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SM processes and beyond

Motivation to search for new physics 0 % 31" (13 TeV)

O Many theoretical scenarios beyond the Standard Model predicts phenomena thatcan o 10 % CMS T"‘gi’“";”“{-

be discovered in the channel with a pair of muons; 9 10° = 2015pp data Iy = ﬁ‘* (A
Q The Drell-Yan process - q@ = y/Z°/Z’ - 111~ - is one of the critical tests of the SM. 2 0tk B

In SM the process is calculated with great precision: NNLO QCD & NLO EW; Q - = Lowmase doublemuon + rack
O Test the Standard Model on a new energy scale (~ several TeV); W 10" Doublemuon inclusive
L Events with a pair of muons have a simple experimental signature; 10°E
L The Compact Muon Solenoid (CMS) experiment at the LHC is optimized for

ery clean experimental signatures!
Nobel prizes: J/v (1974—1976). Z (1983—1984), H™=% 4¢ (2019)

measuring high pT muons (up to several TeV).
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New Physics (Z’/Zﬂ/Gﬂ) contributions to SM processes: % ® background 3

O Spin-1 resonances (Extra gauge boson (Z'), DM...) " * data
O Spin-2 resonances (RS1 graviton...)
O Non-resonant signals (Extra dimensions ADD...)
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Signals: di-leptons resonance states in high (~TeV) invariant mass
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CMS Detector and Collected Data

Large general-purpose particle physics detector

Total weight 12500t
Overall diameter 15.00 m
r T T T T T T T Overall length 21.6 m
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Detector subsystems are designed to measure:
the energy and momentum of photons, electrons, muons, jets,
missing ET up to a few TeV

Total Integrated Luminosity (fb')

CMS Integrated Luminosity, pp, Vs =17, 8, 13 TeV

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC
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B LHC Delivered: 192.29 !
[1 CMS Recorded: 177.65 !
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RUN1@7 TeV: 5.55 fb! (rec.)
RUN1@8 TeV: 21.79 fb! (rec.)
100 RUN2@13 TeV: 150.26 fbl (rec.)
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Heavy Resonances: Z' and RS1 Limits

e The likelihood function is based on probability density functions (pdf) that describe
the signal and background contributions to the invariant mass spectra

w N
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. i=1
* The expected cross section limits are expressed as the value of the function R. o(pp = Z' + X — 10 + X)

The use of this ratio eliminates the uncertainty in the integrated luminosity and reduces Ro =

oclpp =2+ X = 0+ X)
the dependence on the experimental acceptance, trigger, and offline efficiencies
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Heavy Resonances: Generalized Extra Gauge Bosons

The mass limits can be expanded at the other theoretical models:  Grand Unified Theory (GUT) E6 or SO (10), SSM etc.

The cross section for charged lepton-pair production via a Z’ vector boson can,

in the narrow-width approximation (NWA), 137 fb™ (13TeV, ee) + 140 fo'' (13 TeV, pup)
can be expressed in terms of the quantity c w +c,w, G 10 000 GeV JHEP07(2021)208 CMS

T 9 y | 6800 GeV ﬂ\

o = =L, ME) + cquwals, M), ey

S 6200 GeV

o " 6000 GeV

97 w2 | u2yia - 1071 2600 Gov

—_— o e
Cy = ?{g}" + g4 )B{‘E [ )v - 5400 GeV

[ 5200 GeV
r2

ca = (gt + g)BU). |
The parameters ¢, and ¢4 contain information from the model- 10° - 4400 GeV
dependent Z' couplings to fermions in the annihilation of charge 2/3 | Mixing angle: *
and charge -1/3 quarks; w, and w, contain the information about PDFs : T Eﬁiﬁjﬁm) ﬁ,ﬁf’fﬁ,“é_L
H e (0,7/4) M WN, S
The limits on the Z’' mass are shown as lines in 10" ST . T | T N
the (c,,c,) plane intersected by curves showing (cg,c,) 10" 10° 10° 10"

as a function of a mixing parameter for various models. Cq



Heavy Resonances: Dark Matter

The results are also interpreted in the context of a simplified model with a DM particle
(13 TeV, ee) + 140 fb ' (13 TeV, p*)

that has sizeable interactions with SM
fermions through an additional spin-1
high-mass particle mediating
the SM-DM interaction
(recommended by CERN DM group ‘Phys. Dark Univ. 26 (2019)’)
v’ vector mediator with small couplings

to leptons:

8,=0.1, gpu=1.0, g=0.01
v’ axial-vector mediator

with equal couplings to quark and leptons:

gom=1.0, 8,=8=0.1
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In the vector (axial-vector) mediator model,
mediators with masses below 1.92 (4.64) TeV are excluded.




Non-resonant signals: Extra dimensions

No significant deviations from standard model 16

expectations are observed. =
= 14

Arkani-Hamed, Dimopoulos, and Dvali (“ADD”) model <|—
with large extra dimensions (n = 2..7) 12
_ 10
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Overview of CMS Exotica

Dark Matter

Heavy Gauge Bosons

Selection of ebserved exclu:

5% C.L.

http://cms-results.web.cern.ch/cms-results/public-results/publications/
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Overview of CMS EXO results

16-140 fb~* (13 TeV)
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Conclusions

L CMS performed a wide program of search for particles and phenomena with all Run2 statistics 140 fb1;

(d RUN1 and RUN2 data demonstrate triumph of Standard Model:
many Exotica Models were tested in the channel with dileptons in the final states;

1 Upper limits of new phenomena models are improved;

1 The next step: RUN3 - will start in 2022, expected integrated luminosity ~300 fb! at vs=13.6 TeV!
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Randall and Sundrum (RS1) of extra dimensions

5-dimensional anti-de Sitter space where the elementary
particles (except the graviton) are localized on a (3 + 1)-
dimensional brane or branes.

The RS1 model attempts to address the hierarchy problem.

KK gravitons contribute to SM processes (in
particular, Drell-Yan)

49,99 > Gy > e7e " ,u"u”yy, jet+ jet



Simplified model with a DM particle

v" has sizeable interactions with SM fermions through an additional spin-1 high-mass

particle mediating the SM-DM interaction p

v only one DM particle exists, which is assumed to be a Dirac fermion

v’ two cases with different sets of benchmark coupling values
— a vector mediator with small couplings to leptons
— an axial-vector mediator with equal couplings to quarks and leptons

While the DM particle is not probed directly, its mass indirectly new mediator

modulates the sensitivity of the dilepton search: Drell-Yan type process
(sensitive directly to my,.q4, 9, ,9,)

Simplified models
5 parameters: Annihilation Scattering Production p

| [1507.00966]
" mpy - DM mass qu qxq qxx
u mMed - med|at0r Mass . X q X X q X » .........
" G- cou-pllng.of a mediator-DM-DM vertex e Direct Collider — qz
= g, - coupling with leptons o T 900d for low fhi

= g, - coupling with quarks



OTKpbITble Bonpockl CTaHAapTHOM MOAENM

HenocTtaTKn 1 OTKPbITble BONPOCHI
CTaHOAPTHOM MOAENN:

v' Mpobnema nepapxmm AByx CUAbHO
OT/INYAIOLLUXCA NO BEANYMHE
SHepreTMYecKknx maclTabos — NIaHKOBCKOMo
(10%° B) u anekTpocnaboro (102 MN3B)

v' Mpobnema nepapxmm ¢pepmMmMOHHbIX Macc
(0b6bACHEHME pa3HULLbI MacC PasHbIX
NMOKONEHWNI KBAapPKOB M IENTOHOB), Macca
HENTPUHO, 0bbeanHEHME B3aUMOAENCTBUN,
BKJOYEHMeE rpaBmuTaLmm

v" Habop KOCMONOrMYECcKnxX 1 acTpodm3nyeckmnx
npobnem (MHPNAUMA, TemHaa matepus, CP-
HapylleHue B paHHen BceneHHom m np.)

v' A Takxe: cBoboaHble napameTtpbl CM, yncno
noKosieHum (noyemy 3?), KOoHPaMHMEHT etc.
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