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SM processes and beyond

Motivation to search for new physics
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Signals: di-leptons resonance states in high (~TeV) invariant mass

range = new particles would be observed as a bump,

excess in the mass spectrum
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Selection of dimuons in events

with more than two muons

O In events with more than 2 “good” muons there are several possible gD
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Photon-induced background

Photon-induced (Pl) processes — The production of high invariant mass opposite sign lepton pairs in gamma-gamma
collisions, where photons radiated by the incoming protons collide.

O In addition to DY, pairs of leptons ee, uu (and also WW, ZZ pairs, etc.) can be produced in gamma-gamma
interactions;
O To calculate this process, one needs PDFs that include the photonic component.

FEWZ (Fully Exclusive W and Z Production ) has been used for calculating leading order (LO),
next-to-leading order (NLO), and next-next-leading order (NNLO) Drell-Yan processes.
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Heavy Resonances: Z' and RS1 Limits
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The likelihood function is based on probability density functions (pdf) that describe
the signal and background contributions to the invariant mass spectra
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The use of this R ratio eliminates the uncertainty

in the integrated luminosity and reduces the
dependence on the experimental acceptance,
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Extra dimensions (RS1-type models)

trigger, and offline efficiencies

v The corresponding 95% CL limits are set
The observed limits are
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= for Gy, mass limit is 2.47 TeV (c=0.01)
= for Gy, mass limit is 4.16 TeV (c=0.05)
= for Gy, mass limit is 4.78 TeV (c=0.1)
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Dark Matter and LFU

Dark Matter candidates and spin-1 high-mass mediator

2 | | | )
1.8¢ CMSs 3
- Vector , ]

1.6 C Dirac I1DI\6f| L A
- g. =1 > 7
1.4} Son' i |
1 95% CL Exclusion ,/‘5

e Exp., median ‘,= ]

” L~ ? ]
0.6r \,\e >
- Lo = ‘) ]
0.4F e / = Q.’\? 3
C e 27 ]
0.2F — ' ot 3
E A7 ]

O0 0.5 1 1.5 2
mMed [TeV]

359fh " (13 TeV, ee) + 36.3 b ' (13 TeV, p*u)
T T T T T T T T T T | :\ T | T

35.9fb " (13 TeV, ee) + 36.3 fb ' (13 TeV, u*u)

‘\lfll\\\lll | I

95% CL Exclusion |7
....... Exp., median

||4‘»||||4H|||||||; |
15 2 25 3 35 4
Myeq [TEV]

MC
/ Ru+u4’re+eg

Data
uu/e'e”

R

Lepton flavor universality

137 ' (13 TeV, ee) + 140 fb' (13 TeV, uu)

0.5

JHEP 07 (2021) 208

%00

2000 3000
m [GeV]

1 1 f M|
300 400 1000



Conclusions

L The method for selecting muon pairs has been developed as additional selection criterion in Z’ analysis;
This method has been used for the data analysis;

O Complete statistics of Run2 2016-2018 is processed;

O The simulation of Photon-induced background was carried out using FEWZ generator
in the NNLO QCD + NLO EW order;

[ The cross section distributions for various PDFs were obtained;

L In progress: data processing of Ultra Legacy (UL) 2016, UL17 & UL18
and simulation Photon-induced using FEWZ with CMS selection criteria.

 Future: process Run3 CMS data and analysis of events with same-sign muons to search for new physics
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Study of same-sign of muon pairs

Doubly-charged bosons also appears in various SM extensions.

O Doubly Charged Higgs Bosons Ht+ — [f[£
= Seesaw mechanism
 Doubly-Charged Bileptons
= Extension of the EW gauge symmetry SU(3).69SU(3), &U(1), (model “331”)

The analysis was carried out on Run 2 data (2016-2018).

- Selected events with same charged muon pairs (++/--).
The invariant mass distribution is plotted for the data of the entire Run2

The invariant mass distribution of the
sums of same charged (++ and --) muon
pairs for the complete statistics Run2, as
well as the total sum.
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