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Outline

— 06 nctopun nonckos ¢ 1990 r.

— 6030H Xurrca Ha LEP2. Monxbie Habopsbl guarpamm. CompHEP
— 6030H Xurrca Ha NuHeliHbIX KoNnaligepax B Mogax ye™, vy
— 6o30oH Xurrca Ha Bonbwom agponHom konnaiigepe (BAK)

— ngeHTudukauyma 6o3oHa Xurrca 125 3B Ha ocHose gaHHbix BAK

— MOZENbHO-He3aBMCUMBbIA nogxog. lNcesgonabniogaemble. Pacwmnperns
CTaHAAPTHOW MOAENM OnepaTopaMu pasmMepHOCTM LWECTb

— MOZenbHO-3aBMCMMBINA noaxod. Bo3oHbl Xurrca muHnmansHol
cynepcummetpun (MCCM).

— HecTaHgapTHble cueHapun MCCM.
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XWrrcoBCKMiA nMOTeHWMan CTaHZAPTHOW mMogenn

A
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ITpocmeituruii Mexarugh Xuzzca 6 CM necmabunen no omuousenuro X xfanmobum nonpabam

"""" JoMuHupyet
A\
W, Z N : /
\ |
v/
h -—b—@—b— h h —__}'.-_:‘__].-__ h h --I-O—b—
1 [
wW.Z
2
omj, = \/_ 2(2mw+mz+mH 4m; )A ~©02A)
Om, < 125 GV (95% CL bimit on SM Higgs) A~ 0.6-0.7 TV
B CM nem cumMempuy, Komopas b npedoxp Maccy bogona Xuzzca om Gonvusux,
xﬁeégxmymﬂwpa&wﬂwmpu&m
Heobxodum KoMnencayuonnmil Mexanugh 6 pacwupmuCM > CywecmBobanue 0
AezKpzo napmuepa mon-Kbapa - 0dno uz Momubup i pedexaganl MunuMansnoi

cynepeumhempu



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

Tlemnebue nonpabiu 6 maccy bogona Xuzeca
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O, < 125 Ge (95% CL bt on SM Higgs) A ~0.6-0.7 TeV

PasMepHas peryaspusauus m nepeHopMHUpOoBKa haeT norapudpMHUYECKUIi « OCTaTOK»
m2,(A) = m,(v) - C y2 m2 Ln(AV?) +...

BeChbMa CyIeCTBeHHbIH, ec/IH eCTh YacTHla (Cynepnapraep) ¢ maccoii m?~ A?
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[pyrvne TpygHOCTN 0fHOLYDAETHOrO XMUITCOBCKOrO CEKTOpPa CTaHAAPTHOIA
Mogenu

(1) tokasckmne 4neHsl CM He nHdOPMATHBHBLI K NEPapXiM MAcC KBapKOB 1 NENTOHOB,
NPOVNCXOXAEHNIO CMELLNBAHNI B KBAaPKOBOM U NIENTOHHOM CeKTOpax

(2) maccbl MaliopaHOBCKMX HEMTPUHO HE CNEAYIOT N3 NEPEHOPMUPYEMOro
s3aumogeiicteus. HNL He HabnwogatoTcss. CM co cTtepunbHbIMU ANPAKOBCKUM I
R-HelTpNHO HE OBBACHSAET eCTECTBEHHO MANOCTb MAaCC HEATPUHO

(3) dbazoseiii nepexop nepeoro poga 8 CM nosiensiercss npn macce 6o3ona Xurrca
MeHee 65 3B, HapyweHune C'P BecbMa Mano, Npouecchl ¢ HapyweHnem 6apnoHHOro
4yucna cywecTBeHHbl npu macce 6o3oHa Xurrca meHee 50 3B, 4to npusoguT Kk
TPYAHOCTSIM Mopeneii reHepauunn 6apnoHHoi acummetpun BcenenHoii

(4) nnotHocTb aHeprum anekTpocnaboro sakyyma CM nopsgka 103GeV# ouenb
cunbHO (Ha 55 NOPsIAKOB) OT/INYAETCS OT €CTECTBEHHON aCTPOPN3NYECKON OLEHKM
Y HE = M3HZ = 107°C¢% ~ 10-47GeV*

cm3
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MonHbie kKanMbpoBOYHO-HBapuUaHTHbIE Habopsl agnarpamm. PoxaeHue
6o3oHa Xurrca Ha LEP2.

Bbluncnenna gns curiana 6o3soHa Xurrca CM Ha konnaiigepe LEP2 nauwana 90-x
rof0B MPOBOAN/INCE HA HOBOM YPOBHE TOYHOCTU, YTO CBSI3aHO C MPOrpammoii
paspabotkn B8 HANA® MI'V nakera nporpamm CompHEP, nepsbie Bepcun kotoporo
nosisunuce B 1991 r. CompHEP obecneunsaer

® TOYHbIA y4eT AMarpamMm CUrHaia v HENPMBOAMMOrO (OOHA, NX MHTEPMEPEHLMIi B
nobbix obnacTax asoBOro NpoCcTpaHCTBA

® KOHTPOJIb KaJInOPOBOYHON MHBAPMAHTHOCTY MNP YYETE WINPUHBbI HECTAOMNBHBIX
yacTuy

® y4yeT CNUHOBLIX Koppensayuii

4YTO NO3BONAET ONTNMU3NPOBATL BbIAENEHNE CIrHANA.
MepBasa nybnnkauyusa Takoro poga

E.Boos, M.D., Physics Letters B 308 (1993) 147-152
Complete tree level calculation of the eTe™ — Zbb process at LEP200. Higgs signal
and background.

G.Passarino - "

Dubinin..."
Standard Higgs boson searches at LEP2, Nucl. Phys. B488 (1997) 3

... we point out the relevance of the pioneering work of E. Boos and M.



Physics Letters B 308 (1993) 147-152 PHYSICS LETTERS B
North-Holland

Complete tree level calculation
oftheete~ — Zbb process at LEP200.
Higgs signal and background
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Fig 2. Feynman diagrams for the e+e~ — Zbb process.
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bo3oH Xurrca nop noporom Ha LEP2

EBoos, M.Dwbinin and LDudko,

13

Vs =205 GeV £ o\
my CeV 115 120 { 135 )
T [ID] o
fixed T 98.6 92.0 89.9
oy [TD]
overall I' 98.2 91.6 89.6
channel 1, Vi s , Vy v [ Uy s
ren 0]
fixed T | 39.1 [ 290.8 [ 20.8 | 35,7 | 28.2 | 282 | 34.2 | 27.9 | 27.9
D
overall I' | 38.8 | 20.7 | 29.7 | 35.4 | 28.1 | 28.1 | 33.9 | 27.8 | 27.8




PoxgeHune 603oHa Xurrca Ha konsiaiijepax B MOAax ye n yvy

BcectoporHe 06cyKaanncs BO3MOXKHOCTY FEHEPALNIA Ny4KOB (POTOHOB BbICOKON
SHEepruy Ansi NMHERHbIX KONNaliAepoB nNpy KOMNTOHOBCKOM pacCestHM nyda Jiasepa
Ha3ag (backscattering). CooTBeTcTBYIOWME BLIYNCAEHNS A4S NONHBIX Habopos
anarpamm

E.Boos, M.Dubinin, V.llyin, A.Pukhov, G.Jikia, Phys.Lett.B 273 (1991) 173-176
Associated Higgs boson production in gamma e collisions

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

Probing the heavy Higgs sector via gamma gamma —> W(L)+ W(L)-, Z(L) Z(L) at a
TeV linear collider

E.Boos, 1.Ginzburg, K.Melnikov, T.Sack, Z.Phys.C 56 (1992) 487-492

Probing of the Higgs fermion coupling at gamma gamma colliders

V.llyin, 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 collisions for light
and intermediate Higgs bosons

E.Boos, A.Pukhov, M.Sachwitz, J. Schreiber, Z.Phys.C 75 (1997) 237-244

Higgs and top production in the reaction gamma e —> neutrino b anti-b W at TeV
linear collider energies

E.Boos, V.llyin, T.Ohl, A.Pukhov, Phys.Lett.B 427 (1998) 189-196 Higgs search in
the W W* decay mode at photon linear colliders

KOTOpbIE MOTYT faBaTb AOCTOBEPHOCTL CUrHanos Ng/v/Np B Heckonbko pas 6onbiue,
uem ete™ mopa.
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Poxpaenne 6o3ona Xurrca Ha bonbwom agpoHHoM Konnaligepe,
aCCoLMMPOBAHHOE CO CTPYsIMU

Summary of the CMS potential for the Higgs boson discovery,
Eur.Phys.J.C 3952 (2005) 41-61
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Figure 12: Expected statistical significance with 30 fb~! for the SM Higgs boson as a function of my. The NLO
cross sections for both signal and background were used for the inclusive H — vy, H — ZZ* /27 — ¢+~ "t~
and H > WW*/WW — £{vvy channels. Poisson statistics were used to the statistical signi for
the H — ZZ*/ZZ — (¢~ ¢'*¢'~ channel.
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Poxpaenne 6o3ona Xurrca Ha bonbwom agpoHHoM Konnaligepe,
aCCoLMMPOBAHHOE CO CTPYsIMU

CotpygHukn OTPBI HNNAD sHecnn 6onbluoii BkAad B MOAENMPOBaHME
"kaHana oTtkpeiTus''pp — gamma gamma + cTpym B pamkax komiabopauyun CMS.

OcHoBHasi moga H — 7y B CONpOBOXAEHNN CTPyli NO3BONSIET peAyunpoBaTh
OHOBbIE NPOLLECChl 11 MOBbLICUTL AOCTOBEPHOCTbL CUrHana.

S.Abdullin, M.Dubinin, V.llyin, V.Savrin, Phys.Lett.B 431 (1998) 410-419
Higgs boson discovery potential of LHC in the channel p p — gamma gamma + jet

yMpoLeHHOe 1 nonHoe mogenuposaHue B getektope CMS, renepauus cobbituii 6es
seca CompHEP

CMS Note 2001/022, Higgs Boson Signal in the Reaction pp — Gamma Gamma +
2 Forward Jets

CMS Note 2006/097, work with CalTech group (H.Newman, M.Pieri) Vector boson
fusion production with H —> gamma gamma

Hanbonee TpyfoemKkoii 4acTbiO MOAENMPOBAHAA CUTHaNa B KaHane pp— > vy + jets
okasanacb reHepauyus cobbiTnii 6e3 Beca gnsi HENPUBOZMMOrO N NMPMBOAUMOro hoHa.
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MogenuposaHue npouecca pp — 7y + 2 Forward Jets konnabopaunein CMS

subprocess o, [pb] | acc, | x° [ 5= | New | eff, file name
1o, % x107% [ <10
1 uF, u## — A, A, udh, uFt 2.33 0.9 31018 25 2.8 events_1.txt
2 | uf U# — A Aud, U 1.63 0.9 2 (013 25 14 events_2.txt
3 | u U# — A A d# D# | 0.08 0.4 2 [ 0.01 3 9.1
4 u#, U# = A, A,G.G 0.70 0.4 2 1005 2 15.0 o
5 | udd# = A A df 1.03 08 [05(008 | 25 3.8 | events 5.txt

6 | ud, D#F — A, Aug, DF | 048 | 09 |1 |004| 6 23 | eve Exct
7 u#, G = A, A, G u# 1258 | 0.6 | 6 | 1.00| 150 | 50 | eve (xct
8 | U#,u# — A, Ao U# | 164 | 08 | 1 |013| 25 26 | eve (xct
9 | uft, U# — A Ad#,D# | 008 | 06 | 1 |001| 15 | 120 | eve Exct
10| U#uft = A, 4,66 070 | 03 |1 [006] 15 |[19.0 |events.l0.txt
11| U U — A AU U# | 023 | 09 | 2 [002| 6 1.3 | events.11.txt
12 | Utdt— A, AU | 026 | 08 | 1 [002]| 6 2.8 | events.12.txt
13 | U, D# = A, AU#D# | 019 | 07 | 4 [002]| 6 46 | events.13.txt
| U#,G— A AGU# 294 | 06 | 4 |023| 50 | 33 |events.ldtxt
15 d#, u# — A, A, v, d# 1.02 0.8 5 | 0.08 15 2.8 | events_15.txt
16 | dit, U# = A, AU#d# | 026 | 08 | 1 [002]| 6 2.3 | events.16.txt
17 | udt d#t — A, A ot dft 0.08 14 2 [ 0.01 3 2.3 | events 17.txt
18 | d#, D — A Augs, U | 003 | 07 | 5 [000] 2 |[130 |events181xt
19 | d#,D# — A, Ad#,D# | 008 | 12 | 3 [001| 3 29 | events.19.txt
20 | d#,D# = A MGG 003 | 05 |3 [o00]| 2 2.1 | events.20.txt
21 d#.G = A, A, G d# 0.49 0.6 2 1004 G 9.8 | events_21.txt
22 | D#,u# — A, Aug D# | 048 | 09 | 2 |00d| 6 31 | events 22.txt
23 | D#,U# A, Au#,D# | 019 | 06 |1 |002| 6 39 | events 23.txt
2 | Dt ddF - A Aud U | 0.03 0.7 9 [ 0.00 2 8.7 | events_24.txt
25 | D d#— A A d# D# | 008 | 1O | 4 |001| 3 19 | events.25.txt
26 | D#,d# — A A GG 003 | 05 |3 |ooo]| 2 24 | events_26.txt
27 | D#,D# — A, A,D#.D#| 002 | L0 | 2 |000| 2 28 | events.27.txt
28 | D#G— A AG F# 023 | 06 |2 |002] 6 9.0 | events 28.txt
29| Gou# = AAG u# 1261 | 0.6 | 3 |1.00] 150 | 20 |events.29.txt
30| G U#— A AG U 292 | 07 | 2 |023| 50 | 43 |events30.txt
31| G.d#— AAG d# 049 | 08 |1 [004] 6 6.0 | events.3L.txt
32| G.D#— A AG D# 024 | 06 |1 [002] 6 24 | events.32.txt
33 G,G = A A ut, UH# 2.81 0.4 1 ]022 50 14.0 | events_33.txt
L=10.6 fb—1 |31 | G.G— A Ad# D# 0.18 0.7 0.7 ]001 3 15.0 | events_34.txt
all pp— A A 47.24 503 Mixed PEV
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MogenuposaHue npouecca pp — 7y + 2 Forward Jets konnabopaunein CMS

diagr.1
Ufp ——1 = =7
ug
—
ug
E—-v
ug

Jommm = m g

diagr.5 diagr.6
Ui ~aL .1 " --9
9o up ¥ -1
Lt -=r

~g Jppp—

diagr.10 diagr.12

diagr.13 diagr.14 diagr.15

Complete set, of the tree level (leading oreder) diagrams for the partonic
subprocess No.7 u#G — yyGut.
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CMS H - vy 197 " (8TeV) +5.1 10" (7 TeV)
ggH [ 11253 B pmineg = 114 030
VBF| 158°27

_0.16 .é.;g l combined + 16
VH

+—e— per-process + 16
tH | 26975
2 A 0 2 3 4 5 6

Figure 24: Best-fit signal strength, /1, measured for each of the production processes in a com-
bined fit where the signal strengths of all four processes have been allowed to vary indepen-
dently in the fit. The signal mass, common to all four processes, is treated as an unconstrained
parameter in the fit. The horizontal bars indicate £1¢ uncertainties in the values for the indi-
vidual processes. The band corresponds to +1¢ uncertainties in the value obtained from the
combined fit with a single signal strength.

Observation of the diphoton decay of the Higgs boson and
measurement of its properties

The CMS Collaboratiorl]

Oct 2014

3b
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Npentndpukauns 6o3oHa (6o3oHoB) Xurrca. MNMoucku HOBOR husmkm 3a
paMKaMu CTaHZapTHOW MOAenu.

DHeprusi CTOIKHOBEHUNSI MEHbLLUE MOPOra POXKAEHMS HOBbIX YacTuy, macwTab macc
KOTOPbIX MynbTUT3BHbIA.

o MopenbHo-He3aBUCMMBbI NOAXOL: MOAeNb Ha Bonbwom macwTabe sHepruii
Hen3BecTHa. AHOMasbHbIE B3aUMOAECTBNSA B KaJINOPOBOYHOM, XNITCOBCKOM
CEKTOpax M B3aUMOAENCTBUS KBAPKOB TPETLErO NMOKOMEHNSA OMpPeAenstoTcs
BCEBO3MOXHbLIMU KaJIMOPOBOHHO-MHBApMaHTHbIMIN onepatopamu noneii CM
pa3mMepHoCcTy bonblue 4-x:

Legr = Lsm + X 2505

rae ci- bespasmepHbie kOHCTaHTbI, O; - ONEpPaTOPbl PAa3MEPHOCTN LUECTb.

W. Buchmuller, D. Wyler, Effective Lagrangian analysis of new interactins and
flavour conservation, Nucl.Phys. B268 (1986) 621
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Npentndpukauns 6o3oHa (6o3oHos) Xurrca. MNoucku HOBOR busmkm 3a
paMKaMu CTaHZapTHOW MOAenu.

e Mopgenb Ha 6onbliom macwtabe sHepruii n3secTHa (Hanp., CynepcuMMeTpust).
MogenbHo-3aBUCMBIA NOAXOA: YCTPAHUM HacTuubl HAa Hbonbwom macwTtabe
Macc, OCTaB/ISiA OT HUX TOJILKO KBAHTOBbIE NONpaeku Ha MacwTabe My, + .

— CYMMNPOBAHMNE OMPEAENeHHbIX TUMOB Anarpamm (MOTeHLManbI
Koynmena-Baiinbepra)

— meTop, hoHOBOro nosisi (TsKesble YacTuubl "BbINAAAIOT 33 3HaK
dyHKLyMoHaNbHOrO nHTerpana')

— MeToA pasniokeHusi 3peKTUBHOrO AEACTBUS C COXPAHEHNEM KOBAPUAHTHBIX
npounssogHbix (CDE expansion)

CTbIKOBKa KOHCTAHT CBS3M U MacC Ha macwTabe miop U MacwTabe Mg Tsxkenbix
4acTuL NPOM3BOAMUTCS MPY NOMOLWM ypaBHEHUI PEHOPMANM3aLMOHHON rpynnbl
(PT). 3dbdpektunaHbiii noteHymnan "yny4qwen no PM'("RG improved").



Kanna - cxema ATLAS/CMS (k - framework)

MpepHazHayeHa ans nsyderunsa cooteetcTeuss CM akcnepumeHTanbHbiM gaHHbiM BAK
B nceBpoHabnogaembIx K.

e B npubnnxeHnn 6eckoHe4Ho manoii wunpunbl H ntoboii npouecc poxaenns H

o(in = H — out) = 04n X Brout = 0in X 11:‘2“;
o

CTpyKTypa BepwuH B3anmogeiicteus H B pacwuperinn CM He otinyaercs ot
ctpykTypel CM, H npepactaBnsiet coboii CP-yeTHbIi ckansip.

® B KQXAYIO BepLUMHY B3aumogeiictens H BBoauTcsa dakTop K, TOraa

2 2
R
Tin X Brout = [0in X Brout]sy + —22ut
H
® ecCnnm onpenennTb CV”ly CnrHana poXxaeHunsa n CV”ly CrHana pacnaga

. Cin — __Brout
Hin = (o) sar Hout = (Broue)sm
TO CuMna CUrHana Npouecca POXKAEHMS B Kanma - CXeme

2
Kin " Fout
~H

M = Win Hout =
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KoHTypbl nckntoueHnst oisi nceBaoHabitogaeMbix B paMkax
MOANDULNPOBAHHON Kanna-Cxembl

McespoHabniogaemsble k; B OAHONETNEBLIX AMarpaMmax, Cuaa CUrHana BbIYUCASETCS
ANst NoSHbIX HabopoB guarpamm.

o scalar-gauge boson sector
Oge = (DD —

£.Bos, V.Bunichev, M.Dubinin and Y.Kurihara.

GG “Higgs boson signal at complete tree level in
Ogp = §(P1P — )B,,,,BW' the SM ion b "
(')w H(@tp — o), wine Phys. Rev. D 89, 035001 (2014)
A = (@18 — 2D, & Do . a s
. m-uirrr—fz rmion sector z

O = (DTD 7)[(),{)/,1 z

Oy = (P — 2 )(Qrdbg) i

Ory = (B — 2)( Ly Bry)

HeGo. unrepdep ZZ-WW
TIpubmkenne GecKoHeuHo Manoi HpHHEET WW COKpamaeT ZZ H yBeTHUHBAET I0NyCTHMBIE 00/1aCTH

* Y

D2 04 08 08 1 17 14 16 18 2

3b
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ATLAS and CMS
LHC Run 1
K o
9z -
A S
Z9 -
iy —— [———
tg ——
A - -
Wz = ==
.| =
vz —8- ATLAS+CMS e vl
[— —=— ATLAS :
|l | —— CMS -
Tz — 1o interval o
— — 20 interval
| %
bZ e
ol L b b b L Ly

Parameter value

Puc.: Ratios of k-modifiers, kgz = kg kz, Azg = Kz /Kkg and so on. Source: Combined
ATLAS-CMS analysis, arXiv:1606.02266
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ATLAS and CMS -e-Observed +1o
LHC Run 1 Th. uncert.

7z
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T —_— &

bb ‘ ‘ - : : :

6 4 -2 0 2 4 6 8 10
6 - B norm. to SM prediction

Puc.: Signal strength and its statistical error for different production mechanisms from:
Combined ATLAS-CMS analysis, arXiv:1606.02266
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Npentndpukauns 6o3oHa (6o3oHos) Xurrca. MNoucku HOBOR busmkm 3a
paMKaMu CTaHZapTHOW MOAenu.

e Mopenb Ha 6onbwom macwtabe sHepruii n3secTHa (Hanp., CynepcuMmeTpust).
MopenbHO-3aBUCMMBITE NOAXOL: YCTPAHMM HacTuubl Ha Bonbliom macwTabe
Macc, OCTaBNAS OT HUX TOJIbKO KBAHTOBbIE NOMPaBKM Ha MacwTabe My, + .

)

E.Boos, A.Djouadi, M.Mubhlleitner, A.Vologdin, Phys.Rev.D 66 (2002) 055004
The MSSM Higgs bosons in the intense coupling regime

E.Boos, A.Djouadi, A.Nikitenko, Phys.Lett.B 578 (2004) 384-393 Detection of
the neutral MSSM Higgs bosons in the intense coupling regime at the LHC

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

Radiative corrections to Higgs boson masses for the MSSM Higgs potential with
dimension-six operators
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ddbdekTueHas teopus nons ans xurrcosckoro cektopa MCCM Ha

MacTabe myp.

[MocnepoBaTenbHOCTL LWIAroB

OnpepennTb 4neHbl Msarkoro HapyweHnst SUSY 1 ymeHbLWINTE NPOCTPAHCTBO
napametpos MSSM go npuemnemoro (dim3 - dim5).

OnpefennTtb nepapxmto Macc 1 XapakTepHble MacwTabbl Macc — 'cueHapun
MCCM'.

MpoBepuTb beHOMEHONOrNYecKyto COrNacoBaHHOCTbL CLIEHAPUSI, UCNOJb3Ysi
ncknoveHns ns ganHoix ATLAS, CMS, LHCb un gpyrunx skcnepumeHToB.

Mpeobpasoeatb AByxaybneTHblii noTeHuman Xurrca B MaccoBblii 6a3uc.
OTuHTerpnposaTh YacTuuybl Ha 6onbwom macwTtabe macc.

3Bneyb cooTBeTcTBYIOWME 061aCTV NPOCTPAHCTBA MAapaMeTPOB, COrNacyoLnecs
¢ mp =125 B, SM-nogobHbiMun cBA3AMMN h, BO3MOXXHO, OTLENNEHNEM APYrNX
ckansipHbix coctosHnii H, A, HE n cornacoBaHHOCTBIO C 3KCMEPUMEHTANbHBIMY
ncknodeHnamu BAK n gp.

[poBepuTb KOCMONIOrN4eckmne creacTeus — kaHgugatsl DM



17 18 19 20 21 23 24 25
MacwTabel macc MCCM

The lightest CP-even MSSM Higgs boson mass myp, = 125 B
Five MSSM Higgs bosons: h, H,A,Hi,
Calculation frameworks for m,: effective potential decomposition in 1/Msysy, MS
scheme, RGEs !

MSSM —_—_—
— A, A,
w
Au A, MSSM
mA mA
m_top _—_—m m_top

SdpdbekTnBHbIN XNFrCOBCKM MOTeHUMan Ha MacwTabe myz — AByxaybneTHasi Mogens.
Higgsinos, gluino and EW gauginos are very heavy and decouple. Main correctons are
due to squarks.

Five-dimensional parameter space: m 4, tan 3, Msysy, At = Ap, u

lHaber,Hempﬂing,PR D48 4280 (1993); Sasaki,Carena,Wagner, NP B381 66 (1992);
Akhmetzyanova,Dolgopolov,M.D. PR D71 075008 (2005); Phys.Part.Nucl. 37, 677 (2006); Lee Wagner,
PR D92, 075032 (2015) Carena,Haber,Low,Shah,Wagner PR D91 035003 (2015)



Heobbiunbie cueHapun MCCM. Jlerkunii nceBgockansp.

see also A.Nikitenko et al, Some updates on dimuon analysis HIG-16-017 with paper’s
data, 8 TeV and 13 TeV/2016, ®NAH, 9.02.2021
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Figure 2. Upper row: the 12 < nr,, < 70GeV range in SRI (left) and SR2 (right) in the 8 TeV
analysis. Lower row: the 12 < iy, < 70GeV range in SRI (left) and SR2 (right) in the 13 TeV’
analysis. The results of an unbinned maximum likelihood fit for the signal-plus-background
(solid lines) and background-only (dashed lines) hypotheses are superimposed.

Puc.: CMS Collaboration, Search for resonances in the mass spectrum of muon pairs produced
in association with b-quark jets in proton-proton collisions at sqrts = 8 and 13 TeV,
arXiv:1808.01890 [hep-ex], see also M.D., E.Fedotova, arXiv:1908.05223[hep-ph], XXOT® 156
(2020) 1058-1069



SdbdekTueHblii xurrcosckuii notenuman MCCM, pacwuperHsbiii
onepaTopamm pa3MEpHOCTN LUECTb

Ueﬁ:U(2)+U(4)+U(6)+.,,7

rae
UD = —3(@]®1) — p3(@1@2) — [uFa(@]®2) + hocl,
UD = X (@]01)2 + Ao (@]02)2 + A3 (@] 01) (B Do) + A (B Do) (@ D1)
+ /2@ 02) (@] @2) + X6 (D] 81)(@] B2) + A7 (®L02) (@] 02) + hoc],
UO = 51 (@]®1)% + ko (@] B2)? + kg (@] 1) (@] @2) + Ka (P D1) (9] D2)>
+ ks (D]01)(®]D2)(PLD1) + k6 (@] B2) (@] B1) (@] P2)
+ [k (®]®2)? + ks (0] @1)2 (] ®2) + ko (0T 1) (0] @2)2
+ 510(4’]{4)2)2(4’;4’2) + 511(4’]{4)2)2(‘19;@1) + 512(‘31@2)(@;@2)2
+ k13(B]D1) (B D2)(BLD2) + hucl,
34ecb

o+
—lW,
o, = P L =12
‘ < 5 (vi + i +ixi) ) !

— xurrcosckmne aybnetst, v1 = vcos 3, v = vsinf (v = 1/@% + v% =246 B) -

COOTBETCTBYIOLLNE BAaKyyMHbIE OXWNAAHUS, w;r,ni,Xi — cyKTyaumm Ha BakyymoM.

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
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CueHapum ¢ nerkum nNCeBfoOCKanspom

B pexxume cunbhoii ceasu MCCM TpunuHeiinsie napameTpsl A; j, n napamertp
XWUTTCOBCKOrO Cynepnons p oT Heckonbkux ao 10 Ta3B, napametp tgf = va/v1
nopsigka 1

VaoBneTBOpMTENILHOE ONMMCAHNE CLEHAPMEB C NErKAM MCEBLOCKANIAPOM MOXKHO
NOMy4YnTh TOJIBKO B PacluMpeHnsix 3peKTNBHOro NoTeHuana onepatopamu
pa3MepHOCTU LLECTb

CNEKTP MaCC CKansipoB OTHOCNTENIbHO cnabo pacwenned Ha macwitabe
Mz — —Mtop
PEXIM CUNBLHON CBA3M YAOBNETBOPAET OrpaHMHeHnaM neptypbaTnsHo

YHUTApPHOCTU, NpeAeNy HaCTpOiikn CBs3ei 1 HENPOTUBOPe4nBbIM 06pa3oMm
ONNCbIBAET COBOKYMHOCTb 3KCNEPUMEHTANbHbIX JaHHbIX
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Summary

— cotpyatnkn OTP®BI HNNADP sHecnun bonblioii Bkaag B dousndeckne nporpamMmmbl v
MOZENINPOBaHNE NPOLECCOB poxkaeHust Bo3oHna Xurrca Ha konnaiigepax LEP2
(metektopel ADLO), Tevatron (aetektop DO), BAK (petektop CMS) n gp. B
ocobeHHOCTW CnefyeT OTMeTUTL BKNag B paboty konnabopaunn CMS, koTopslii
OTHOCUTCSl HE TOJIbKO K TEOPETUHECKNM BbIYNCIEHUSIM HOBBIX KaHasIOB peakuyuii
poxxaeHusi ansi pn3n4eckoli Nporpambl, HO 1 reHepauuy cobbITnA ans
MOZENNPOBAHNS MHTEPKEPNPYIOWNX U MPUBOAMMbIX (POHOBBLIX NPOLLECCOB

— MOAENNPOBAHNE NPOLLECCOB NPOBOAUIOCH HA HOBOM YpOBHE TOYHOCTM (no
CpaBHeHMIO C ApyruMu nopxoaamu Ao 1990 r), cospaHHble NakeTbl NPoOrpaMm
(CompHEP) nony4unn wmnpokoe npn3HaHme n akTUBHO NCNONb3YIOTCS BO BCEX
LEeHTpax pu3nkmn BbICOKNX dHEPruii

— naeHTndukaunsa curdana H(125 MB) ogHo3HauwHO He 3aBeplueHa. BoamoxHbl n
ApYyrune ckansipbl, CUrHaNbl KOTOPbIX HE BUAHbI BCAEACTBUE BONbLINX (DOHOBBIX
BK/J1a4OB, XapakTepHbix anst BAK.






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

MSSM lagrangian - soft SUSY breaking terms

Vo =Vu +Vr+Va+V5,
where

Vi = (1) im0l e, + M2 (@ Té) +M2U*U + M2D*D,
Vr =TP (@ZTQ“) D+1V (iq{ag@) 4 1P (@chi) PV (i@T@@;) U,
Va = Al (@jcbj) (@chl) ( ) [AQ (QTQ) + AL U+A£f>*f>] +
+A (qvj@) (@T<1>j) + % [Ae” (sz o2®; )5*(7 + h.c.] gk 1=1,2,

—i 0
The Yukawa coupligs for the third generation of scalar quarks are defined in a standard

\UCIZ”B‘ hy = ;/C_OZZE F{Ul oy = hu {-m Av}, F{Dl;Q} =hp{Ap;—u}.

. . . . 0 i
VQ denotes the four scalar quarks interaction terms, Pauli matrix oo = . )

way h¢ =

2b 3b



Models. General.

Experimental and theoretical shortcomings of the SM initiated increasing number of
models with new physics at TeV scale. Not all of these models solve or address all of
the problems, but two primary issues are focused upon (1) the mechanism of
electroweak symmetry breaking (2) the observation of dark matter.

For a long time supersymmetry has been a favorite candidate for new physics beyond
the Standard Model (BSM physics). Advantages

— SUSY is renormalizable perturbative field theory

naturally accounts for the gauge hierarchy between the EW and the Planck scales
includes consistent mechanism of EW symmetry breaking (two-doublet Higgs sector)
— includes candidates for the dark matter

includes additional sources of CP violation to produce baryon asymmetry

— ensures unification of electromagnetic, weak and QCD couplings at the GUT scale
10%% GeV

2b



Kanna-mogudunkatopbl — npuMep ncesaoHabntogaemMbix.
MceBpoHabniopgaemblie — BENMYMNHBI-NOCPEAHNKI MeXAY KCNEPUMEHTaNbHbIMM
HabnlofaeMbIMMN 1 BBIYMCAEHHBIMI TEOpPeTUYeckn napametpamu. [lpegocTaensior
BO3MOXHOCTI aHa/M3a B paMKax HeCTaHAAPTHbIX MoAeneii, no3sonsoliero nsbexxaTb
TPYAOEMKOIi pekoHCTpykumn (HadmHasi ot datasets) n Of4HOBPEMEHHO MO3BONSIIOT
NCMOJNHATL pa3Hble TEOPETUYECKNE UHTEPNpeTaLnn n3mepsieMbix 3pdeKToB.

MosiBunuce npn aHanuse pavHbix LEP. Mprmepsi: winpuHbl BeKTOpHBIX 6030HOB

T';, 'y » napumnanbHbie BEPOSITHOCTI MX PacnafoB NoC/ae Npoueaypbl NCKAIOHEHNs
(deconvolution) n3ny4eHunst pOTOHOB M3 HA4aNBLHOrO COCTOSIHNSI 1 BbIYMTAHNS
nHTepdepupyioero/HennTepdepupytowero doHa. ACUMMETPUN Brepes-Ha3aa,.
Mocne cdutnposannsa ncesgoHabntopgaembix LEP2 coctaBnsanacs kombuHaymsa detbipex
konnabopaunii ADLO, nssectHasi nog Ha3sanunem Electroweak Precision Data
(EWPD).

McespoHabniogaemblie BAK onpepensitoTcsa Ha ypoBHe aMNAUTyh NPOLECCOB U3-3a
cnoxHoii cutyauyumn ¢ poHamn n ucknodenns PDF, a Takke MHOXXECTBa BO3MOXHbIX

TEOPETUHECKNX MOAENEN. Measurement Fit  10™*-0"1/o™
o 1 3

m,[GeV] 91.1875+0.0021 91.1874 |
T,[GeV] 24952400023 24959 m
Op,[nb] 4154040037  41.478

R, 2076720025 20742 wmml
A 0.01714 +0.00095 0.01645 s
R, 0.21629 + 0.00066 0.21579 mmm
R, 0.1721£0.0030 01723 |
Al 0.0992+0.0016 01038 ———
AF 0.0707 £0.0035  0.0742
A 0923 + 0,020 0935 mm
'

0.670 = 0.027 0.668
\(SLD) 0.15130.0021  0.1481

my [GeV]  80.385 £ 0.015
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