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Ôèçèêà áîçîíà Õèããñà

Ì.Í.Äóáèíèí

ÍÈÈßÔ Ì�Ó

Íàó÷íàÿ ñåññèÿ ê 75-ëåòèþ ÍÈÈ ÿäåðíîé �èçèêè èì. Ä.Â.Ñêîáåëüöûíà
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Outline

� îá èñòîðèè ïîèñêîâ 
 1990 ã.

� áîçîí Õèããñà íà LEP2. Ïîëíûå íàáîðû äèàãðàìì. CompHEP

� áîçîí Õèããñà íà ëèíåéíûõ êîëëàéäåðàõ â ìîäàõ γe−, γγ
� áîçîí Õèããñà íà Áîëüøîì àäðîííîì êîëëàéäåðå (ÁÀÊ)

� èäåíòè�èêàöèÿ áîçîíà Õèããñà 125 �ýÂ íà îñíîâå äàííûõ ÁÀÊ

� ìîäåëüíî-íåçàâèñèìûé ïîäõîä. Ïñåâäîíàáëþäàåìûå. �àñøèðåíèÿ

ñòàíäàðòíîé ìîäåëè îïåðàòîðàìè ðàçìåðíîñòè øåñòü

� ìîäåëüíî-çàâèñèìûé ïîäõîä. Áîçîíû Õèããñà ìèíèìàëüíîé

ñóïåðñèììåòðèè (ÌÑÑÌ).

� íåñòàíäàðòíûå ñöåíàðèè ÌÑÑÌ.
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Õèããñîâñêèé ïîòåíöèàë ñòàíäàðòíîé ìîäåëè

USM = −µ2(Φ†Φ) +
λ

4
(Φ†Φ)2

Äâóõäóáëåòíûé õèããñîâñêèé ïîòåíöèàë ìèíèìàëüíîé ñóïåðñèììåòðèè
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λSUSY1,2 =
g21 + g22

8
, λSUSY3 =

g22 − g21
4

, λSUSY4 = − g22
2
, λSUSY5,6,7 = 0.

λi = λSUSYi −∆λi ∆λi = ∆λthri +∆λLL
k

(i = 1, ..7, k = 1, ..4)
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Äðóãèå òðóäíîñòè îäíîäóáëåòíîãî õèããñîâñêîãî ñåêòîðà ñòàíäàðòíîé

ìîäåëè

(1) þêàâñêèå ÷ëåíû ÑÌ íå èí�îðìàòèâíû ê èåðàðõèè ìàññ êâàðêîâ è ëåïòîíîâ,

ïðîèñõîæäåíèþ ñìåøèâàíèé â êâàðêîâîì è ëåïòîííîì ñåêòîðàõ

(2) ìàññû ìàéîðàíîâñêèõ íåéòðèíî íå ñëåäóþò èç ïåðåíîðìèðóåìîãî

âçàèìîäåéñòâèÿ. HNL íå íàáëþäàþòñÿ. ÑÌ ñî ñòåðèëüíûìè äèðàêîâñêèìè

R-íåéòðèíî íå îáúÿñíÿåò åñòåñòâåííî ìàëîñòü ìàññ íåéòðèíî

(3) �àçîâûé ïåðåõîä ïåðâîãî ðîäà â ÑÌ ïîÿâëÿåòñÿ ïðè ìàññå áîçîíà Õèããñà

ìåíåå 65 �ýÂ, íàðóøåíèå CP âåñüìà ìàëî, ïðîöåññû ñ íàðóøåíèåì áàðèîííîãî

÷èñëà ñóùåñòâåííû ïðè ìàññå áîçîíà Õèããñà ìåíåå 50 �ýÂ, ÷òî ïðèâîäèò ê

òðóäíîñòÿì ìîäåëåé ãåíåðàöèè áàðèîííîé àñèììåòðèè Âñåëåííîé

(4) ïëîòíîñòü ýíåðãèè ýëåêòðîñëàáîãî âàêóóìà ÑÌ ïîðÿäêà 108GeV 4
î÷åíü

ñèëüíî (íà 55 ïîðÿäêîâ) îòëè÷àåòñÿ îò åñòåñòâåííîé àñòðî�èçè÷åñêîé îöåíêè

γ−1H2
0 = M2

P
H2

0 = 10−5 GeV
cm3

∼ 10−47GeV 4
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Ïîëíûå êàëèáðîâî÷íî-èíâàðèàíòíûå íàáîðû äèàãðàìì. �îæäåíèå

áîçîíà Õèããñà íà LEP2.

Âû÷èñëåíèÿ äëÿ ñèãíàëà áîçîíà Õèããñà ÑÌ íà êîëëàéäåðå LEP2 íà÷àëà 90-õ

ãîäîâ ïðîâîäèëèñü íà íîâîì óðîâíå òî÷íîñòè, ÷òî ñâÿçàíî ñ ïðîãðàììîé

ðàçðàáîòêè â ÍÈÈßÔ Ì�Ó ïàêåòà ïðîãðàìì CompHEP, ïåðâûå âåðñèè êîòîðîãî

ïîÿâèëèñü â 1991 ã. CompHEP îáåñïå÷èâàåò

•
òî÷íûé ó÷åò äèàãðàìì ñèãíàëà è íåïðèâîäèìîãî �îíà, èõ èíòåð�åðåíöèé â

ëþáûõ îáëàñòÿõ �àçîâîãî ïðîñòðàíñòâà

•
êîíòðîëü êàëèáðîâî÷íîé èíâàðèàíòíîñòè ïðè ó÷åòå øèðèíû íåñòàáèëüíûõ

÷àñòèö

•
ó÷åò ñïèíîâûõ êîððåëÿöèé

÷òî ïîçâîëÿåò îïòèìèçèðîâàòü âûäåëåíèå ñèãíàëà.

Ïåðâàÿ ïóáëèêàöèÿ òàêîãî ðîäà

E.Boos, M.D., Physi
s Letters B 308 (1993) 147-152

Complete tree level 
al
ulation of the e+e− → Zbb̄ pro
ess at LEP200. Higgs signal
and ba
kground.

G.Passarino - "... we point out the relevan
e of the pioneering work of E. Boos and M.

Dubinin..."

Standard Higgs boson sear
hes at LEP2, Nu
l. Phys. B488 (1997) 3
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�îæäåíèå áîçîíà Õèããñà íà êîëëàéäåðàõ â ìîäàõ γe è γγ

Âñåñòîðîííå îáñóæäàëèñü âîçìîæíîñòè ãåíåðàöèè ïó÷êîâ �îòîíîâ âûñîêîé

ýíåðãèè äëÿ ëèíåéíûõ êîëëàéäåðîâ ïðè êîìïòîíîâñêîì ðàññåÿíèè ëó÷à ëàçåðà

íàçàä (ba
ks
attering). Ñîîòâåòñòâóþùèå âû÷èñëåíèÿ äëÿ ïîëíûõ íàáîðîâ

äèàãðàìì

E.Boos, Ì.Dubinin, V.Ilyin, A.Pukhov, G.Jikia, Phys.Lett.B 273 (1991) 173-176

Asso
iated Higgs boson produ
tion in gamma e 
ollisions

E.Boos, G.Jikia, Phys.Lett.B 275 (1992) 164-168

Probing the heavy Higgs se
tor via gamma gamma �> W(L)+ W(L)-, Z(L) Z(L) at a

TeV linear 
ollider

E.Boos, I.Ginzburg, K.Melnikov, T.Sa
k, Z.Phys.C 56 (1992) 487-492

Probing of the Higgs fermion 
oupling at gamma gamma 
olliders

V.Ilyin, A.Pukhov, Y.Kurihara, Y.Shimizu, A.Kaneko, Phys.Rev.D 54 (1996)

6717-6727

Probing the H**3 vertex in e+ e-, gamma e and gamma gamma 
ollisions for light

and intermediate Higgs bosons

E.Boos, A.Pukhov, M.Sa
hwitz, J. S
hreiber, Z.Phys.C 75 (1997) 237-244

Higgs and top produ
tion in the rea
tion gamma e �> neutrino b anti-b W at TeV

linear 
ollider energies

E.Boos, V.Ilyin, T.Ohl, A.Pukhov, Phys.Lett.B 427 (1998) 189-196 Higgs sear
h in

the W W* de
ay mode at photon linear 
olliders

êîòîðûå ìîãóò äàâàòü äîñòîâåðíîñòü ñèãíàëîâ NS/
√
NB â íåñêîëüêî ðàç áîëüøå,

÷åì e+e− ìîäà.
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�îæäåíèå áîçîíà Õèããñà íà Áîëüøîì àäðîííîì êîëëàéäåðå,

àññîöèèðîâàííîå ñî ñòðóÿìè

Summary of the CMS potential for the Higgs boson dis
overy,

Eur.Phys.J.C 39S2 (2005) 41-61
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�îæäåíèå áîçîíà Õèããñà íà Áîëüøîì àäðîííîì êîëëàéäåðå,

àññîöèèðîâàííîå ñî ñòðóÿìè

Ñîòðóäíèêè ÎÒÔÂÝ ÍÈÈßÔ âíåñëè áîëüøîé âêëàä â ìîäåëèðîâàíèå

"êàíàëà îòêðûòèÿ"pp → gamma gamma + ñòðóè â ðàìêàõ êîëëàáîðàöèè CMS.

Îñíîâíàÿ ìîäà H → γγ â ñîïðîâîæäåíèè ñòðóé ïîçâîëÿåò ðåäóöèðîâàòü

�îíîâûå ïðîöåññû è ïîâûñèòü äîñòîâåðíîñòü ñèãíàëà.

S.Abdullin, M.Dubinin, V.Ilyin, V.Savrin, Phys.Lett.B 431 (1998) 410-419

Higgs boson dis
overy potential of LHC in the 
hannel p p → gamma gamma + jet

óïðîùåííîå è ïîëíîå ìîäåëèðîâàíèå â äåòåêòîðå CMS, ãåíåðàöèÿ ñîáûòèé áåç

âåñà CompHEP

CMS Note 2001/022, Higgs Boson Signal in the Rea
tion pp → Gamma Gamma +

2 Forward Jets

CMS Note 2006/097, work with CalTe
h group (H.Newman, M.Pieri) Ve
tor boson

fusion produ
tion with H �> gamma gamma

Íàèáîëåå òðóäîåìêîé ÷àñòüþ ìîäåëèðîâàíèÿ ñèãíàëà â êàíàëå pp− > γγ + jets
îêàçàëàñü ãåíåðàöèÿ ñîáûòèé áåç âåñà äëÿ íåïðèâîäèìîãî è ïðèâîäèìîãî �îíà.
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Ìîäåëèðîâàíèå ïðîöåññà pp → γγ + 2 Forward Jets êîëëàáîðàöèåé CMS

L=10.6 fb−1
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Ìîäåëèðîâàíèå ïðîöåññà pp → γγ + 2 Forward Jets êîëëàáîðàöèåé CMS
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Èäåíòè�èêàöèÿ áîçîíà (áîçîíîâ) Õèããñà. Ïîèñêè íîâîé �èçèêè çà

ðàìêàìè ñòàíäàðòíîé ìîäåëè.

Ýíåðãèÿ ñòîëêíîâåíèÿ ìåíüøå ïîðîãà ðîæäåíèÿ íîâûõ ÷àñòèö, ìàñøòàá ìàññ

êîòîðûõ ìóëüòèÒýÂíûé.

•
Ìîäåëüíî-íåçàâèñèìûé ïîäõîä: ìîäåëü íà áîëüøîì ìàñøòàáå ýíåðãèé

íåèçâåñòíà. Àíîìàëüíûå âçàèìîäåéñòâèÿ â êàëèáðîâî÷íîì, õèããñîâñêîì

ñåêòîðàõ è âçàèìîäåéñòâèÿ êâàðêîâ òðåòüåãî ïîêîëåíèÿ îïðåäåëÿþòñÿ

âñåâîçìîæíûìè êàëèáðîâî÷íî-èíâàðèàíòíûìè îïåðàòîðàìè ïîëåé ÑÌ

ðàçìåðíîñòè áîëüøå 4-õ:

Leff = LSM +
∑ ci

Λ2
Oi

ãäå ci- áåçðàçìåðíûå êîíñòàíòû, Oi - îïåðàòîðû ðàçìåðíîñòè øåñòü.

W. Bu
hmuller, D. Wyler, E�e
tive Lagrangian analysis of new intera
tins and

�avour 
onservation, Nu
l.Phys. B268 (1986) 621
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Èäåíòè�èêàöèÿ áîçîíà (áîçîíîâ) Õèããñà. Ïîèñêè íîâîé �èçèêè çà

ðàìêàìè ñòàíäàðòíîé ìîäåëè.

•
Ìîäåëü íà áîëüøîì ìàñøòàáå ýíåðãèé èçâåñòíà (íàïð., ñóïåðñèììåòðèÿ).

Ìîäåëüíî-çàâèñèìûé ïîäõîä: óñòðàíèì ÷àñòèöû íà áîëüøîì ìàñøòàáå

ìàññ, îñòàâëÿÿ îò íèõ òîëüêî êâàíòîâûå ïîïðàâêè íà ìàñøòàáå MW±,Z .

� ñóììèðîâàíèå îïðåäåëåííûõ òèïîâ äèàãðàìì (ïîòåíöèàëû

Êîóëìåíà-Âàéíáåðãà)

� ìåòîä �îíîâîãî ïîëÿ (òÿæåëûå ÷àñòèöû "âûïàäàþò çà çíàê

�óíêöèîíàëüíîãî èíòåãðàëà")

� ìåòîä ðàçëîæåíèÿ ý��åêòèâíîãî äåéñòâèÿ ñ ñîõðàíåíèåì êîâàðèàíòíûõ

ïðîèçâîäíûõ (CDE expansion)

Ñòûêîâêà êîíñòàíò ñâÿçè è ìàññ íà ìàñøòàáå mtop è ìàñøòàáå MS òÿæåëûõ

÷àñòèö ïðîèçâîäèòñÿ ïðè ïîìîùè óðàâíåíèé ðåíîðìàëèçàöèîííîé ãðóïïû

(��). Ý��åêòèâíûé ïîòåíöèàë "óëó÷øåí ïî ��"("RG improved").
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Êàïïà - ñõåìà ATLAS/CMS (κ - framework)

Ïðåäíàçíà÷åíà äëÿ èçó÷åíèÿ ñîîòâåòñòâèÿ ÑÌ ýêñïåðèìåíòàëüíûì äàííûì ÁÀÊ

â ïñåâäîíàáëþäàåìûõ κi.

•
â ïðèáëèæåíèè áåñêîíå÷íî ìàëîé øèðèíû H ëþáîé ïðîöåññ ðîæäåíèÿ H

σ(in → H → out) = σin ×Brout = σin × Γout

Γtot

•
ñòðóêòóðà âåðøèí âçàèìîäåéñòâèÿ H â ðàñøèðåíèè ÑÌ íå îòëè÷àåòñÿ îò

ñòðóêòóðû ÑÌ, H ïðåäñòàâëÿåò ñîáîé Ñ�-÷åòíûé ñêàëÿð.

•
â êàæäóþ âåðøèíó âçàèìîäåéñòâèÿ H ââîäèòñÿ �àêòîð κi, òîãäà

σin × Brout = [σin ×Brout]SM · κ2

in·κ2

out

κ2

H

•
åñëè îïðåäåëèòü ñèëó ñèãíàëà ðîæäåíèÿ è ñèëó ñèãíàëà ðàñïàäà

µin = σin
(σin)SM

µout =
Brout

(Brout)SM

òî ñèëà ñèãíàëà ïðîöåññà ðîæäåíèÿ â êàïïà - ñõåìå

µ = µin µout =
κ2

in·κ2

out

κ2

H
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Êîíòóðû èñêëþ÷åíèÿ äëÿ ïñåâäîíàáëþäàåìûõ â ðàìêàõ

ìîäè�èöèðîâàííîé êàïïà-ñõåìû

Ïñåâäîíàáëþäàåìûå ki â îäíîïåòëåâûõ äèàãðàììàõ, ñèëà ñèãíàëà âû÷èñëÿåòñÿ
äëÿ ïîëíûõ íàáîðîâ äèàãðàìì.
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�èñ.: Ratios of κ-modi�ers, κgZ = κg κZ , λZg = κZ/κg and so on. Sour
e: Combined

ATLAS-CMS analysis, arXiv:1606.02266
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�èñ.: Signal strength and its statisti
al error for di�erent produ
tion me
hanisms from:

Combined ATLAS-CMS analysis, arXiv:1606.02266



1 2 3 4 5 6 6a 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 23 24 25 26 27 12 1b 2b 3b

Èäåíòè�èêàöèÿ áîçîíà (áîçîíîâ) Õèããñà. Ïîèñêè íîâîé �èçèêè çà

ðàìêàìè ñòàíäàðòíîé ìîäåëè.

•
Ìîäåëü íà áîëüøîì ìàñøòàáå ýíåðãèé èçâåñòíà (íàïð., ñóïåðñèììåòðèÿ).

Ìîäåëüíî-çàâèñèìûé ïîäõîä: óñòðàíèì ÷àñòèöû íà áîëüøîì ìàñøòàáå

ìàññ, îñòàâëÿÿ îò íèõ òîëüêî êâàíòîâûå ïîïðàâêè íà ìàñøòàáå MW±,Z .

E.Boos, A.Djouadi, M.Muhlleitner, A.Vologdin, Phys.Rev.D 66 (2002) 055004

The MSSM Higgs bosons in the intense 
oupling regime

E.Boos, A.Djouadi, A.Nikitenko, Phys.Lett.B 578 (2004) 384-393 Dete
tion of

the neutral MSSM Higgs bosons in the intense 
oupling regime at the LHC

M.Dubinin, E.Petrova (Fedotova), Phys.Rev.D 95 (2017) 5, 055021

Radiative 
orre
tions to Higgs boson masses for the MSSM Higgs potential with

dimension-six operators

M.Dubinin, E.Petrova (Fedotova), Int.J.Mod.Phys.A 33 (2018) 25, 1850150

S
enarios with low mass Higgs bosons in the heavy supersymmetry
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Ý��åêòèâíàÿ òåîðèÿ ïîëÿ äëÿ õèããñîâñêîãî ñåêòîðà MCCM íà

ìàñøòàáå mtop.

Ïîñëåäîâàòåëüíîñòü øàãîâ

•
Îïðåäåëèòü ÷ëåíû ìÿãêîãî íàðóøåíèÿ SUSY è óìåíüøèòü ïðîñòðàíñòâî

ïàðàìåòðîâ MSSM äî ïðèåìëåìîãî (dim3 - dim5).

•
Îïðåäåëèòü èåðàðõèþ ìàññ è õàðàêòåðíûå ìàñøòàáû ìàññ � 'ñöåíàðèè

ÌÑÑÌ'.

•
Ïðîâåðèòü �åíîìåíîëîãè÷åñêóþ ñîãëàñîâàííîñòü ñöåíàðèÿ, èñïîëüçóÿ

èñêëþ÷åíèÿ èç äàííûõ ATLAS, CMS, LHCb è äðóãèõ ýêñïåðèìåíòîâ.

•
Ïðåîáðàçîâàòü äâóõäóáëåòíûé ïîòåíöèàë Õèããñà â ìàññîâûé áàçèñ.

•
Îòèíòåãðèðîâàòü ÷àñòèöû íà áîëüøîì ìàñøòàáå ìàññ.

•
Èçâëå÷ü ñîîòâåòñòâóþùèå îáëàñòè ïðîñòðàíñòâà ïàðàìåòðîâ, ñîãëàñóþùèåñÿ

ñ mh =125 �ýÂ, SM-ïîäîáíûìè ñâÿçÿìè h, âîçìîæíî, îòùåïëåíèåì äðóãèõ

ñêàëÿðíûõ ñîñòîÿíèé H, A, H±
è ñîãëàñîâàííîñòüþ ñ ýêñïåðèìåíòàëüíûìè

èñêëþ÷åíèÿìè ÁÀÊ è äð.

•
Ïðîâåðèòü êîñìîëîãè÷åñêèå ñëåäñòâèÿ � êàíäèäàòû DM
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Ìàñøòàáû ìàññ ÌÑÑÌ

The lightest CP-even MSSM Higgs boson mass mh = 125 �ýÂ

Five MSSM Higgs bosons: h, H,A,H±
,

Cal
ulation frameworks for mh: e�e
tive potential de
omposition in 1/MSUSY , MS
s
heme, RGEs

1

Ý��åêòèâíûé õèããñîâñêèé ïîòåíöèàë íà ìàñøòàáå mZ− äâóõäóáëåòíàÿ ìîäåëü.

Higgsinos, gluino and EW gauginos are very heavy and de
ouple. Main 
orre
tons are

due to squarks.

Five-dimensional parameter spa
e: mA, tan β,MSUSY, At = Ab, µ

1

Haber,Hemp�ing,PR D48 4280 (1993); Sasaki,Carena,Wagner, NP B381 66 (1992);

Akhmetzyanova,Dolgopolov,M.D. PR D71 075008 (2005); Phys.Part.Nu
l. 37, 677 (2006); Lee,Wagner,

PR D92, 075032 (2015) Carena,Haber,Low,Shah,Wagner PR D91 035003 (2015)
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Íåîáû÷íûå ñöåíàðèè ÌÑÑÌ. Ëåãêèé ïñåâäîñêàëÿð.

see also A.Nikitenko et al, Some updates on dimuon analysis HIG-16-017 with paper's

data, 8 TeV and 13 TeV/2016, ÔÈÀÍ, 9.02.2021

�èñ.: CMS Collaboration, Sear
h for resonan
es in the mass spe
trum of muon pairs produ
ed

in asso
iation with b-quark jets in proton-proton 
ollisions at sqrts = 8 and 13 TeV,

arXiv:1808.01890 [hep-ex℄, see also M.D., E.Fedotova, arXiv:1908.05223[hep-ph℄, ÆÝÒÔ 156

(2020) 1058-1069
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Ý��åêòèâíûé õèããñîâñêèé ïîòåíöèàë ÌÑÑÌ, ðàñøèðåííûé

îïåðàòîðàìè ðàçìåðíîñòè øåñòü

Ueff = U (2) + U (4) + U (6) + . . . ,

ãäå
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çäåñü

Φi =

(
−iω+

i
1√
2
(vi + ηi + iχi)

)
, i = 1, 2

� õèããñîâñêèå äóáëåòû, v1 = v cos β, v2 = v sinβ (v =
√

v21 + v22 = 246 �ýÂ) �

ñîîòâåòñòâóþùèå âàêóóìíûå îæèäàíèÿ, ω+
i , ηi, χi � �ëóêòóàöèè íà âàêóóìîì.
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Ñöåíàðèè ñ ëåãêèì ïñåâäîñêàëÿðîì

•
Â ðåæèìå ñèëüíîé ñâÿçè ÌÑÑÌ òðèëèíåéíûå ïàðàìåòðû At,b è ïàðàìåòð

õèããñîâñêîãî ñóïåðïîëÿ µ îò íåñêîëüêèõ äî 10 ÒýÂ, ïàðàìåòð tgβ = v2/v1
ïîðÿäêà 1

•
Óäîâëåòâîðèòåëüíîå îïèñàíèå ñöåíàðèåâ ñ ëåãêèì ïñåâäîñêàëÿðîì ìîæíî

ïîëó÷èòü òîëüêî â ðàñøèðåíèÿõ ý��åêòèâíîãî ïîòåíöèàëà îïåðàòîðàìè

ðàçìåðíîñòè øåñòü

•
ñïåêòð ìàññ ñêàëÿðîâ îòíîñèòåëüíî ñëàáî ðàñùåïëåí íà ìàñøòàáå

mZ −−mtop

•
ðåæèì ñèëüíîé ñâÿçè óäîâëåòâîðÿåò îãðàíè÷åíèÿì ïåðòóðáàòèâíîé

óíèòàðíîñòè, ïðåäåëó íàñòðîéêè ñâÿçåé è íåïðîòèâîðå÷èâûì îáðàçîì

îïèñûâàåò ñîâîêóïíîñòü ýêñïåðèìåíòàëüíûõ äàííûõ
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Summary

� ñîòðóäíèêè ÎÒÔÂÝ ÍÈÈßÔ âíåñëè áîëüøîé âêëàä â �èçè÷åñêèå ïðîãðàììû è

ìîäåëèðîâàíèå ïðîöåññîâ ðîæäåíèÿ áîçîíà Õèããñà íà êîëëàéäåðàõ LEP2

(äåòåêòîðû ADLO), Tevatron (äåòåêòîð D0), ÁÀÊ (äåòåêòîð CMS) è äð. Â

îñîáåííîñòè ñëåäóåò îòìåòèòü âêëàä â ðàáîòó êîëëàáîðàöèè CMS, êîòîðûé

îòíîñèòñÿ íå òîëüêî ê òåîðåòè÷åñêèì âû÷èñëåíèÿì íîâûõ êàíàëîâ ðåàêöèé

ðîæäåíèÿ äëÿ �èçè÷åñêîé ïðîãðàìû, íî è ãåíåðàöèè ñîáûòèé äëÿ

ìîäåëèðîâàíèÿ èíòåð�åðèðóþùèõ è ïðèâîäèìûõ �îíîâûõ ïðîöåññîâ

� ìîäåëèðîâàíèå ïðîöåññîâ ïðîâîäèëîñü íà íîâîì óðîâíå òî÷íîñòè (ïî

ñðàâíåíèþ ñ äðóãèìè ïîäõîäàìè äî 1990 ã), ñîçäàííûå ïàêåòû ïðîãðàìì

(ÑompHEP) ïîëó÷èëè øèðîêîå ïðèçíàíèå è àêòèâíî èñïîëüçóþòñÿ âî âñåõ

öåíòðàõ �èçèêè âûñîêèõ ýíåðãèé

� èäåíòè�èêàöèÿ ñèãíàëà H(125 �ýÂ) îäíîçíà÷íî íå çàâåðøåíà. Âîçìîæíû è

äðóãèå ñêàëÿðû, ñèãíàëû êîòîðûõ íå âèäíû âñëåäñòâèå áîëüøèõ �îíîâûõ

âêëàäîâ, õàðàêòåðíûõ äëÿ ÁÀÊ.
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BACKUP SLIDES
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MSSM lagrangian - soft SUSY breaking terms

V 0 = VM + VΓ + VΛ + V
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,
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D̃∗Ũ + h.c.

]
, i, j, k, l = 1, 2 ,

V
Q̃
denotes the four s
alar quarks intera
tion terms, Pauli matrix σ2 ≡

(
0 i
−i 0

)
.

The Yukawa 
oupligs for the third generation of s
alar quarks are de�ned in a standard

way h t =
√
2m t

v sinβ
, h b =

√
2mb

v cos β
, ΓU

{1; 2} ≡ hU {−µ;AU}, ΓD
{1; 2} ≡ hD {AD ;−µ}.
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Models. General.

Experimental and theoreti
al short
omings of the SM initiated in
reasing number of

models with new physi
s at TeV s
ale. Not all of these models solve or address all of

the problems, but two primary issues are fo
used upon (1) the me
hanism of

ele
troweak symmetry breaking (2) the observation of dark matter.

For a long time supersymmetry has been a favorite 
andidate for new physi
s beyond

the Standard Model (BSM physi
s). Advantages

� SUSY is renormalizable perturbative �eld theory

� naturally a

ounts for the gauge hierar
hy between the EW and the Plan
k s
ales

� in
ludes 
onsistent me
hanism of EW symmetry breaking (two-doublet Higgs se
tor)

� in
ludes 
andidates for the dark matter

� in
ludes additional sour
es of CP violation to produ
e baryon asymmetry

� ensures uni�
ation of ele
tromagneti
, weak and QCD 
ouplings at the GUT s
ale

10

15
GeV
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Êàïïà-ìîäè�èêàòîðû � ïðèìåð ïñåâäîíàáëþäàåìûõ.

Ïñåâäîíàáëþäàåìûå � âåëè÷èíû-ïîñðåäíèêè ìåæäó ýêñïåðèìåíòàëüíûìè

íàáëþäàåìûìè è âû÷èñëåííûìè òåîðåòè÷åñêè ïàðàìåòðàìè. Ïðåäîñòàâëÿþò

âîçìîæíîñòè àíàëèçà â ðàìêàõ íåñòàíäàðòíûõ ìîäåëåé, ïîçâîëÿþùåãî èçáåæàòü

òðóäîåìêîé ðåêîíñòðóêöèè (íà÷èíàÿ îò datasets) è îäíîâðåìåííî ïîçâîëÿþò

èñïîëíÿòü ðàçíûå òåîðåòè÷åñêèå èíòåðïðåòàöèè èçìåðÿåìûõ ý��åêòîâ.

Ïîÿâèëèñü ïðè àíàëèçå äàííûõ LEP. Ïðèìåðû: øèðèíû âåêòîðíûõ áîçîíîâ

Γl, Γq è ïàðöèàëüíûå âåðîÿòíîñòè èõ ðàñïàäîâ ïîñëå ïðîöåäóðû èñêëþ÷åíèÿ

(de
onvolution) èçëó÷åíèÿ �îòîíîâ èç íà÷àëüíîãî ñîñòîÿíèÿ è âû÷èòàíèÿ

èíòåð�åðèðóþùåãî/íåèíòåð�åðèðóþùåãî �îíà. Àñèììåòðèè âïåðåä-íàçàä.

Ïîñëå �èòèðîâàíèÿ ïñåâäîíàáëþäàåìûõ LEP2 ñîñòàâëÿëàñü êîìáèíàöèÿ ÷åòûðåõ

êîëëàáîðàöèé ADLO, èçâåñòíàÿ ïîä íàçâàíèåì Ele
troweak Pre
ision Data

(EWPD).

Ïñåâäîíàáëþäàåìûå ÁÀÊ îïðåäåëÿþòñÿ íà óðîâíå àìïëèòóä ïðîöåññîâ èç-çà

ñëîæíîé ñèòóàöèè ñ �îíàìè è èñêëþ÷åíèÿ PDF, à òàêæå ìíîæåñòâà âîçìîæíûõ

òåîðåòè÷åñêèõ ìîäåëåé.

�èñ.: Èñòî÷íèê: ADLO measurements, arXiv:1302.3415
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