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In Ginzburg-Landau theory

The free energy in terms of the temperature T and the magnetization M
F(M,T) ~ Fy(T) + 1/2 12(T)M? + 1/4 \N(T)(M?)* + ...

F is invariant under rotations

The minimum condition for F

OF/OM; =0, [p*(T) + NT)M* M = 0

K 2(Tcrit) =0
If u2>0 the only solutionisM =0
If w2<0the solution is |[Mg|* = —p°/\

A particular direction chosen by the vector M, leads to a breaking of the
rotation symmetry.



Brout-Engelrt-Higgs mechanism (BEH)

Maccbl W n Z 6030HOB

Ly = D, dTD'D — 12 DTd — A (DTD) 2

O(r) = exp (-fﬁ) ( (v+ 2)/\/5 )

Maccbl KBapKkoB 1 nentoHoB, maTtpuua cmewmnBaHna CKM

Ly wrawa = —T7Q ' ®d)y + h.c. — T9Q, " ®u, + hoe. —=T9L, ' ey’ + hee. |
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Hobenesckasa npemusa no ¢usumke 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
dyHAaMeHTaNbHOM YacTULbl B Xoge skcnepumeHToB ATLAS n CMS

Ha boabwom agpoHHom Konnangepe UEPH



Y10 Ham 6b1/710 3BecTHO 0 6030He Xurrca CM
A0 ero npamoro obHapyeHua?



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 oanH cB060AHbIM NapameTp — macca 603oHa Xurrca

IR M2, M2, M2,
L = $(0h)(0uh) + ~ghh* = Gih® — Shhi+

2 _
+ (MWW + 103 Z,20) (14 2) = 5 mpff (1+ 1)
MpeackasaHMAa aNAa WUPUH pacnagoB U CEYEHUI POXKAEeHUA
no pas/It4yHbiMm moaam
OrpaHuyeHUa U3 ycnosmAa YHUTAPHOCTU U camocornacosaHHoctu CM
OrpaHu4yeHuA U3 NPAMbIX NOUCKOB

OrpaHuyeHUsa U3 CpaBHEHUI NeTNeBbiX BKNa[0B C
TOUYHbIMMU 3KNEPUMEHTA/IbHbIMU U3MEPEHUAMMU
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Combination (LEP + Tevatron):

M,, = 80385+ 15MeV  0.02%

Tevatron

M,,, = 173.18 + 0.56(stat) +0.75 (syst) GeV
LHC

M, .=173.3+0.5(stat.)£1.3(syst.) GeV

top

M,(GeV)

=
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Tevatron (in gluon fusion

with decay to WW):
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Combining all direct and indirect constraints:
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GFitter collaboration, Aug. 2011
M,, = 125 + 10 GeV



3. CamocornacosaHHocTtb CM Kak KBaHTOBOI TEOpUM NOAA
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4. U3 TpeboBaHna yHutapHoctu gna VV->VV (V: W,2)

\/: < 1.2 TeV if Vs « M, JInbo «HoBasA ?M;:\l/@» Ha macwTtabe

< 710 GeV if Vs » M, JIn6bo nerkunit Xurrc

St

No loose theorem!
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MonHaa wupuHa mana gna nerkoro 603oHa
Xurrca n BeaIMKa ANA TaXenoro

Ana maccbl M, ~ 1 TeV mmpuna I'y ~ 0.5 TeV
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MH < 130GeV:

- H — bb dominant, BR = 60-90%
-H — 7777, cC,gg BR=afew %

-H — ~7v,7%Z, BR = a few permille.

MH 2> 130 GeV:

-H—> WW* ZZ" upto 2 ZMW
-H — WW, ZZ above (BR — 2, 1)

373
- H — tt for high My; BR < 20%.

100 130 160 200 300 500 700 1000
M H [GCV]



4 main SM Higgs production modes at LHC
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OCHOBHble mexaHMU3Mbl poxkaeHusa Ha Tevatron HegocTMxMMble Mmoapl Ha Tevatron
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Search strategy:
M,, <135 GeV associated production and bb decay W(Z)H = Iv(ll/vv) bb
Main backgrounds: W/Zjj, top, Wbb, Zbb
M,, >135 GeV gg > H production with decay to WW*, WW
Main background: electroweak WW production, W/Zjj
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[GeV]
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Joxaansl Ha cemunape B LIEPH
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CeueHusa s onpeaeneHHbIX KHHeMmaTu4eCKux obnacrax

Vs =13 TeV Channel Measurement (fb) SM prediction (tb)
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T |( t|°t|. )I (|Stlat[ . |Sv|5t'| )

L B I A AL LB
ATLAS Preliminary ys=13 TeV, 36.1 b
— total stat.
Mopaa poxaeHus ttH: tiH 22 T <1.9(68% CL)
4.2 o (3.8 expected . 07 .
58 cxpected wn| eep 08 %0 (8.8
n=1.2 + 0.3
ffH bb o 0.8 ‘55 (93,708 )
ffH ML e 1.6 ‘0% (793,703 )
........................................................ i
ttH combined Fed 1.2 -0.3 ( 021 0.2 )
L 1 1 I 1 L I 1 1 1 I 1 1 1 I 1 1 L | 1 1 1
_2 0 2 4 6 8 10

best fit u_ for m =125 GeV
{iH



V(®) = 12B1® + \(PTD)?

1 /0
@HE(H—I—V)
2 2 2
Ly = L@h)(@,h) + %[ih i gf’lfz4+

M2 = 2)\v? = —2/2 A=0.13

weakly-coupled theory



* CraHpapTHasa mogenb - nepeHopmupyemas, cBob6oaHasn oT KUpasbHbIX aHOMaNNIA
KBaHTOBaA Ka/IMbpoBOUYHasa Teopusa NoJA CO CNOHTaHHbIM HapyLleHUeMmM
aneKkTpocnaboit cummetpun. Bneuatnsaiouwee cornacue ¢ 601bwIMm Yncaom
3KCNEepPUMEHTaIbHbIX AaHHbIX.

* MZ 5
CM (EW part) 17 napameTpos: -
gauge-Higgs sector - 4 napameTtpa: o
g1, 8, M3, A —>  best measured Rl

Al
o, G, M, (or o, sy My,) NAtoc M, A(LEP)
A (SLD)
B pononHeHue: 6 quarks masses, 3 lepton masses, sine.(Q.)
ixi : Acs
3 mixing angles, 1 phase of the CKM matrix AT —
A, | |
plusa,, =mmm) 18 SM parameters A, L
(+ may be masses and mixing parameters from neutrino sector) R:
Ry ]
(5)
I The Standard Model Aahad(Mi) i i : .
Fermions Bosons MW
w i
™,
mb
m, |
II-3IIII-2IIII-1IIIIDIIII1IIII2IIII3II
(0 T omeas) / Omeas

fit
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daKTbl, KOTOpble He HaxoaAT 06bvAcHeHuA B CtaHaapTHOM Moaenu

1. MexaHusm Xurrca Hagensaet 6030Hbl U peMUOoHbI Maccamum.
Ho no Kakoii npuunHe maccbl pepMUOHOB CTO/b Pa3/INUHDI ?
(M,,, =173 GeV, M, = 0.5 MeV, AM, = 103 eV)

top

2. TemHaa matepusa Bo BceneHHOMU

3. (g-2)u (about 3.5 o)

4. Ocyununnayum HeMTpuHO

5. AcummeTpua YacTulbl-aHTUYaACTULbI BO BceneHHoM,
npupopaa CP-HapyLwieHus

6. lpaBUTaLLOHHbIE B3aMMOAEICTBUA CyLLECTBEHHO cnabee aneKTpocnabbix.
B uem npuumnHa? Yto npegcrasnaer coboit TemHasa s3Heprua u noyemy Tak

Mana rpasUTalMoOHHaA NOCTOAHHAA ?



OcTaetca MHOXeCTBO BOMpPOCOB

UYro Takoe nokoneHue? TTouyemy nokoneHuid Tonbko 3?

Kakosa npupoaa keapk-nentoHou aHanorum? Kak cooTHOcATca Apyr Apyry NenTOHLI U KBAPKU?
DnemMeHTapHBI N KBAPKU U NENTOHLL?

CylecTByHOT SIU HOBLIE KBAPKWU U JIENTOHLI?

Uto onpenenset kanubposouHbie cummeTpumn? TTouemy KBAHTYHOTCA 3apaAbl vacTuu?
CylecTBy+OT SIU HOBLIE KANU6pOBOYHLIE B3aUMOAEUCTBUA?

Uto qpopmupyet noteHuman nons Xurrca?

TTouemy snekTpocnabeiii macwrtab ctonb man nNo cpasHeHUro ¢ maccou TTnaHka?
TTouemy rpasutauma cronb cnaba? Kak ee sknrouutsh B 06lyro cxemy?

TTouemy cTonb Mana KOCMONOruYyeckas NOCTosHHAA?

Hackonbko TouHa CPT-cummetpus?

CylwecTsyoT Sin HOBbIE CUMMETPUU B Npupoae?

CyliecTBYHOT NI AONOSHUTENbHBIE U3MepeHUs NPOCTPAHCTBA -BpemMeHU?

Uto Takoe TemHas 3Heprus U TemHas marepua?



npOCTEVILLIVIVI MeXaHu3m Xurrca HectabuaeH No OTHOLWEHUIO K KBAHTOBbIM NETNEBbIM

nonpaBKam K macce 6030Ha Xurrca (npobaema nepapxuii, HaTypaabHOCTH)

h
Pt
\
I

W.Z ;
\
\ /l
h —-»— - | h ———D——:‘{——P-—— h h —-»— -
h

w.Z

/

MonpaBKa He A0/MKHa NpeBbIWwaTb camy maccy. NMpobnema “manbix nepapxun”
3G,
2 2
Smy, = 4\/_ > @my +my +my —4m] )N ~—0.2 A)

dmy, < my, AN<~1TeV

B CM HeT cummeTpumn, Kotopas bbl 3anpewyana CTo/ib CUbHYH 3aBUCUMOCTb
Maccbl OT BO3MOXXHOro macwTaba “HoBon pusmnkn”

Something is needed in addition to SM...



npOCTEVILLIVIVI MeXaHu3m Xurrca HectabuaeH No OTHOLWEHUIO K KBAHTOBbIM NETNEBbIM

nonpaBKam K macce 6030Ha Xurrca (npobaema nepapxuii, HaTypaabHOCTH)

h
Pt
\
I

i
\
\ /l
h —-»— - | h———b——:"——b-—— h h —-»— -

W, Z

/

MonpaBKa He A0/MKHa NpeBbIWwaTb camy maccy. NMpobnema “manbix nepapxun”
3G,
2 2
Smy, = 4\/_ > @my +my +my —4m] )N ~—0.2 A)

dmy, < my, AN<~1TeV
Ho CM — nepeHopmMmupyemas Teopusa. PaccmoTpeHue B pa3aMmepHOU perynsapusaumm
M,(A) = My (V) — C y# M2 Ln(A2/v?) +...

B CM HeT cummeTpumn, Kotopas bbl 3anpewyana cToNib CUbHYIO 3aBUCUMOCTb
Maccbl OT BO3MOXXHOro macwTaba “HoBon pusmnkn”

(Ecsin ecTh yacTuna ¢ Mmaccoii M2~ A? u

B3auMozeiicTBue ¢ 6030HoM Xurrca CM Y 10CTaTOYHO CHIBHO )

Something is needed in addition to SM...
but one can not predict a scale...



Main options beyond SM

1. Fundamental Higgs:
- Supersymmetric models
(MSSM, NMSSM...)

More Higgses practically
in all BSM models

2. Composite Higgs:

- Models with new strong dynamics
(Chiral Lagrangians from holography,

latest technicolor variants, Little Higgs...)

3. Mixed cases:
-Models with extra space dimensions
-Partially composite models...

4. Many more (hidden valleys, landscape ....)



BSM searches

Collision energy > particle production threshold

-Searches for new particles
strongly interacting new particles with large cross sections (squarks, gluinos...)
top partners motivated by naturalness (stop, sbottom, vector like quarks, t* ...)
new resonances predicted by many BSM extensions (Z’, W’, it;, p;, KK states, )
extended Higgs sector (new neutral Higgses, charged Higgs)

Collision energy < particle production threshold

-Anomalous/new interactions of SM particles
(anom. gauge boson couplings, anom. Wtb couplings, FCNC ...)
-New particle contributions via quantum loops



Searches below threshold

Effective field theory approach
&
L=Lsy+ Y 550+

¢, - dimensionless coefficients
O, — operators constructed from SM fields preserving
SM gauge invariance



o 8

Anomalous Wtb couplings

u

proton

antiproton

V2

by ( fLp 4+ f%}PR) tW, —

_o"o, W
S W " (FFPL+ fRPR) t+hee

Natural size |1-f V], fgV ~v&/ANatural size f T, fgT ~ M, *V?/A2

50f" (7 TeV) + 19.7 fb' (8 TeV)

[ ] 955 CL observed
I 589 CL chserved

e B5% CL expacted
68% CL expected

04 05 06 07
R
Iyl

5.0 fb" (7 TeV) + 19.7 fb™ (8 TeV)

[ ] 955 CL oh=erved
[ &89 CL obearved

e Q5% GL expecied
B — B8% CL expected

015 02 025 03
L
5]



SUSY

Supersymmetry is one of the most favorite BSM ideas,
relating spin % fermions with spin 0,1 bosons

()|Boson) = |Fermion)

Q" |Boson) = |Fermion)

Fermion degrees of freedom <> boson degrees of freedom

J Gauge / Gaugino Sector

Minimal particle content

[ Particle / Sparticle Sector

Standard Bosons Supersymmetric
Partners
Charginos
Wt HE -
X1 K2~
g Z Neutralinos
h H A K1D Kzn Kan Ian
Gluinos
G; ~
Ui
[Two Higgs doublets] [All fermions]
And also ...
Graviton G Gravitino G

Standard Supersymmetric
Particles Partners
Leptons Sleptons

(' {ff'?,f_
Neutrinos Sneutrinos

l"ﬁ V:{F
Quarks Squarks

q R,

[All scalars]




SUSY

1. Cancellation of the leading scale dependence

M,, is protected!

2. Lightest SUSY particle is stable (if R-parity) — Dark Matter candidate

3. Unification of couplings
in contrast to SM

4. Fit of EW precision data

8060 T T T T T T T T T T
I~ experimental errors 68% CL:
p— 1/ i LEP2/Tevatron: today
a, | — LHC: future (8M,, = 5 MeV)
ol = O 80.50
3
40 1o}
23 L
SOHE 80.40
209
mit Supersymmetrie 0
10 — i =
1 /(l_\ 80.30 | SM|M,, =127 GeV
P I I B
o 10° 10%° 107° [l I I (.

Heinemeyer, Hollik, Stockinger, Weiglein, Zeune '12

MSSM, M, = 123..127 GeV

SM, MSSM [EEET |

| |

168 170

energy (GeV)

72 174
m, [GeV]

176 178



M,, is protected due to cancellation of A2dependence!
- _i\

H_ (}H AN H ,} (X, = V6 M,y Maximal mixing scenario)

_/ -
¥ !

| I . . Meugy = /Mg My,

; 3md M2 rQ X2 _ X2 -

A 2 t l SUSY i l o i j&t — Ai — U cot )’

T e (M) T 12012
T i Msusy Mgusy
Large loop correction tan 5 = o » My
1

M,2<M,? + Am,?

O

(125GeV)?2 (91 GeV)? (86 GeV)?

2 complex scalar doublets => 8 degrees of freedom

O
o = ( (va+pa+ma)/\/§>’ a=12

As in the SM 3 Goldstone bosons are absorbed (“eaten”) by W* and Z

h, H - CP even scalars,
5 physics degrees of freedom A - CP odd scalar,
H*- sharged scalars



95% CL limit on o/cg,,

5% B(A — Zh — libb) [fb]

CMS t 51fb'1 7TV t 197fb'1 8TV E IW|I||I|IIII|IIW\IIIIIIIIIIIIIII‘\[IIIIIII
up to o. eV)+ up to B e [ b
103 ET 7 7 F: | ( L ) T pl LI (l T ) & = ATLAS — = [l expected
E = Combined === Combined (exp. +20) 3 |’\T 10 {s=8TeV, 203"’ === llggFvvgg expected |
- H - WW - 2(2 H - wWw e ] N E. e livv expected E
ol - - v - = W | T C Y e Combined expected J
10 ; —H 522 52(2v ™ H >2Z - 4¢( é 5 : . '. —e— Combined observed |
[ ——H 2z > 202t ] g 1 o
i ] E N + E
| —— H >2Z - 2(2q X E D sz =
10 w E ]
C [=)} ]
: L=

©
c
1 o 10'15—
= =
£ C
- L
107§ = S~
: ; B 102 99F
- . E H—ZZl v+ llgg vvag
i ] Coolov b b bonn b b b i
Ve l 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1
102
200 400 800 800 1000 200 300 400 500 600 700 800 9001000
A — Zh - libb L=19.7f" (8 TeV) 12.9 " (13 TeV)
Eﬁ; T 11 T T I I S T 1” i \ \\l\ ||||# CMS SSEISE:Z::I“. e
a0l L BS%TLLimns Preliminary L™ 25 2 Bt X 6M
. @_60I|\\I|I\\|II\III\\II|\ LI ='J
30 S [ mp°“ scenario ] t SUSsY
20 et/ | = ]
Expected 500 ]
: i ]
10\ 0 ]
| - L 40f V6 —1.6
- 8
""" : 30
[
C
20F
2 ' |
. | , 10 -
1 H\llh Mass Reqi
wrmdey Ty Smae S P R S N N NN

400 450 500 80 [GES]W 200 400 600 800 1000 1200 1400 1600 1800
A
m, (GeV)



Moucku 3apsaxKeHHoro 603oHa Xurrca

- = Median expected exclusion

- Observed exclusion 95% CL
Observed +1o theory
Observed -1o theory

Q
80 90 100 110 120 130 140 150 160
T

19.7 b (8 TeV)
CMS |

tan B

pp — Hb)H"

H'—=tv, final states:
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H'—tb final states:
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SUSY searches

In order to establish SUSY one needs:

-find superpartners

-measure spins which should differ by %
-demonstrate their couplings are the same
-their guantum numbers are the same



Searches for strongly interacting superpartners

Gluino and squark

signatures:
— U T T T I T 1 T T T T T T T T T T S i I | ‘ I I | I ‘ I | I I ‘ | I I I | I I I ‘ I j
> y © 2?00CATLAS Preliminary Vs =13 TeV, 13.2-14.8 b =
= / 9 o §— G, O-lepton, ATLAS-CONF-2016-078 7
o o 2000 1 ]
ot 2/ ci):‘— C g cW), O-lepton, ATLAS-CONF-2016-078
g e Ef 1800~ §— AWz, 1-lepton, ATLAS-CONF-2016-054
< /. 1600 - - GIWZZ., SS leptons, ATLAS-CONF-201 6-037-
|2 / C g tfy,. SS leptons, ATLAS-CONF-2016-037
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// /1 - 7
ey 1000— —
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500 1000 1500 2000 = ]
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tt — ttxlxl

Searches for Stops

CMS Preliminary

{s=8TeV, [Ldt=19.5 fb"

LI e s e e e
— I I
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Many other searches for superpartners

R-parity conserving scenarios

/;c

P 5‘.1
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Gauge mediated scenarios

=
:JJ]'.
o

R-parity violating scenarios
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Models with extra space dimensions

we are confined on some 4-dim. brane imbedded into higher dim. bulk

ADD type models

EXTRA-DIMENSION

,/chumi UED type scenarios
%éi%é with SM fields in ADD or RS bulk
‘-\f X KK-parity ->
% LKKP is a good DM candidate
A& = 1\ :
*? UNIVERSUM S-ocans

Can unify the forces

Can explain why gravity is weak (solve hierarchy problem)
Contain Dark Matter Candidates

Can generate neutrino masses

RS type models

Plank brane

NN,

Graviton

Tev brane
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Searches for various resonances

Simplified models



Searches for W' in top+b
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MoucK pe3oHaHCOB, pacnagaloLWnxcs B ABe JIerKUue CTPyu
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o(pp— tTXB(t* — tg)? [pb]

Bo36y)XAeHHbIN TON-KBapK

35.7(e), 35.9(1) fo'' (13 TeV)
[ [ [ | [ [ [ [ | I
CMS 444 R-S model (B=1)
1lep, =6 jets, 2 b jets

95% CL upper limit
Observed

----------- Median expected
I 68% expected
95% expected

\
%

1 | 1 1 1 1
1000 1500
t* mass [GeV]




Vector like top partners

Vector-like quarks - spin 1/2 particles with the same color and
electroweak quantum numbers for left and right components
Masses not from the BEH mechanism

Q, Qg mass terms are allowed by EW gauge symmetry

VLQ appear in many BSM extensions

Matsedonskyia, Panicob, Wulzer

partner (MG name) | Q W= 7 A WEW*
Ty3 (T23) 2/3 | W IW | T2 T2 ¢Th, (T -
B3 (B13) 13| BV, eBW | (B2 (B2 (Bh o Bh -
X5/3 (X53) 5/3 | W, g - o B
Yi/5 (Y43) A3 W, W - o B
Vs (VS3) | 83| _ S

Example of the simplified model Lagrangian
(after mixing and mass matrix diagonalization )

%”c‘EW T br WH| + hec.

Cgh [TR tr, h} + h.c.



Similar limit at 13 TeV with just 2.3 fb-! integrated luminosity

CMS preliminary Vs=8TeV 19.6 fb™
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Also some limits are set on couplings
and masses from single VLQ production



Leptoquark searches

LQs are predicted by composite models, GUT ...

Production channels

Decays
q
—m == Ay
LQ
(

g JLQ g _-1Q
Y 4 P> 3
A »
# 7~
g e ~ o
N ~
g Q¢ ~LQ
g 000000000 — — — -LQ ¢ LQ
o
: s
/7
FLQ
| N
— N
g9 000000000 — =« - -LQ ¢ MLQ

Final states for leptoquarks of three generations

LQ1 — eu, ed, v,u, vd
LQ2 — pc, ps, v,C, V,S
LQ3 — tt, b, v.t, v.b



1st generation LQ mass limit for f=1
2nd generation LQ mass limit for f=1
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L B B B L L

E— LQ1LQ1 production, LQ1— eq

Ll

2z c;LCH X B2 x 0-thet:try (B=1)

observed limit

— — expected limit
expected * 1o
expected * 2¢

% Al limits at 95% CL
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1165 GeV for =1

Sensitivity is similar for ~20 fb- at \s = 8 TeV and for ~3 fb? at Vs = 13 TeV



ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2017 J£dt=(3.2-37.0)fb? s =8, 13 TeV
Model £,y Jetst ET™ [rdeff Limit Reference
T T — T T T T — T T T ——T
ADD Gy + 8/9 e,y 1-4]  Yes 361 Mg 7.75 TeV n=2 ATLAS-CONF-201 7-060
ADD non-resanant ¥y 2y - - 36T My 8.6 TeV A = 3HLZ NLO CERN-EP-2017-132
ADD C8H = 2j = 370 Ma 8.9 TeV n==0 1703.08217
ADD BH high ¥ pyr =2lep =2 3z My B.2 TeV A= & Mp — 3 TaV, rct BH 1B0B.0Z2ES
ADD BH multijs - z3j - <X My 955 TeV =06 Mp=3TeV et BH 181 202586
AS1 Gy — ¥¥ 2y = - 36.7 Gy mass. 4.1 TeV KMe =01 CERN-EP-2017-132
Bulk RS Gy — WIW — ggiyv Teu 1Jd Yas 3.1 Gy Masa 1.75 TeV e =10 ATLAS-CONF-201 7.081
2UED ! RPP 1ep 22b, 23] Yes 13.2 KK mass. 1.6 TelV Tiar (1,1), B ALY — 41) =1 ATLAS-CONF-201 6-104
SEM Z° — (f 2ep - - 36.1 2’ mass 4.5 TeV ATLAS-CONF-201 7-027
S5M Z° — =1 27 = = g1 Z' mass 2.4 TeV ATLAS-COMF-2017-080
Leptophote: 2 — bb - F4] - 32 |z mass 1.5 TeV 160306751
Leplophobic Z° < tr 1eu =1b,z 102 Yes 3z Z' mass 2.0 TeV Fim=3% ATLAS-CONF-2016-014
SS5M W — v 1en - Yas 36 W' mass 5.1 TeV 1TOEO47BE
HVT V" — WV — gagg model B De 24 S 36.7 V* mass 3.5 TeV g =1 CERN-EP-2017-147
HVT V" — WH/ZH model B multi-channel 36.1 W mass 2.93 TaV Bv=3 ATLAS-CONF-Z01 7-055
LASM W — tb 1ep 2b,0-1)  es 203 14104103
LASK Wy, — th Den =1b,14d - 20.3 1408 0886
Cl gggg S 2j = arao A 21.8 TeM a1, 170508217
. Clfiqg 2e.p - - 36.1 A 401 TeM o ATLAS-CONF-201 7-027
Gl wutt 2SSV en 21h 211 Yes 203 | €l = 1 1504.04505
Axial-vector mediator (Dirac D) Oeu 1-4j Yoz a6.1 e 1.5 TeV H,=0.28, g, =1.0, miy) <200 Ga¥ | ATLAS-COMF-2017-D50
. Vecior mediator (Dirac D) Oep 1y =1]j Yag 36.1 My 1.2 Tel Baq=D0.25, g =1.0, miy) < 450 GaV 1704.03848
WV oy EFT (Dirac DM) Qe 14, 21)  Ves az M, TO0 GeV miy) < 150 GeV 1B0EOZAT2
Scalar LQ 19 gen 2e =2] - 2z | LOmass 1.1 TeV F=1 160608025
. Scalar LQ 2™ gen 2p =2| - az LQ mass 1.05 TeW F=1 1E05.06035
Sealar L0 3" gan Tep  21h23 wes 203 S f=0 150804735
VLA TT — He + X Dorlep =22b 23] Yes 132 T mass 1.2 TeV BT = Hrp=1 ATLAS.CONF-2016:104
VLE TT = Zt + X Te.p =2=1b 23] Yas 6.1 T mass 1.16 TeV BT Ze)=1 170510751
VLA TT — Wb+ X Teu =1b 2102 Yes 36.1 T mass 1.35 TeV BT — Wb =1 CERN-EP-2017-004
VLG B8 — Mb 4 X Ten 22b, 23] Yes 203 HE — Hb) =1 150504306
VIO BB - Zb+ X 223 e 221D o 203 H(E - ZIb) =1 14025500
VLD BB — Wi X Tew z=1b, =102 Yas 36.1 B mass 1.25 TeW BB — Wi =1 CERN-EP-2017-084
VLQ Q7 = WaWaq 1ep =4 Yas 203 150504261
Eucited quark q° — qg - 2j - 3v.0 q" mass 6.0 TeV anby u and d*, A — mig"} 170308127
Excited quark g* — gy 1y 1j = e A q" mass 5.2 Te¥ anly u* and a”. A = m(g”) CERN-EP-2017-148
Excited quark &° — bg = 1h1j - 13.3 b* mass 2.3 TeV ATLAS-CONF-2016-060
Excited quark &* — Wi Tor2epn 1b,20] Yes 20.3 G=fi=m=1 151 DLO26EL
Excited lepton £ 3ep - - 203 A= 3.0 Tew 14112921
Excited lepton v et - 203 A= 16 TeV 14112921
LASM Majorana v 2a.0 2j = 203 i W) = 2.4 TaV, no mixing 150606020
Higags triplet H** — 0¥ 2,34 = p (S8) - - 96.1 O praductian ATLAS-COME-201 7-05%
Higgs triplet H** — i'= JepmT - - 20.3 D production, B{H;* — /r) = L 14112921
Monotop [mon-res prod) Tep ib Yag 203 Ppm—upy = 0.2 141085404
Muli-charged particles - - - 20.3 B praductian, [q) = Se 1504.04188
Magnsatic monopoles = - = 7.0 O praduction, |g] = Llgo. spin 172 150508089

*Only a selection of the available mass limits on new states or phenomena /s shown

+8mall-radius (large-radi.

) jets are denated by the letter | (J)

107!

"There are more things in heaven and earth,
Horatio, than are dreamt of in your philosophy.”

-- Hamlet

10 Mass scale [TeV]
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Dark Matter searches
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Direct Detection (t-channel)

q

X E‘IOSG? L R R T T ‘IHHE %1035? T T T TTTTT T ‘IHHE
F CMS Preliminary F -
0,107 = Y4 STk =
= ok ‘ = wf \MPLE"‘”Z 2
o107 oM, G=7Tev,51’ e A ©10TF = F
q X L L e @ 1B, ef £
MET O 10T = CMS, {5 = 8 TeV, 19.5 o' 3 o107 =
monojet + W 1 @D b -
@10 = 9" E et T
CO) 10—41? _é 8 10—41? —é
q a2 - Azl —
a X gl = s
D 10¥ = ©10*E =
[S] = 4 o E =
S 10 = 210tk - 5
9 h 9x z 5 = Z  [CMS Preliminary :
X107 @t 5 X107 e v 0@y Q)=
E  Spin Independent, Vector Operator ———— 3 E Spin Dependent, Axial-vector operal::vr”—z,'s E
7 7 1061 Ll Lol AT 100 Lol | A L
4 X 1 10 107 10’ 1 10 107 19
M, [GeV/cT] M, [GeV/c?]
4 ya
- CMS Preliminary 19.7 pb‘1 at ys=8 TeV
Dark Matter searches in I R e M
a 1 Vector DM theory ox Br ~ _
association with single to & | i
g p < S expected limit
g 0.8 —=— observed limit ]
5 3 i
- - expected+ 16 limit
£ 3 i
= 0.6 A l:l expected + 2 & limit ~
- i
G 3 ; ;
< 04
[t}
=)
0.2
‘ Ll A I B

gOO

600

700 800 900

M (GeVic?)

gy, (x-proton) [cm?]

95% C.L. limit on ¢ x Br (pb)

-

S
(5]
o
&

—

S
W
@
T

b

S
w
(=]
T

-t

S
w
©
T

10742

DM

DM

Collider Searches (s-channel)
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HabniopeHue peakoro pacnaga B%, — mesoHa B napy MiOOHOB p*p” Ha OCHoBe
COBMECTHOro aHa/m3a AaHHbiIX getektopos CMS n LHCb Ha BAK

My6nukauusa B xxypHane: Nature 522 (2015) 68 (MmnaxT dakTop 41)

b MSSM R

HY/A®

PacnpepgeneHue no MHBAapUaHTHO macce Py

CMS and LHCb (LHC run )
= T T T T T T T T T T T T

anl
o0

B%, — Me30H coCTOUT U3 s-KBapKa M aHTU-b-KBapKa. E

4]
a

T TTTTT

M3mepeHHan 3KCNepMMEHTaIbHO OTHOCUTENIbHAA BEePOATHOCTb pacnaga
B?, — me30Ha B Napy MIOOHOB p*p

Br(B% —p'n )ep = (2.8 797 )% 107

B nonHom cornacum ¢ TeopeTnyeCKMm pac4etom B pamMmkKax C'raHp,ap'rHoﬁ mogenun

Br( BOS _)p'-l-,’l- )theory - (366 + 023)x 10-9 L wl_u ‘ J?U: - :_mluq‘\) l 5.6100 —— 5‘5133 ‘

B
=}

Muk ot pacnaaa BY,

Weighted candidates per 40 MeV/c?
@

BnepBblie npamo Habawpganca 3ToT pegkun pacnag, !

MHorue moaenu 3a pamkamu CtaHAapTHOM Mogenu npepcKasbiBaZv yCUeHUe 3TOro pacnaga.
3™ mogenu nnbo 3aKpbITbl, NM60 061aCTb NAapameTPOB 3TUX Moaenei Tenepb Pe3Ko orpaHMYeHa.



Ho noka He HaUAaeHbl AOCTOBEPHO
HU HOBbIE YacTULLbl U B3aMMOAENCTBUA,
HU OTKNIOHEHUA BO B3aMMOAEUCTBUAX,
npeackasaHHbIX CTaHAapTHOU MOAenblo



Events / 20 GeV

The 750 GeV diphoton excess —
IOYUUTEJIbHDBINM IIPDHUMED HE OIIPpaBAABIIMXCSI OTKPBITHHM

CMS Preliminary 2.7 fb” (13 TeV, 3.8T)
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No signal with new much larger data set

* Data
—— Background-only fit
Spin-0 Selection
Vs = 13 TeV, 2016, 12.2 fb
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Nominal LHC: Vs =14 TeV, L= 1x103*cm™2 s! (Note: 1.7 1x10%**cm2 s achieved already)
Integrated luminosity to ATLAS and CMS: 300 fb! by 2023 (end of Run-3)
HL-LHC: Vs = 14 TeV, L= 5x1034cm2s!

Integrated luminosity to ATLAS and CMS: 3000 fb-1by ~ 2035 _ _ )
Fabiola Gianotti
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Conceptual design study of a ~100 km ring:

pp collider (FCC-hh): ultimate goal
Vs ~ 100 TeV, L~2x1035; 4 IP, ~20 ab'/expt

e+e-collider (FCC-ee): possible first step \'- ong tunnl
Vs = 90+350 GeV, L~200+2 x 103%; 2 IP

ep collider (FCC-he): option Vs ~ 3.5 TeV, L~1034




Expected precisions for Higgs couplings

Snowmass Higgs working group 2013

Facility LHC HL-LHC ILC500  ILC500-up ILC1000 ILC1000-up CLIC TLEP (4 1IPs)
V5 (GeV) 14,000 14,000 250/500  250/500  250/500/1000  250/500/1000  350,1400/3000 240/350
fﬁdz‘ (tb_l) 300/expt 3000/expt 2504500 115041600  250+500-+1000  1150+1600+2500  500+1500-+2000 10,0004-2600
oy 5-T%  2-5%  8.3% 1.4% 3.8% 2.3% —/5.5/<5.5% 1.45%
Kg — 3% 3 — 5% 2.0% 1.1% 1.1% 0.67% 3.6/0.79/0.56% 0.79%
KW 4 — 6% 2 — 5% 0.39% 0.21% 0.21% 0.13% 1.5/0.15/0.11% 0.10%
Ky 4 — 6% 2 — 4% 0.49% 0.24% 0.44% 0.22% 0.49/0.33/0.24% 0.05%
Kp 6 — 8% — 5% 1.9% 0.98% 1.3% 0.72% 3.5/1.4/<1.3% 0.51%
Kd 10 — 13% 4 —7% 0.93% 0.51% 0.51% 0.31% 1.7/0.32/0.19% 0.39%
Koy 14 — 15% 7T—10% 2.5% 1.3% 1.3% 0.76% 3.1/1.0/0.7% 0.69%
m?2 2m
£—n32—H3+H,Z—Z ZMH + Kk WW+W rH
+ Ky 127r GG H + m},Q A AP H + Kzy Aw,Z YH
TT!,f —_ Tﬂf — Tnf f—
—\me Do ST Y TR D ST H
f:u:‘cﬂt f:d781b f:e;;‘i';’r
EWKino ?
Stops/sbottoms % ®HE-LHC33
® HL-LHC14
Squarks/gluinos % LHC14
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2 3 4
Mass Reach, TeV



-HeTt 06wenpuHAaToro o6vacHeHna paga asneHnin (DM, CP, nepapxma macc, ocUUANALUN v...)
-HeTt aprymeHTOB Ana BeanumnHbl macwitaba Hosot pusmnku B TaB-Hou obnactu

-He namepeH npodpunb notreHumana Xurrca

-He AOCTUTHYTO ecTecTBEHHbIX TOYHOCTE B U3MEpPEHUAX KOHCTAHT B3aumogencresma Xurrca
-He onpaBganuncb HageKabl Ha Hanbonee ectecTBeHHbIE CynepcCUMMMETPUYHbDbIE CLeHapuun
-He HailpeHOo 3HaUMMDbIX U 06LEenPU3HAHHDbIX OTKJIOHEHUIA BO B3aMMOAENCTBUAX

-He HaaeHO HOBbIX YacTuy, Ha TaB-Hbix macwTabax

Hapo npopon»KaTb NOUCKU NO BCeEM BO3MOXHbIM HanpassieHUam !



“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



