
ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011�ÎÑÓÄÀ�ÑÒÂÅÍÍÛÉ ÍÀÓ×ÍÛÉ ÖÅÍÒ� �ÎÑÑÈÉÑÊÎÉ ÔÅÄÅ�ÀÖÈÈÈÍÑÒÈÒÓÒ ÔÈÇÈÊÈ ÂÛÑÎÊÈÕ ÝÍÅ��ÈÉ
Ñåðãåé Èâàíîâè÷ Áèòþêîâ

Ìåòîäèêà ñòàòèñòè÷åñêîãî àíàëèçà äàííûõïðè ïëàíèðîâàíèè ýêñïåðèìåíòîâ ïî ïîèñêóíîâûõ ÿâëåíèé â �èçèêå âûñîêèõ ýíåðãèé01.04.23 � �èçèêà âûñîêèõ ýíåðãèéÄ è ñ ñ å ð ò à ö è ÿíà ñîèñêàíèå ó÷åíîé ñòåïåíèäîêòîðà �èçèêî�ìàòåìàòè÷åñêèõ íàóê
Ïðîòâèíî 2011

1



ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Äèññåðòàöèÿ ñîîòâåòñòâóåò â ïàñïîðòå ñïåöèàëüíîñòè 01.04.23îáëàñòè èññëåäîâàíèé �Ñîçäàíèå ìàòåìàòè÷åñêèõ ìåòîäîâ èñèñòåì îáðàáîòêè è àíàëèçà ýêñïåðèìåíòàëüíûõ óñêîðèòåëü-íûõ äàííûõ�. Ïëàí äèññåðòàöèè
• Îñíîâíûå ïîäõîäû ê îöåíêå ðåçóëüòàòîâ ïîèñêî-âûõ ýêñïåðèìåíòîâ â �èçèêå âûñîêèõ ýíåðãèé
• Ó÷åò ñèñòåìàòè÷åñêèõ è ñòàòèñòè÷åñêèõ íåîïðå-äåëåííîñòåé
• Ìåòîä êîìáèíèðîâàííîãî îöåíèâàíèÿ íåñêîëüêèõ�îíîâûõ ïðîöåññîâ
• Áîëüøîé àäðîííûé êîëëàéäåð è ïîèñê íîâîé �è-çèêè ïðè èçìåðåíèè 4-õ ñòðóéíûõ ñîáûòèé
• Èññëåäîâàíèå ïîòåíöèàëà îòêðûòèÿ ñóïåðñèììåò-ðè÷íîé �èçèêè
• Âûâîäû
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011ÂâåäåíèåÌåòîäèêà ñòàòèñòè÷åñêîãî àíàëèçà è ïëàíèðîâàíèÿ�èçè÷åñêèõ èçìåðåíèé ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé.Ñ äðóãîé ñòîðîíû, ïîèñê íîâûõ ÿâëåíèé ýòî îñíîâ-íàÿ çàäà÷à �èçè÷åñêèõ èññëåäîâàíèé. Ïîýòîìó èñ-ïîëüçîâàíèå ðàçðàáîòàííîé ìåòîäèêè ñòàòèñòè÷åñêî-ãî àíàëèçà äàííûõ ïðè èçó÷åíèè âîçìîæíîñòè îáíà-ðóæåíèÿ ñóïåðñèììåòðèè èëè ïðè ïîèñêå íîâîé �è-çèêè ÷åðåç èçìåðåíèå ñå÷åíèé 4-õ ñòðóéíûõ ñîáûòèéòàêæå âåñüìà àêòóàëüíû.Öåëüþ äèññåðòàöèîííîé ðàáîòû ÿâëÿåòñÿ êàê ðàç-ðàáîòêà ìåòîäèêè îöåíêè êà÷åñòâà ïëàíèðóåìûõ ðå-çóëüòàòîâ ýêñïåðèìåíòîâ, òàê è èñïîëüçîâàíèå ðàç-ðàáîòàííîé ìåòîäèêè â çàäà÷àõ ïîèñêà íîâûõ �è-çè÷åñêèõ ÿâëåíèé, â ÷àñòíîñòè â ýêñïåðèìåíòàõ íàóñòàíîâêå Êîìïàêòíûé ìþîííûé ñîëåíîèä (ÊÌÑ) íàóñêîðèòåëå Áîëüøîé àäðîííûé êîëëàéäåð (ÁÀÊ).
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ïîñòàíîâêà çàäà÷èÎäíà èç îñíîâíûõ öåëåé ïîèñêîâûõ ýêñïåðèìåíòîâ � îáíàðó-æåíèå ïðîÿâëåíèé íîâîé �èçèêè, êîòîðîå âûðàæàåòñÿ â âèäåèçáûòêà èëè íåäîñòàòêà çàðåãèñòðèðîâàííûõ ñîáûòèé îò îæè-äàåìîãî êîëè÷åñòâà ñîáûòèé, ïðîãíîçèðóåìîãî â ðàìêàõ Ñòàí-äàðòíîé ìîäåëè. Åñòü ïðè÷èíû, ïî êîòîðûì ïîòîê ñîáûòèéïðåäïîëàãàåòñÿ Ïóàññîíîâñêèì, òî åñòü âåðîÿòíîñòü óâèäåòü âýêñïåðèìåíòå r ñîáûòèé ïðè îæèäàåìîì èõ êîëè÷åñòâå µ ðàâíà
P (r|µ) = µre−µ

r!
, (1)Íà �èñ. 1 ïîêàçàíû ðàñïðåäåëåíèÿ âåðîÿòíîñòåé äëÿ ðàñïðå-äåëåíèÿ Ïóàññîíà ñ ðàçíûìè çíà÷åíèÿìè ïàðàìåòðîâ: ñëåâà

µ = 10, ñïðàâà µ = 20.
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�èñ. 1: �àñïðåäåëåíèÿ âåðîÿòíîñòåé äëÿ ðàñïðåäåëåíèÿ Ïóàññîíà ñ ðàçíûìè çíà÷å-íèÿìè ïàðàìåòðîâ: ñëåâà µ = 10, ñïðàâà µ = 20.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Çíà÷èìîñòü ïðåâûøåíèÿ ñèãíàëà íàä �îíîì×òîáû âûáðàòü, íàïðèìåð, îäíó èç äâóõ ìîäåëåé ïîèñêîâîãîýêñïåðèìåíòà, êîòîðûå äàþò ðàçíûå çíà÷åíèÿ îæèäàåìîãî êî-ëè÷åñòâà ñèãíàëüíûõ è �îíîâûõ ñîáûòèé, îïðåäåëÿþò çíà÷è-ìîñòü ïðåâûøåíèÿ ñèãíàëà íàä �îíîì. Íàèáîëåå ðàñïðîñòðà-íåííûìè ÿâëÿëèñü çíà÷èìîñòè S1 è S2:(a) �çíà÷èìîñòü� S1 =
ns√
nb
,(b) �çíà÷èìîñòü� S2 =
ns√

ns + nb
,ãäå nb ýòî îæèäàåìîå ÷èñëî �îíîâûõ ñîáûòèé, à ns � îæèäà-åìîå èëè îöåíåííîå ÷èñëî ñèãíàëüíûõ ñîáûòèé. ×åì áîëüøåçíà÷åíèå çíà÷èìîñòè, òåì ëó÷øå ìîäåëü ýêñïåðèìåíòà äëÿ ïî-èñêà íîâîãî ÿâëåíèÿ. Âîçíèêàåò âîïðîñ: Êàêîé òèï çíà÷èìîñòèèñïîëüçîâàòü ïðè ïðåäñòàâëåíèè äàííûõ ?Ïðè ñòàòèñòè÷åñêîì àíàëèçå íåîïðåäåëåííîñòåé, êîòîðûå âîç-íèêàþò ïðè èñïîëüçîâàíèè ýòèõ çíà÷èìîñòåé, äèññåðòàíòîì áû-ëà ïîëó÷åíà �îðìóëà

Sc12 = 2 · S12 = 2(
√
ns + nb −

√
nb).Äàííàÿ �îðìóëà ñîîòâåòñòâóåò óñëîâèþ, êîãäà èçâåñòíû òîëü-êî îæèäàåìûå çíà÷åíèÿ ÷èñëà �îíîâûõ nb è ñèãíàëüíûõ nsñîáûòèé.Ôîðìóëà ïîëó÷èëà ïðèçíàíèå è øèðîêî èñïîëüçóåòñÿ â ýêñ-ïåðèìåíòàëüíûõ èññëåäîâàíèÿõ.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011�àññìîòðèì ñòàòèñòè÷åñêóþ ãèïîòåçó
H0: íîâàÿ �èçèêà ñóùåñòâóåò â Ïðèðîäåïðè àëüòåðíàòèâíîé ãèïîòåçå

H1: íîâîé �èçèêè â Ïðèðîäå íåò.Âåëè÷èíà íåîïðåäåëåííîñòè ïðè ïðèíÿòèè ðåøåíèÿ îïðåäåëÿ-åòñÿ âåðîÿòíîñòüþ îòâåðãíóòü ãèïîòåçó H0 â ñëó÷àå åå ïðàâèëü-íîñòè (îøèáêà I ðîäà)
α = P ( îòâåðãíóòü H0|H0 âåðíà )è âåðîÿòíîñòüþ ïðèíÿòü ãèïîòåçó H0 â ñëó÷àå, åñëè âåðíà ãè-ïîòåçà H1 (îøèáêà II ðîäà)
β = P ( ïðèíÿòü H0|H0 íåâåðíà ).

�èñ. 2: Ñëó÷àé nb ≫ 1. �àñïðåäåëåíèå Ïóàññîíà ñ ïàðàìåòðàìè µ = nb = 1000 (ñëåâà)è µ = nb + ns = 1064 (ñïðàâà). Çäåñü 1− α = α = 0.5 è β = 0.02275 (òî åñòü S1 = 2).
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ñðàâíåíèå çíà÷èìîñòåéÍåîïðåäåëåííîñòü â ïðèíÿòèè ðåøåíèÿ ìîæíî âûðàçèòü ÷å-ðåç êîìáèíàöèþ îøèáîê ïåðâîãî è âòîðîãî ðîäà. Ïóñòü ýòî áó-äåò èõ ñóììà κ = α+ β.Íà ñëåäóþùåì ðèñóíêå ïîêàçàíî ïîâåäåíèå íåîïðåäåëåííî-ñòè äëÿ çíà÷èìîñòåé S1, S2 è S12 = 0.5 Sc12 â çàâèñèìîñòè îòîæèäàåìîãî ÷èñëà ñèãíàëüíûõ ñîáûòèé, åñëè âûïîëíåíî óñëî-âèå îáíàðóæåíèÿ íîâîãî ÿâëåíèÿ (çíà÷èìîñòü ≥ 5).

�èñ. 3: Çàâèñèìîñòü κ îò ns äëÿ çíà÷èìîñòåé S1 = 5, S2 = 5 è Sc12 = 5.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Çíà÷èìîñòè ïðè ïðîèçâîëüíîì çíà÷åíèè αÊàê ýòî âèäíî èç �èñ.2, çíà÷èìîñòü îïðåäåëÿåòñÿ (â ñëó÷àåîæèäàåìîãî ÷èñëà êàê ñèãíàëüíûõ, òàê è �îíîâûõ ñîáûòèé)ïðè óñëîâèè 50% âåðîÿòíîñòè (α=50%) òîãî, ÷òî, ïðè íàëè÷èèñèãíàëà, áóäåò çàðåãèñòðèðîâàíî ÷èñëî ñîáûòèé áîëüøå èëèðàâíî èõ îæèäàåìîìó ÷èñëó ns + nb. Äëÿ çíà÷èìîñòåé S1 è Sc12áûëè ïîëó÷åíû �îðìóëû, ïîçâîëÿþùèå íàõîäèòü çíà÷èìîñòüïðè çàðàíåå çàäàííîé âåðîÿòíîñòè îøèáêå I ðîäà α

S1(α) =
ns√
nb

− k(α)

√

√

√

√1 +
ns

nb
= S1 − k(α)

√

√

√

√1 +
ns

nb
, (2)

Sc12(α) = 2 · (
√
ns + nb −

√
nb)− k(α) = Sc12 − k(α), (3)ãäå k(α): k(0.5) = 0; k(0.25) = 0.66; k(0.1) = 1.28; k(0.05) = 1.64.Òàê íà �èñ.4 ïîêàçàíà ñèòóàöèÿ, ñîîòâåòñòâóþùàÿ 1−α=75%.

�èñ. 4: Ñëó÷àé nb ≫ 1 è S1 = 2.72. �àñïðåäåëåíèÿ Ïóàññîíà ñ ïàðàìåòðàìè µ = 1000(ñëåâà) è µ = 1086 (ñïðàâà). Çäåñü 1− α = 0.75 è β = 0.02275 (òî åñòü ý��åêòèâíàÿçíà÷èìîñòü S1(α) = 2 ïðè α=0.25).
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Çíà÷èìîñòü ScPÔàêòè÷åñêè ýòî çíà÷èìîñòü S1, íî â ïðèìåíåíèè ê ðàñïðåäå-ëåíèþ Ïóàññîíà. Ýòî åñòü âåðîÿòíîñòü â ðàñïðåäåëåíèè Ïóàñ-ñîíà ñî ñðåäíèì nb òîãî, ÷òî ñëó÷àéíàÿ âåëè÷èíà ïðèìåò çíà-÷åíèå áîëüøå èëè ðàâíî âåëè÷èíå nobs, ïðåîáðàçîâàííàÿ â ýê-âèâàëåíòíîå ÷èñëî ñòàíäàðòíûõ îòêëîíåíèé äëÿ ñòàíäàðòíîãîíîðìàëüíîãî ðàñïðåäåëåíèÿ. Ïðè ïîäãîòîâêå �èçè÷åñêîé ïðî-ãðàììû äëÿ óñòàíîâêè ÊÌÑ (ÁÀÊ), áûëî ïðèíÿòî ðåøåíèåèñïîëüçîâàòü åå êàê îäíó èç îñíîâíûõ îïöèé ïðè ïëàíèðîâà-íèè èçìåðåíèé. Çíà÷èìîñòü îïðåäåëÿåòñÿ ÷åðåç îøèáêó II-ãîðîäà β ïðè ïðîâåðêå ãèïîòåçû î íàëè÷èè íîâîé �èçèêè:
β =

1√
2π

∫ ∞

ScP

e−
x
2

2 dx, (4)ãäå β =
∞
∑

i=ns+nb

ni
be

−nb

i!
.Â îòëè÷èè îò çíà÷èìîñòè Sc12 äàííàÿ çíà÷èìîñòü ó÷èòûâàåòòîëüêî �ëóêòóàöèè ÷èñëà �îíîâûõ ñîáûòèé. S1 �àêòè÷åñêèòîæå âû÷èñëÿåòñÿ èç ïîäîáíîãî ðàâåíñòâà
β =

1√
2πnb

∫ ∞

S1
√
nb

e
− (x−n

b
)2

2nb dx.Äèññåðòàíòîì áûëà íàïèñàí êîä S
P è âåëîñü åãî ñîïðîâîæ-äåíèå ïðè ìàññîì èñïîëüçîâàíèè âî âðåìÿ ïîäãîòîâêè ïðî-ãðàììû �èçè÷åñêèõ èññëåäîâàíèé íà óñòàíîâêå ÊÌÑ. Ïðî-ãðàììà ïîçâîëÿåò ó÷èòûâàòü ñòàòèñòè÷åñêèå è ñèñòåìàòè÷å-ñêèå îøèáêè êàê äëÿ çíà÷èìîñòè ScP , òàê è äëÿ çíà÷èìîñòè
Sc12.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Âåðîÿòíîñòü íåïðàâèëüíîãî ðåøåíèÿ èðàçäåëèìîñòü ãèïîòåçÂ äèññåðòàöèè ðàññìîòðåí ðÿä âîçìîæíîñòåé äëÿ îïðåäåëå-íèÿ îöåíêè íåîïðåäåëåííîñòè ïðè ïðîâåðêå ãèïîòåç.Òàê, åñëè îïðåäåëèòü íåîïðåäåëåííîñòü κ̂ êàê ïîëóñóììóîøèáîê ïåðâîãî è âòîðîãî ðîäà, òî, â ñëó÷àå òåñòà ðàâíûõõâîñòîâ (êðèòè÷åñêàÿ âåëè÷èíà òåñòà âûáèðàåòñÿ èç óñëîâèÿ
α = β), ýòà âåëè÷èíà κ̂ äàåò òî÷íîå çíà÷åíèå âåðîÿòíîñòè íåïðà-âèëüíîãî ðåøåíèÿ. Äëÿ ðàñïðåäåëåíèÿ Ïóàññîíà ýòî æå ñïðà-âåäëèâî è äëÿ òåñòà ðàâíîé âåðîÿòíîñòè (êðèòè÷åñêèå âåëè-÷èíû âûáèðàþòñÿ èç ðàâåíñòâà �óíêöèé ïëîòíîñòè âåðîÿòíî-ñòè â òî÷êàõ èõ ïåðåñå÷åíèé). Â îòëè÷èè îò òåñòà ðàâíûõ õâî-ñòîâ, òåñò ðàâíîé âåðîÿòíîñòè ïîçâîëÿåò îäíîçíà÷íî îïðåäå-ëÿòü íåîïðåäåëåííîñòü äëÿ ïðîèçâîëüíûõ ðàñïðåäåëåíèé.Ñëåäóþùåå îïðåäåëåíèå íåîïðåäåëåííîñòè ïîçâîëÿåò íàõî-äèòü âåðîÿòíîñòü íåïðàâèëüíîãî ðåøåíèÿ ïðè ëþáîé êðèòè÷å-ñêîé âåëè÷èíå

κ̃ =
α + β

2− (α + β)
. (5)Â ýòîì ñëó÷àå îöåíêîé ðàçäåëèìîñòè ãèïîòåç ìîæíî íàçâàòüâåðîÿòíîñòü ïðàâèëüíîãî ðåøåíèÿ, êîòîðàÿ ðàâíà

1− κ̃
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Óíèâåðñàëüíàÿ çíà÷èìîñòüÑîîòâåòñòâåííî, ÷åðåç âåðîÿòíîñòü íåïðàâèëüíîãî ðåøåíèÿ
κ̃ ìîæíî îïðåäåëèòü óíèâåðñàëüíóþ çíà÷èìîñòü SU

κ̃ =
1√
2π

∫ ∞

SU

e−
x
2

2 dx (6)êîòîðàÿ ïîçâîëÿåò îöåíèòü íåîïðåäåëåííîñòü â ïðèíÿòèè ðåøå-íèé ïðè ïðîâåðêå ãèïîòåç íà ÿçûêå ñòàíäàðòíûõ îòêëîíåíèé.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Êîìáèíèðîâàíèå îöåíîê çíà÷èìîñòåéïðåâûøåíèÿ ñèãíàëà íàä �îíîì IÓìåñòíî ïðèâåñòè ñëåäóþùóþ öèòàòó: �Ïóñòü îäèí ýêñïåðè-ìåíò âèäèò ý��åêò íà óðîâíå 3-õ ñèãì, à äðóãîé ýêñïåðèìåíòâèäèò òîò æå ý��åêò íà óðîâíå 4-õ ñèãì. ×òî òàêîå êîìáèíèðî-âàííàÿ çíà÷èìîñòü? Òàê êàê ýòîò âîïðîñ íåêîððåêòíî ïîñòàâ-ëåí, òî ñòàòèñòè÷åñêàÿ ëèòåðàòóðà ñîäåðæèò îãðîìíîå ÷èñëîñòàòåé ïî ýòîé òåìå.� (R. Cousins). Ñîîòâåòñòâåííî ìíîãî ìåòî-äîâ: ìåòîä ìèíèìóìà �ï�-âåëè÷èíû, ìåòîä Óèëêèíñîíà, ìåòîäÔèøåðà, ìåòîä Ñòîó�åðà, ëîãèò-ìåòîä Äæîðäæè è äð.Íàèáîëåå ðàñïðîñòðàíåíû ìåòîä Ôèøåðà, â êîòîðîì, íàïðè-ìåð â ñëó÷àå äâóõ èçìåðåíèé, äâå îøèáêè II ðîäà β1 è β2 êîì-áèíèðóþòñÿ òàêèì îáðàçîì, ÷òî îøèáêà âòîðîãî ðîäà â êîì-áèíèðîâàííîé îöåíêå ðàâíà βcomb = β1β2[1 − ln(β1β2)], è ìåòîäÑòîó�åðà êîìáèíèðîâàíèÿ çíà÷èìîñòåé îäíîãî âèäà (íàïðè-ìåð äëÿ äâóõ íàáëþäåíèé çíà÷èìîñòè Ŝ1 è Ŝ2 êîìáèíèðîâàííàÿçíà÷èìîñòü Ŝcomb =
Ŝ1 + Ŝ2√

2
).Ïðè ïëàíèðîâàíèè ýêñïåðèìåíòà îæèäàåìóþ çíà÷èìîñòü ìîæ-íî ðàññìàòðèâàòü êàê ñëó÷àéíóþ âåëè÷èíó, êîòîðàÿ ÿâëÿåòñÿ�óíêöèåé äâóõ Ïóàññîíîâñêèõ ñëó÷àéíûõ âåëè÷èí ñ ïàðàìåò-ðàìè, ñîîòâåòñòâåííî, ns è nb. Â ñèëó ïîñòðîåíèÿ, çíà÷èìîñòè

Sc12 è ScP â øèðîêîì äèàïàçîíå ïàðàìåòðîâ ns è nb ìîæíî ðàñ-ñìàòðèâàòü êàê íîðìàëüíî ðàñïðåäåëåííûå ñëó÷àéíûå âåëè-÷èíû ñ äèñïåðñèÿìè áëèçêèìè ê åäèíèöå. Ýòî ïîçâîëÿåò îïðå-äåëèòü êîìáèíèðîâàííóþ çíà÷èìîñòü.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Êîìáèíèðîâàíèå îöåíîê çíà÷èìîñòåéïðåâûøåíèÿ ñèãíàëà íàä �îíîì IIÏóñòü äàíî n íàáëþäåííûõ (â Ìîíòå Êàðëî èëè â ðåàëüíîìýêñïåðèìåíòå) çíà÷èìîñòåé Ŝi, i = 1, . . . , k.Îïðåäåëèì íàáëþäåííóþ ñóììàðíóþ çíà÷èìîñòü Ŝsum, íà-áëþäåííóþ êîìáèíèðîâàííóþ çíà÷èìîñòü Ŝcomb è íàáëþäåííóþñðåäíþþ çíà÷èìîñòü Ŝmean äëÿ k ÷àñòíûõ íàáëþäåííûõ çíà÷è-ìîñòåé Ŝi ñî ñòàíäàðòíûìè îòêëîíåíèÿìè σ(Si) ∼ 1:
Ŝsum =

k
∑

i=1

Ŝi, σ2(Ŝsum) =
k
∑

i=1

σ2(Si), (7)
Ŝcomb =

Ŝsum
√

σ2(Ŝsum)
, (8)

Ŝmean =
Ŝsum

k
. (9)Ôîðìóëà â ìåòîäå Ñòîó�åðà ÿâëÿåòñÿ ÷àñòíûì ñëó÷àåì �îð-ìóëû (8), òàê êàê, åñëè σ(Si) ∼ 1, òî √

σ2(Ŝsum) ∼
√
k.Åñëè èñïîëüçîâàòü ñâîéñòâî ðàñïðåäåëåíèé Ïóàññîíà: ñóì-ìà ðàñïðåäåëåíèé Ïóàññîíà ñ ïàðàìåòðàìè λ1, . . . , λk ñîâïàäà-åò ñ ðàñïðåäåëåíèåì Ïóàññîíà ñ ïàðàìåòðîì λ1 + . . . + λk, òîìîæíî îïðåäåëèòü êîìáèíèðîâàííóþ çíà÷èìîñòü èçìåðåíèé 
îäíîçíà÷íî îïðåäåëÿåìûìè âåñàìè.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Êëàññè�èêàöèÿ íåîïðåäåëåííîñòåéÑòàòèñòè÷åñêèå íåîïðåäåëåííîñòè ÿâëÿþòñÿ ðåçóëüòàòîì ñòî-õàñòè÷åñêèõ �ëóêòóàöèé. Òàêèå íåîïðåäåëåííîñòè ïðè îöåíêåïàðàìåòðîâ óìåíüøàþòñÿ ñ óâåëè÷åíèåì îáúåìà âûáîðêè.Ñèñòåìàòè÷åñêèå íåîïðåäåëåííîñòè âîçíèêàþò èç íåîïðåäå-ëåííîñòåé, àññîöèèðîâàííûõ ñ ïðèðîäîé èçìåðèòåëüíîé àïïà-ðàòóðû, ïðåäïîëîæåíèé ñäåëàííûõ ýêñïåðèìåíòàòîðîì èëè èçñâîéñòâ èñïîëüçóåìîé ìîäåëè äëÿ âûâîäà èñêîìîé âåëè÷èíûèç íàáëþäåííûõ äàííûõ. Ñèñòåìàòè÷åñêèå íåîïðåäåëåííîñòèìîæíî êëàññè�èöèðîâàòü ñëåäóþùèì îáðàçîì:� Íåîïðåäåëåííîñòè òèïà 1 ýòî íåîïðåäåëåííîñòè, êîòîðûåìîæíî îöåíèòü ñ ïîìîùüþ äîïîëíèòåëüíûõ èçìåðåíèé. Õîòÿèõ ìîæíî îáðàáàòûâàòü êàê ñòàòèñòè÷åñêèå, èõ íåëüçÿ ñäå-ëàòü íåçíà÷èòåëüíûìè èç-çà, íàïðèìåð, îãðàíè÷åíèé ïî âðå-ìåíè äëÿ äîïîëíèòåëüíûõ èçìåðåíèé.� Íåîïðåäåëåííîñòè òèïà 2 âîçíèêàþò èç ìîäåëüíûõ ïðåäïî-ëîæåíèé ïðè èçìåðåíèÿõ èëè èç ïëîõî óñòàíîâëåííûõ ñâîéñòâäàííûõ è/èëè ïðîöåäóð îáðàáîòêè, êîòîðûå ìîãóò âíåñòè ñè-ñòåìàòè÷åñêîå ñìåùåíèå â ðåçóëüòàòû.� Íåîïðåäåëåííîñòè òèïà 3 ÿâëÿþòñÿ íåîïðåëåííîñòÿìè âîñíîâàõ òåîðåòè÷åñêîé ïàðàäèãìû, èñïîëüçóåìîé ïðè àíàëèçåäàííûõ. Èõ ñëîæíî ó÷åñòü áåç äîïîëíèòåëüíûõ ïðåäïîëîæå-íèé.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îáðàáîòêà ñòàòèñòè÷åñêèõíåîïðåäåëåííîñòåé I�àññìîòðèì ñòàòèñòè÷åñêèå íåîïðåäåëåííîñòè, âîçíèêàþùèåïðè ïëàíèðîâàíèè ýêñïåðèìåíòà èç-çà íåòî÷íîãî çíàíèÿ ñå÷å-íèé �îíîâûõ è ñèãíàëüíûõ ïðîöåññîâ.Ïóñòü âåëè÷èíû ns = n̂s è nb = n̂b èçâåñòíû èç Ìîíòå Êàðëîâû÷èñëåíèé. Â ýòîì ñëó÷àå èõ ìîæíî ðàññìîòðåòü êàê ñëó÷àé-íûå âåëè÷èíû. Îíè òàêæå ÿâëÿþòñÿ îöåíêàìè íåèçâåñòíûõ ïà-ðàìåòðîâ. Ñëåäîâàòåëüíî, âåëè÷èíû nc (êðèòè÷åñêàÿ âåëè÷èíàïðè ïðîâåðêå ãèïîòåç), α è β òàêæå ñëó÷àéíûå âåëè÷èíû, à âå-ëè÷èíà 1− κ̃ ÿâëÿåòñÿ îöåíêîé ðàçäåëèìîñòè ãèïîòåç. �àññìîò-ðèì êàê íåîïðåäåëåííîñòü â çíàíèè âåëè÷èí ns è nb âëèÿåò íàìåðó ðàçäåëèìîñòè ãèïîòåç 1− κ̃.Ïóñòü ïîòîêè ñèãíàëüíûõ è �îíîâûõ ñîáûòèé ïóàññîíîâñêèåè íåçàâèñèìûå. Ïóñòü âåðîÿòíîñòü íàáëþäåíèÿ n ñîáûòèé âýêñïåðèìåíòå îïèñûâàåòñÿ ðàñïðåäåëåíèåì Ïóàññîíà ñ ïàðà-ìåòðîì µ, òî åñòü
f(n;µ) =

µn

n!
e−µ.Èçâåñòíî, ÷òî âûðàæåíèå äëÿ ïëîòíîñòè ðàñïðåäåëåíèÿ �àììà-ðàñïðåäåëåíèÿ Γ1,n+1 ñîâïàäàåò â òî÷íîñòè ñ âûðàæåíèåì äëÿðàñïðåäåëåíèÿ âåðîÿòíîñòåé ðàñïðåäåëåíèÿ Ïóàññîíà:

gn(µ) =
µn

n!
e−µ, µ > 0, n > −1. (10)
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îáðàáîòêà ñòàòèñòè÷åñêèõíåîïðåäåëåííîñòåé IIÄèññåðòàíòîì áûëî ïîëó÷åíî âàæíîå òîæäåñòâî
∞
∑

k=n+1

f(k;µ1) +
∫ µ2

µ1

gn(µ)dµ+
n
∑

k=0

f(k;µ2) = 1, (11)äëÿ ëþáûõ µ1 ≥ 0 è µ2 ≥ 0. Îíî ïîçâîëÿåò ïðîèçâîäèòü èí-òåðâàëüíóþ îöåíêó ïàðàìåòðà µ äàæå ïî îäíîìó èçìåðåíèþ÷èñëà ñîáûòèé n â ïóàññîíîâñêîì ïîòîêå ñîáûòèé (â íàøåìñëó÷àå ýòî ÷èñëî ñëó÷àéíûõ ñîáûòèé ïîÿâèâøèõñÿ â íåêîòîðîéñèñòåìå â îïðåäåëåííûé ïðîìåæóòîê âðåìåíè). Çíà÷åíèå ïà-ðàìåòðà ðàñïðåäåëåíèÿ Ïóàññîíà (äîâåðèòåëüíàÿ ïëîòíîñòü)â ñëó÷àå îäíîãî èçìåðåíèÿ ïîä÷èíÿåòñÿ �àììà-ðàñïðåäåëåíèþ
Γ1,1+n ñî ñðåäíèì, ìîäîé è äèñïåðñèåé ðàâíûìè n+1, n è n+1,ñîîòâåòñòâåííî.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îáðàáîòêà ñòàòèñòè÷åñêèõíåîïðåäåëåííîñòåé IIIÒîæäåñòâî (11) ïîêàçûâàåò, ÷òî óñëîâíîå ðàñïðåäåëåíèå âå-ðîÿòíîñòè èñòèííîãî çíà÷åíèÿ ïàðàìåòðà ðàñïðåäåëåíèÿ Ïóàñ-ñîíà ïîä÷èíÿåòñÿ �àììà-ðàñïðåäåëåíèþ Γ1,1+n ïðè óñëîâèè, ÷òîèçìåðåííàÿ âåëè÷èíà ÷èñëà ñîáûòèé åñòü n. Êàê ðåçóëüòàò ìûìîæåì îáúåäèíèòü Áàéåñîâñêèå è ÷àñòîòíûå âåðîÿòíîñòè â ðàì-êàõ ÷àñòîòíîãî ïîäõîäà ïðè ðåøåíèè êîíêðåòíûõ çàäà÷.Íàïðèìåð, â ïðåäïîëîæåíèè, ÷òî èíòåãðàëüíàÿ ñâåòèìîñòüÌîíòå Êàðëî ýêñïåðèìåíòà òî÷íî òàêàÿ æå êàê è èíòåãðàëüíàÿñâåòèìîñòü â ðåàëüíîì ýêñïåðèìåíòå, ìîæíî âû÷èñëèòü âåðî-ÿòíîñòü ïðèíÿòü ïðàâèëüíîå ðåøåíèå ñ ó÷åòîì ñòàòèñòè÷åñêîéíåîïðåäåëåííîñòè â Ìîíòå Êàðëî ðåçóëüòàòàõ






















































α̂ =
∫ ∞

0
gns+nb

(µ)
nc
∑

i=0

f(i;µ)dµ =
nc
∑

i=0

C i
ns+nb+i

2ns+nb+i+1
,

β̂ = 1−
∫ ∞

0
gnb

(µ)
nc
∑

i=0

f(i;µ)dµ = 1−
nc
∑

i=0

C i
nb+i

2nb+i+1
,

1− κ̃ = 1− α̂ + β̂

2− (α̂+ β̂)
,

(12)
ãäå C i

N =
N !

i!(N − i)!
. Â äèññåðòàöèè ïîëó÷åíû �îðìóëû äëÿ ïðî-èçâîëüíîé èíòåãðàëüíîé ñâåòèìîñòè Ìîíòå Êàðëî ýêñïåðèìåí-òà (ñì. �îðìóëó 13 ÷óòü ïîçæå).

17



ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Âëèÿíèå ñòàòèñòè÷åñêîé íåîïðåäåëåííîñòèíà âåðîÿòíîñòü îòêðûòèÿ

0

0.2

0.4

0.6

0.8

1

1.2

0 45 90 135 180�èñ. 5: Çàâèñèìîñòü âåðîÿòíîñòè îòêðûòèÿ îò ns ñ è áåç ó÷åòà ñòàòèñòè÷åñêîé íåîïðå-äåëåííîñòè â îïðåäåëåíèè ns è nb. Ñëó÷àé ns = nb. Êðèâûå ïîñòðîåíû â ïðåäïîëî-æåíèè, ÷òî β = 2.85 · 10−7.Ïîä âåðîÿòíîñòüþ îòêðûòèÿ ïîíèìàåòñÿ âåðîÿòíîñòü òîãî,÷òî çíà÷èìîñòü, ïîëó÷åííàÿ ïðè ïðîâåäåíèè ýêñïåðèìåíòà, áó-äåò áîëüøå 5.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ìåòîä êîìáèíèðîâàííîãî îöåíèâàíèÿíåñêîëüêèõ �îíîâûõ ïðîöåññîâÏðåäïîëîæèì îæèäàåìîå ÷èñëî �îíîâûõ ñîáûòèé íåîòëè-÷èìûõ ïî ñâîèì õàðàêòåðèñòèêàì îò ñèãíàëüíûõ ñîáûòèé âýêñïåðèìåíòå ïîëó÷åíî ïóòåì ðàñ÷åòîâ (íàïðèìåð èç ÌîíòåÊàðëî âû÷èñëåíèé) èëè ïóòåì íåêîòîðûõ äîïîëíèòåëüíûõ èç-ìåðåíèé. Ïóñòü â ýêñïåðèìåíòå ïðèñóòñòâóåò íåñêîëüêî èñòî÷-íèêîâ �îíîâûõ ñîáûòèé. Ïðè ýòîì ðàñ÷åòû èëè äîïîëíèòåëü-íûå èçìåðåíèÿ ïðîâåäåíû äëÿ �îíîâûõ ïðîöåññîâ ñ ðàçëè÷íû-ìè ñâåòèìîñòÿìè è êàæäûé �îíîâûé ïðîöåññ èìååò ðàçëè÷íûåñèñòåìàòè÷åñêèå íåîïðåäåëåííîñòè â õàðàêòåðèñòèêàõ, êîòî-ðûå íåîáõîäèìî ó÷åñòü ïðè ïëàíèðîâàíèè èëè ïðè ïðîâåäåíèèýêñïåðèìåíòà.Ìåòîä ïîçâîëÿåò ñ ïîìîùüþ âåðîÿòíîñòíûõ âû÷èñëåíèé îöå-íèòü íåîïðåäåëåííîñòü â îöåíêå ÷èñëà îæèäàåìûõ �îíîâûõ ñî-áûòèé. �åçóëüòàòîì ïðèìåíåíèÿ äàííîãî ìåòîäà ÿâëÿåòñÿ ðàñ-ïðåäåëåíèå âåðîÿòíîñòåé ðåàëèçàöèè k �îíîâûõ ñîáûòèé
p(background in experiment = k), k = 0, 1, . . . â ýêñïåðèìåíòå.Ïîëó÷åííîå ðàñïðåäåëåíèå ïîçâîëÿåò îöåíèòü çíà÷èìîñòüïðåâûøåíèÿ îæèäàåìîé (èëè óæå íàáëþäåííîé) ñóììû ÷èñ-ëà �îíîâûõ è ñèãíàëüíûõ ñîáûòèé íàä îæèäàåìûì ÷èñëîì�îíîâûõ ñîáûòèé.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îñíîâíûå ýòàïû IÄëÿ êàæäîãî �îíà i, i = tt̄, tW, W +jets, Wc, QCD, è ò.ä. îïðå-äåëÿåòñÿ âåëè÷èíà ñèñòåìàòè÷åñêîé íåîïðåäåëåííîñòè ðàñ÷å-òàìè Ìîíòå Êàðëî. Ýòè íåîïðåäåëåííîñòè îòðàæàþò íåòî÷-íîñòü â çíàíèè îæèäàåìîãî ÷èñëà �îíîâûõ ñîáûòèé Nbi îò èñ-òî÷íèêà �îíà i. �åçóëüòàòîì ýòèõ Ìîíòå Êàðëî ýêñïåðèìåí-òîâ ÿâëÿåòñÿ íàáîð âåðîÿòíîñòåé òîãî, ÷òî äàííîå çíà÷åíèå Nbiìîãëî âîçíèêíóòü áëàãîäàðÿ ñèñòåìàòè÷åñêîé íåîïðåäåëåííî-ñòè èç äðóãèõ çíà÷åíèé . . . , Nbi−1, Nbi, Nbi+1, . . . è èìåííî èõ íàäîðàññìàòðèâàòü êàê èñòèííîå çíà÷åíèå ïàðàìåòðà � �îæèäàåìîå÷èñëî �îíîâûõ ñîáûòèé èç èñòî÷íèêà i�. Íà �èñ. 6 ïîêàçàíîðàñïðåäåëåíèå âåðîÿòíîñòåé, ÷òî çíà÷åíèå ïàðàìåòðà Ïóàññî-íîâñêîãî ðàñïðåäåëåíèÿ äëÿ ÷èñëà �îíîâûõ ñîáûòèé îò ïðî-öåññà ðîæäåíèÿ tt̄ ïàðû ïðè çàäàíîé ñâåòèìîñòè ýêñïåðèìåíòàáóäåò ïðèíèìàòü óêàçàííûå â ãèñòîãðàììå çíà÷åíèÿ.
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�èñ. 6: �àñïðåäåëåíèå âåðîÿòíîñòåé äëÿ îæèäàåìîãî ÷èñëà �îíîâûõ ñîáûòèé â ïðî-öåññå tt̄.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îñíîâíûå ýòàïû IIÍà âòîðîì ýòàïå ó÷èòûâàåòñÿ ñòàòèñòè÷åñêàÿ íåîïðåäåëåí-íîñòü, êîòîðàÿ ñâÿçàíà ñ çàäàííîé èíòåãðàëüíîé ñâåòèìîñòüþÌîíòå Êàðëî ýêñïåðèìåíòà ïðè ðàñ÷åòàõ êîíêðåòíîãî �îíà, èïðåäñêàçûâàþòñÿ âåðîÿòíîñòè óâèäåòü â ýêñïåðèìåíòå k �îíî-âûõ ñîáûòèé èç i-ãî èñòî÷íèêà �îíîâ. Ýòè âåðîÿòíîñòè âû÷èñ-ëÿþòñÿ äëÿ êàæäîãî âîçìîæíîãî çíà÷åíèÿ ïàðàìåòðà �îæèäà-åìîå ÷èñëî �îíîâûõ ñîáûòèé èç èñòî÷íèêà i� ïî �îðìóëå:
p(background in experiment = k|Mb, m) = Ck

Mb+k

m1+Mb

(m+ 1)1+Mb+k
, (13)ãäå k = 0, 1, . . . åñòü âîçìîæíîå ÷èñëî �îíîâûõ ñîáûòèé â ðåàëü-íîì ýêñïåðèìåíòå, Nb - âîçìîæíîå îæèäàåìîå ÷èñëî �îíîâûõñîáûòèé (. . . , Nbi−1, Nbi, Nbi+1, . . .),Mb = m·Nb - îæèäàåìîå ÷èñëî�îíîâûõ ñîáûòèé â Ìîíòå Êàðëî ýêñïåðèìåíòå ñ èíòåãðàëüíîéñâåòèìîñòüþ, êîòîðàÿ ðàâíà m èíòåãðàëüíûì ñâåòèìîñòÿì ðå-àëüíîãî ýêñïåðèìåíòà è Ck

Mb+k =
(Mb + k)!

Mb!k!
.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îñíîâíûå ýòàïû IIÂñå ðàñïðåäåëåíèÿ (ïîëó÷åííûå äëÿ i-ãî �îíà) ïî êàæäîìó
k ñóììèðóþòñÿ ñ ñîîòâåòñòâóþùèìè âåñàìè, îïðåäåëåííûìèíà ïåðâîì ýòàïå êàê âåðîÿòíîñòè.
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�èñ. 7: Îæèäàåìûå âåðîÿòíîñòè ÷èñëà �îíîâûõ ñîáûòèé îò ðàçëè÷íûõ èñòî÷íèêîâ�îíîâ: tt̄(ñëåâà) è QCD (ñïðàâà).
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îñíîâíûå ýòàïû IIIÒðåòèé ýòàï ýòî îáúåäèíåíèå âñåõ �îíîâ. Êàæäûé �îí ðàñ-ñìàòðèâàåòñÿ êàê íåçàâèñèìûé îò äðóãèõ. Íàïðèìåð, îáúåäè-íåíèå äâóõ ðàñïðåäåëåíèé âåðîÿòíîñòåé äëÿ �îíà 1 è äëÿ �îíà2 çàïèñûâàåòñÿ ñëåäóþùèì îáðàçîì
p(background in experiment = k|Nb1 +Nb2) =

k
∑

j=0

p(background in experiment = j|Nb1)·p(background in experiment = k−j|Nb2).(14)Íà �èñ.8 ïîêàçàíû ðåçóëüòàòû îáúåäèíåíèÿ âåðîÿòíîñòåéäëÿ �îíîâ áåç ó÷åòà QCD ïðîöåññîâ (ñëåâà) è ñ ó÷åòîì QCDïðîöåññîâ (ñïðàâà). Äàííûå ðàñïðåäåëåíèÿ ïîêàçûâàþò âåðî-ÿòíîñòè óâèäåòü k �îíîâûõ ñîáûòèé â ýêñïåðèìåíòå ñ çàäàííîéèíòåãðàëüíîé ñâåòèìîñòüþ è ñ ó÷åòîì ñèñòåìàòè÷åñêèõ è ñòà-òèñòè÷åñêèõ íåîïðåäåëåííîñòåé â çíàíèè �îíîâ.
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�èñ. 8: �àñïðåäåëåíèÿ âåðîÿòíîñòåé äëÿ ÷èñëà �îíîâûõ ñîáûòèé â ýêñïåðèìåíòå.Ñëåâà áåç ó÷åòà QCD ïðîöåññîâ, ñïðàâà ñ ó÷åòîì.

23



ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îñíîâíûå ýòàïû IVÍà çàêëþ÷èòåëüíîì ýòàïå îïðåäåëÿåòñÿ âåëè÷èíà çíà÷èìî-ñòè ïðåâûøåíèÿ îæèäàåìîãî (èëè íàáëþäåííîãî) ñóììàðíîãî÷èñëà �îíîâûõ è ñèãíàëüíûõ ñîáûòèé íàä îæèäàåìûì ðàñïðå-äåëåíèåì âåðîÿòíîñòåé âîçìîæíîãî ÷èñëà �îíîâûõ ñîáûòèé.Âû÷èñëÿåòñÿ âåðîÿòíîñòü ǫ òîãî, ÷òî ðåàëèçîâàííîå â ýêñïåðè-ìåíòå ÷èñëî �îíîâûõ ñîáûòèé áóäåò áîëüøå èëè ðàâíî îæèäà-åìîé (èëè íàáëþäåííîé) ñóììå ÷èñåë �îíîâûõ è ñèãíàëüíûõñîáûòèé. Ýòà âåðîÿòíîñòü ïðåîáðàçóåòñÿ â çíà÷èìîñòü ScP ïî�îðìóëå
∞
∫

ScP

ϕ(x)dx = ǫ (15)ãäå
ǫ =

∞
∑

k=expected signal+expected background

p(background in experiment = k),
ϕ(x) ýòî ïëîòíîñòü âåðîÿòíîñòè ñòàíäàðòíîãî íîðìàëüíîãî ðàñ-ïðåäåëåíèÿ.Â äèññåðòàöèè ïðèâîäèòñÿ ÷èñëåííûé ïðèìåð òàêîãî ðàñ÷å-òà.Ìåòîä èìååò ÿñíóþ âåðîÿòíîñòíóþ èíòåðïðåòàöèþ è ðàñ-ñìàòðèâàåòñÿ êàê ÷àñòîòíàÿ àëüòåðíàòèâà Áàéåñîâñêèì ïðî-öåäóðàì îöåíêè �îíà. Â ÷àñòíîñòè, ìåòîä èñïîëüçîâàëñÿ ïðèàíàëèçå îöåíîê âêëàäà �îíîâûõ ïðîöåññîâ, ïîëó÷åííûõ ìåòî-äàìè ìíîãî�àêòîðíîãî àíàëèçà, ïðè èçìåðåíèÿõ t-êàíàëüíîãîñå÷åíèÿ ðîæäåíèÿ îäèíî÷íîãî òîï-êâàðêà íà óñòàíîâêå Êîì-ïàêòíûé Ìþîííûé Ñîëåíîèä íà óñêîðèòåëå Áîëüøîé Àäðîí-íûé Êîëëàéäåð.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Áîëüøîé Àäðîííûé Êîëëàéäåð (ÁÀÊ)Áîëüøîé Àäðîííûé Êîëëàéäåð âñòóïèë â ñòðîé â ñåíòÿá-ðå 2008 ã. Ïîñëå ðåìîíòà îí ïðîäîëæèë ðàáîòó â 2009 ã. Íàíà÷àëüíîé ñòàäèè çàïóñêà â 2009-2010 ãîäàõ ïîëíàÿ ýíåðãèÿ
pp−ñòîëêíîâåíèé áûëà 0.9 TeV è 2.36 ÒýÂ. Â íàñòîÿùåå âðåìÿïîëíàÿ ýíåðãèÿ 7 ÒýÂ â ñèñòåìå öåíòà ìàññ ( 1400 áàí÷åé âöèêëå, 1.25· 1033ñì−2ñåê−1).

�èñ. 9: �åîãðà�è÷åñêîå ðàñïîëîæåíèå LHC (�îòîãðà�: Philippe Mou
he).
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Êîìïàêòíûé Ìþîííûé Ñîëåíîèä (ÊÌÑ)ÊÌÑ äåòåêòîð ñîñòîèò èç âíóòðåííåãî äåòåêòîðà(òðýêåðà),ýëåêòðîìàãíèòíîãî êàëîðèìåòðà, àäðîííîãî êàëîðèìåòðà è ìþ-îííîãî ñïåêòðîìåòðà. Ñõåìàòè÷åñêèé âèä ÑÌÑ äåòåêòîðà ïðåä-ñòàâëåí íà ðèñóíêå 10

�èñ. 10: CMS: îáùèé âèä.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Âîçìîæíîñòè èçìåðåíèÿ ñå÷åíèÿ ðîæäåíèÿ÷åòûðåõñòðóéíûõ ñîáûòèé íà Òåâàòðîíå èíà ÁÀÊ�àññìîòðåíû ìîäåëü ñî ñêàëÿðíûì öâåòíûì îêòåòîì è ñó-ïåðñèììåòðè÷íàÿ ìîäåëü ñ íàðóøåíèåì R-÷åòíîñòè. Â îáåèõìîäåëÿõ ðîæäåíèå ïàðû íîâûõ ÷àñòèö, ðàñïàäàþùèõñÿ íà äâåñòðóè ïðèâîäèò ê ïîÿâëåíèþ 4-õ ñòðóéíûõ ñîáûòèé. Ïîýòîìóèçìåðåíèå 4-ñòðóéíîãî äè��åðåíöèàëüíîãî ñå÷åíèÿ ïî èíâà-ðèàíòíîé ìàññå äâóõñòðóé ïîçâîëÿåò îáíàðóæèòü ïðîÿâëåíèåíîâîé �èçèêè. Îñíîâíîé �îí âîçíèêàåò îò îáû÷íûõ 4-õ ñòðóé-íûõ QCD ñîáûòèé.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ìîäåëü ñî ñêàëÿðíûì öâåòíûì îêòåòîìÎòíîñèòåëüíî ëåãêèå (M ≤ O(1)Tev) ñêàëÿðíûå öâåòíûå îê-òåòû ïðåäñêàçàíû â íåêîòîðûõ íåñóïåðñèììåòðè÷íûõ è ñóïåð-ñèììåòðè÷íûõ ìîäåëÿõ â Òåîðèè âåëèêîãî îáúåäèíåíèÿ (GUT).Òàêèå ÷àñòèöû îïèñûâàþòñÿ ñàìîñîïðÿæåííûì ñêàëÿðíûì ïî-ëåì.�àñïàäàåòñÿ ñêàëÿðíîé îêòåò â îñíîâíîì â äâà ãëþîíà ÷åðåçîäíî-ïåòëåâûå äèàãðàììû ïîäîáíûå ñîîòâåòñòâóþùèì îäíî-ïåòëåâûì äèàãðàììàì, îïèñûâàþùèì ðàñïàä Õèããñ-áîçîíà íàäâà �îòîíà. Cå÷åíèå îäèíî÷íîãî ðîæäåíèÿ ñêàëÿðíîãî îêòåòàêðàéíå ìàëî. Îäíàêî ïàðíîå ðîæäåíèå ñêàëÿðíûõ îêòåòîâ èìå-åò áîëüøîå ñå÷åíèå. Îíî ïðîÿâëÿåòñÿ â âèäå ÷åòûðåõñòðóéíûõñîáûòèé.Òàáëèöà 1: Ñå÷åíèå σ(pp → ΦΦ + ...) â ïèêîáàðíàõ äëÿ ðàçëè÷íûõ âåëè÷èí ìàñññêàëÿðíîãî îêòåòà íà Òåâàòðîíå.M(�ýÂ) 125 150 175 200 225 250 275 300 325
σ 11 3.6 1.1 0.42 0.21 0.074 0.030 0.014 0.0067

Òàáëèöà 2: Ñå÷åíèå σ(pp → ΦΦ + ...) â ïèêîáàðíàõ äëÿ ðàçëè÷íûõ âåëè÷èí ìàñññêàëÿðíîãî îêòåòà íà ÁÀÊå.M(ÒýÂ) 0.2 0.3 0.4 0.5 0.7 0.9 1.1
σ 701 84 20 7.4 1.1 0.18 0.055
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ñêâàðêè â ìîäåëÿõ ñ íàðóøåíèåìR-÷åòíîñòèÌèíèìàëüíàÿ ñóïåðñèììåòðè÷íàÿ ñòàíäàðòíàÿ ìîäåëü (ÌÑ-ÑÌ) ðàññìàòðèâàåòñÿ êàê îñíîâíîé êàíäèäàò ïðè ñóïåðñèì-ìåòðè÷íîì îáîáùåíèè Ñòàíäàðòíîé ìîäåëè. Â ÌÑÑÌ äîïîë-íèòåëüíàÿ ñèììåòðèÿ, íàçûâàåìàÿ R-÷åòíîñòüþ, íàêëàäûâàåò-ñÿ äëÿ òîãî, ÷òîáû èçáåæàòü ïåðåíîðìèðóåìîñòè âçàèìîäåé-ñòâèé, íàðóøàþùèõ ëåïòîííîå è áàðèîííûå ÷èñëà. Îäíàêî,ñîõðàíåíèå R-÷åòíîñòè ïîñòóëèðóåòñÿ áåç ãëóáîêîãî òåîðåòè-÷åñêîãî îáîñíîâàíèÿ.Ñóùåñòâîâàíèå âçàèìîäåéñòâèÿ íàðóøàþùåãî R-÷åòíîñòü ïðè-âîäèò ê ðàñïàäó ïðàâûõ ñêâàðêîâ â äâà àíòèêâàðêà. Òàêèì îá-ðàçîì êàæäàÿ ïàðà ïðàâûõ ñêâàðêîâ ïîðîæäàåò 4 ñòðóè.Äëÿ âû÷èñëåíèé èñïîëüçîâàëàñü ïðîãðàììà ISASUSY. �å-çóëüòàòû âû÷èñëåíèé ïðåäñòàâëåíû â Òàáëèöàõ 3, 4.Òàáëèöà 3: Ñå÷åíèå ðîæäåíèÿ 6 âûðîæäåííûõ ïî ìàññå ïðàâûõ ñêâàðêîâ (â ïèêî-áàðíàõ) äëÿ ÁÀÊà äëÿ ñëó÷àÿ òÿæåëûõ ãëþèíîM(ÒýÂ) 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.1
σ 300 56 14 4.7 2.1 0.81 0.47 0.24 0.074

Òàáëèöà 4: Ñå÷åíèå ðîæäåíèÿ 6 âûðîæäåííûõ ïî ìàññå ïðàâûõ ñêâàðêîâ (â ïèêî-áàðíàõ) äëÿ Òåâàòðîíà äëÿ ñëó÷àÿ òÿæåëûõ ãëþèíîM(�ýÂ) 125 150 175 200 225 250 275 300 325
σ 8.2 3.8 1.7 0.72 0.37 0.17 0.083 0.036 0.017
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îöåíêè ÊÕÄ �îíàÎñíîâíûì �îíîì ÿâëÿþòñÿ ÊÕÄ ñòðóè. Äëÿ îöåíêè ÊÕÄ�îíîâ èñïîëüçîâàëàñü ïðîãðàììà PYTHIA 5.7. Èñïîëüçîâà-ëîñü ñòàíäàðòíîå äëÿ ýêñïåðèìåíòà UA1 îïðåäåëåíèå ñòðóè.�àäèóñ (R) êîíóñà ñòðóè âûáèðàëñÿ ðàâíûì 0.4 èëè 1. Îáðå-çàíèÿ ïî ïîïåðå÷íîìó èìïóëüñó ñòðóè (pT0
) áðàëèñü äëÿ ÁÀÊ100 �ýÂ/
, 150 �ýÂ/
, 200 �ýÂ/
, 300 �ýÂ/
, äëÿ Òåâàòðîíà50 �ýÂ/
 è 100 �ýÂ/
. Ñîáûòèÿ ñ 4 ñòðóÿìè îòáèðàëèñü òàêèìîáðàçîì, ÷òîáû èíâàðèàíòíûå ìàññû äëÿ äâóõ ñòðóé óäîâëå-òâîðÿëè óñëîâèÿì

|Mij,jet −M | ≤ δ, (16)
|Mkl,jet −M | ≤ δ (17)è, ïðè ýòîì, âûïîëíÿëîñüa. pT jet ≥ pT 0,b. |ηjet| ≤ η0.Çäåñü i, j, k, l = 1, 2, 3, 4 (i 6= j, i 6= k, i 6= l, j 6= k, j 6= l, k 6=

i, k 6= j, k 6= l) ìåòêè íîìåðà ñòðóè, η0 = 2.5 äëÿ ÁÀÊà, η0 = 0.5äëÿ Òåâàòðîíà. Ïàðàìåòð δ çàäàâàë òî÷íîñòü îïðåäåëåíèÿ èí-âàðèàíòíîé ìàññû (äëÿ ÁÀÊ δ = 50 �ýÂ - îïòèìèñòè÷åñêèéâàðèàíò è δ = 100 �ýÂ � ðåàëèñòè÷íûé âàðèàíò, äëÿ Òåâàòðîíàèñïîëüçîâàëîñü çíà÷åíèå δ = 25 �ýÂ). Ýòè âåëè÷èíû ñîîòâåò-ñòâóþò ïðèáëèæåííî 10% èëè 5% ðàçðåøåíèÿ ïî ìàññå. Áûëîñãåíåðåíî ïî 106 ñîáûòèé äëÿ êàæäîãî çíà÷åíèÿ pT0
è R êàê äëÿÁÀÊ, òàê è äëÿ Òåâàòðîí.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ïîòåíöèàë îòêðûòèÿ Áîëüøîãî àäðîííîãîêîëëàéäåðà è ÒåâàòðîíàÄëÿ îïðåäåëåíèÿ ïîòåíöèàëà îòêðûòèÿ â äàííîì èññëåäî-âàíèè èñïîëüçîâàëàñü çíà÷èìîñòü S1 =
Nsignal

√

Nbackground

. Çíà÷èìîñòüîïðåäåëÿëàñü äëÿ èíòåãðàëüíîé ñâåòèìîñòè ÁÀÊ Lt = 104pb−1è Òåâàòðîíà Lt = 100pb−1. ×èñëî ñèãíàëüíûõ è �îíîâûõ ñî-áûòèé îïðåäåëÿëîñü ñëåäóþùèì îáðàçîì Nsignal = σsignalLt and
Nbackground = σbackgroundLt. �åçóëüòàòû âû÷èñëåíèé ïðèâåäåíû âÒàáëèöàõ 5, 6, 7. Â òàáëèöàõ ïðèâåäåíî çíà÷åíèÿ ñå÷åíèé äëÿ�îíîâûõ è ñèãíàëüíûõ (êàê äëÿ ñêàëÿðíîãî îêòåòà, òàê äëÿïàðíîãî ðîæäåíèÿ ñêâàðêîâ) ñîáûòèé, à òàêæå ïîðîãîâîå ñå-÷åíèå îòêðûòèÿ (çíà÷åíèå ñå÷åíèÿ ñèãíàëüíîãî ïðîöåññà ïðèêîòîðîì S1 ≥ 5).Ñëåäóåò çàìåòèòü, ÷òî çíà÷èìîñòü S1 íå ñîâñåì ïðàâèëüíîîòðàæàåò ïîòåíöèàë îòêðûòèÿ íà ìàëîé ñòàòèñòèêå è äëÿ ñëó-÷àÿ, êîãäà ÷èñëî �îíîâûõ ñîáûòèé ìíîãî áîëüøå ÷èñëà ñèã-íàëüíûõ ñîáûòèé.Â ðàññìîòðåííîì èññëåäîâàíèè áûëî íàéäåíî, ÷òî ñêàëÿð-íûå îêòåòû è/èëè ñêâàðêè ìîãóò áûòü îáíàðóæåíû ïðè èçó÷å-íèè ðàñïðåäåëåíèé äè��åðåíöèàëüíûõ ñå÷åíèé äëÿ 4-õ ñòðóé-íûõ ñîáûòèé ïî èíâàðèàíòíûì ìàññàì äâóõñòðóéíûõ ñîáûòèéñ ìàññàìè äî 900-1100 �ýÂ íà ÁÀÊ è ñ ìàññàìè 150 �ýÂ íàÒåâàòðîíå.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ïîòåíöèàë îòêðûòèÿ Áîëüøîãî àäðîííîãîêîëëàéäåðà è ÒåâàòðîíàÒàáëèöà 5: Ñå÷åíèÿ (ïèêîáàðíû) �îíîâûõ è ñèãíàëüíûõ ñîáûòèé íà ÁÀÊ (pT ≥
pT0 = 100 Gev, R = 0.4, Lt = 104pb−1).M(ÒåÂ) 0.3 0.5 0.7 0.9 1.1

σ(4jets, back.) 1200 430 84 19 3.8
σ(sig.disc.) 1.7 1.1 0.46 0.22 0.1
σac(ΦΦ) 25 3.7 0.61 0.12 0.040
σac(squarks) 17 2.3 0.44 0.13 0.053

Òàáëèöà 6: Ñå÷åíèÿ (ïèêîáàðíû) �îíîâûõ è ñèãíàëüíûõ ñîáûòèé íà ÁÀÊ (pT ≥
pT0 = 300 Gev, R = 1, Lt = 104pb−1).M(Tev) 0.3 0.5 0.7 0.9 1.1

σ(4jets, back.) 0.043 0.26 0.60 1.1 0.43
σ(sig.disc.) 0.011 0.026 0.040 0.052 0.033
σac(ΦΦ) 6.7 1.2 0.33 0.068 0.024
σac(squarks) 4.5 0.74 0.24 0.092 0.033

Òàáëèöà 7: Ñå÷åíèÿ (ïèêîáàðíû) �îíîâûõ è ñèãíàëüíûõ ñîáûòèé íà Òåâàòðîí (pT ≥
pT0 = 50 Gev, R = 0.4, Lt = 102pb−1).M(Gev) 125 175 225 275

σ(4jetsback.) 0.34 0.51 0.17 0.17
σac(sig.disc.) 0.29 0.36 0.21 ≤ 0.21
σac(ΦΦ) 2.2 0.22 0.042 0.0061
σac(squarks) 1.6 0.36 0.078 0.017
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011ÑóïåðñèììåòðèÿÑóïåðñèììåòðèÿ (ÑÓÑÈ) ýòî íîâûé òèï ñèììåòðèè, êîòîðàÿñâÿçûâàåò áîçîíû è �åðìèîíû. Ëîêàëüíî ñóïåðñèììåòðè÷íûåòåîðèè ñ íåèçáåæíîñòüþ âêëþ÷àþò â ñåáÿ ãðàâèòàöèþ. ÑÓÑÈòàêæå ÿâëÿåòñÿ ñóùåñòâåííûì èíãðåäèåíòîì ñóïåðñòðóííûõòåîðèé. Ñóïåðñèììåòðè÷íûå ýëåêòðîñëàáûå ìîäåëè äàþò ïðî-ñòåéøåå ðåøåíèå ïðîáëåìû êàëèáðîâî÷íûõ èåðàðõèé. Â ðåàëü-íîé æèçíè ñóïåðñèììåòðèÿ íàðóøåíà è äëÿ ðåøåíèÿ ïðîáëå-ìû êàëèáðîâî÷íûõ èåðàðõèé ìàññû ñóïåð÷àñòèö äîëæíû áûòüëåã÷å, ÷åì O(1) TeV .Ñóïåðãðàâèòàöèÿ îáåñïå÷èâàåò åñòåñòâåííîå îáúÿñíåíèå íà-ðóøåíèÿ ñóïåðñèììåòðèè, à èìåííî, ó÷åò íàðóøåíèÿ ñóïåð-ãðàâèòàöèè â ñêðûòîì ñåêòîðå ïðèâîäèò ê ìÿãêîìó íàðóøåíèþñóïåðñèììåòðèè â íàáëþäàåìîì ñåêòîðå.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011ÌÑÑÌÏðîñòåéøåå îáîáùåíèå ÑÌ - ìèíèìàëüíàÿ ñóïåðñèììåòðè÷-íàÿ ìîäåëü (ÌÑÑÌ). ÌÑÑÌ îñíîâàíà íà èñïîëüçîâàíèè ñòàí-äàðòíîé êàëèáðîâî÷íîé ãðóïïû SUc(3) ⊗ SUL(2) ⊗ U(1) ñ íàðó-øåíèåì ýëåêòðîñëàáîé ñèììåòðèè ïóòåì íåíóëåâûõ âàêóóì-íûõ ñðåäíèõ äâóõ õèããñîâñêèõ èçîäóáëåòîâ. ÌÑÑÌ ñîñòîèò èçÑÌ ïëþñ ñîîòâåòñòâóþùèå âçàèìîäåéñòâèÿ ñ ó÷àñòèåì ñóïåð-÷àñòèö. Ñëåäóåò îòìåòèòü, ÷òî â ÌÑÑÌ ñîäåðæèòñÿ 2 èçîäóá-ëåòà ïîëåé Õèããñà ñ ãèïåðçàðÿäàìè Y = ±1, ÷òî âûòåêàåò èçòðåáîâàíèÿ îòñóòñòâèÿ γ5 àíîìàëèé. Äâà èçîäóáëåòà õèããñîâ-ñêèõ ïîëåé òàêæå íåîáõîäèìû äëÿ ïðèäàíèÿ ìàññ �âåðõíèì� è�íèæíèì� �åðìèîíàì. Ñóïåðñèììåòðè÷íûå ÷àñòèöû â ÌÑÑÌóäîáíî ðàçáèòü íà ñëåäóþùèå ãðóïïû:
• íåéòðàëèíî (ñïèí 1

2
): χ0

1, χ0
2, χ0

3, χ0
4,

• ÷àðäæèíî (ñïèí 1

2
): χ±

1 , χ±
2 ,

• ñëåïòîíû (ñïèí 0): ẽL,R, µ̃L,R, τ̃L,R, ν̃e, ν̃µ, ν̃τ ,
• ñêâàðêè (ñïèí 0): d̃L.R, ũL,R, s̃L,R, c̃L,R, b̃L,R, t̃L,R,
• ãëþèíî (ñïèí 1): g̃
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ñóïåðñèììåòðèÿ: ïðîèçâîëüíûå ìàññûÍàèáîëåå ïîïóëÿðíûì ìåõàíèçìîì íàðóøåíèÿ ñóïåðñèììåò-ðèè ÿâëÿåòñÿ ñöåíàðèé, îñíîâàííûé íà èñïîëüçîâàíèè ñêðûòî-ãî ñåêòîðà. Ñîãëàñíî ýòîìó ñöåíàðèþ ñóùåñòâóåò 2 ñåêòîðà:îáû÷íàÿ ìàòåðèÿ âõîäèò â âèäèìûé ñåêòîð. Âòîðîé ñêðûòûéñåêòîð òåîðèè ñîäåðæèò ïîëÿ, êîòîðûå ïðèâîäÿò ê íàðóøåíèþñóïåðñèììåòðèè. Ýòè 2 ñåêòîðà âçàèìîäåéñòâóþò äðóã ñ äðó-ãîì ïîñðåäñòâîì íåêîòîðûõ ïîëåé, êîòîðûå ïåðåíîñÿò ÑÓÑÈíàðóøåíèå èç ñêðûòîãî ñåêòîðà â âèäèìûé ñåêòîð .Â ÌÑÑÌ ñóïåðñèììåòðèÿ ìÿãêî íàðóøåíà íà íåêîòîðîìáîëüøîì ìàñøòàáå M ìÿãêèìè ÷ëåíàìè. Â îáùåì ñëó÷àå âñåìÿãêèå ÑÓÑÈ íàðóøàþùèå ÷ëåíû ÿâëÿþòñÿ ïðîèçâîëüíûìè,÷òî çàòðóäíÿåò �åíîìåíîëîãè÷åñêèé àíàëèç è ïðèâîäèò ê ïî-òåðå ïðåäñêàçàòåëüíîé ñèëû òåîðèè. Â ìîäåëè ÌÑÓ��À ïî-ñòóëèðóåòñÿ óíèâåðñàëüíîñòü ïàðàìåòðîâ ìÿãêîãî íàðóøåíèÿÑÓÑÈ íà ìàñøòàáå âåëèêîãî îáúåäèíåíèÿ. À èìåííî, âñå ÷à-ñòèöû ñïèíà 0 (ñêâàðêè, ñëåïòîíû, õèããñû) èìåþò îäèíàêîâóþìàññó m0. Âñå ãàéäæèíî â ýòîé ìîäåëè òàêæå èìåþò îäíó è òóæå ìàññó m1/2 íà ìàñøòàáå âåëèêîãî îáúåäèíåíèÿ.Îäíàêî, ñóùåñòâóþò �åíîìåíîëîãè÷åñêèå ìîäåëè, îñíîâàí-íûå íà òåîðèè ñóïåðñòðóí, â êîòîðûõ íàðóøàþòñÿ ïîñòóëàòûÌÑÓ��À ìîäåëè. Ïîýòîìó íåîáõîäèìî èçó÷àòü ïîòåíöèàë îò-êðûòèÿ ñóïåðñèììåòðèè ÁÀÊà äëÿ îáùåãî ñëó÷àÿ ÌÑÑÌ ìî-äåëè ñ ïðîèçâîëüíûìè ìàññàìè ñóïåð÷àñòèö.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ñóïåðñèììåòðèÿ: ÎñîáåííîñòèÎñíîâíûìè èñòî÷íèêàìè èçîëèðîâàííûõ ëåïòîíîâ äëÿ ñèã-íàòóð
n ≥ 1 leptons+ jets + Emiss

Tÿâëÿþòñÿ êàñêàäíûå ðàñïàäû ñêâàðêîâ è ãëþèíî íà ÷àðäæèíî
χ̃±
1 è íåéòðàëèíî χ̃0

1

g̃ → qq̄χ̃±
1 , qq̄χ̃

0
2, (18)

q̃ → qχ̃0

2, q
′χ̃±

1 (19)âìåñòå ñ ëåïòîííûìè ðàñïàäàìè ÷àðäæèíî è íåéòðàëèíî
χ̃±
1 → χ̃0

1 + l± + ν,

χ̃0

2 → χ̃0

1 + l± + l∓.Ñ ðîñòîì ìàññ χ̃0
2, χ̃±

1 äîëÿ ðàñïàäîâ (18), (19) ïàäàåò, à, ñëå-äîâàòåëüíî, ïàäàåò è äîëÿ ëåïòîíîâ ïîñëå ðàñïàäîâ χ̃±
1 , χ̃0

2,è îñíîâíûìè ìîäàìè ðàñïàäîâ ñêâàðêîâ è ãëþèíî ñòàíîâÿòñÿðàñïàäû íà ëåã÷àéøóþ ñóïåð÷àñòèöó χ̃0
1 â êîíå÷íîì ñîñòîÿíèèòèïà

q̃ → qχ̃0

1,

g̃ → qq̄χ̃0

1.Ñëåäîâàòåëüíî, ìîæíî îæèäàòü, ÷òî ñ ðîñòîì ìàññ χ̃±
1 , χ̃0

2 ëåï-òîííûå ñèãíàòóðû íå ïîçâîëÿþò îòêðûòü ñóïåðñèììåòðèþ, àåäèíñòâåííîé ïðèãîäíîé äëÿ îòêðûòèÿ ñóïåðñèììåòðèè íà ÁÀ-Êå îñòàåòñÿ ñèãíàòóðà
no leptons+ jets + Emiss

T (20)�àñ÷åòû ïîäòâåðæäàþò ýòîò êà÷åñòâåííûé âûâîä.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ìîäåëèðîâàíèå îòêëèêà äåòåêòîðàÏðîâîäèëîñü äåòàëüíîå ìîäåëèðîâàíèå ïðîõîæäåíèÿ ÷àñòèöâ óñòàíîâêå ÊÌÑ ñ ïàðàìåòðèçàöèåé îòêëèêà äåòåêòîðà ñ ïî-ìîùüþ ïðîãðàììû CMSJET.
• Ïðåäïîëàãàëîñü 90% ý��åêòèâíîñòü ðåãèñòðàöèè òðåêîâçàðÿæåííûõ ÷àñòèö ñ pT > 1 �ýÂ äëÿ |η| < 2.5 â ìàãíèòíîìïîëå (4 Òåñëà).
• �åîìåòðè÷åñêèé àêñåïòàíñ äëÿ µ è e ðàâåí, ñîîòâåòñòâåííî
|η| < 2.4 è |η| < 2.5. Äëÿ 10 �ýÂíûõ ëåïòîíîâ èìïóëüñíîåðàçðåøåíèå ìåíüøå 1% è ïðåäïîëàãàëîñü îäíîðîäíûì ïî
η, äëÿ ëåïòîíîâ áîëüøèõ ýíåðãèé ðàçðåøåíèå áûëî ëó÷-øå, íî çàâèñèëî îò η. Ý��åêòèâíîñòü òðèããåðà âìåñòå ñðåêîíñòðóêöèåé áðàëîñü ðàâíûì 90%.

• Ýëåêòðîìàãíèòíûé êàëîðèìåòð ó÷èòûâàëñÿ äî |η| < 2.6.Òàêæå ïðèíèìàëñÿ âî âíèìàíèå ïåðåõîä îò áàððåëÿ ê òîð-öåâîé ÷àñòè óñòàíîâêè (1.478 < |η| < 1.566). Àäðîííûé êà-ëîðèìåòð ïîêðûâàë îáëàñòü η < 3. Ïåðåäíèé êàëîðèìåòðèñïîëüçîâàëñÿ â îáëàñòè 3 < |η| < 5. Øóìû ýëåêòðîíèêèìîäåëèðîâàëèñü ñ ïîìîùüþ íîðìàëüíîãî ðàñïðåäåëåíèÿ ñíóëåâûì ñðåäíèì è ïðèìåíÿëîñü îáðåçàíèå äëÿ ïîäàâëå-íèÿ íóëåâûõ îò÷åòîâ.
• �àçâèòèå ýëåêòðîìàãíèòíûõ è àäðîííûõ ëèâíåé ïàðàìåò-ðèçîâàëîñü êàê äëÿ ïîïåðå÷íîãî, òàê è äëÿ ïðîäîëüíîãîïðî�èëåé ëèâíÿ. Íà÷àëî ðàçâèòèÿ ëèâíÿ �ëóêòóèðîâàëîâ ñîîòâåòñòâèè ñ ýêñïîíåíöèàëüíûì çàêîíîì.
• Äëÿ ðåêîíñòðóêöèè ñòðóé èñïîëüçîâàëñÿ íåñêîëüêî ìîäè-�èöèðîâàííûé àëãîðèòì ïîèñêà ñòðóé UA1, ñ ðàçìåðîìêîíóñà ∆R = 0.8 è ïîðîãîì íà ïîïåðå÷íóþ ýíåðãèþ ñòðóè25 �ýÂ.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îñíîâíûå �îíû è êèíåìàòèêàÂñå ñóïåðñèììåòðè÷íûå ïðîöåññû è �îíû ÑÌ ìîäåëèðî-âàëèñü ñ ïîìîùüþ ïðîãðàììû ISAJET 7.32, ISASUSY. Îñíîâ-íîé �îíîâûé âêëàä â èçó÷àåìóþ ñèãíàòóðó äàâàëè ñëåäóþùèåïðîöåññû: WZ, ZZ, tt̄, Wtb, Zbb̄, bb̄ è QCD (2 → 2). �àññìîòðåíûòðè îñíîâíûå êèíåìàòè÷åñêèå îáëàñòè:A. mg̃ ≫ mq̃,B. mq̃ ≫ mg̃,C. mq̃ ∼ mg̃, mq̃ > mg̃.Òàêæå ïðåäïîëàãàëîñü, ÷òî âñå ñóïåð÷àñòèöû îòíîñèòåëüíî òÿ-æåëû (∼ 1 ÒýÂ), çà èñêëþ÷åíèåì LSP è ñ�åðìèîíîâ òðåòüåãîïîêîëåíèÿ.Äëÿ êèíåìàòè÷åñêîé îáëàñòè A íà ÁÀÊ äîìèíèðóåò ðîæäå-íèå ñêâàðêîâ pp → q̃q̃. Ñêâàðêè ðàñïàäàþòñÿ íà êâàðê è LSP
q̃ → qχ̃0

1, ÷òî âåäåò ê ñèãíàòóðå äëÿ ðåãèñòðàöèè èíòðåñíîãîñîáûòèÿ: 2 ñòðóè è ïîòåðÿííàÿ ïîïåðå÷íàÿ ýíåðãèÿ Emiss
T . Äëÿêèíåìàòè÷åñêîé îáëàñòè B íà ÁÀÊ äîìèíèðóåò ðîæäåíèå ïà-ðû ãëþèíî pp → g̃g̃. �ëþèíî ðàñïàäàþòñÿ íà êâàðê-àíòèêâàðêè LSP g̃ → qq̄χ̃0

1, ÷òî âåäåò ê ñèãíàòóðå äëÿ ðåãèñòðàöèè èíòðåñ-íîãî ñîáûòèÿ: 3 è áîëüøå ñòðóé ïëþñ ïîòåðÿííàÿ ïîïåðå÷íàÿýíåðãèÿ Emiss
T . Äëÿ êèíåìàòè÷åñêîé îáëàñòè C ïðèìåðíî â îäè-íàêîâîé ïðîïîðöèè ðîæäàþòñÿ q̃q̃, g̃g̃, q̃g̃.Ïðè èññëåäîâàíèè äëÿ êèíåìàòè÷åñêèõ îáëàñòåé A è B, ñîîò-âåòñòâåííî, ïðèìåíÿëîñü äâà ðàçíûõ òèïà íàáîðîâ îáðåçàíèé.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011�åçóëüòàòû�àññìîòðåí ñëó÷àé, êîãäà âñå ñêâàðêè èìåþò òó æå ñàìóþìàññó è mχ̃0
2
, mχ̃0

1
> min(mg̃, mq̃). Â êà÷åñòâå îöåíêè ïîòåíöèàëàîòêðûòèÿ èñïîëüçîâàëàñü çíà÷èìîñòü S12 =

√
Ns +Nb −

√
Nb. Íà�èñ. 11 ïîêàçàíû îáëàñòè ïðè ðàçëè÷íûõ ñîîòíîøåíèÿõ ìåæ-äó ìàññàìè ñóïåð÷àñòèö äëÿ êîòîðûõ çíà÷èìîñòü S12 ïðåâûøà-åò çíà÷åíèå 5. Íàéäåíî, ÷òî äåòåêòèðóåìîñòü ñèãíàëà çàâèñèòâåñüìà ñèëüíî îò ñîîòíîøåíèÿ ìåæäó ìàññàìè ëåã÷àéøåãî ñó-ïåðïàðòíåðà, ãëþèíî è ñêâàðêîâ è îíà óìåíüøàåòñÿ ñ ðîñòîììàññû ëåã÷àéøåãî ñóïåðïàðòíåðà. Äëÿ îòíîñèòåëüíî òÿæåëîãîëåã÷àéøåãî ñóïåðïàðòíåðà ñ ìàññîé áëèçêîé ê ìàññå ñêâàðêîâè ãëþèíî ïðè ìàññå ñêâàðêîâ è ãëþèíî òÿæåëåå 1.5 ÒåÂ ñèãíàëñòàíîâèòñÿ íåíàáëþäàåìûì.

�èñ. 11: Ïîòåíöèàë îòêðûòèÿ ÊÌÑ äëÿ ðàçëè÷íûõ çíà÷åíèé ìàññ LSP è ãëþèíî äëÿêèíåìàòè÷åñêîé îáëàñòè A (ñëåâà) è B (ñïðàâà).
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011ÑëåïòîíûÕîòÿ ðîæäåíèå ñêâàðêîâ è ãëþèíî íà ÁÀÊå áîëåå èíòåðåñ-íî ñ òî÷êè çðåíèÿ îòêðûòèÿ ÑÓÑÈ, îòêðûòèå ñóïåðñèììåòðèèñ ïîìîùüþ íåñêîëüêèõ ñèãíàòóð ÷ðåçâû÷àéíî âàæíî ñ òî÷êèçðåíèÿ íàäåæíîñòè îòêðûòèÿ. Èñïîëüçóÿ ðàçëè÷íûå ñèãíàòó-ðû ìîæíî ïîëó÷èòü äîïîëíèòåëüíóþ èí�îðìàöèþ î ïàðàìåò-ðàõ ÌÑÑÌ ìîäåëè. Ïðè ïîèñêå ñóïåðñèììåòðèè ìû èùåì íåðåçîíàíñíóþ ñòðóêòóðó â ðàñïðåäåëåíèè ñå÷åíèé ïî èíâàðè-àíòíîé ìàññå, à ïðåâûøåíèå ñå÷åíèé (êîëè÷åñòâî íàáëþäàå-ìûõ ñîáûòèé) íàä ñå÷åíèÿìè (ñîáûòèÿìè), ïðåäñêàçàííûìè âðàìêàõ ÑÌ.Åñëè ñëåïòîíû òÿæåëåå, ÷åì ãàéäæèíî χ̃±
1 , χ̃

0
1, òî îíè ðîæäà-þòñÿ â îñíîâíîì ÷åðåç qq̄−àííèãèëÿöèþ

qq̄ → l̃Ll̃L, l̃Rl̃R, ν̃ν̃, ν̃ l̃, l̃Ll̃R. (21)Â ñëó÷àå, åñëè ñëåïòîíû ëåã÷å, ÷åì ãàéäæèíî χ̃±
1 , χ̃

0
1, òî îíè,êðîìå òîãî, ðîæäàþòñÿ â ðàñïàäàõ ÷àðäæèíî è íåéòðàëèíî.�îæäåíèå ñëåïòîíîâ ñ èõ ïîñëåäóþùèìè ðàñïàäàìè ïðèâî-äèò ê ñèãíàòóðå

two leptons+ Emiss
T + no jets. (22)Ýòà ñèãíàòóðà âîçíèêàåò êàê ðåçóëüòàò ïðÿìîãî è íåïðÿìîãîðîæäåíèÿ ñëåïòîíîâ. Â ñëó÷àå íåïðÿìîãî ðîæäåíèÿ ñëåïòîíîââîçìîæíû òàêæå ñèãíàòóðû ñ îäíèì, òðåìÿ è ÷åòûðüìÿ çàðÿ-æåííûìè ëåïòîíàìè â êîíå÷íîì ñîñòîÿíèè.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ïðÿìîå äåòåêòèðîâàíèå ñëåïòîíîâÒðåáîâàíèå îòñóòñòâèÿ àäðîííûõ ñòðóé (jet veto) ïðèâîäèòê ïîäàâëåíèþ ñóïåðñèììåòðè÷íîãî �îíà ñ íåíóëåâûì êîëè÷å-ñòâîì àäðîííûõ ñòðóé. Èçó÷àëàñü âîçìîæíîñòü ïðÿìîãî äåòåê-òèðîâàíèÿ ñëåïòîíîâ ñ ïîìîùüþ ñèãíàòóðû (22). �àññìàòðèâà-ëèñü ñëåäóþùèå ÑÌ �îíû: tt̄, WW , WZ, ZZ, Wt, Zbb̄, W + jet,DY. Îñíîâíîé âêëàä äàþò ÑÌ �îíû îò tt̄ è WW . Òàêæå ñó-ùåñòâóþò íåíóëåâûå ñóïåðñèììåòðè÷íûå �îíû, ñâÿçàííûå ñ
q̃q̃, g̃g̃ è g̃q̃ ðîæäåíèÿìè ñ ïîñëåäóþùèìè êàñêàäíûìè ðàñïà-äàìè íà ñòðóè è ëåïòîíû. Äëÿ ÌÑÓ��À òî÷êè ñ tan β = 10,
sign(µ) = +, A = 0 ïîòåíöèàë îòêðûòèÿ ñëåïòîíîâ â ïëîñêîñòè(m0, m1

2
) ïðåäñòàâëåí íà �èñ. 12.

�èñ. 12: Ëèíèè óðîâíÿ äîñòèæèìîñòè îòêðûòèÿ (tanβ = 10, sign(µ) = +, A = 0) äëÿêîíå÷íûõ ñîñòîÿíèé ñ l+l−, ïîòåðÿííîé ïîïåðå÷íîé ýíåðãèåé è çàïðåòîì íà ñòðóè.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îñíîâíûå ðåçóëüòàòû1. �àçðàáîòàíà ìåòîäèêà îöåíêè êà÷åñòâà ýêñïåðè-ìåíòîâ. Ìåòîäèêà íàøëà øèðîêîå ïðèìåíåíèå âîìíîãèõ ýêñïåðèìåíòàõ â �èçèêå âûñîêèõ ýíåðãèéè â àñòðî�èçèêå.2. �àçðàáîòàíà ìåòîäèêà îöåíêè îæèäàåìîãî ñóììàð-íîãî �îíà â ýêñïåðèìåíòå ÷åðåç îáúåäèíåíèå îöå-íîê îöåíîê îòäåëüíûõ �îíîâ ñ ðàçëè÷íûìè ñòà-òèñòè÷åñêèìè è ñèñòåìàòè÷åñêèìè íåîïðåäåëåí-íîñòÿìè.3. Ïðîâåäåíî èññëåäîâàíèå âîçìîæíîñòè èçìåðåíèÿ4-ñòðóéíîãî äè��åðåíöèàëüíîãî ñå÷åíèÿ ïî èíâà-ðèàíòíîé ìàññû äâóõñòðóé ñ öåëüþ îáíàðóæåíèÿïðîÿâëåíèå íîâîé �èçèêè.4. Ïðîâåäåíî èññëåäîâàíèå âîçìîæíîñòåé îáíàðó-æåíèÿ ñóïåðñèììåòðè÷íûõ ÷àñòèö íà óñêîðèòåëåÁÀÊ, â ÷àñòíîñòè,
• èçó÷åíà âîçìîæíîñòü äåòåêòèðîâàíèÿ ñóïåð-ñèììåòðèè íà ÁÀÊå â ñëó÷àå ïðîèçâîëüíûõìàññ ñóïåðñèììåòðè÷íûõ ÷àñòèö.
• èçó÷åíà âîçìîæíîñòü ïðÿìîãî äåòåêòèðîâàíèÿñëåïòîíîâ â ðàìêàõ ìîäåëè ÌÑÑÌ,
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Íàó÷íàÿ íîâèçíà I
• äàíà êëàññè�èêàöèÿ ïîäõîäîâ ê îïðåäåëåíèþ ïî-íÿòèÿ çíà÷èìîñòü ïðåâûøåíèÿ ñèãíàëà íàä �î-íîì, â ÷àñòíîñòè,� âûâåäåíà ïðèáëèæåííàÿ �îðìóëà äëÿ îöåí-êè îæèäàåìîé çíà÷èìîñòè ïðåâûøåíèÿ ñèãíà-ëà íàä �îíîì â ïëàíèðóåìîì ýêñïåðèìåíòå (ïî-òåíöèàë îòêðûòèÿ ýêñïåðèìåíòà),� ïîëó÷åíû �îðìóëû äëÿ îöåíêè êîìáèíèðî-âàííîé çíà÷èìîñòè ïðè îáúåäèíåíèè íåçàâèñè-ìûõ èçìåðåíèé,� ðàçðàáîòàíà êîíöåïöèÿ ó÷åòà ñòàòèñòè÷åñêèõè ñèñòåìàòè÷åñêèõ íåîïðåäåëåííîñòåé ïðè êîì-áèíèðîâàííîé îöåíêå �îíîâ â ýêñïåðèìåíòå èïðè îöåíêå çíà÷èìîñòè ðåçóëüòàòà ýêñïåðèìåí-òà;
• ââåäåíà è îáîñíîâàíà îöåíêà âåðîÿòíîñòè ïðèíÿ-òèÿ ïðàâèëüíîãî ðåøåíèÿ ïðè ïðîâåðêå ãèïîòåçûî íàáëþäàåìîñòè íîâîãî ÿâëåíèÿ, ïîëó÷åíà õàðàê-òåðèñòèêà, ïîçâîëÿþùàÿ îöåíèâàòü ðàçäåëèìîñòüãèïîòåç;
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Íàó÷íàÿ íîâèçíà II
• ðàçðàáîòàíà êîíöåïöèÿ äîâåðèòåëüíîãî îöåíèâà-íèÿ ïàðàìåòðîâ ìîäåëåé, ñ ó÷åòîì ñòàòèñòè÷åñêèõè ñèñòåìàòè÷åñêèõ íåîïðåäåëåííîñòåé, â ðàìêàõäàííîé êîíöåïöèè ðàçðàáîòàíû è èñïîëüçóþòñÿïðîöåäóðû, êîòîðûå ïîçâîëÿåþò ñòðîèòü äîâåðè-òåëüíûå ïëîòíîñòè è äîâåðèòåëüíûå èíòåðâàëûäëÿ ïàðàìåòðîâ.Íà îñíîâå ðàçðàáîòàííîé ìåòîäèêè áûë èññëåäîâàíðÿä ñöåíàðèåâ ïîèñêà íîâûõ ÿâëåíèé â �èçèêå âûñî-êèõ ýíåðãèé, â ÷àñòíîñòè â ýêñïåðèìåíòàõ íà óñòàíîâ-êå ÊÌÑ (ÁÀÊ). Â äèññåðòàöèþ âîøëè ðåçóëüòàòû ïî:
• èçó÷åíèþ âîçìîæíîñòè îáíàðóæåíèÿ íîâîé �è-çèêè ïðè èçìåðåíèè ñå÷åíèé 4-õ ñòðóéíûõ ñîáû-òèé íà êîëëàéäåðàõ ÁÀÊ è Òåâàòðîí;
• èññëåäîâàíèþ ïîòåíöèàëà îòêðûòèÿ ñóïåðñèììåò-ðèè íà ÁÀÊ;
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Çàùèùàåìûå ïîëîæåíèÿÏðè âûïîëíåíèè äàííîé ðàáîòû áûëè ïîëó÷åíûñëåäóþùèå ðåçóëüòàòû, êîòîðûå âûíîñÿòñÿ íà çàùè-òó:
• Ìåòîäèêà îöåíêè çíà÷èìîñòè ïðåâûøåíèÿ îæè-äàåìîãî ñèãíàëà íàä îæèäàåìûì �îíîì.
• Ìåòîäèêà îöåíêè îæèäàåìîãî ñóììàðíîãî �îíàâ ýêñïåðèìåíòå ÷åðåç îáúåäèíåíèå îöåíîê îöåíîêîòäåëüíûõ �îíîâ ñ ðàçëè÷íûìè ñòàòèñòè÷åñêèìèè ñèñòåìàòè÷åñêèìè íåîïðåäåëåííîñòÿìè.
• �åçóëüòàòû èññëåäîâàíèÿ âîçìîæíîñòè îáíàðó-æåíèÿ ðîæäåíèÿ ñóïåðñèììåòðè÷íûõ ÷àñòèö â ñëó-÷àå èõ ïðîèçâîëüíûõ ìàññ.
• �åçóëüòàòû èññëåäîâàíèÿ âîçìîæíîñòè îáíàðó-æåíèÿ ñëåïòîíîâ.
• �åçóëüòàòû îöåíêè ïîòåíöèàëà îòêðûòèÿ íîâîé�èçèêè ïðè èçìåðåíèè ñå÷åíèé 4-õ ñòðóéíûõ ñî-áûòèé.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Îñíîâíûå ïóáëèêàöèè è àïðîáàöèÿ ðàáîòû�åçóëüòàòû, ïðèâåäåííûå â äèññåðòàöèè, îïóáëè-êîâàíû â 32 ðàáîòàõ, â æóðíàëàõ �ßäåðíàÿ Ôèçè-êà�, Physi
s Letters B, Il Nuovo Cimento A, Nu
learInstruments and Methods in Physi
s Resear
h A, ModernPhysi
s Letters A, Pro
eedings of S
ien
e, AIP Conferen
ePro
eedings, òðóäàõ ìåæäóíàðîäíûõ êîí�åðåíöèé, ïðå-ïðèíòàõ �ÍÖ ÈÔÂÝ, ÈßÈ �ÀÍ è CMS(CERN), àòàêæå â êíèãå Trends in Experimental High EnergyPhysi
s (Nova S
ien
e Publishers, 2005).�åçóëüòàòû äîêëàäûâàëèñü íà ìåæäóíàðîäíûõ êîí-�åðåíöèÿõ è ñîâåùàíèÿõ PhyStat'2011, MaxEnt'2010,14-îé Ëîìîíîñîâñêîé êîí�åðåíöèè ïî �èçèêå ýëåìåí-òàðíûõ ÷àñòèö, ACAT'2008, PhyStat-LHC (2007), ACAT'2007,PhyStat'2005, MaxEnt'2005, Êâàðêè-2004, ACAT'2003,ACAT'2002, Advan
ed Statisti
al Te
hniques in Parti
lePhysi
s, CHEP'2001, Êâàðêè-1998, Åæåãîäíûõ êîí�å-ðåíöèÿõ CMS RDMS (ÖÅ�Í 1999, Ìîñêâà 2000, Ïðîòâè-íî 2002, Ìèíñê 2004), ñåññèè îòäåëåíèÿ �èçèêè �ÀÍ,ñåìèíàðàõ êîëëàáîðàöèè ÊÌÑ â ÖÅ�Íå, ñåìèíàðàõÈÔÂÝ è ÈßÈ �ÀÍ.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ìåòîäè÷åñêèå ðàçðàáîòêè, ïîëó÷èâøèåïðàêòè÷åñêîå ïðèìåíåíèéÇíà÷èìîñòü Sc12. Çíà÷èìîñòü Sc12 ïðåäëîæåíà â ðàáîòå [1℄.Îíà õàðàêòåðèçóåò ðàçëè÷èå ìåæäó îæèäàåìûì ÷èñëîì ñîáû-òèé �ñèãíàë ïëþñ �îí� è îæèäàåìûì ÷èñëîì ñîáûòèé ��îí�.Êàê ïîêàçàíî â ðàáîòàõ [2, 3℄ çíà÷èìîñòü Sc12 ïðåäïî÷òèòåëüíååäëÿ èñïîëüçîâàíèÿ ïðè ïëàíèðîâàíèè ýêñïåðèìåíòà, ÷åì ÷à-ñòî ïðèìåíÿåìûå çíà÷èìîñòè S1 è S2. Çíà÷èìîñòü Sc12 îáëàäàåòñâîéñòâàìè íîðìàëüíîãî ðàñïðåäåëåíèÿ ñ äèñïåðñèåé ðàâíîé1. Ñâîéñòâà äàííîé çíà÷èìîñòè àíàëèçèðîâàëèñü â ðàáîòàõ [4℄.Çíà÷èìîñòü Sc12 ïîëó÷èëà øèðîêîå ðàñïðîñòðàíåíèå è åå ïðè-ìåíÿþò â �èçèêå âûñîêèõ ýíåðãèé [5℄, àñòðî�èçèêå [6℄ è â �è-çè÷åñêèõ ïðèëîæåíèÿõ [7℄. Îíà âñòðîåíà â ïàêåò GARCON [8℄(ãåíåòè÷åñêèé àëãîðèòì ïî îïòèìèçàöèè ïðÿìîóãîëüíûõ îáðå-çàíèé). Ìîæíî òàêæå îòìåòèòü èññëåäîâàíèÿ â ðàìêàõ ýêñïå-ðèìåíòà ÊÌÑ (Êîìïàêòíûé Ìþîííûé Ñïåêòðîìåòð), èñïîëü-çóþùèå çíà÷èìîñòü Sc12 [9℄.Çíà÷èìîñòü ScP . Çíà÷èìîñòü ScP õàðàêòåðèçóåò ðàçëè÷èå ìåæ-äó çàäàííûì ÷èñëîì ñîáûòèé è îæèäàåìûì â ýêñïåðèìåíòå÷èñëîì ñîáûòèé ��îí�. Äàííàÿ çíà÷èìîñòü òàêæå îáëàäàåò ñâîé-ñòâàìè íîðìàëüíîãî ðàñïðåäåëåíèÿ ñ äèñïåðñèåé ðàâíîé 1. Áû-ëà ðàçðàáîòàíà ïðîöåäóðà äëÿ âû÷èñëåíèÿ çíà÷èìîñòè ScP ñó÷åòîì ñòàòèñòè÷åñêèõ è ñèñòåìàòè÷åñêèõ îøèáîê è íàïèñàíàïðîãðàììà S
P [10℄. Äàííàÿ ïðîãðàììà òåñòèðîâàëàñü íåñêîëü-êèìè ãðóïïàìè èññëåäîâàòåëåé, åå õàðàêòåðèñòèêè ðàññìîòðå-íû â ðàáîòå [11℄. Â ñïèñêå [12℄ ïðèâåäåíû ïóáëèêàöèè ÊÌÑ, âêîòîðûõ ïðè ïîëó÷åíèè ðåçóëüòàòîâ èñïîëüçîâàëàñü ïðîãðàì-ìà S
P.
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ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ìåòîäè÷åñêèå ðàçðàáîòêè, ïîëó÷èâøèåïðàêòè÷åñêîå ïðèìåíåíèéÊîìáèíèðîâàíèå çíà÷èìîñòåé. Â ðàáîòàõ [13, 14℄ ïðåäëîæåíè îáîñíîâàí ìåòîä äëÿ íàõîæäåíèÿ êîìáèíèðîâàííîé çíà÷è-ìîñòè íåñêîëüêèõ ýêñïåðèìåíòîâ. Ìåòîä èñïîëüçóåòñÿ â àñòðî-�èçè÷åñêèõ èññëåäîâàíèÿõ [15℄.Ìåðà ðàçäåëèìîñòè ãèïîòåç. Ïîíÿòèå ìåðû ðàçäåëèìîñòè ãè-ïîòåç ïðåäëîæåíî è îáîñíîâàíî â ðàáîòå [16℄. Äàííûé ïîäõîäáûë ïðèìåíåí â ðàáîòàõ [17℄ äëÿ îöåíêè ðàçäåëèìîñòè äâóõ ãè-ïîòåç, â ÷àñòíîñòè, î íàëè÷èè èëè îòñóòñòâèè âêëàäà îò îáìåíàçàðÿæåííûì áîçîíîì Õèããñà â ðàñùåïëåíèå ìàññ ïðè ñìåøè-âàíèè íåéòðàëüíûõ K- è B-ìåçîíîâ.Äîâåðèòåëüíûå èíòåðâàëû è ïðåäåëû äîâåðèÿ. Â ðàáîòàõ [18,19℄ ñ�îðìèðîâàí ïîäõîä ê îïðåäåëåíèþ äîâåðèòåëüíûõ èíòåð-âàëîâ è ïðåäåëîâ äîâåðèÿ íà ïàðàìåòðû ðàñïðåäåëåíèé ïî-ñðåäñòâîì äîâåðèòåëüíûõ ðàñïðåäåëåíèé [20℄. Äàííûé ïîäõîäîáñóæäàåòñÿ â ðàáîòàõ [21℄ è èñïîëüçóåòñÿ â ðàáîòàõ [22℄.Ìåòîä êîìáèíèðîâàííîãî îöåíèâàíèÿ �îíîâûõ ïðîöåññîâ. Ìå-òîä [23℄ èìååò ÿñíóþ âåðîÿòíîñòíóþ èíòåðïðåòàöèþ è ðàññìàò-ðèâàåòñÿ êàê ÷àñòîòíàÿ àëüòåðíàòèâà Áàéåñîâñêèì ïðîöåäó-ðàì îöåíêè �îíà [24℄. Â ÷àñòíîñòè, ìåòîä èñïîëüçîâàëñÿ [25℄ïðè âåðè�èêàöèè îöåíîê âêëàäà �îíîâûõ ïðîöåññîâ, ïîëó÷åí-íûõ ìåòîäàìè ìíîãî�àêòîðíîãî àíàëèçà, ïðè èçìåðåíèÿõ t-êàíàëüíîãî ñå÷åíèÿ ðîæäåíèÿ îäèíî÷íîãî òîï-êâàðêà [26℄.
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• �åçóëüòàòû ïî èññëåäîâàíèþ âîçìîæíîñòè íàáëþäåíèÿðîæäåíèÿ ñëåïòîíîâ è íàðóøåíèÿ ëåïòîííîãî ÷èñëà â ðàñ-ïàäàõ ñëåïòîíîâ, èçëîæåííûå â ðàáîòå [27℄, è ðåçóëüòàòûèçó÷åíèÿ âîçìîæíîñòè îáíàðóæåíèÿ íîâîé �èçèêè ïðè èç-ìåðåíèè ñå÷åíèé 4-õ ñòðóéíûõ ñîáûòèé, èçëîæåííûå â ðà-áîòå [28℄, èñïîëüçîâàëèñü ïðè ïðîåêòèðîâàíèè òðèããåðíîéñèñòåìû óñòàíîâêè ÊÌÑ [29℄.
• �åçóëüòàòû èññëåäîâàíèÿ âîçìîæíîñòè íàáëþäåíèÿ ðîæ-äåíèÿ ñëåïòîíîâ, èçëîæåííûå â ðàáîòàõ [30, 31℄, à òàêæåðàçðàáîòàííûå ïðîöåäóðû è ïðîãðàììû ñòàòèñòè÷åñêîãîàíàëèçà äàííûõ [1, 2, 18, 32, 10℄, íàøëè ïðèìåíåíèå ïðèïîäãîòîâêå �èçè÷åñêîé ïðîãðàììû èññëåäîâàíèé íà óñòà-íîâêå ÊÌÑ [33℄.

49



ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ñïèñîê ëèòåðàòóðû[1℄ S.I. Bityukov, N.V. Krasnikov. New physi
s dis
overy potentialin future experiments. Modern Physi
s Letters A13, (1998) 3235;arXiv:physi
s/9811025. (ññûëêè: ADS - 25, SPIRES - 30)[2℄ S.I. Bityukov, N.V. Krasnikov. On observability of signal aboveba
kground. Nu
l.Inst.&Meth.A452 (2000) 518. (ññûëêè: ADS - 23,SPIRES - 31)[3℄ S.I. Bityukov, N.V. Krasnikov. On observability of signalover ba
kground. Pro
. of Workshop on "Con�den
e Limits 17-18 Jan. 2000, Geneva, Switzerland, Yellow report CERN 2000-005, p.219; CMS CR-2000/004; Ïðåïðèíò ÈÔÂÝ 1998-48, 1998;arXiv:physi
s/9809037. (ññûëêè: SPIRES - 1)[4℄ V.Barts
h and G.Quast, �Expe
ted signal observability at futureexperiments�, CMS Note 2005/004. CERN, Geneva, 2005.R. Cousins, J. Mumford, V. Valuev. Dete
tion of Z ′ gauge bozons inthe dimuon de
ay mode in CMS. CMS Note 2005/002, 2005.[5℄ F. Gianotti, M.L. Mangano, T. Virdee, et al. Physi
s potential andexperimental 
hallenges of the LHC luminosity upgrade. Eur.Phys.J.C39 (2005) 293-333; CERN-TH/2002-078; arXiv:hep-ph/0204087,2002.Physi
s at BES-III, Eds. Kuang-Ta Chao, Yifang Wang, IHEP-Physi
s-Report-BES-III-2008-001; e-Print: arXiv:0809/1869 [hep-ex℄,2008.D.R. Tovey. In
lusive SUSY sear
hes and measurements at ATLAS.EPJ dire
t, C4 (2002) 1-24.F Ledroit, J Morel, G Moreau. Probing RS s
enarios of �avour at theLHC via leptoni
 
hannels. JHEP 09 (2007) 071V. Bues
her, M. Carena, B. Dobres
u, S. Mrenna, D. Rainwater, M.S
hmitt (
onvenors) ; S. Abdullin, D. A
osta, S. Asai, O. Atramentov,H. Baer, C. Balazs, P. Bartalini, A. Belyaev, R. Bernhard, A. Birkedal,R . Cavanaugh, M.-C. Chen, C. Clement, A. Datta, Y. de Boer, A.DeRoe
k, A. Drozdetskiy, Y. Gershtein, D. Glenzinski, C. Group,S. Heinemeyer, M. Heldmann, J. Hubisz, M. Karlsson, K. Kong,A. Korytov, S. Kraml, T. Krupovni
kas, R. Lafaye, K. Lane, F.Ledroit, F. Lehner, C.-J. Lin, C. Ma
esanu, K. Mat
hev, A. Menon,50



ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011D. Milstead, G. Mitselmakher, J. Morel, D. Morrissey, J. O'Farrill,Y. Pakhotin, M. Perelstein, T. Plehn, A. Raklev, B. S
urlo
k, A.Sherstnev, P. Skands, Z. Sullivan, T. Tait, X. Tata, I. Tor
hiani,B. Tro
me, C. Wagner, G. Weiglein, D. Zerwas. Tevatron-for-LHCReport: Preparations for Dis
overies. FERMILAB-CONF-06-284-T;arXiv:hep-ph/0608322, 2006.M.I. Adamovi
h, Yu.A. Alexandrov, S.P. Baranov et al. (WA89Collaboration) Sear
h for the exoti
 Ξ−−(1860) Resonan
e in340GeV/
 Σ−-Nu
leus Intera
tions, Phys.Rev. C70 (2004) 022201;e-Print Ar
hive: hep-ex/0405042.L. Basso, A. Belyaev, S. Moretti, G.M. Pruna, C. H. Shepherd-Themisto
leous, Z ′ dis
overy potential at the LHC in the minimal
B − L extension of the Standard Model, Eur. Phys. J. C (2011) 71:1613.C. Collard, M.-Cl. Lemaire, Sear
h with the CMS Dete
tor for Randall-Sundrum Ex
itations of Gravitons De
aying Into Ele
tron Pairs,Eur.Phys.J. C40, 5 (2005) 15-21.P. Arias, J. Jae
kel, J. Redondo, A. Ringwald, Optimizing Light-Shining-through-a-Wall Experiments for Axion and other WISPSear
hes, Phys.Rev.D82:115018, 2010.E. A

omando, S. de Curtis, D. Domini
i, L. Fedeli, Z' produ
tion atthe LHC in the four-site Higgsless model, Phys.Rev.D.83:015012, 2011.[6℄ Kwang-Il Seon, et al. Dete
tability Test of H2 Lyman-Werner BandEmission for a Far-Ultraviolet Imaging Spe
trograph FIMS, Journal ofthe Korean Physi
al So
iety, 43 (2003) 565-573.Seon, Kwang-Il. Predi
tion of the Dete
tion Limit in a New CountingExperiment. Journal of The Korean Astronomi
al So
iety, 41 (2008)99-107.[7℄ V. Grabski, R. Re
he, R. Alfaro, E. Belmont-Moreno, A. Martinez-Davalos, A. Sandoval and A. Men
ha
a-Ro
ha. The use of 
osmi
muons in dete
ting heterogeneities in large volumes. Nu
l.Instr.&Meth.A585 (2008) 128-135.[8℄ S. Abdullin, D. A
osta, P. Bartalini, R. Cavanaugh, A. Drozdetskiy,G. Karapostoli, G. Mitselmakher, Yu. Pakhotin, B. S
urlo
k, M.Spiropulu. GARCON: Geneti
 Algorithm for Re
tangular Cuts51



ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011OptimizatioN. User's manual for version 2.0. arXiv:hep-ph/0605143,2006.[9℄ D. A
osta, A. Drozdetski, G. Mitselmakher. The CMS Dis
overyPotential of Supersymmetry within mSugra with Two Same SignMuons. CMS CR-2004/041, 2004.L. Benu

i BSM measurements with Top at LHC :CMS sensitivity toFlavour Changing Neutral Currents. CMS CR-2008/075, 2008.S.N. Gninenko, M.M. Kirsanov, N.V. Krasnikov, V.A. Matveev, CMSNOTE-2006/098, 2006.V. Zhukov, W. de Boer,I. Gebauer, M. Niegel, C. Sander, M. Weber,K. Mazumdar, CMS NOTE-2006/113, 2006.S. Ba�oni, C. Charlot, F. Ferri, N. Godinovi
, P.Meridiani, I. Puljak,R. Salerno, Y. Sirois, CMS NOTE-2006/115, 2006.S. Kyriazopoulou,C. Markou, CMS NOTE-2006/116, 2006.M. Chiorboli, M. Galanti, A. Tri
omi, CMS NOTE-2006/133, 2006.[10℄ S.I. Bityukov, S.E. Erofeeva, N.V. Krasnikov, A.N. Nikitenko.Program for evaluation of the signi�
an
e, 
on�den
eintervals and limits by dire
t probabilities 
al
ulations. InPro
. of PhyStat'05, September 2005, Oxford, UK, Imperial CollegePress, 2006, pp.106-107. (ññûëêè: ADS - 1).http://
msdo
.
ern.
h/∼bityukov[11℄ R.D. Cousins, J.T. Linnemann, and J. Tu
ker. Evaluation of threemethods for 
al
ulating statisti
al signi�
an
e when in
orporating asystemati
 un
ertainty into a test of the ba
kground-only hypothesisfor a Poisson pro
ess Nu
l.Inst.&Meth.A595 (2008) 480.[12℄ S. Heinemeyer, V.A. Khoze, M.G. Ryskin, W.J. Stirling, M. Tasevsky,G. Weiglein. Studying the MSSM Higgs se
tor by forward protontagging at the LHC. Eur.Phys.J.C53:231-256, 2008; arXiv:0708.3052[hep-ph℄.M. Chiorboli, M. Galanti, A. Tri
omi. SUSY sear
hes with oppositesign dileptons at CMS. A
ta Physi
a Poloni
a B, 38 (2007) 559-565.E. Yazgan, J. Damgov, N. Ak
hurin, V. Gen
hev, D. Green, S. Kunori,M. S
hmitt, W. Wu and M.T. Zeyrek Sear
h for a standard modelHiggs boson in CMS via ve
tor boson fusion in the H → WW → lνlν
hannel. Eur.Phys.J. C53, 329-347 (2008).52



ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011G. Davatz, M. Dittmar and A.-S. Giolo-Ni
ollerat. Standard ModelHiggs dis
overy potential of CMS in the H → WW → lνlν
hannel. J.Phys.G: Nu
l.Part.Phys. 34 (2007) N85-N104; CMS NOTE-2006/047, 2006.V. Drollinger, U. Gasparini, E. Torassa, M. Zanetti, CMS NOTE-2006/055, 2006.M. Kazana. Dis
overy Potential for Universal Extra DimensionsSignals with Four Leptons in the Final State. CMS CR-2006/062, 2006.G. Daskalakis, G. Anagnostou. Sear
h for the MSSM A → Zh de
aywith Z → l+l−, h → bb̄ CMS NOTE-2006/063, 2006.R. Kinnunen and S. Lehti, CMS NOTE-2006/075, 2006.I. Belotelov, I. Golutvin, A. Lanyov, E. Rogalev, M. Savina, S.Shmatov, D. Bourilkov. Sear
h for ADD Extra Dimensional Gravityin Dimuon Channel with the CMS Dete
tor. CMS NOTE-2006/076,2006.K.Karafasoulis, A. Kyriakis, H. Petrakou, K. Mazumdar, CMS NOTE-2006/079, 2006.C. Foudas, A. Nikitenko, M. Takahashi, CMS NOTE-2006/088, 2006.C. Karafasoulis, A. Kyriakis, G. Vermisoglou, L. Benu

i, A.Giamman
o, F. Palla, CMS NOTE-2006/093, 2006.R. Kinnunen. Sear
h for the Heavy Charged MSSM Higgs bosons withthe H± → τ±ντ De
ay Mode in Fully Hadroni
 Final State. CMSNOTE-2006/100, 2006.S. Lehti, CMS NOTE-2006/101, 2006.S. Paktinat Mehdiabadi, L. Pape, M. Spiropulu, CMS NOTE-2006/102, 2006.Yu.Andreev, S.Bityukov, N.Krasnikov and A.Toropin, CMS NOTE-2006/103, 2006.I. Belotelov, I. Golutvin, A. Lanyov, V. Pali
hik, E. Rogalev, M. Savina,S. Shmatov, P. Tra
zyk, G. Wro
hna. Sear
h for Randall-SundrumGraviton De
ay into Muon Pairs. CMS NOTE-2006/104, 2006.S. Lowette, J. D'Hondt and P. Vanlaer, CMS NOTE-2006/109, 2006.F. Beaudette, C. Charlot, E. Delmeire, C. Rovelli, Y. Sirois, CMSNOTE-2006/114, 2006.S. Gennai, A. Nikitenko, L. Wendland, CMS NOTE-2006/126, 2006.53



ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Yu. Andreev, S. Bityukov, N. Krasnikov and A. Toropin, CMS NOTE-2006/132, 2006.[13℄ S.I. Bityukov, N.V. Krasnikov. On the Combining Signi�
an
es.arXiv:physi
s/0612178, 2006. (ññûëêè: ADS - 4)[14℄ S.I. Bityukov, N.V. Krasnikov, A.N. Nikitenko, V.V. Smirnova. Twoapproa
hes to Combining Signi�
an
es. Pro
eedings of S
ien
e,PoS (ACAT08) 118.[15℄ J. Albert, E. Aliu, H. Anderhub, et al., Very High Energy Gamma-RayObservations of Strong Flaring A
tivity in M87 in 2008 February, TheAstrophysi
al Journal Letters, 685 (2008) L23;J. Albert, E. Aliu, H. Anderhub, et al., Variable Very High EnergyEmission from Markarian 501 , The Astrophysi
al Journal Letters,669 (2007) 862-883;D. Tes
aro, D. Mazin, R.M. Wagner, K. Berger, N. Galante, Thestrong �aring a
tivity of M87 in early 2008 as observed by the MAGICteles
ope, arXiv:0907.0460, 2009.[16℄ S.I. Bityukov, N.V. Krasnikov. Distinguishability of Hypotheses.Nu
l.Inst.&Meth. A534 (2004) 152; arXiv: hep-ph/0207130. (ññûëêè:ADS - 2, SPIRES - 4)[17℄ M. Dubinin, A. Suka
hev, K0 − K̄0, B0 − B̄0 mixings in the MSSMwith expli
it CP violation in the Higgs se
tor, Phys.Atom.Nu
l.71:374-387,2008; arXiv:0711.5023 [hep-ph℄.M. Dubinin, A. Suka
hev, Neutral mesons' mixings and rare de
ays inthe framework of MSSM, Pro
eedings of S
ien
e, PoS (QFTHEP2010)034.[18℄ S.I. Bityukov, N.V. Krasnikov, V.A. Tapere
hkina. Con�den
eintervals for Poisson distribution parameter. Ïðåïðèíò ÈÔÂÝ2000-61, Protvino, 2000; arXive: hep-ex/0108020. (ññûëêè: ADS - 7,SPIRES - 4)[19℄ S.I. Bityukov. On the Signal Signi�
an
e in the Presen
e ofSystemati
 and Statisti
al Un
ertainties. Journal of High EnergyPhysi
s 09 (2002) 060; arXive: hep-ph/0207130. (ññûëêè: ADS - 2,SPIRES - 9) 54



ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011[20℄ Ñ.È.Áèòþêîâ, Í.Â.Êðàñíèêîâ. Îöåíêà ïàðàìåòðîâ ðàñïðåäåëåíèé÷åðåç äîâåðèòåëüíûå ðàñïðåäåëåíèÿ. Ïðåïðèíò ÈÔÂÝ 2008 - 10,2010.[21℄ P. Bo
k, Computation of Con�den
e Levels for Ex
lusion or Dis
overyof a Signal with the Method of Fra
tional Event Counting, JHEP0701:080, 2007.J.L. Alvarez, Poisson-Based Dete
tion Limit and Signal Con�den
eIntervals for few Total Counts, Health Physi
s. The Radiation SafetyJournal. 93(2):120-126, August 2007[22℄ M. Ablikim, J.Z. Bai, Y. Ban et al (BES Collaboration) Eviden
e for
f0(980)f0(980) produ
tion in χ0

c de
ays, Phys.Rev.D70 (2004) 092002.C.-Z. Yuan, Hadroni
 de
ays of 
harmonia from BESII,Int.J.Mod.Phys. A20 (2005) 399-406.[23℄ S.I. Bityukov, N.V. Krasnikov, V.V. Smirnova. On un
ertaintiesasso
iated with expe
ted ba
kgrounds in plannedexperiments. Pro
. of 30th International Workshop on BayesianInferen
e and Maximum Entropy Methods in S
ien
e and Engineering,Chamonix, Fran
e, July 4-9, 2010, AIP Conferen
e Pro
eedings,vol.1305:235-241, Melville, NY, 2010;[24℄ D. Casadei, Signal + ba
kground model in 
ounting experiments, e-Print: arXiv:1108.4270 [physi
s.data-an℄.[25℄ S. Bityukov, On 
ombined estimation of expe
ted ba
kgrounds withstatisti
al and systemati
 un
ertainties in planned experiment, reportin Single top meeting, CMS, 28 June 2010, CERN;S. Bityukov, Observation potential of single top quark with NeuralNetwork, report in Single top meeting, CMS, 10 November 2009,CERN.[26℄ CMS Collaboration (S. Chatr
hyan et al.), Measurement of the t-Channel Single Top Quark Produ
tion Cross Se
tion in pp Collisionsat √s = 7 TeV. Phys.Rev.Lett. 107 (2011) 091802.[27℄ S.I. Bityukov, N.V. Krasnikov. The sear
h for 
harged sleptonsand �avor lepton number violation at LHC (CMS), CMSNOTE-1998/040; Òðóäû 10-ãî Ìåæäóíàðîäíîãî ñåìèíàðà �Êâàðêè-98�, Ñóçäàëü, �îññèÿ, Ìàé 17-24, 1998, ò.2 ñòð. 408, ÈßÈ �ÀÍ,55



ÑåìèíàðÒðîèöê, ÎÔÂÝ ÈßÈ �ÀÍ, 16 íîÿáðÿ, 2011Ìîñêâà, 1999; 1998; arXiv:hep-ph/9806504. (ññûëêè: ADS - 5,SPIRES - 11)[28℄ S.I. Bityukov, N.V. Krasnikov. The Measurement of the 4-jetCross Se
tion at LHC as a Probe of New Physi
s. CMS NOTE-1997/067, 1997.[29℄ CMS Collaboration. The Trigger and Data A
quisition proje
t,Te
hni
al Design Report Volume I: The Trigger Systems.CERN/LHCC 2000-38, CMS TDR 6.1.[30℄ S.I. Bityukov, N.V. Krasnikov. The sear
h for sleptons and �avorlepton number violation at LHC (CMS). ßäåðíàÿ �èçèêà 62(1999) 1288; Phys.Atom.Nu
l. 62 (1999) 1213; Ïðåïðèíò ÈÔÂÝ 1997-67; arXive: hep-ph/9712358. (ññûëêè: ADS - 12, SPIRES - 19)[31℄ Yu.M. Andreev, S.I. Bityukov, N.V. Krasnikov. Sleptons at post-WMAP ben
hmark points at LHC(CMS). ßäåðíàÿ Ôèçèêà, 68(2005); Phys.Atom.Nu
l. 68 (2005) 340; arXiv:hep-ph/0402229. (ññûë-êè: ADS - 19)[32℄ S.I. Bityukov, N.V. Krasnikov. Un
ertainties and Dis
overyPotential in Planned Experiments. Pro
eedings of InternationalConferen
e �Advan
ed Statisti
al Te
hniques in Parti
le Physi
s�,Mar
h 18-22, 2002, Durham, UK, p.78; CMS CR-2002/005; arXive:hep-ph/0204326. (ññûëêè: ADS - 8, SPIRES - 11)[33℄ CMS Collaboration. CMS Physi
s, Te
hni
al Design Report VolumeII: Physi
s Performan
e. CERN/LHCC 2006-021, CMS TDR 8.2.

56


