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CummeTtpun

1. IlpocTpaHCTBEHHO-BpPEeMEHHbIEe CHUMMETPHH
(JIopenn u Ilyankape ”HBaApHAHTHOCTD )

Xt —x"M=Ar X¥ +a* n,v=0,123... Knaccupuxkanus moJjieil mo Maccam U CliHHAM

2. BHyTpeHHHe CUMMeTpPHUH
(rmodagpbHasi HHBAPHMAHTHOCTH M KAJMOPOBOYHASI HHBAPHAHTHOCTD)

Y3(x) — M3, W°(x), ecam M3 He 3aBHCHT OT TOYKH — IJ106aJIbLHAS CHMMETPHS
ecid M3, (X) 3aBHCHT OT TOUKH — JIOKAJbLHASI CHUMMeETPUs

KaauoOpoBouHasi FHBAPHAHTHOCTH MO3BOJIsIET BBECTH B3aUMOECTBUS B TEOPHIO
3. CnoHTaHHOe HapyllleHHWe CHMMeTPHUH.

IHo3BoJisieT BBECTH B TEOPHI0O MACIITAOBI M PUIATH MACCHI MOJISIM 0€3 HAPYLIeHU S
KAJIUOPOBOYHOM CTPYKTYPbI B3aUMOACHCTBUM



PasmepHOCTU Noneu u onepaTtopos

h = ¢ =1
mP? V] = (6] = [m]! 1/5B = 24105 cm
T—F_.-ﬁr-' 1 —5)v, 67, (1 —5)v. + h.e. B3aumopeiictBue Gepmu
\/cj .cr( 15V o 15/ e P

S = [L(x)-d%z L(IL‘):ZO@'O;@
i=0

Ci] = [m]*™" 0] = [m]f
=0 - Cy = A*  A/(M,)*~ 10128, Al(vgy)* ~ 10%° - Cosmological constant problem
=2 M?%? - vg /M, ~ 10" - Hierarchy problem
I=3  Majorana masses, mass terms of vector like fermions
I =4 - Standard Model, Most of UV completions
I =5 -Weinberg operator (Tmﬁ) (E%LL_S) +h.c.

1>6 - SMEFT (Standard Model Effective Field Theory)



CraHpapTtHaa Mogenb

« SOy
SU(2), x U(1)y x SU(3).

L = —iWi, (W) — 1B, B" —1G%, (G")"+
+ 2 iy ﬁfi(iDﬁ-q-*“)lIfE + 2 ity ‘I’E(in’?’”)‘I’E Ly
I—H = Ld) + I—Yukawa

Ly = D, P"D'D — 12 PTd — \(PTd)*
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Physical Fields
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Dff =9, —ig B, (QR) — igg At WE— (Wsiw?) /v2
1 N 9 [*Vi = Zycosty + A, sinfy
Yf = 2Qf o QI; = YL,‘ = 711 K?H,[ - 727 YQ1 - §7 }/'vuR_i - ga KiR?. — 7§ B,l_ = —Z#Sin(?)[v+ﬂﬂ cos Oy
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O 0030He XHurrca
M CIIOHTAHHOM HAPYIIEHUH



KoHcTaHTa GF U3BJIEKAETCA C BbICOKOI TOYHOCTbIO U3 AdHHbIX NO UamepeHutro
BpeémMmeHn XHU3HN MIOOHA

Gp = 1.1663787(6) x 107° GeV~?

NMocKoNbKy m, < M,, , B nponaratope W
MOXHO npeHebpeub uMnNyabcamm U NONYYUTD:

95 Gp

SMZ, 2

Ho B8 CM macca W 6030Ha obycnosneHa mexaHMamom Xurrca A2 L 5 5
U NPONOPLMOHaNbHA 3HAYEHUIO BaKYYMHOrO CpeAHero Vv w 45”2{"
1 1
U= — 246.22 GeV

U3 3TUX ABYX COOTHOLLEHMIA: U= "=

Mouwb NpUHUMNA KaAMBPOBOYHOI MHBAPUAHTHOCTH,
g, — 9TO OAHa 1 Take KaNMbpoBoOYHaA KOHCTaHTa cBA3M rpynnbi SU (2)

The Higgs field expectation value v is determined by the Fermi constant G; introduced
long before the Higgs mechanism appeared!



TonbKo oauH cBob6OAHbIN NapameTp — macca 6030Ha Xurrca

2 2
Ly = L(0mn)@,h) + oh? — lips ;{ o

+ (MWW= + SMZZ,Z") (1 - ;) — > myff (1 + ﬁ%)

H HL 5 My=1/2g,*v M, =1/29,/cos0,,* v
g oW Y(Z) mf — yf/\/z oV MH = \/(2 K) oy
I'Ipep,CKa3aHVIﬂ ANA WNPUH pacnagos CquHMﬁ poxXKAeHUuA
Mo pas/IMYHbIM MOAaAM

OrpaHuyeHunAa U3 ycaoBMA YHUTAPHOCTU U camocornacosaHHoctn CM
OrpaHuuyeHUa U3 NPAMbIX NOUCKOB

OrpaHuyeHna n3 cpaBHEHWI NeTneBbIX BKIAA0B C
TOYHbIMM 3KNEPUMEHTA/IbHbIMU U3MEPEHUAMMU



<30 F
1. Mpamble NOUCKKU: Dm i
0 Tevatron (in gluon fusion
B with decay to WW):
10 L Observed .
4% ------ Egc)?grtgﬂlfgr EXC'UdEd regIOn
0 g M, : 160-170 GeV
107k :
O N T
MH > 114.4 Gev 95% C. I.. 10 100 102 104 106 108 110 112 114 116 118 120

M,(GeV)

2. OrpaHM‘-IEHVIFl U3 netTnesBbiX BK/1aA0B B MacCCbl:

t H
W W W W
' VAI U '*V -.'.“.'(.'.‘\.'.’!.3
Combining all direct and indirect constraints:
~ 2 2
.2 log(m,2/M) T B ;
t 18 ]
16 ?45

3G1-7'm2 1 14 E
Ar ~ — t E
( )top 8\/§7T2 t%/V 12 E

| ’ ,,,,,,,,,,,,,,,,,,,,,,,,,,, EP
_ LIGrMZcyy .. m} | o
(AT)nggS ~ 24’\/§7T2 ln M% ° ’ ) Theory uncerainty

- /e —— Fit including theory errors 1 20
2 ---- Fit excluding theory errors  —|
fffffffffffffffffffffffffffffffffffffffffffffffffffffff 115
0 100 150 ] 2(‘30 — 25‘>0 300
M,, < 155 GeV 95% C.L. M, [GeV]

GFitter collaboration, Aug. 2011
M,, = 125 + 10 GeV



3. CamocornacosaHHocTtb CM Kak KBaHTOBOI TEOpUM NOAA

OtcyTtcTBMe nontoca JlaHaay (triiviality)

800

I | 1 I I | _ 0.10
: 008l 3¢r bands in
- M; = 173.1 + 0.6 GeV (gray)
— 600 m; = 175 GeV = —] a3(Mz) = 0.1184 + 0.0007(red)
= a 2 0.06 My, = 125.7 £ 0.3 GeV (blue)
é o (Mz) = 0.118 . g ool
o 400 —] ‘é
p= [ _ 5 002}
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A [ G ev] RGE scale u in GeV
MonoxXurtenbHaa KOHCTAHT CaMOAEI}iCTBMﬂ
(vacuum stability) AQ?) > 0
4. U3 TpeboBaHna yHutapHoctu gna VV->VV (V: W,2)
N/ L | T - (V]
My < 710 GeV  ifvs» M, TG0 nerkmit Xurrc
R . if Vs « M JIn6o «HoBasA ¢pusnKa» Ha macwitabe

No lose theorem!
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4 main SM Higgs production modes at LHC
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JHoxaansl Ha cemunape B LHIEPH
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Fabiola Gianotti

Joe Incandela
ATLAS Spokesperson 2010-2012 CMS Spokesperson 2012-2013



Events / 3 GeV

CMS Preliminary Y5=7TeV,L=505f";ys=8TeV,L=5.261"
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Bo30HbI U pepMmuoHbI NprobpeTaloT maccy

bo3oH nnu PepmuoH

Bakyym

KBaHT BOBGV)KAEHMH CKaNApPHOro nona Hag BakKkyymom

- 6030H Xurrca



Hobenesckasa npemusa no ¢usmke 2013 ropa

Francios Englert Peter Higgs

3a TeopeTUyecKoe OTKpbITUE MexaHnsma, Kotopbiv oborawaer

Halle NOHUMaHMeE NPOUCXOXKAEHNA MacCbl CybaTOMHbIX YyacTuy,

N KOTOPbI HeAABHO Obin NOATBEPXKAEH OTKPbITUEM NpPeaCcKa3aHHOM
dyHAaMmeHTaNnbHOM YacTULbl B Xoge skcnepumeHToB ATLAS n CMS

Ha boabwom agpoHHom Konnangepe UEPH



4 July 2022
CERN

The Higgs boson is discovered

Mz = 2 \vZ? = —212 ~ 125 GeV

A=0.13 - a weakly-coupled theory



Events / 1.25 GeV

Some latest results
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All in an agreement with the SM
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Double-differential inclusive jet production

New remarkable QCD results in various kinematical regions
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CraHAaapTHaA mogenb - NnepeHopmMmupyemas,
cBO60AHaA OT KUpPasibHbIX aHOManumn
KBaHTOBAA Ka/IMbpOBOYHaA TeopuA NOAA CO
CMOHTaHHbIM HapyLleHUeMm 3/1eKTpocaaboi
cMuMmmeTpuu. Bneuatasiouiee cornacue ¢
60/1bLLMM YMCIOM IKCNEPUMEHTANbHbBIX
AAHHDIX.



¢ Bce npeackasaHHble CM nenToHbl, KBapKMy, A A Al A A puesatasssiy
: == 0.1
KannbpoBouHble 6030HbI U 6030H Xurrca L | os
HaUAEeHbl KCNEePUMEHTA/IbHO S 1.7
RL, -1.0
" o AlL -0.9
¢ CM npepcKasbiBaeT CTPYKTYPY B3aMoLeNCTBUM A(LEP) 0.2
U CaMOAEeNCTBUIA BCEX BXOAALLUX B €e COCTas Nnosemn. A(SLD) 2.0

o 2 lept
Ho He Bce B3aumopeiicTBUA NoKa npotecTMpoBaHbl =" e (%) 0.7
Alg 0.9
9KCMEePUMEHTA/IbHO. A e | 2s
Ac i i i [ i i i -0.1
e CM (EW part) 17 napameTpos: Ao ]:' 0.6
. R? 0.1
gauge-Higgs sector - 4 napamertpa: R® C 0.8
g1, 8 W4, A unm best measured At (M2) o -0.2
M [ -1.3
o, G, M, (wvama,, s, M) naoc M iy mr by
™, 0.0
B pononHeHue: 6 quarks masses, 3 lepton masses, m I I I X
3 miXing angIeS’ 1 phase Of the CKM matrix mt 11 | | III%IIII%IIII ?! II%IIII%IIII% 11 0.4
-3 -2 -1 0 1 2 3
plus aqcp mmsm) 18 SM parameters (O, - Omeas) / Omeas

(+ masses and mixing parameters from neutrino sector)

OcHoBHana npobaema — CM paboTaeT CAULLKOM XOpPOLLO



Lord Kelvin (1900):

“There is nothing more to discover in physics;
all that remains is more and more precise
measurements."



daKTbl, KOTOpblE He HaXoaAT 06bAcHeHuA B CtaHaapTHoOU Moaenn

Maccbl u cmewwnBaHUA HEATPUHO, OCLUANALUN HEUTPUHO

TemHaa matepusa Bo BceneHHOM

AcummeTpuA YacTULbl-aHTUYaACcTULbl BO BceneHHon, npupoga CP-HapyweHus
(CP-HapyweHue B maTpuue cmewmBaHua CKM HepocTaToOuHO)
Strong CP-problem (axion?)

B-anomalies (about 4.5 o) ???
Muon (g-2), anomaly (about3.50 - 4.2 ¢ BNL) ???

CDF W-mass anomaly (about 7 g) ???

MexaHu3am Xurrca Hagenset 6030Hbl U peMUOHbI maccamm.
Ho no KaKoit npuunHe maccbl $epMMUOHOB CTO/b Pa3IUUHDI ?
(M, = 173 GeV, M, = 0.5 MeV, AM, = 1073 eV)

top

PaBUTALUOHHDbIE B3aUMOAENCTBUA CYLLLECTBEHHO cnabee aneKTpocnabbix.
B yem npuumnHa? Mpobaema nepapxmm macwrtabos

Mpobnema KoHpatHMmeHTa B KX/,



OcTaetca MHOXeCTBO BOMpPOCOB

Yto qpopmupyert noteHuuan nons Xurrca?

Yro taxkoe nokoneHue? Tlouemy nokoneHuu tonbko 3?

Kakoea npupoaa keBapk-nenTtoHoi aHanoruu?

DNleMeHTapHBLI NI KBAPKU U NeNTOHBI?

CyliecTByOT N1 HOBLIE KBAPKU U NIENTOHLI?

Uro onpenenser kanubposouHbIe cUuMMeTpUU?

CylecTsyrOT N1 HOBbIe KanNU6pOBOYHLIE B3AUMOAEUCTBUA?

TTouemy 3anexTpocnabbi macwrab cTtonb man NO cpasHeHUO ¢ maccou TTnaHka?
TToyemy cTonb mana kocmonorudyeckas NoctosHHas? Yrto Takoe TemHas 3Heprusa?
Hackonbko TouHa CPT-cummeTpus?

TTouemy msmepeHUIA NPOCTPAHCTBA-BpeMeHU TONbKO YeThipe, CyluecTsyroT nu
AononHuTenbHble umepeHua? CyllecTsyeT fiu CynepcummeTpus?



Mpobnema nepapxmim (npobnema HatypasbHOCTH)
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\
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MonpaBKa He fO/MXKHA NPEBbIWATb CaMy Maccy. I'IpoGnema ‘manbix nepapxun”

3G,
2 2
om?, = > @my, +my +mi, —4m? )N =~ ~(0.2 AY
4\/—
dmy, < m, AN<~1TeV
Ho CM — nepeHopmupyemas teopusa. PaccmoTpeHue B pa3amepHOU perynapusaumm

M, 2(A) = M (V) + Cy2 M2 Ln(A?v?) +...

B CM HeT cummeTpumn, Kotopan b6bl 3anpeLyana CTo/ib CUIbHYIO 3aBUCUMMOCTb
Maccbl OT BO3MOXXHOro macwtaba “HoBoit dpusukn” M2~ A2

OcHoBHOM Bonpoc: OTKyaa cneayeT 3HaueHue anekrTpocaaboro macwrtaba ~ 100 I'>B?
JIro0oii oTBeT TpedyeT «HOBYIO (PUBUKY»



What is a scale for New physics?
Before the LHC start we knew a scale ~1 TeV from

No lose theorem!

1
Re(a))| < >
From the unitariry of VV->VV (V: W,Z) amplitudes:
Either light Higgs ﬂ[H 5 710 GeV
or
New Physics at Vs < 1.2 TeV
| lj(H)VLI:‘)\'JI
| | I, ~05TeV
for
M, ~1TeV

rrrrrr

300

The Higgs boson was found !

We do not have solid arguments for a new scale
We do not know if a new scale (if exists) would be accessible
at the LHC/FCC energies



Scales

Plank Mass ~ 101° GeV

Grand Unification scale ~10° - 1016 GeV ?
Neutrino physics (see-saw) scale ~1013 - 101> GeV ?

SM vacuum metastablity scale ~10%° - 101t GeV ?

Some BSM models, some SUSY scenarios ~ 10%-10% GeV ?

EW scale (vgy,) ~10% GeV

QCD scale ~ 0.2 -1 GeV



Haubonee nonynapHoie HanpasnaeHua BSM npereHaytot
(at least partly)

- Crabunusmposatb EWSB mechanism no oTHoLwweHUIO K NeTaam

- CopeprKaTb KaHAU[ATOB B COCTaB TEMHOW MaTepumn

- CopepkaTb mexaHusm CP-HapyweHus, ytobbl 06ecneunTb reHepauuio
6apuoHoOM acummeTpumn

n

- BKAounTb, N0-BO3MOXHOCTU, FPaBUTALLUIO

Com Posiénggg &Lm

Supersymmetric models

(MSSM, NMSSM...)

Models with extra space dimensions
(ADD, RS, UED ...)

Models with new strong dynamics

(latest technicolor variants, Little Higgs... )
String motvated models




Supersymmetry Parameter Analysis:
SPA Convention and Project

B tan =10, Ay=0, 1> 0 Eur.Phys.J.C 46 (2006) (hep-ph/0511344)

1/fb — jets + MET (CMS)

==+ 0lepton + 4 jets (ATLAS)
- 1 lepton + 4 jets (ATLAS) TDU

= - sszu(cMs) o SPS1a’ mass spectrum

----- Higgs (2/fb ) (CMS) m [Ge\]

full CMSSM 600 L

400
200 | parameter space QL —— {2
2 = 68% C.L. ~ b
200> qr 2
95% C.L. . El
.300 — ]

NO EWSB

00 200 400 600 800 1000 1200 1400 1600 1800 2000 H'l]’ AU Hi i% -
100 | e i
1
The 65% and 95% CL regions favoured 200
by b->sy, (g, - 2), WMAP data. [
200 L EL 1-'2 -0 ~+

0 [ .
wof F— % 1R




Possible Manifestation

eCollision energy E > production thresholds

"New particle” ‘

—>New particles, new resonances W

Z', W, i;, p;, KK states, squarks, sleptons,
vector like fermions, excited states, leptoquarks ...

eCollision energy E < production thresholds

Eth EcoII

SM

|
I "New particle”

—>New effective anomalous interactions of SM particles

—>New particle contributions via quantum loops

(modification of SM decay widths,

production cross sections, kinematical distributions) Evy En

e In all cases couplings to SM particles should be large enough



Below threshold

Precision physics

SM Effective Field Theory (SMEFT)

;" \® C
Lsvert = Lsm + E —0; " + E

5)
J
A

: o+

¢, - dimensionless coefficients
O, — operators constructed from SM fields preserving
SM gauge invariance, and (optionally) other symmetries

Brivio, Trott Phys.Rept. (2019)

S. Weinberg, Phys. Rev. Lett. 43, 1566 (1979) Boos Phys.Usp. (2022)
00Ss YyS.USP.

W. Buchmuller and D. Wyler, Nucl. Phys. B268, 621 (1986) Falkowski EPJ C (2023)

Isidori, Wilsch, Wyler Rev.Mod.Phys. (2024)



The top-quark sector in the global SMEFT fit

10°

10?

10t

10°

Ranges 95% (TeV~2)
o
S

Towards global fits in SMEFT

F. Cornet-Gémez, Marcos Miralles Lopez,

Maria Moreno Llacer, Marcel Vos 2205.02140
Blasa, Duc, Grojean et. al
Contribution to Snowmass 2021, 2206.08326v5

2-quark operators

of the t- and b- EW dipole operators
he Z

030 = (@r'r” Q) (qn*i(BL IP) Ouw = (@t’a“vt) (Sw" WJV)
030 =(Q7Q) (w*i w)
Opi(s) = (E(B)7" t(b)) (91D

Chromo-magnetic dipole op. t-quark yukawa

O = (acnvf) (e9*Buv)

Oy = (1) (e9" 9'0)

O = (éa*‘“ TA t) (mp‘ G‘fv)

4-quark operators

Couplings of light quarks with t- and b-quarks
052)(1) Osg)(l) ogf"“) O‘(;“)(ll Og}(” OS&B)(M) OSqB)(l)

2-quark 2-lepton operators

Couplings of light leptons with t- and b-quarks

E HL-LHC W HL-LHC+ILC
B HL-LHC+CEPC B HL-LHC+CLIC
B HL-LHC+FCCee B HLLHC+FCCeetuC 3 TeV

¢

S L SR v Y G VL v

o

ge

Operator Coefficients

Process Observable NG |z Experiment
pp — tt do/dmg (1543 bins) | 13 TeV 140 fb T CMS
pp — tt dAc/dmyz (442 bins) 13 TeV 140 b1 ATLAS
pp — ttZ do/dp% (8 bins) 13 TeV 140 fb! ATLAS
pp — tty do/dpY (11 bins) 13 TeV 140 fb! ATLAS
pp — ttH do/dp¥ (6 bins) 13 TeV 140 fb ! ATLAS
pp — tZq o 13TeV | 7741 CcMS
pp— tyq o 13 TeV 36 fb 1 CMS
pp — ttW I 13 TeV 36 fb! CMS
pp — tb (s-ch) 4 8 TeV 20 fb! LHC
pp — tW I § TeV 20 fbt LHC
pp — tq (t-ch) ] 8 TeV 20 fb ! LHC
t— Wh Fo, FL § TeV 20 fb ! LHC
pp — th (s-ch) c 1.96 TeV | 9.7 fb! Tevatron
e"et — bb Ry, A% o ~ 91 GeV | 202.1 pb~! | LEP/SLD
10 Individual Uncertainty per Observable (95% prob.)
FITC
[HEP[IT
10?
5 E £
L Wl i
£ 10! | g/ g
E M 25 =B
g £ £ |
£ b 2
: h
@ <
10°
107t
Ci Cof Cdu Cey

a single-parameter fit - solid bars;
e global or marginalised bounds —
full bars (shaded region in each bar)



ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

. R _
Status: May 2020 - Ldt=(32-139) b s=8,13TeV
Model , Jdetst ET'™ Ldtifb] Limit Reference
ADD Gk + g/q oep 14j Yes 361 Mp 7.7 TeV n=2 1711.03301
‘é’ ADD non-resonant 2 36.7 Mg 8.6 TeV n= 3HLZNLO 1707.04147
-% ADD QBH 2j 37.0 Mitn 8.9 TeV n==6 1703.09127
c ADD BH high  pr le,pu 2 3.2 M¢n 8.2 TeV n=6,Mp = 3 TeV, rot BH 1606.02265
“E’ ADD BH multijst 3j 36 M 9.55TeV N = 6,Mp = 3TeV, ot BH 1512.02586
5 | RS1Gkk 2 36.7 | Gkk mass 4.1 TeV k/Mp = 0.1 1707.04147
® BulkRSGkk WW/ZZ multi-channel 36.1 Gk mass 23 TeV k/Mp = 1.0 1808.02380
Ej Bulk RSGkx WV  qq e 2j/1J  Yes 139 | Gkk mass 2.0 TeV KIMp = 1.0 2004.14636
Bulk RS gk tt 1ep 1b, 1J2j Yes 361 |Okk mass 38TeV /m= 15% 1804.10823
2UED/ RPP ey 2b 3j Yes 361 [KKmass 1.8 TeV Tler (1,1), B(A™ 1) = 1 1803.09678
SSMZ 2e 139 | Z mass 5.1 TeV 1903.06248
SSMZ 2 36.1 Z mass 2.42 TeV 1709.07242
™ Leptophobic Z bb 2b 36.1 Z mass 2.1 TeV 1805.09299
S  LeptophobicZ tt Ooep 1b 2J Yes 139 | Z mass 4.1TeV /m= 1.2% 2005.05138
8  ssmw ey Yes 139 | W mass 6.0 Tev 1906.05609
o SsMw 1 Yes  36.1 W mass 3.7 TeV 1801.06992
S | HVTW WZ qq modelB 1eu 2j/1J  Yes 139 | W mass 43TeV gv =3 2004.14636
g HVTV WV qqqq modelB 0Oe,p 2J 139 V mass 3.8 TeV gv =3 1906.08589
O] HVTV  WH/ZH modelB  multi-channel 36.1 V mass 2.93 TeV gv =3 1712.06518
HVTW WH modelB Oe,p 1b 2J 139 W mass 3.2TeV gv =3 CERN-EP-2020-073
LRSMWg tb multi-channel 36.1 WRr mass 3.25 TeV 1807.10473
LRSMWgr PN g 2y 1J 80 | Wr mass 5.0 TeV m(Nr) = 0.5 TeV, gL = gr 1904.12679
— | Clagaq 2j 37.0 21.8TeV .. 1703.09127
Q ¢l qq 2e,p 139 58TV GERN-EP-2020-066

Cltttt ey 1b, 1) Yes  36.1 2.57 TeV [Cal= 4 1811.02305
Axial-vector mediator (DiracDM)  0e, u 14j Yes 361 Mmed 1.55 TeV 0q=0.25,9 =1.0,m() = 1 GeV 1711.03301
= Colored scalar mediator (Dirac DM) 0e, u 14j Yes 36.1 Mmed 1.67 TeV g=1.0,m() = 1 GeV 1711.03301
Q VV  EFT (Dirac DM) oe 1J, 1j VYes 3.2 M 700 GeV m() <150 GeV 1608.02372
Scalarreson. t  (DiracDM) O-1e,u 1b,0-1J Yes 361 |M 3.4 TeV y=04, =02,m()=10 GeV 1812.09743
Scalar LQ 1% gen 1,2e 2j Yes 36.1 |LQmass 1.4 TeV =1 1902.00377
Q| ScalarLQ 2" gen 1,2 2j  Yes 361 |[LQmass 1.56 TeV =1 1902.00377
= ScalarLQ3" gen 2 2b 361 |LQ; mass 1.03 TeV B(LQ; b)=1 1902.08103
Scalar LQ 3 gen 0-1e,p 2b Yes  36.1 LQS mass 970 GeV B(LS t)=0 1902.08103
VLQTT Ht/Zt/Wb+ X multi-channel 36.1 T mass 1.37 Tev SU(2) doublet 1808.02343
g, i} VLQBB Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
® 5 VLQTssTssTys Wt+ X 2(SS) 3ep 1b, 1j Yes 361 |Tsamass 1.64 TeV B(Tsis Wt) =1,c(TsaWt)=1 1807.11883
§:’ g_ VLQY Wb+ X 1e 1b, 1j Yes 36.1 Y mass 1.85 TeV B(Y Wb) =1,cr(Wb)=1 1812.07343

VLQB Hb+ X Qe,y,2 1b 1j Yes 798 B mass 1.21 TeV s=0.5 ATLAS-CONF-2018-024
VLQQQ WqWgq 1ep 4] Yes 203 1509.04261
- @ Excited quarkq  qg 2j 139 |9 mass 6.7 TeV onlyu andd , =m(q ) 1910.08447
8 ¢ Excitedquarkg q 1 1j 367 |q mass 53 TeV onlyu andd , = m(q ) 1709.10440
‘G E Excited quarkb bg 1b,1j 36.1 b mass 2.6 TeV 1805.09299
flj & Excited lepton 3e 20.3 =30 TeV 1411.2921
Excited lepton 3e 20.3 =16 TeV 1411.2921

Type lll Seesaw 1ey 2j Yes 798 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana 2y 2j 36.1 Nr mass 3.2 TeV m(Wg) = 4.1 TeV, 0L = Or 1809.11105
& Higgs triplet H** 234e,u(SS) 36.1 ** mass 870 GeV DY produgtion 1710.09748
£ Higgs triplet H** 3eH, 203 DY production, B(HE* )= 1 1411.2921
Q Multi-charged particles 36.1 multi-charged particle mass 1.22 TeV DY pradugction, [q| = 5e 1812.03673
Magnetic monopoles 34.4 monapole mass 237 TeV DY praduction, |g| = 1gp, spin 1/2 1905.10130

5=13TeV 5=13TeV ol - N M A | N L PR S R | L L PR
partial data  full data 10 1 10 mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
TSmall-radius (large-radius) jets are denoted by the letter j (J).



Selection of observed exclusien limits at 95% C.L. (theory uncertainties are not included).

String resonance
Zy resonance

Wy resonance

Higgs y resonance

Color Octect Scalar, k7 =112

Scalar Diguark

ti+ ¢, peeudoscalar [zcalar), g7, x BRIg-21} =
th4 . peeudoscalar (scalari, g7 X BRIg=21} >

Excited Lepton Contact Interaction
Excited Lepton Contact Interaction

vector mediator (gg), g,=025, gou =1,m,=1GeV
vectormediator (). g, = 0.1 Gow= Ly =0.0Lm, =1 TeV
{axial-}vector mediator (gg). g,=025.go =1,m;=1GeV
{asial}vector mediator (], go= 025, Goee = LM, =1 GeV
{asial}-vector mediator ({19, = 0.1, Qo= LG, =0.Lm, > m, 2

stalar mediator {+441), 9, =1, gru= Lm, =1 Gev

scalar mediater {fermion portal), A, = 1,m, =1 GeV
peeudoscalar mediator (+jVV], gq =1, gon =1m, =1 GeV
poeudoscalar mediator (+4E) g,= 1. goy =1.m, =1 GeV
complex sc med | dark QD). my, =5 GeV, cTy, =25 mm

2 mediatar (dark QCD). m,,, =20 GeV. 5, =0.3, a,,, =afir
Baryonic Z', g, =025, g =1.m, =1 GeV

Leptoquark mediator, f= 1. B=0.1 A o = 0.1, B0 < Mep < 1500 GeV'

RPV stop to 4 quarks
RPY squark to 4 quarks
RPY gluing to 4 quarks

RPV gluings to 3 quarks

ADD (j) HLZ, fiea =3
ADD {yy, H} HLZ. ne = 3
ADD Gy EMISSION, e = 2

RS QBH ). neo =1

S QBH lepil. oo =
nan-rotating BH. M
Spit-UED, 1 =2 TeV.

=4TeV.nen =6

excited light quark [qy), o= F=F'=1,A=m]
excited b quark, f=F=f'=1,A=m;
excited light quark lqgh, A=m,

excited electron, fo= f=F'= LA=m,
excited muon, fr = f=f'= LA=m

WMEM, VP =18, [Vin[ =10

WMSM, [V VAV P + [Vl =10

pelil seesaw heavy fermions, Flavor-demacratic
Vector like taus, Doublet

scalar LQ [pair prad J. coupling to 1* gen. fermions, =1
scalar LQ (pair prod J. coupling to 1* gen. fermions, §= 05
scalar L (pair prod J, coupling to 2* gen. fermions, §= 1
scalar L (pair prod J, coupling to 2* gen. fermions, §= 1
scalar L (pair prod J, coupling to 2* gen. fermions,
scalar LQ [pair pred }, coupling to 3 gen. fermions, =1
scalar L) (single prod ), coupling to 1* gen. fermions, B=0, 4=
scalar L) [single prod . coupling to 3" gen. fermions, f=1.4=

Za. narmow resonance

SSMWiadh

LRSM Walthe}, Mn, =0.5My,
LRSM Walthin). My, =0 5Mu,
Axighun, Coloron, catf=1

E0T

FSXTXTXXXTXTXIXTTXTX XXXX XXTXXIXIXXXXXXTXXX X

Overview of CMS EXO results

CMS p y

16-140 fb~! (13 TeV)
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Portal models

Portal (mediator)

Vector (Dark Photon, A u )
Scalar (Dark Higgs, S)
Fermion (Sterile Neutrino, N)

Pseudo-scalar (Axion, «)

- 138 b (13 TeV)
‘%107375_ L iy T T T T R
O, £ \CMS Preliminary 90% CL Limits
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,§ 10®L Higgs portal models __
EE § = = Fermion DM 3
b 10—40 -

Scalar DM

104k Direct DM Detection —

Xenon1T 2018

OUF — LUX _
: —— Panda-X |l E
T ~——— CMDMSlite ;
. : — Cresst-Il §
) ——— DarkSide-50 ]
10% %
10—45 - ;
10O ST
10_477 Lo ¥ E

! 10 102 o
mpy, [GeV]

Gauge invariant interactions
£ /

. Bt
TosBy ' MVE
(US+AysS™)H H

_\‘NLHN

4F P,

; ~uv dyad— q 5
%C’i.uvci *%WY‘YW

fa' 1V
E.B., V.Bunichev, S.Trykov PRD (2205.07364)
0.010; T
: - | o
! e i =
=)
=
, =
--he=g H N
e A I .
0.001} S W
E % Is'u\\).'
pag) ;r'!'
w 4 C}Q‘I t’ 'I /\'
J’ H -':.0
f” f-'- QL
10_4 _-'*.é:'}."rb -
.¢".f{;‘r\(§
A
i <’
10792 3
0.001 1 10




= =1 :
Vs=14TeV, 3 ab" per experiment 103 B LEP - LHCpy o gov =1 B +HL-LHC, gy =1 BEE +FCC — o0, gy = 1

Total ATLAS+CMS Internal LEP + LHCRu_2, gov = 47 +HL — LHC, gy = 47 +FCC — ce, goy = 4
— Statistical Projections ESPPU 2025 S MEFT
—— Experimental
—_ Theory Uncertainty [%]
4 Tot Stat Exp Th 102
Ky 1.8 07 09 13 —
=
KW 1.6 07 06 13 t}
=
Kz 1.6 07 05 1.3 =
Kg

=]

10!
2.4 08 07 22
3.4 08 09 32
36 12 12 32 j
1.9 08 0.7 15 10

‘ WMMM

K:
KH 3.0 27 08 10
2, | 68 55 15 20 Values in % units | LHC | HL-LHC | ILC500 | ILC550 | ILG1000 | GLIC | FGGhh | pi-coll

0 002 004 006 008 01 012 Global fit | 12% | 5.1% 3.1% | 2.6% 1.5% 3.0% - -

Expected uncertainty M| it | 10% | s7% | 2e% | 2o% | 4% | 25%| 1% | 15%
Decay mode relative precision | B(W —ev) | B(W — uv) | BIW — 1v) | B(W — qq)
LEP2 1.5% 1.4% 1.8% 0.4% CERN-2025-005
LHC 1.0% 0.8% 2.1% 0.3%
future e*e” 3x107* 3x107* 4x107% 1x107*
Quantity current | ILG250 | ILC-GigaZ FCC-ee CEPC CLIC380
Aa(my)”T (x10%) | 18" 18* 3.8 (1.2) 18*
Amz (MeV) 21" | 0.7(0.2) 0.2 0.004 (0.1) 0.005 (0.1) 2.1*
ATz (MeV) 23" | 15(0.2) 0.12 0.004 (0.025) | 0.005 (0.025) 23"
| AA (x10%) | 190" | 14(45) | 15(8) | 072 | 15(2) | 60(15) |
AA, (x10°) 1500* | 82 (4.5) 3(8) 2.3(2.2) 3.0 (1.8) 390 (14)
AA_ (x10°) 400" | 86 (4.5) 3(8) 0.5 (20) 1.2 (20) 550 (14)
AA, (x10°) 2000* | 53 (35) 9 (50) 2.4 (21) 3 (21) 360 (92)
AA, (x10°) 2700* | 140 (25) | 20 (37) 20 (15) 6 (30) 190 (67)
| Aoy (pb) | szt | 0035(4) | 005(2 | B37°

6R (x10°) 24" | 05(1.0) | 0.2(0.5) 0.004 (0.3) 0.003 (0.2) | 2.5(1.0)
(><103) 1.6° | 0.5(1.0)| 0.2(0.2) | 0.003(0.05) 0.003 (0.1) | 2.5(1.0)
(x103) 22 | 0.6(1.0) | 0.2(0.4) 0.003 (0.1) 0.003 (0.1) | 3.3(5.0)
6Ffb (x10°) 31" | 04(1.0) | 0.04(0.7) | 0.0014(<0.3) | 0.005(0.2) | 1.5(1.0)
R.(x10°%) 17* ] 0.6(5.0) | 0.2(3.0) 0.015 (1.5) 0.02 (1) 2.4 (5.0)
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3aKknruYnTenbHble 3amevyaHus

e CM mopenb paboTaeT garke nyuyiie, Yyem 0XXuAanochb.
OueHb BaXKHbl BbIYMC/IEHUA U MOAeNUpPOoBaHMe ¢ yueTom 6os1ee BbICOKUX NOPAAKOB

e MHorue ¢aKtbl roBopAaT 0 TOoM, UTo CM He MmoXKeT 6biTb OKOHUYATE/IbHOI Teopueii

¢ [lpeanoXXeHo MHOXKecTBO BapuaHToB pacwupeHmna CM (BSM theories and models)
OcobbIit nHTEpEC BbI3bIBAOT MoAen ¢ nopTasamu (megmuaropamm)

e OyeHb BaXKHYIO POJib UrPAIOT OTPULaTeNIbHble pe3ynbTaTbl, KOTOPble 3aKPbIBAIOT
pasanuHbIe rMnoTe3bl, CY}KaloT A0NYCTUMbIe 06/1aCTU NapameTpoB HOBbIX Moenei

e OTpuuaTenbHble pe3yibTaTbl MOTUBUPYIOT MOUCK HOBbIX CLleHapueB, HOBble uaeu
® MHTEHCUBHbIE NOUCKU KHOBOI PU3NKN» NPOJOIKAIOTCA

BCEMM BO3MOXHbIMM cnocobamm Ha yCKOpUTENAX, Konnamaepax,
B Ha3eMHbIX U KOCMUYECKUX IKCNepUMeHTax



“It doesn't matter how beautiful your theory is, it doesn't
matter how smart you are. If it doesn't agree with
experiment, it's wrong”.

Richard P. Feynman



Cnacnbo 3a BHUMaAHMe



Back up slides



B-anomalies

_ BB~ Kty
- B(B* > Ktete)
_ BB - Kptum)
- B(B - K*e%e")
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g-2 muon anomaly

E989 data from
Brookhaven National Lab(BNL)

BNL g-2 - o
FNAL g-2 + o
A | N
§ 4.20 >
, 1 4
_._ *
Standard Model Experiment
Average

175 180 185 190 195 200 205 210 215
)
aFX1O -1165900

Recent CMD-3 result reduces significantly the tension for (g-2) anomaly
2302.08834 (due to measured shift in hadronic vacuum polarization)

Aau'lO9 ~29+07 — 13+0.7 <20



W-mass CDF anomaly (~ 340 pheno refs)

LHCB-FIGURE-2022-003

—— Total uncertainty

Stat. uncertainty
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CDFII
Science 376 (2022) 170 e

Electroweak Fit (J. Haller et al.) e
EPJC 78 (2018) 675

Electroweak Fit (J. de Blas et al.) .
arXiv:2112.07274
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KanOpoBouyHasi HHBAPHAHTHOCTD

/IBe OCHOBHBIC KOHCTPYKIUM VISl TOCTPOCHUS
KAJUOPOBOYHO-UHBAPUAHTHBIX JIATPAHKHAHOB

KOBapMa HTHbie Nnpon3soAaHble

: A, = A%t
D,=0,—igA.(v) g g
[ta7 tb] _ Z‘fabctc
a=1,2,3for SU(2)
a=1,..,8for SU(3)

TeH30pbl HANPAXEHHOCTU KaIMBPOBOYHOrO Nons

Fo = 0,A, — 0,4, —iglA,. A



