňőďěńĺàőćăŋŋëě NOMAD čěŋěàăâőàőň áőąëâĺľ (âőçłĺ). Śňőâàĺ ďěâăńìŋőě őŕĺáăŋĺě ć [132]. . . . . . . . . . . . . . . . . . . . 129

4.4 Ďćě ŕăàăňěâàĺğăæĺĺ Ťěàňĺ-ďćĺęěŋĺï ŋãłńőŋă ć ïďàě, łőâőàëě ĺáŕőńìğőćăńĺáì ć ŕăłěâě NEGLIB: Guoju - Irvine [133] (áŕńőèŋăï ńĺŋĺï) ĺ Bodek - Ritchie [134] (ŕãŋłâĺàŋăï ńĺŋĺï). Śâőĺâ őâňěâĺâì, çâő ŕěàćăï ŕěàěňěâàĺğăæĺï ŋě ĺňěěâ ďńĺŋŋőčő åćőáâă ŕő áàăćŋěŋĺî áő ćâőàőľ, ŋő ŕàěďáłăğëćăěâ ąőńìèãî ďőńî áőąëâĺľ ć ĺŋâěàćăńě [0.4, 1] (ČíĆ). . . . . . . . . . . . . . . . . . . . . . . . 130

4.5 Ğăćĺáĺňőáâì ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć ν_μ CC áőąëâĺïå ĺğ àěăńìŋëå ďăŋŋëå őâ ŕőńőęěŋĺï ŕěàćĺçŋőľ ćěàèĺŋë (X_{vtx}, Y_{vtx}, Z_{vtx}), áãňňë ğăàïďőć ć ŕěàćĺçŋőľ ćěàèĺŋě, çĺáńă ŋěăááőæĺĺàőćăŋŋëå TRD âàěłőć ĺ ďőńĺ íŋěàčĺĺ, ćëďěńěŋŋőľ ć ăďàőŋŋőň łăńőàĺňěâàě, ŕő őâŋőèěŋĺî ł ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć áőąëâĺĺ. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132

4.6 Śàăćŋěŋĺě áňőďěńĺàőćăŋŋëå ĺ àěłőŋáâàãĺàőćăŋŋëå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ć ν_μ CC MC áőąëâĺïå. . . . . . . . . . . . . . . 133

4.7 Śàăćŋěŋĺě àěłőŋáâàãĺàőćăŋŋëå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï ĺďěŋâĺäĺæĺàőćăŋŋëå ν_μ CC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ àěăńìŋëå ďăŋŋëå (âőçłĺ á őèĺąłăňĺ). §ćŋőě àăááőčńăáőćăŋĺě ćëğćăŋő ŋăńĺçĺěň ďőŕőńŋĺâěńìŋőčő ćłńăďă őâ łćăğĺãŕàãčĺå áőąëâĺľ ĺ őąàăğőćăŋĺï àěğőŋăŋáőć ć àěăńìŋëå ďăŋŋëå, ć âő ćàěňï łăł áőąëâĺï íâĺå âĺŕőć ŋě ąëńĺ áňőďěńĺàőćăŋë ŋăèěľ ŕàőčàăňňőľ Ňőŋâě-Łăàńő ďńï čńãąőłőŋěãŕàãčĺå ŋěľâàĺŋŋëå ćğăĺňőďěľáâćĺľ. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

4.8 Śàăćŋěŋĺě àěłőŋáâàãĺàőćăŋŋëå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï ĺďěŋâĺäĺæĺàőćăŋŋëå ν_μ CC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ àěăńìŋëå ďăŋŋëå (âőçłĺ á őèĺąłăňĺ). Čńãąőłőŋěãŕàãčĺě ŋěľâàĺŋŋëě ćğăĺňőďěľáâćĺï őâąĺàăîâáï á ŕőňőéìî áńěďãîéĺå łàĺâěàĺěć: Q^2 > 3 ČíĆ^2 ĺ W^2 > 3 ČíĆ^2. . . . . . . . . . . . . . . . . 135 4.9 Řăáŕàěďěńěŋĺï ďńï ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă p^{miss}_T ć ĺďěŋâĺäĺæĺàőćăŋŋëå ν_μ CC MC áőąëâĺïå (áŕńőèŋăï ńĺŋĺï) ĺ ć àěăńìŋëå ďăŋŋëå (âőçłĺ á őèĺąłăňĺ). Řăğńĺçĺě ć áàěďŋěň ğŋăçěŋĺĺ ďőáâĺčăěâ 140 ŇíĆ. . . . . . . . . . . . . . . . . . . . . . 136 4.10 Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ ŕěàćĺçŋőčő íńěłâàőŋă ĺ ěčő ăááőæĺăæĺĺ á ŕěàćĺçŋőľ ćěàèĺŋőľ łăł äãŋłæĺï ŕőńőęěŋĺï ŕěàćĺçŋőľ ćěàèĺŋë ĺ íŋěàčĺĺ ŋăńěâăîéěčő ŋěľâàĺŋő. . . . . . . 137 4.11 Łăçěáâćő ćőááâăŋőćńěŋĺï íńěłâàőŋă ĺğ ŕěàćĺçŋőľ ćěàèĺŋë: őŕàěďěńěŋĺě ěčő ĺňŕãńìáă ĺ ŋăçăńìŋőčő ŋăŕàăćńěŋĺï; àăáŕàěďěńěŋĺě ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă p^{miss}_T ć ćőáâăŋőćńěŋŋëå ν_e CC MC áőąëâĺïå. . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 4.12 Řěłőŋáâàãłæĺï ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă ć ν_e CC MC áőąëâĺïå. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 4.13 Řěłőŋáâàãłæĺï ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć ν_e CC MC áőąëâĺïå. . 139 4.14 Śàăćŋěŋĺě áňőďěńĺàőćăŋŋëå ĺ ćőááâăŋőćńěŋŋëå łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï ν_e CC MC áőąëâĺľ. . . . . . . . . . . . . . . . . 139

5.1 Ŕàĺňěà ĺáŕőńìğőćăŋĺï X_{pa} ŕàěőąàăğőćăŋĺï ďńï 2-ňěàŋőľ ŕěàěňěŋŋőľ (áĺčŋăń ĺ äőŋ ïćńïîâáï ďćãňěàŋëňĺ àăáŕàěďěńěŋĺïňĺ Čăãááă á σ = 1 ĺ 50% łőààěńïæĺěľ). Ććěàåã: àăáŕàěďěńěŋĺï X_{pa} ďńï áĺčŋăńă s (ńěćő) ĺ äőŋă b (ŕàăćő). Śńěćă ćŋĺğã: àăáŕàěďěńěŋĺě s/(s+b) á ãçěâőň łőààěńïæĺľ, őâäĺâĺàőćăŋŋőě ŕàïňőľ ńĺŋĺěľ. Ŕăàăňěâàë äĺâă ŋăåőďïâáï ć ŕàěďěńăå őèĺąőł őâ őęĺďăěňëå ğŋăçěŋĺľ 0 ĺ 1. Śŕàăćă ćŋĺğã: âő ęě àăáŕàěďěńěŋĺě, çâő ĺ áńěćă, ŋő ŕěàěňěŋŋëě áçĺâăîâáï ŋěğăćĺáĺňëňĺ, ŕăàăňěâàë äĺâă áãéěáâćěŋŋő őâńĺçăîâáï őâ 0 ĺ 1. . . . . . . . . . . . . . . . . . . 146 5.2 Şàőćěŋì ŕőďăćńěŋĺï äőŋă łăł äãŋłæĺï íääěłâĺćŋőáâĺ ďńï ŕàĺňěàă á ďćãňï àăáŕàěďěńěŋĺïňĺ Čăãááă ŕàĺ ãçěâě łőààěńïæĺľ (áŕńőèŋăï ńĺŋĺï) ĺ ŕàěŋěąàěęěŋĺĺ ĺňĺ (ŕãŋłâĺàŋăï ńĺŋĺï). Ćĺďŋő, çâő ãçěâ łőààěńïæĺľ áâăŋőćĺâáï ćăęŋëň ć áńãçăě, ěáńĺ âàěąãěâáï ďőáâĺçì ãàőćŋï ŕőďăćńěŋĺï äőŋă ńãçèě çěň 10^3. . . . . . . . . . . . 147 5.3 Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ ĺďěŋâĺäĺłăæĺĺ íńěłâàőŋőć őâ ãàőćŋï ŕőďăćńěŋĺï äőŋă ďńï ŕěàěňěŋŋőľ, ĺáŕőńìğãîéěľ ĺŋäőàňăæĺî PRS ĺ ECAL (ďńï ŕěàćĺçŋëå âàěłőć, âěàïîéĺå > 0.75 ČíĆ ć íńěłâàőňăčŋĺâŋőň łăńőàĺňěâàě). . . . . . . . . . . . . . . . . . . . . . 147 5.4 Śàăćŋěŋĺě àăáŕàěďěńěŋĺľ ĺŋćăàĺăŋâŋőľ ňăááë ĺ ŕőŕěàěçŋőčő ĺňŕãńìáă őďŋőčő ĺğ âàěłőć ŕő őâŋőèěŋĺî ł ĺå áãňňăàŋőňã ĺňŕãńìáã (p^{int}_T ) ďńï ŕăàë âàěłőć (ŕěàćĺçŋëľ e^± łăŋďĺďăâ ĺ ďàãčőľ ŕàőâĺćőŕőńőęŋő ğăàïęěŋŋëľ âàěł, áőáâăćńïîéĺľ ŋăĺňěŋìèĺľ ãčőń á ŕěàćëň ć ŕńőáłőáâĺ YZ) ďńï ν_μ NC (áŕńőèŋăï ńĺŋĺï), τ → e (ŕãŋłâĺàŋăï ńĺŋĺï) ĺ ν_e CC (èâàĺåőćăï ńĺŋĺï) Ňőŋâě-Łăàńő áőąëâĺľ. Ňőęŋő ńěčłő ãćĺďěâì ćłńăď őâ łőŋćěàáĺľ ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë (áłőŕńěŋĺě áőąëâĺľ ćąńĺğĺ ŋőńï ć őąőĺå àăáŕàěďěńěŋĺïå). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149 5.5 Śàăćŋěŋĺě àăáŕàěďěńěŋĺľ qt2ratio vs rho nu ďńï ν_e CC MC áőąëâĺľ (âőçłĺ) ĺ ν_μ NC MC áőąëâĺľ, áőďěàęăéĺå íńěłâàőŋ ć ŕěàćĺçŋőľ ćěàèĺŋě (łàěáâĺłĺ). . . . . . . . . . . . . . . . . . . . 150

5.6 Ŕàĺňěà s/(s+b) àăáŕàěďěńěŋĺï ŕőğćőńïěâ ŕàőćěàĺâì łăçěáâćő ŕăàăňěâàĺğăæĺĺ ďńï ďăŋŋőľ ŕěàěňěŋŋőľ nc ĺ ãąěďĺâìáï ć âőň, çâő ãçěâ łőààěńïæĺľ ňěęďã qt2ratio ĺ rho nu ĺčàăěâ ćăęŋãî àőńì. Řăáŕàěďěńěŋĺï ć áńãçăïå ŕàěŋěąàěęěŋĺï łőààěńïæĺěľ (ńěćő) ĺ ěě ãçěâě (ŕàăćő). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151 5.7 Śőąëâĺě run 212013 event 27069 (YZ ŕàőěłæĺï): ïćńïěâáï “+” łăŋďĺďăâőň ĺğ ŋăąőàă ν_μ CC MC. Őŋő áőďěàęĺâ àăáŕăď D^0 → e^+ν_eK^− (p_e+ = 5.3 ČíĆ, p_{νe} = 4.3 ČíĆ, p_K− = 14.7 ČíĆ). . . . . . 153 5.8 Śàăćŋěŋĺě ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć áőąëâĺĺ, ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă, ŕőŕěàěçŋőčő ĺňŕãńìáă íńěłâàőŋă ŕő őâŋőèěŋĺî ł ăďàőŋŋőľ áâàãě ĺ ŕőŕěàěçŋőľ ňăááë ďńï áőąëâĺľ, áőďěàęăéĺå e^± łăŋďĺďăâ ć ŕěàćĺçŋőľ ćěàèĺŋě: ν_μ NC MC áőąëâĺï (áŕńőèŋăï ńĺŋĺï) ĺ ŕáěćďő-NC, ŕőáâàőěŋŋëě ŋă őáŋőćě ν_μ CC MC áőąëâĺľ (èâàĺåőćăï ńĺŋĺï). . . . . . . . . . . . . . . . . . . . . . 154 5.9 Śàăćŋěŋĺě ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć áőąëâĺĺ, P_T íńěłâàőŋă ĺ ŕěàěňěŋŋëå ρ_μ ĺ ρ_ν ďńï áőąëâĺľ, áőďěàęăéĺå e^± łăŋďĺďăâ ć ŕěàćĺçŋőľ ćěàèĺŋě: ν_μ NC MC áőąëâĺï (áŕńőèŋăï ńĺŋĺï) ĺ ŕáěćďő-NC, ŕőáâàőěŋŋëě ŋă őáŋőćě ν_μ CC MC áőąëâĺľ (èâàĺåőćăï ńĺŋĺï) . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 5.10 Śàăćŋěŋĺě ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć áőąëâĺĺ, ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă, ŕőŕěàěçŋőčő ĺňŕãńìáă íńěłâàőŋă ŕő őâŋőèěŋĺî ł ăďàőŋŋőľ áâàãě ĺ ŕőŕěàěçŋőľ ňăááë ďńï áőąëâĺľ, áőďěàęăéĺå e^± łăŋďĺďăâ ć ŕěàćĺçŋőľ ćěàèĺŋě: ŕáěćďő-NC ĺğ ν_μ NC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ ŕáěćďő-NC, ŕőáâàőěŋŋëě ŋă őáŋőćě ν_μ CC łăŋďĺďăâőć ĺğ ďăŋŋëå ’96 čőďă (âőçłĺ á őèĺąłăňĺ). . . . 156 5.11 Śàăćŋěŋĺě ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć áőąëâĺĺ, P_T íńěłâàőŋă ĺ ŕěàěňěŋŋëå ρ_μ ĺ ρ_ν ďńï áőąëâĺľ, áőďěàęăéĺå e^± łăŋďĺďăâ ć ŕěàćĺçŋőľ ćěàèĺŋě: ŕáěćďő-NC ĺğ ν_μ CC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ ŕáěćďő-NC, ŕőáâàőěŋŋëě ŋă őáŋőćě ν_μ CC łăŋďĺďăâőć ĺğ ďăŋŋëå ’96 čőďă (âőçłĺ á őèĺąłăňĺ). . . . . . . . 157 5.12 Śàăćŋěŋĺě ŕőńŋőľ ćĺďĺňőľ íŋěàčĺĺ ć áőąëâĺĺ, ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă, ŕőŕěàěçŋőčő ĺňŕãńìáă íńěłâàőŋă ŕő őâŋőèěŋĺî ł ăďàőŋŋőľ áâàãě ĺ ŕőŕěàěçŋőľ ňăááë ďńï ν_e CC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ ν_e CC łăŋďĺďăâőć ĺğ ďăŋŋëå ’96 čőďă (âőçłĺ á őèĺąłăňĺ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159 5.13 Śàăćŋěŋĺě ŋěďőáâăîéěčő ŕőŕěàěçŋőčő ĺňŕãńìáă ć áőąëâĺĺ, P_T íńěłâàőŋă ĺ ŕěàěňěŋŋëå ρ_μ ĺ ρ_ν ďńï ν_e CC MC áőąëâĺľ (áŕńőèŋăï ńĺŋĺï) ĺ ν_e CC łăŋďĺďăâőć ĺğ ďăŋŋëå ’96 čőďă (âőçłĺ á őèĺąłăňĺ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 5.14 Śàăćŋěŋĺě ΔZ àăáŕàěďěńěŋĺľ (àăğŋőáâì ŕő Z łőőàďĺŋăâě ňěęďã ŕőńőęěŋĺěň ŕěàćĺçŋőľ ćěàèĺŋë ĺ ŕěàćëň őâáçěâőň ć ńěŕâőŋŋőň âàěłě) ďńï ν_e CC ĺ ν_μ CC áőąëâĺľ ĺğ àěăńìŋëå ďăŋŋëå. . . . . . 161 5.15 Őâŋőèěŋĺě çĺáńă ν_e CC ćğăĺňőďěľáâćĺľ ł çĺáńã ν_μ CC ćğăĺňőďěľáâćĺľ łăł äãŋłæĺï íŋěàčĺĺ ŋăńěâăîéěčő ŋěľâàĺŋő (ŕőłăğăŋë âőńìłő áâăâĺáâĺçěáłĺě őèĺąłĺ). Őâłàëâëňĺ łàãęłăňĺ ŕőłăğăŋő àăáŕàěďěńěŋĺě, őęĺďăěňőě ŋă őáŋőćě ŕàőčàăňňë ňőďěńĺàőćăŋĺï ŋěľâàĺŋŋőčő ŕãçłă, ć őâáãâáâćĺě ν_μ → ν_e őáæĺńńïæĺľ. Ğćěğďőçłăňĺ ŕőłăğăŋë íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě NOMAD ’96 čőďă. Ůěàŋëňĺ łćăďàăâăňĺ ŕőłăğăŋë őęĺďăěňëě àěğãńìâăâë ć áńãçăě ν_μ → ν_e őáæĺńńïæĺľ á ŕăàăňěâàăňĺ, ŕőńãçěŋŋëňĺ łőńńăąőàăæĺěľ LSND: sin^2(2θ) = 6 × 10^{−3} ĺ Δm^2 = 19 íĆ^2. . . . . . . . . . . . . . 162

5.16 Őâŋőèěŋĺě (^{REAL−MC}_{MC} ) ďńï ν_e CC ćğăĺňőďěľáâćĺľ łăł äãŋłæĺï íŋěàčĺĺ ŋăńěâăîéěčő ŋěľâàĺŋő (ŕőłăğăŋë âőńìłő áâăâĺáâĺçěáłĺě őèĺąłĺ). REAL - íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě NOMAD ’96 čőďă. MC - ŋăèĺ őęĺďăŋĺï ŋă őáŋőćě ŕàőčàăňňë ňőďěńĺàőćăŋĺï ŋěľâàĺŋŋőčő ŕãçłă. . . . . . . . . . . . . . . . . . . . . . . . . . . 162 5.17 Ŕőńŋăï ćĺďĺňăï íŋěàčĺï ć áőąëâĺĺ, ŋăçăńìŋëľ ĺňŕãńìá íńěłâàőŋă, ŕőŕěàěçŋëľ ĺňŕãńìá íńěłâàőŋă ŕő őâŋőèěŋĺî ł ăďàőŋŋőľ áâàãě ĺ ŕőŕěàěçŋăï ňăááă ďńï ν_τ CC MC áőąëâĺľ á ĺďěŋâĺäĺæĺàőćăŋŋëň íńěłâàőŋőň ĺğ ŕěàćĺçŋőľ ćěàèĺŋë őâ àăáŕăďă τ^− → e^−ν̄_eν_τ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163 5.18 Ŋěďőáâăîéĺľ ŕőŕěàěçŋëľ ĺňŕãńìá ć áőąëâĺĺ, P_T íńěłâàőŋă ĺ ŕěàěňěŋŋëě ρ_μ ĺ ρ_ν ďńï ν_τ CC MC áőąëâĺľ á ĺďěŋâĺäĺæĺàőćăŋŋëň íńěłâàőŋőň ĺğ ŕěàćĺçŋőľ ćěàèĺŋë őâ àăáŕăďă τ^− → e^−ν̄_eν_τ . . . 164 5.19 Ŋěďőáâăîéĺľ ŕőŕěàěçŋëľ ĺňŕãńìá ć áőąëâĺĺ, P_T íńěłâàőŋă ŕő őâŋőèěŋĺî ł ŋăŕàăćńěŋĺî ăďàőŋŋőľ áâàãĺ ĺ ŕěàěňěŋŋăï ρ_ν ďńï ν_τ CC MC áőąëâĺľ á ĺďěŋâĺäĺæĺàőćăŋŋëň íńěłâàőŋőň ĺğ ŕěàćĺçŋőľ ćěàèĺŋë őâ àăáŕăďă τ^− → e^−ν̄_eν_τ (áŕńőèŋăï ńĺŋĺï), ν_e CC MC áőąëâĺľ (èâàĺåőćăï ńĺŋĺï) ĺ ν_μ NC MC áőąëâĺľ (ŕãŋłâĺàŋăï ńĺŋĺï). Śĺčŋăń ŋăåőďĺâáï ňěęďã ďćãňï ĺáâőçŋĺłăňĺ äőŋă. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165 5.20 Ğăćĺáĺňőáâì íääěłâĺćŋőáâĺ őâąőàă áőąëâĺľ, áőďěàęăéĺå àăáŕăď τ^− → e^−ν̄_eν_τ , őâ ãàőćŋï ŕőďăćńěŋĺï äőŋă őâ ν_e CC áőąëâĺľ ďńï ŕěàěňěŋŋőľ kin (áŕńőèŋăï ńĺŋĺï). Ŕãŋłâĺàŋőľ ńĺŋĺěľ ŕàěďáâăćńěŋă ăŋăńőčĺçŋăï ğăćĺáĺňőáâì ć áńãçăě, łőčďă ňë ŕàěŋěąàěčăěň łőààěńïæĺïňĺ ňěęďã ŕěàěňěŋŋëňĺ, â.ě. kin′ = {etot, xmt, plep, ptmis, qtisol, rho mu, rho nu}. Ŕőćěďěŋĺě łàĺćőľ ć őąńăáâĺ ňěŋìèě 1×10^{−4} ŋě ŕőłăğăŋő, â.ł. ňë ŋě ňőęěň ŕàěďáłăğăâì ěčő ĺğ-ğă ŋěďőáâăâłă ν_e CC MC áőąëâĺľ. 166 5.21 Řăáŕàěďěńěŋĺï łĺŋěňăâĺçěáłĺå ŕěàěňěŋŋëå ďńï ν_τ CC (áŕńőèŋăï ńĺŋĺï) ĺ ν_e CC (èâàĺåőćăï ńĺŋĺï) áőąëâĺľ, ŕàőåőďïéĺå ćáě łàĺâěàĺĺ őâąőàă. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169 5.22 Ğăćĺáĺňőáâì őâŋőèěŋĺï çĺáńă ν_μ CC áőąëâĺľ ĺğ àěăńìŋëå ďăŋŋëå, ŕàőåőďïéĺå ćáě łàĺâěàĺĺ őâąőàă, ł ăŋăńőčĺçŋőňã çĺáńã áőąëâĺľ ĺğ áňěáĺ MC áőąëâĺľ, áőőâćěâáâćãîéěľ áőáâăćã íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå, łăł äãŋłæĺï ŕěàěňěŋŋőľ kin, ĺáŕőńìğőćăŋŋőľ ďńï ŕőďăćńěŋĺï CC áőąëâĺľ. Ć őąńăáâĺ ćőğňőęŋőčő ŕőńőęěŋĺï áĺčŋăńă (kin > 0.9) àăğŋőčńăáĺě ĺğňěŋïěâáï őâ 5% ďő 20% ĺ ňőęěâ àăááňăâàĺćăâìáï łăł őæěŋłă ŋă áĺáâěňăâĺçěáłãî ŕőčàěèŋőáâì ĺğ-ğă àăğńĺçŋőčő ŕőćěďěŋĺï ăďàőŋŋőľ áâàãĺ ć àěăńìŋëå ĺ ňőďěńĺàőćăŋŋëå áőąëâĺïå. Őąńăáâì ňăłáĺňăńìŋőľ çãćáâćĺâěńìŋőáâĺ ŕàěďáâăćńěŋŋőčő ăŋăńĺğă ŕő ŕőĺáłã őáæĺńńïæĺľ áőőâćěâáâćãěâ kin = 0.98. . . . . . . . . . . . . . . . . . . . . . . . . . . . 172 5.23 Śőąëâĺě run 212003 event 13655 (YZ ŕàőěłæĺï ňőďěńĺàőćăŋŋőčő áőąëâĺï) ĺğ ŋăąőàă ν_μ CC MC áőďěàęĺâ μ^− → e^−ν̄_eν_μ àăáŕăď: p_μ− = 15 ČíĆ ĺ p_e− = 2.8 ČíĆ. Ŋěďőáâăîéĺľ ĺňŕãńìá ãŋőáĺâáï ďćãňï ŋěľâàĺŋő (ďńĺŋŋëě èâàĺåőćëě ńĺŋĺĺ). . . . . . . . . . . . 173 5.24 Śőąëâĺě run 212011 event 19660 (DC ŕàőěłæĺï àěłőŋáâàãĺàőćăŋŋőčő áőąëâĺï) ĺğ ŕáěćďő-NC (MC) áőďěàęĺâ μ^−, ĺáŕãáłăîéĺľ δ-íńěłâàőŋ ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë. Šàěł íńěłâàőŋă ïćńïěâáï ąńĺęăľèĺň ł ňîőŋã (ŕőłăğăŋŋőňã ć ćĺďě ńĺŋĺĺ, ćëåőďïéěľ ğă ŕàěďěńë íääěłâĺćŋőčő őąêěňă ďàěľäőćëå łăňěà). . . . . . . . . 174 5.25 Śőąëâĺě run 13312 event 3003 (DC ŕàőěłæĺï àěłőŋáâàãĺàőćăŋŋőčő áőąëâĺï) ĺğ ŕáěćďő-NC (àěăńìŋëě ďăŋŋëě) ćőğňőęŋő áőďěàęĺâ μ^−, ĺáŕãáłăîéĺľ δ-íńěłâàőŋ ćąńĺğĺ ŕěàćĺçŋőľ ćěàèĺŋë. . . . . 174

5.26 Śőąëâĺě run 232001 event 2971 (őąéĺľ ćĺď àěłőŋáâàãĺàőćăŋŋőčő áőąëâĺï): őŕăáŋőě áőąëâĺě ĺğ ŋăąőàă ν_e CC MC. . . . . . . . . . 175 5.27 Śőąëâĺě run 232001 event 2971 (őąéĺľ ćĺď áňőďěńĺàőćăŋŋőčő áőąëâĺï): őŕăáŋőě áőąëâĺě ĺğ ŋăąőàă ν_e CC MC. Ŕěàćĺçŋëľ ŋěľâàőŋ, ćëńěâăîéĺľ ğă ŕàěďěńë ďěâěłâőàă, ŕőłăğăŋ áěàőľ èâàĺåőćőľ ńĺŋĺěľ (p_n = 0.8 ČíĆ). . . . . . . . . . . . . . . . . . . . . . . 175 5.28 Śőąëâĺě run 8746 event 3736 (őąéĺľ ćĺď): őŕăáŋőě áőąëâĺě ĺğ ŋăąőàă ŕáěćďő-NC (àěăńìŋëě ďăŋŋëě). Ŕőğĺâàőŋ (p_{DC} = 2 ČíĆ, E_{ECAL} = 1.4 ČíĆ, E_{P RS X} = 36.9 mip, E_{P RS Y} = 45.3 mip ĺ áàěďŋěě íŋěàčőćëďěńěŋĺě ć âàãąłăå TRD < E_{T RD} >= 23.7 łíĆ) - âàěł ŕőď ŋăĺąőńìèĺň ãčńőň ć őąěĺå ŕàőěłæĺïå YZ ĺ XZ. . . . . 177 5.29 Śőąëâĺě run 8746 event 3736 (DC ŕàőěłæĺï): őŕăáŋőě áőąëâĺě ĺğ ŋăąőàă ŕáěćďő-NC (àěăńìŋëě ďăŋŋëě). e^+ łăŋďĺďăâ ĺğőńĺàőćăŋ őâ ăďàőŋŋőľ áâàãĺ ĺ ŋěâ őâáçěâőć ć ďàěľäőćëå łăňěàăå, łőâőàëě ňőčãâ ąëâì ŕàĺŕĺáăŋë őâàĺæăâěńìŋő ğăàïęěŋŋőňã ŕăàâŋěàã. . . 177 5.30 Śőąëâĺě run 13132 event 27820 (DC ŕàőěłæĺï): őŕăáŋőě “−” áőąëâĺě ĺğ ŋăąőàă ŕáěćďő-NC (àěăńìŋëě ďăŋŋëě). Ć ďàěľäőćëå łăňěàăå ćĺďŋë őâáçěâë, łőâőàëě ňőčãâ ąëâì ŕàĺŕĺáăŋë ŋěàěłőŋáâàãĺàőćăŋŋőňã ŕăàâŋěàã íâőčő e^− łăŋďĺďăâă. . . . . . . . . 178 5.31 Śőąëâĺě run 9288 event 14549 (DC ŕàőěłæĺï) ĺğ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ’95 čőďă ćőğňőęŋő áőďěàęĺâ őâàĺæăâěńìŋő ğăàïęěŋŋëľ ăďàőŋ, ćğăĺňőďěľáâćãîéĺľ ć őąńăáâĺ TRD. . . . . . . . . . 178 5.32 Śőąëâĺě run 212001 event 20498 (DC ŕàőěłæĺï) áőďěàęĺâ ćğăĺňőďěľáâćĺě π^− ć őąńăáâĺ TRD, łőâőàőě ŕàĺćőďĺâ ł őąàăğőćăŋĺî íŋěàčěâĺçŋőčő π^0 ĺ áőőâćěâáâćãîéěčő íńěłâàőňăčŋĺâŋőčő łńăáâěàă ć łăńőàĺňěâàě. Šăłăï łőŋäĺčãàăæĺï áőąëâĺï ĺňĺâĺàãěâ ŕěàćĺçŋëľ íńěłâàőŋ. Ł áőęăńěŋĺî, àěłőŋáâàãĺàőćăŋŋëľ âàěł ć ŋăŕàăćńěŋĺĺ, ŕàőâĺćőŕőńőęŋőň ŋăńěâăîéěňã ŋěľâàĺŋő, ŋě ăááőæĺĺàőćăŋ á ăďàőŋŋëň ćğăĺňőďěľáâćĺěň ĺ ŋě ňőęěâ ąëâì ĺáŕőńìğőćăŋ ďńï ěčő ĺďěŋâĺäĺłăæĺĺ. . . . . . . . . . . . . . . . . . . . . . . . . 180

Śŕĺáőł âăąńĺæ

1.1 İłáŕěàĺňěŋâăńìŋëě ćěàåŋĺě ŕàěďěńë ŋă ňăááë ŋěľâàĺŋő, ŕőńãçěŋŋëě ć àěğãńìâăâě ŕàïňëå ĺğňěàěŋĺľ. . . . . . . . . . . . . . . . 8 1.2 Őáŋőćŋëě łőňŕőŋěŋâë ŕőâőłă áőńŋěçŋëå ŋěľâàĺŋő ŋă ŕőćěàåŋőáâĺ Ğěňńĺ (ŕàěďáłăğăŋĺï àăğńĺçŋëå SSM). . . . . . . . . . . . . . 20 1.3 Řěğãńìâăâë áőńŋěçŋëå ŋěľâàĺŋŋëå íłáŕěàĺňěŋâőć ć áàăćŋěŋĺĺ á ŕàěďáłăğăŋĺïňĺ SSM. . . . . . . . . . . . . . . . . . . . . . . . . . . 24 1.4 Śàăćŋěŋĺě ĺğňěàěŋŋőčő ĺ àăáçěâŋőčő (ν_μ/ν_e) őâŋőèěŋĺï ďńï ăâňőáäěàŋëå ŋěľâàĺŋŋëå íłáŕěàĺňěŋâőć. . . . . . . . . . . . . . . . 30

2.1 Śàěďŋïï íŋěàčĺï ĺ áőáâăć ŋěľâàĺŋŋőčő ŕãçłă. Őęĺďăěňőě çĺáńő CC ćğăĺňőďěľáâćĺľ ć íääěłâĺćŋőň őąêěňě ďěâěłâőàă NOMAD (ďńï 2.4 × 10^{19} p.o.t.) . . . . . . . . . . . . . . . . . . . . . . . . . . 48

5.1 Ŋăąőà áőąëâĺľ ĺğ àěăńìŋëå ďăŋŋëå, ĺáŕőńìğőćăŋŋëľ ďńï ăŋăńĺğă. 142 5.2 Ŋăąőà Ňőŋâě-Łăàńő áőąëâĺľ, ĺáŕőńìğőćăŋŋëľ ďńï ăŋăńĺğă. Ůĺáńő ν_μ CC áőąëâĺľ ć ŕőáńěďŋěľ łőńőŋłě ďăŋŋőľ âăąńĺæë ňőęŋő áàăćŋĺćăâì á ŕőáńěďŋěľ łőńőŋłőľ âăąńĺæë 5.1. . . . . . . . . . . . 142 5.3 Şàőćěŋì ŕőďăćńěŋĺï äőŋă á ŕőňőéìî ŕàěďńőęěŋŋëå łàĺâěàĺěć őâąőàă (łőňąĺŋăæĺï eleid, conv, nc, ang ĺ kin1) ďńï ν_μ CC ĺ NC áőąëâĺľ. Śâőĺâ őąàăâĺâì ćŋĺňăŋĺě, çâő 20 ”−” áőąëâĺľ ĺğ ŕáěćďő-NC, ŕőáâàőěŋŋëå ŋă őáŋőćě ν_e CC ( MC ), ŕàěďáâăćńïîâ áőąőľ ŋăáâőïéĺě ν_e CC ćğăĺňőďěľáâćĺï, áőďěàęăéĺě μ^− (őâ àăáŕăďă ăďàőŋă), łőâőàëľ ąëń ŕàőĺčŋőàĺàőćăŋ ŕàĺ ŕőáâàőěŋĺĺ ŕáěćďő-NC (áň. âěłáâ). . . . . . . . . . . . . . . . . . . . . . . 152 5.4 Şàőćěŋì ŕőďăćńěŋĺï äőŋă ďńï ŕàěďńőęěŋŋëå łàĺâěàĺěć őâąőàă (łőňąĺŋăæĺï eleid, conv, nc, ang ĺ kin). Ŋăąőàë áőąëâĺľ, őâňěçěŋŋëě ğćěğďőľ (^⋆), ïćńïîâáï ŋěğăćĺáĺňëňĺ (ŋě ĺáŕőńìğãîâáï ďńï ŕőáâàőěŋĺï ŕăàăňěâàĺğăæĺľ äãŋłæĺľ ŕàăćďőŕőďőąĺï) ĺ áńãęăâ ďńï ŕàőćěàłĺ ŕőńãçěŋŋëå àěğãńìâăâőć. . . . . . . . . . . . . . . . 167 5.5 Ŕőćěďěŋĺě íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ŕàĺ ŕàĺňěŋěŋĺĺ ŕàěďńőęěŋŋëå łàĺâěàĺěć őâąőàă (łőňąĺŋăæĺï eleid, conv, nc, ang ĺ kin). 168 5.6 Ďńï ďăŋŋőľ íääěłâĺćŋőáâĺ ćëďěńěŋĺï àăáŕăďă τ-ńěŕâőŋă ŕàĺćěďěŋë: áàěďŋěě çĺáńő őęĺďăěňëå äőŋőćëå áőąëâĺľ (< μ_B >), çĺáńő ŋăąńîďăěňëå áőąëâĺľ ć ďăŋŋëå ’96 čőďă (N_{DAT A}), áĺáâěňăâĺçěáłăï ŕőŕàăćłă, ćěàåŋĺľ ŕàěďěń ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ (CL) ŋă çĺáńő áĺčŋăńìŋëå áőąëâĺľ (N_{signal}), çãćáâćĺâěńìŋőáâì ăŋăńĺğă ć ŕàőĺğćőńìŋëå ěďĺŋĺæăå (a.u.) ĺ ŕàěďěń ŋă ćěàőïâŋőáâì őáæĺńńïæĺľ ŋă 90% ãàőćŋě ďőáâőćěàŋőáâĺ. . . . . . 170 5.7 Ďńï ďăŋŋőľ íääěłâĺćŋőáâĺ ćëďěńěŋĺï àăáŕăďă τ-ńěŕâőŋă ŕàĺćěďěŋë: áàěďŋěě çĺáńő őęĺďăěňëå äőŋőćëå “+” áőąëâĺľ (< μ_B >) ĺ çĺáńő ŋăąńîďăěňëå “+” áőąëâĺľ ć ďăŋŋëå ’96 čőďă (N_{DAT A}). 171

198 áŕĺáőł âăąńĺæ

5.8 Łăçěáâćő ćőááâăŋőćńěŋĺï ŋăçăńìŋőčő ĺňŕãńìáă íńěłâàőŋă ć ν_e CC MC áőąëâĺïå, ŕàőåőďïéĺå ćáě łàĺâěàĺĺ őâąőàă. Šăłęě ŕőłăğăŋ ňőďãńì Ťěàňĺ-ĺňŕãńìáă ć łăęďőň ĺğ íâĺå áőąëâĺľ. . . . . . . . 179

Ńĺâěàăâãàă

[1] W.Pauli, Public letter to the group of the Radioactives at the district society meeting in Tübingen, 4 Dec. 1930 [2] C.L.Cowan et al., Science 124 (1956) 103

F.Reines, C.L.Cowan, Nature 178 (1956) 446 [3] G.Danby et al., Phys. Rev. Lett. 9 (1962) 36 [4] B.Pontecorvo, JETP 37 (1959) 1751 [5] M.Schwartz, Phys. Rev. Lett. 4 (1960) 306 [6] M.Perl et al., Phys. Rev. Lett. 35 (1975) 1489 [7] see, for example, Review of Particle Properties, Phys. Rev. D54 (1996) 256 [8] C.Albajar et al., Phys. Lett. B185 (1987) 233 [9] Review of Particle Properties, Phys. Rev. D54 (1996)

ALEPH, DELPHI, L3, OPAL Collaborations [10] S.L.Glashow, Nucl. Phys. 22 (1961) 579

S.Weinberg, Phys. Rev. Lett. 19 (1967) 1264 A.Salam, J.C.Ward, Phys. Lett. 13 (1964) 168 [11] M.Goldhaber, L.Grodzins, A.W.Sunyar, Phys. Rev. 109 (1958) 1015 [12] R.P.Feynman, Photon and Hadron Interactions, Benjamin ed. (1972) [13] F.J.Hasert et al., Phys. Lett. 46B (1973) 121

F.J.Hasert et al., Phys. Lett. 46B (1973) 138 [14] V.M.Lobashev, Proc. of Neutrino ’96, World Scientific, Singapore (1996) A.Belesev et al., Phys. Lett. B350 (1995) 263 [15] K.Assamagan et al., Phys. Rev. D53 (1996) 6065

K.Assamagan et al., Phys. Lett. B335 (1994) 231 [16] A.Gregorio, ALEPH Collaboration, Proc. of Neutrino ’96, World Scientific, Singapore (1996) D.Buskulic et al., ALEPH Collaboration, Phys. Lett. B349 (1995) 585 [17] see, for example, P.Binetruy, “Neutrino properties beyond the Standard Model”, VIII Rencontres de Blois “Neutrinos, Dark Matter and the Universe” (1996) [18] B.Kayser, ”The physics of massive neutrinos”, World Scientific, 1989 [19] K.Fujikawa, R.E.Shrock, Phys. Rev. Lett. 45 (1980) 963

[20] M.Gell-Mann, P.Ramond, R.Slansky, ”Supergravity”, North Holland, Amsterdam, 1979 T.Yanagida, Proc. of the Workshop on Unified Theory and the Baryon Number of the Universe, KEK, Japan, 1979 S.Weinberg, Phys. Rev. Lett. 43 (1979) 1566 [21] H.Harari, Y.Nir, Nucl. Phys. B292 (1987) 251

H.Harari, Phys. Lett. B216 (1989) 413 [22] S.M.Bilenky, S.T.Petcov, Rev. of Mod. Phys. vol.59, No.3 (1987) 671 [23] G.Gyak, M.S.Turner, Nucl. Phys. B (Proc. Suppl.) 38 (1995) 13 [24] B.Pontecorvo, JETP 33 (1957) 549 [25] Z.Maki et al., Prog. Theor. Phys. 28 (1962) 870 [26] X.Shi et al., Phys. Rev. Lett. 69 (1992) 717 [27] Review of Particle Properties, Phys. Rev. D54 (1996) 287 [28] J.N.Bahcall, M.H.Pinsonneault, Rev. Mod. Phys. 64 (1992) 885 [29] S.Turck-Chiéze, I.Lopes, Astrophys. J. 408 (1993) 347 [30] J.N.Bahcall, M.H.Pinsonneault, Rev. Mod. Phys. 67 (1995) 781 [31] A.Dar, G.Shaviv, Astrophys. J. 468 (1996) 933 [32] R.Davis, Prog. Part. Nucl. Phys. 32 (1994) 13

R.Davis Jr., Nucl. Phys. B (Proc. Suppl.) 48 (1996) 284 [33] B.Pontecorvo, Chalk River Laboratory report PD-205, Canada (1946) [34] V.A.Kuzmin, JETP 49 (1965) 1532 [35] W.Hampel et al., GALLEX Collaboration, Phys. Lett. B388 (1996) 384 P.Anselmann et al., GALLEX Collaboration, Phys. Lett. B357 (1995) 237 P.Anselmann et al., GALLEX Collaboration, Phys. Lett. B361 (1996) 235 [36] P.Anselmann et al., GALLEX Collaboration, Phys. Lett. B342 (1995) 440 W.Hampel et al., GALLEX Collaboration, to appear in Phys. Lett. B, December 1997 [37] J.N.Abdurashitov et al., Phys. Lett. B328 (1994) 234 [38] J.N.Abdurashitov et al., Phys. Rev. Lett. 77 (1996) 4708 [39] G.Ewan et al., SNO proposal, SNO 87-12 [40] G.Arpesella et al., BOREXINO proposal, University of Milan (1991) [41] Y.Suzuki et al., Proc. of Neutrino ’96, World Scientific, Singapore (1996) Y.Fukuda et al., KAMIOKANDE Collaboration, Phys. Rev. Lett. 77 (1996) 1683 [42] S.Mikheev, A.Smirnov, Sov. J. Nucl. Phys. 42 (1985) 913 [43] L.Wolfenstein, Phys. Rev. D17 (1978) 2369; D20 (1979) 2634 [44] N.Hata, P.Langacker, Phys. Rev. D56 (1997) 6107

[45] Y.Totsuka, Neutrino physics (nonaccelerator), contribution to the Lepton Photon Symposium 1997, Hamburg, July 1997 [46] T.K.Gaisser et al., Phys. Rev. D54 (1996) 5578 [47] Y.Fukuda et al., KAMIOKANDE Collaboration, Phys. Lett. B335 (1994) 237 K.S.Hirata et al., KAMIOKANDE Collaboration, Phys. Lett. B280 (1992) 146 [48] R.Becker-Szendy et al., IMB Collaboration, Phys. Rev. D46 (1992) 3720 [49] K.Daum et al., FREJUS Collaboration, Z. Phys. C66 (1995) 417 [50] M.Aglietta et al., NUSEX Collaboration, Europhys. Lett. 8 (1989) 611 [51] W.Allison et al., SOUDAN 2 Collaboration, Phys. Lett. B391 (1997) 491 [52] B.Achkar et al., Nucl. Phys. B434 (1995) 503 [53] G.S.Vidyakin et al., JETP Lett. 59 (1994) 364 [54] C.Athanassopoulos et al., LSND Collaboration, Phys. Rev. C54 (1996) 2685 [55] C.Athanassopoulos et al., LSND Collaboration, nucl-ex/9709006, nuclex/9706006 [56] K.Eitel et al., KARMEN Collaboration, hep-ex/9706023 [57] K.Eitel, private communication [58] N.Ushida et al., E531 Collaboration, Phys. Rev. Lett. 57 (1986) 2897 [59] C.Birnbaum et al., Phys. Lett. B397 (1997) 143 [60] R.E.Shrock, Phys. Rev. D24 (1981) 1232 [61] F.Bergsma et al., Phys. Lett. B128 (1983) 361,

J.Dorenbosch et al., Phys. Lett. B166 (1986) 473 [62] G.Bernardi et al., Phys. Lett. B166 (1983) 479, Phys. Lett. B203 (1988) 332 [63] A.M.Cooper-Sarcar et al., Phys. Lett. B160 (1985) 207 [64] S.Baranov et al., Phys. Lett. B302 (1993) 336 [65] J.Hellmig, “The Heidelberg-Moscow double beta decay experiment”, VIII Rencontres de Blois “Neutrinos, Dark Matter and the Universe” (1996) [66] E.Eskut et al., CHORUS Collaboration, CERN-PPE-97-033 (1997) E.Eskut et al., CHORUS Collaboration, Nucl. Instr. and Meth. A401 (1997) 7 [67] E.Eskut et al., CHORUS Collaboration, CERN-PPE-97-149 (1997), submitted to Phys. Lett. B [68] COSMOS Collaboration, P803 proposal to Fermilab (1993) [69] A.S.Ayan et al., A high sensitivity short baseline experiment to search for ν_μ → ν_τ oscillation, CERN-SPSC-97-05 (1997) [70] D. Autiero et al., A medium baseline facility for ν_μ oscillations, CERN-SPSC- 97-23 (1997) [71] H.de Kerret et al., CHOOZ Collaboration, The CHOOZ Experiment, Proposal, LAPP report (1993)

[72] M.Apollonio et al., CHOOZ Collaboration, hep-ex 9711002 (1997) M.Apollonio et al., CHOOZ Collaboration, Phys. Lett. B420 (1998) 397

[73] G.Gratta, Palo Verde Collaboration, Proc. of Neutrino ’96, World Scientific, Singapore (1996)

[74] K.Nishikawa et al., Proposal for a Long Baseline Neutrino Oscillation Experiment, using KEK-PS and Super-Kamiokande (1995)

[75] M.Goodman et al., MINOS Collaboration, ANL-HEP-CP-97-49 (1997) S.G.Wojcicki, Proc. of Neutrino ’96, World Scientific, Singapore (1996)

[76] A. Rubbia et al., ICARUS Collaboration, “A search program of explicit neutrino oscillations with ICARUS detector at long distances”, CERN-SPSLC-96- 58 (1996)

[77] P.Astier et al., “Search for the Oscillation ν_μ → ν_τ ”, CERN-SPSLC/91-21, CERN-SPSLC/91-48, CERN-SPSLC/91-53

[78] J.Altegoer et al., NOMAD Collaboration, CERN-PPE-97-059 (1997) J.Altegoer et al., NOMAD Collaboration, Nucl. Instr. and Meth. A404 (1998) 96 [79] C.H.Albright, R.E.Shrock, Phys. Lett. B84 (1979) 123

[80] GEANT : Detector Description and Simulation Tool, CERN Programming Library Long Writeup W5013, GEANT version 3.21

[81] G.Ambrosini et al., SPY Collaboration, CERN-SPSLC/96-01 (1996)

[82] M.C.Gonzalez-Garcia, J.J.Gomez-Cadenas, CERN-TH/96-220 (1996) M.C.Gonzalez-Garcia, J.J.Gomez-Cadenas, Phys. Rev. D55 (1997) 1297

[83] B.Van de Vyver, P.Zucchelli, CERN-PPE/96-113 (1996)

B.Van de Vyver, Nucl. Instr. and Meth. A385 (1997) 91

[84] J.-P.Meyer, “Drift Chamber chemical composition”, NOMAD memo # 96- 003 [85] P.Astier, J.Dumarchez, A.Letessier-Selvon, B.Popov, K.Schahmaneche, “Drift Chamber global alignment: status report”, NOMAD memo # 73

[86] K.Schahmaneche, Ph.D. Thesis, Paris VI (1997)

[87] C.Hagner, “Drift Chamber Efficiency”, NOMAD memo # 97-024

[88] C.Hagner, “A Study of Afterpulses”, NOMAD memo (unpublished)

[89] B.Schmidt, Ph.D. Thesis, Dortmund (1997)

[90] G.Bassompierre et al., “A large area Transition Radiation Detector for the NOMAD experiment”, LAPP-EXP-97-05 (1997), Nucl. Instr. and Meth. A403 (1998) 363 G.Bassompierre et al., “Performance of the NOMAD Transition Radiation Detector”, LAPP-EXP-97-06 (1997), submitted to Nucl. Instr. and Meth. A

[91] G.M.Garibian, JETP 6 (1958) 1079, JETP 10 (1960) 372

K.A.Barsukov, JETP 10 (1960) 787 G.M.Garibian et al., Nucl. Instr. and Meth. 125 (1975) 133

[92] V.C.Ermilova, L.P.Kotenko, G.J.Merzon, Nucl. Instr. and Meth. 145 (1977) 555 [93] T.Fazio, J.-P.Mendiburu, P.Nedelec, D.Sillou, S.Valuev, “NOMAD TRD Electron Identification: Method and First Results”, NOMAD memo # 95-041 P.Nedelec, D.Sillou, S.Valuev. ”NOMAD TRD Identification of Overlapping Tracks”, NOMAD Memo # 96-005 [94] D.Autiero et al., Nucl. Instr. and Meth. A373 (1996) 358 [95] D.Autiero et al., to be published in Nucl. Instr. and Meth. A [96] D.Autiero et al., Nucl. Instr. and Meth. A372 (1996) 556 [97] K.Eggert et al., Nucl. Instr. and Meth. A176 (1980) 217 [98] P.Astier, E.Gangler, A.Letessier-Selvon, B.Popov, K.Schahmaneche, Nomad Reconstruction Software, ”Drift Chamber Package”.

[99] R.Brun, J.Zoll, “ZEBRA user guide”, CERN computer centre program library write-up, Q100 [100] E.Gangler, Ph.D. Thesis, Paris VI (1997) [101] P.Astier, E.Gangler, A.Letessier-Selvon, Nomad Reconstruction Software, ”DC-TRD package” [102] Application of Filter Methods to the Reconstruction of Tracks And Vertices in Events of Experimental High Energy Physics. by R. Frühwirth, HEPHY-PUB 516/88 Vienna, December 1988.

[103] P. Billoir et al., Nucl. Instr. and Meth. A241 (1985) 115 [104] “Database Management Package”, CERN program library long write-up, Q180 [105] A.Baldisseri, Th.Stolarczyk, “Drift Chamber Database - Reference Guide”, NOMAD memo # 95-019 [106] P.Astier et al., Nomad Reconstruction Software, ”UTIL package” [107] Review of Particle Properties, Phys. Rev. D54 (1996) 134 [108] A.C.Hearn, REDUCE reference manual, RAND-CD-162 (1989) [109] Review of Particle Properties, Phys. Rev. D54 (1996) 132 [110] J.Altegoer et al., “GENOM: NOMAD GEANT off-line manual” [111] P.Astier, P.Cattaneo, A.Letessier-Selvon, B.Popov, Nomad Reconstruction Software, ”Extrapolator Package”.

[112] I.G.Bird, “Vertex finding and fitting package”, NOMAD memo # 96-019 [113] S.Gninenko, A.Toropin, “Subtraction of energy deposited by charged hadrons in the ECAL”, NOMAD memo # 95-040 [114] P.Astier, E.Gangler, A.Letessier-Selvon, B.Popov, M.Serrano, S.Valuev, M.Vo, Nomad Reconstruction Software, ”Subdetector matching package” [115] M.Serrano, Nomad Reconstruction Software, ”Generic package”

[116] G.Barrand, OnX version 5r1, available from lalftp.in2p3.fr [117] C.Arnault, Ci version 3r3, available from lalftp.in2p3.fr [118] M.Vo, Ph.D. Thesis, Paris VII (1996) [119] M.Mezetto, D.Gibin, A.Guglielmi, M.Laveder, “π/e rejection with Calo and Prs modules at T9 test beam”, [120] P.Astier, E.Gangler, A.Letessier-Selvon, E.Manola, P.Nedelec, B.Popov, S.Valuev, Nomad Reconstruction Software, ”TRD first stage package” [121] R.Petti, “Parametrization of e and gamma initiated showers in the NOMAD lead-glass calorimeter”, NOMAD memo # 97-018 [122] R.Cousins, ”Some Extended Tools for Track Breakpoint Analysis”, NOMAD memo # 96-016 [123] S.Gninenko et al., “Calorimeter matching general layout, tools and the algorithm”, NOMAD Reconstruction Software, NOMAD memo # 96-033 S.Gninenko et al., “Clusterization of Charged Hadron Energy Release in Cal”, NOMAD Reconstruction Software, NOMAD memo # 96-034 S.Gninenko et al., “Gammas and Neutrals Finding and Fitting Package”, NOMAD Reconstruction Software, NOMAD memo # 96-035 [124] M.Contalbrigo, D.Gibin, S.Lacaprara, “A bremsstrahlung algorithm implemented within the NOMAD software”, NOMAD memo # 97-010 [125] J.D.Bjorken, Phys. Rev. 179 (1969) 1547 [126] C.Callan, D.Gross, Phys. Rev. Let. 21 (1968) 311 [127] K.Kleinknecht, CERN yellow report, CERN 78-10 (1978) [128] “NUBEAM: NOMAD neutrino beam generator” [129] A.Fasso et al., FLUKA92, in Workshop on Simulating Accelerator Radiation Environments, Santa Fe, USA (1993) [130] J.-P.Meyer, A.Rubbia, “NEGLIB: NOMAD event generator off-line manual” [131] G.Ingelman, LEPTO version 6.1, “The Lund Monte-Carlo for Deep Inelastic Lepton-Nucleon Scattering”, TSL-ISV-92-0065 (1992) G.Ingelman, A.Edin, J.Rathsman, LEPTO version 6.5, Comp. Phys. Comm. 101 (1997) 108, hep-ph/9605286 [132] J.-M.Levy, “Neutrino-nucleon CC scattering with non-zero lepton mass”, NOMAD memo # 97-051 [133] H.Guoju, J.M.Irvine, J. Phys. G: Nucl. Part. Phys. 15 (1989) 147 [134] A.Bodek, J.L.Ritchie, Phys. Rev. D23 (1981) 1070 [135] B.Anderson, G.Gustafson, G.Ingelman, T.Sjöstrand, Phys. Rep. 97 (1983) 31 [136] T.Sjöstrand, “PYTHIA 5.7 and JETSET 7.4: physics and manual”, LU-TP- 95-20 (1995), hep-ph/9508391 T.Sjöstrand, Comp. Phys. Comm 39 (1986) 347, 43 (1987) 367 [137] M.Glück, E.Reya, A.Vogt, Z. Phys. C53 (1992) 127

[138] H.Plothow-Besch, Comp. Phys. Comm. 75 (1993) 396 [139] A.Rubbia, “NEGLIB status report”, in the minutes of the NOMAD collaboration meeting, September and December 1997 [140] D.Allasia et al., Phys. Lett. B154 (1985) 231 [141] A.Geiser, P.Nedelec, R.Petti, “The 1996 V̄ T_1T_2 filter”, NOMAD memo # 97-008 [142] K.Varvell, Nomad Reconstruction Software, ”Nomad DST package”, NO- MAD memo # 97-034 [143] A.Bueno, A.Rubbia, “Considerations about the missing Pt for events with two tracks at the primary vertex”, NOMAD memo # 96-009 [144] G.Battistoni et al., “Simulation of nuclear effects in quasi elastic and resonant neutrino interactions”, hep-ph/9801426 (1998) [145] P.Astier, E.Gangler, A.Letessier-Selvon, B.Popov, Nomad Analysis Software, ”LIKE package” [146] “HBOOK reference manual”, CERN computer centre program library writeup, Y250 [147] S.Valuev, Ph.D. Thesis, Paris VII (1998) [148] A.De Santo, NOMAD Collaboration, Proceedings of the XXXIInd RENCON- TRES DE MORIOND, March 15-22, 1997 [149] J. Altegoer et al., NOMAD Collaboration, CERN-EP/98-57, to be published in Phys. Lett. B.

[150] O.Helene, Nucl. Instr. and Meth. 212 (1983) 319 [151] M.Mezzetto et al., “Results of the → e d.i.s. analysis of the 1995 data”, NOMAD memo # 97-043 [152] R.Petti, G.Polesello, “Results of the → e analysis”, in the minutes of the NOMAD analysis meetings

206 ńĺâěàăâãàă

Ąńăčőďăàŋőáâĺ

Ŕàěęďě ćáěčő, ï åőâěń ąë ŕőąńăčőďăàĺâì ŕàőäěááőàă F.Vannucci ğă ŕàĺčńăèěŋĺě àăąőâăâì ć LPNHE (Ŕăàĺę) ĺ ğă ŕàěďőáâăćńěŋŋãî ňŋě ćőğňőęŋőáâì ŋăçăâì, ćëŕőńŋĺâì ĺ, ŋăłőŋěæ, ŕàěďáâăćĺâì ł ğăéĺâě íâã àăąőâã.

Ąëńő ŕàĺïâŋő àăąőâăâì áő ćáěňĺ ãçăáâŋĺłăňĺ ŋěľâàĺŋŋőľ čàãŕŕë ć LPNHE (łőâőàăï ďőłăğăńă áćőě ŕàăćő ŋăğëćăâìáï ŕăàĺęáłőľ čàãŕŕőľ ć áőâàãďŋĺçěáâćě NOMAD): Pierre Astier, Marcel Banner, Alain Castera, Jacques Dumarchez, Emmanuel Gangler, Cyril Lachaud, Antoine Letessier-Selvon, Jean-Michel Levy, Kyan Schahmaneche, Maria Serrano, Anne-Marie Touchard, Victor Uros, Francois Vannucci ĺ Mai Khanh Vo (ï ąěàã ŋă áěąï áňěńőáâì ćłńîçĺâì ěě åőâï őŋă őäĺæĺăńìŋő ćåőďĺńă ć áőáâăć čàãŕŕë ĺğ Śăłńě). Őáőąěŋŋő ï ąńăčőďăàěŋ Pierre, Antoine, Jacques, Emmanuel, Kyan, Maria ĺ Mai ğă àăďőáâì őąéěľ âćőàçěáłőľ ďěïâěńìŋőáâĺ.

Ďàãęěáłőě őâŋőèěŋĺě ćáěå ďàãčĺå áőâàãďŋĺłőć LPNHE æěŋĺńőáì őçěŋì ćëáőłő.

Őáőąăï ąńăčőďăàŋőáâì Francois ĺ Antoine ğă âéăâěńìŋőě çâěŋĺě íâőľ àãłőŕĺáĺ. § ŕàĺğŋăâěńěŋ Antoine ğă ěčő ćďãňçĺćőě àãłőćőďáâćő ĺ ŕőňőéì, ă âăłęě ğă ěčő ãáĺńĺï ŕàěďáâăćĺâì íâã àăąőâã ć ŕőńŋőň ĺ ãďőąőçĺâăěňőň ćĺďě.

§ ďőńęěŋ ćëàăğĺâì őáőąãî ŕàĺğŋăâěńìŋőáâì àěæěŋğěŋâăň íâőľ àãłőŕĺáĺ - Jacques Bouchez ĺ Serguey Petcov - ğă ŕőńěğŋëě őąáãęďěŋĺï ĺ łàĺâĺçěáłĺě ğăňěçăŋĺï.

§ åőâěń ąë âăłęě ŕőąńăčőďăàĺâì Antoine ĺ Anne, Jacques, Kyan, Victor ĺ Mai ğă ďàãęąã ĺ ğă ŕőňőéì ć “őâłàëâĺĺ” Ťàăŋæĺĺ ĺ ğăŕăďŋőčő őąàăğă ęĺğŋĺ (åőâï, ï ŋăďěîáì, çâő íâő ćáě-âăłĺ ąëń ŕàőæěáá łãńìâãàŋőčő őąňěŋă...).

Ďńï ňěŋï őçěŋì ćăęŋő ćëàăğĺâì ŕàĺğŋăâěńìŋőáâì ŋăçăńìŋĺłã Ŋăãçŋő-İłáŕě-àĺňěŋâăńìŋőčő Őâďěńă Ťĺğĺłĺ İńěňěŋâăàŋëå Ůăáâĺæ Ńăąőàăâőàĺĺ §ďěàŋëå Ŕàőąńěň (ŐĹ§Ĺ, Ďãąŋă) ŕàőäěááőàã Ś.Ă.Ąãŋïâőćã ğă ěčő àãłőćőďáâćő ĺ ŕőďďěàęłã.

Ňŋě ďőáâăćĺâ âăłęě ãďőćőńìáâćĺě ãŕőňïŋãâì ćáěå ãçăáâŋĺłőć ďãąŋěŋáłőľ čàãŕŕë ć áőâàãďŋĺçěáâćě NOMAD: Ś.Ă.Ąãŋïâőć, Ő. Łńĺňőć, Ă. Łàăáŋőŕěàőć, Ć. Łãğŋěæőć, đ. Ŋěäěďőć, Ć. Šěàěéěŋłő, Ć. Ćăńãěć ĺ ŕőąńăčőďăàĺâì ćáěå ğă ďàãęěáłãî ăâňőáäěàã, łőâőàăï áãéěáâćãěâ ĺ ğă ŕàěďěńăňĺ ŋăèěľ ŋăãçŋőľ ďěïâěńìŋőáâĺ ĺ łőâőàăï ćáěčďă ŕőďďěàęĺćăěâáï ĺ ãáĺńĺćăěâáï ŋăèĺň őçăàőćăâěńìŋëň ĺ ďãèěćŋëň áěłàěâăàěň Ĺàĺŋőľ Śĺďőàłĺŋőľ.

§ ć ďőńčã âăłęě ŕěàěď ćáěňĺ ãçăáâŋĺłăňĺ áőâàãďŋĺçěáâćă NOMAD ğă ŋăè íłáŕěàĺňěŋâ, łőâőàëľ ŋě ąëń ĺďěăńìŋëň, ŋő łőâőàëľ őáâăŋěâáï ć ŕăňïâĺ ŋăćáěčďă, ŕőáłőńìłã íâő ąëń ňőľ ŕěàćëľ ńĺçŋëľ őŕëâ àăąőâë ć ňěęďãŋăàőďŋőľ łőńńăąőàăæĺĺ.

Őáőąő ï åőâěń ąë ŕőąńăčőďăàĺâì Jean Gosset ĺ Jean-Pierre Meyer (DAPNIA, Saclay), Juan-Jose Gomez-Cadenas ĺ Andre Rubbia (CERN), Patrick Nedelec ĺ Daniel Sillou (LAPP, Annecy), Robert Cousins (UCLA), Burkhard Schmidt (Dortmund) ĺ Ăńěłáăŋďàă Łőćğěńěćă (Ĺ§Ĺ, Ňőáłćă) ğă ęěńăŋĺě ŕőďěńĺâìáï áő ňŋőľ

208 čńăćă 7. ąńăčőďăàŋőáâĺ

áćőĺňĺ ğŋăŋĺïňĺ ĺ ŕőńěğŋëě őąáãęďěŋĺï.

§ ŕàĺğŋăâěńěŋ Sylvie Soulie ĺ Patrick Nedelec ğă őąàăąőâłã 1.5 × 10^5 ν_μ NC MC áőąëâĺľ, çâő ŕőğćőńĺńő ĺáŕőńìğőćăâì íâőâ ŋěğăćĺáĺňëľ ŋăąőà áőąëâĺľ ďńï ŕàěďáłăğăŋĺï ãàőćŋï äőŋă.

Ćáŕőňĺŋăîâáï ďàãęěáłĺě őâŋőèěŋĺï á Patrick Nedelec, Daniel Sillou ĺ ĺå áěňìïňĺ ŋă àăŋŋěľ áâăďĺĺ íłáŕěàĺňěŋâă NOMAD.

İâă àăąőâă ąëńă ąë ŋěćőğňőęŋőľ ąěğ äĺŋăŋáőćőľ ŕőďďěàęłĺ IN2P3, French Ministère de l’Education Nationale (Réseau de Formation et de Recherche JINR- Dubna, LAPP-Annecy, ĺ LPNHE-Paris VI and VII) ĺ ňőěčő àőďŋőčő ĺŋáâĺâãâă ŐĹ§Ĺ.

Ŋăłőŋěæ, ï ďőńęěŋ áłăğăâì, çâő ŋě ňőčã áěąě ŕàěďáâăćĺâì ćëŕőńŋěŋĺě íâőľ àăąőâë ąěğ ŕőďďěàęłĺ ňőěľ áěňìĺ, čďě ï ćáěčďă ňőč ŋăľâĺ ŋőćëě áĺńë ĺ ćďőåŋőćěŋĺě. § ąńăčőďăàěŋ ňőěľ ňăňě, őâæã, áěáâàě ĺ ďćãň ŕńěňïŋŋĺæăň - Ďăèě ĺ Ńîąě - ğă ćğăĺňőŕőŋĺňăŋĺě ĺ ğă ćěàŋőáâì ŋăèĺň ďőąàëň áőćěâáłĺň âàăďĺæĺïň.