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 Recent results on the searches for new physics in hadronic final states at the CMS
detector at LHC with Run II collision data (13 TeV):

» Search for pair-produced multijet resonances using data scouting. EX0-21-004

« Search for narrow trijet resonances in proton-proton collisions at V's = 13 TeV.
EX0-22-008

« Search for leptoquarks produced in lepton-quark collisions and coupling to T

leptons.
EXO-22-018

« Search for leptoquarks decaying to muons and bottom quarks.
EXO-21-019

» Search for a high-mass dimuon resonance produced in association with b quark

jets.
EX0-22-016

*htips://cms-results.web.cern.ch/cms-results/public-results/preliminarv-results/EXQ/index.html
«https://cms-results.web.cern.ch/cms-results/public-results/publications/EXQ/index.html



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-016/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
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Search for pair-production multijet resonance

Run2 result 128 fb™*, search for pair-produced
multijet signatures, measuring the average mass
distribution of pairs of trijets, and pairs of merged
dijets.

The pair production of higgsinos, gluinos, and top
squarks, in the R-parity violating (RPV)
supersymmetric framework is considered.

Three different signatures are taken into account
according to the number of jets (AK4 or AK8) in final
state and the AKS8 jets substructure:
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-004/index.html
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Search for pair-production multijet resonance

The three signatures are analyzed independently, but , CMSPreiminary 1281 (13TeV)
for all of them CMS scouting dataset is used: Sof | R
partially reconstructed events with H >450 g Sk b
GeV are saved. = oo} v -an0aev |
— Signal M;=400 GeV |
The tf and the hadronically decaying Z/W bosons are 400f i
backgrounds respectively to the resolved trijets j
and boosted trijets searches, and to the boosted 200/ )
dijets search. Monte Carlo samples are used to ;
estimate these backgrounds. _ 28 -
- 0_0: .
The QCD multijet background is dominant, several esf ]
requirements are applied to the events in order to I
reduce it, such as Quark-Gluon discriminator and
Dalitz variables, N* 2.DDT and Ty DDT . The latter make
use of a Designed Decorrelator Tagger (DDT). Region | C® “jerpr Hp Sihjetpr Dl on Aw A Dy
TSI S e S << 5750 <0
The remaining QCD background in the analyses is -1 EE ¥ 1 %
estimated using Gaussian Processes (GP) regression
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Search for pair-production multijet resonance

The three signatures are analyzed independently, but

for all of them CMS scouting dataset is used:
partially reconstructed events with H >450
GeV are saved.

The tf and the hadronically decaying Z/W bosons are
backgrounds respectively to the resolved trijets
and boosted trijets searches, and to the boosted
dijets search. Monte Carlo samples are used to
estimate these backgrounds.

The QCD multijet background is dominant, several
requirements are applied to the events in order to
reduce it, such as Quark-Gluon discriminator and
Dalitz variables, N* and T . The latter make

2,DDT 32,DDT
use of a Designed Decorrelator Tagger (DDT).

The remaining QCD background in the analyses is
estimated using Gaussian Processes (GP) regression
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Search for pair-production multijet resonance

The trijet searches exclude RPV gluinos
with mass between 70 GeV and 1.7 TeV.

The boosted dijet resonance search
excludes RPV top squarks with masses
between 70 and 200 GeV.

The boosted trijet resonance excludes
RPV higgsinos masses between 70 and 75
GeV and between 95 and 105 GeV.

Most significant SM deviation at
resonance mass of 768 GeV for the
resolved search
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Search for narrow trijet resonances

Full Run2 result 138 fb™*, search for three narrow
jets resonances.

Different signal model are considered:

«direct 3-body decay of a right-handed Z, boson,
both with narrow and SM-like width g

«cascade decay of a initiale resonance X, a
Kaluza-Klein gluon or an excite quark q*, with
intermediate resonance Y. 0.2< py =08

. . jetl jet2
The new resonance X mass considered in the
range 1.75-9.00 TeV. b ‘ N x jet3

In the mass range of Y, given by ratio o,, Y
requirements, its decay would form 2 resolved
narrow jets. om = M,/

EX0O-22-008


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-008/index.html
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Search for narrow trijet resonances

Energy radiated by final state gluon is recovered
reclustering the three leading AK4 jets into

AK4(seeds) Ao

“ . * . ”» s , ;% AK4(recover, dR<1.1 ’gA“'"_'j.: ;‘
wide-jets W% apssooe
. : X
The trijet mass m,; is to be greater than 1.50 TeV A '
ans 1.76 TeV, respectively for 2016 and for & & (& N
2017/2018.
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which'is determined using a Fisher F-test. my; [TeV]
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Search for narrow trijet resonances

138 b (13 TeV

~

The signal is extracted using a binned
maximum-likelihood fit with variable bin
size approximating the m,, resolution.
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Search for narrow trijet resonances

138 fb™! (13 Tev)
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Search for leptoquarks coupling to t leptons

Full Run2 result 138 fb™*, search for leptoquarks
produced in lepton-quark collisions and coupling to the
T lepton.

The leptoquarks (LQs) are color-triplet bosons carrying

both baryon and lepton number that could explain the T
observed deviation from the SM measured in B meson

decays. q

The final state consists of a jet, missing transverse
energy, and the t lepton reconstructed through its
leptonic or hadronic degays.

<

Three different final states are considered:

e + jet e

‘u +jet V. r

|
=l &

°T, +Jet EX0-22-018


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-018/index.html
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Search for leptoquarks coupling to t leptons

The requirements for the three channels are slightly
different to take into account different background
composition. The additional lepton veto ensure the

orthogonality between the searches.

Events are classified in “btag” or “no-btag” category.

The main SM backgrounds with a prompt lepton in the final
state are estimated from simulation. Normalization of
W+jets in the “btag”category is extracted

from data.

The dominant background in the t,
channel is the QCD multijet. The jet
misid of the total background is
estimated from data with fake factor

method.

BDTs are trained for each final
state to separate signal from

background
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Search for leptoquarks coupling to t leptons

138 fb" (13 TeV) 138 fb' (13 TeV)
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coupling hypotheses. T T T e T e O e e memwom

Leptoquark mass (GeV) Leptoquark mass (GeV)



S — 1 |

Francesco Carnevali

Search for Leptoquarks decaying to muons and bottom quarks

Full Run2 result 138 fb™*, search for LQs pair

production, considering cross-generational /09090000090 - -~~~ Lo
coupling, i.e. lepton and quark from LQ decay
of different generations. = TN

q LQ
¥ 4

Masses above 300 GeV are investigated up to " N
3 TeV. | ' :
Events are selected applying kinematic cuts \ AN

on muons and AK4 jets. , = , -
DeepJet b-tag requirement is required for at

least one of the two jets. 1—B

M > 50 GeV.
u LQ ---» LQ ---

Veto on a third lepton.

q q

EXO-21-019
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Search for Leptoquarks decaying to muons and bottom quarks

138 fb' (13 TeV) 138 fb' (13 TeV)
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Search for Leptoquarks decaying to muons and bottom quarks

4
Final selection with a cut-and-count 138 fb" (13 TeV)

) : ) 3‘ 1 0 I I I I I T I I I I I l I I I I l I I I I | T [ I |4
approach, optimized with final =1 CMS :
selection cut on BDT output. Ny L[\ Preliminary - -

e Te — Scalar LQLQ — pbub 3
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e epe . .. 101 -=— Observed =
significance as figure of merit: : R =
il [ 68% expected i
10 E [ ]95% expected 3
(1) = :
a 107 -
i B(1) ]
107
-5
NO eXCeSS has been Observed. 10 1 I 1 | 1 1 I 1 | 1 1 l 1 | 1 1 l 1 | 1 | I 1 | 1 1 3

500 1000 1500 2000 2500 3000
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Search for high-mass dimuon resonance with b quark jets

Full Run2 result 138 fb™*, considering 4
different production of Z’ boson, decaying to a
dimuon couple.

Masses above 350 GeV are investigated and
the Z’ boson would couple to b and s quark.

Events are categorized according to the
multiplicity of b quark jet:

‘N, =1
The width of the resonance is
‘N, =2 assumed to be narrow -> assumption
validity ensured by restricting the
DeepJet Tight and Relaxed requirements are search to the regions of parameter
used to identify these jets. space where the Z’' width does not
exceed half of the dimuon mass
resolution

EXO-22-016


https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-016/index.html

R,

Francesco Carnevali

Search for high-mass dimuon resonance with b quark jets

138 fb” (13 TeV) 138 b’ (13 TeV)

The dominant backgrounds are:
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Search for high-mass dimuon resonance with b quark jets

No significant excess is observed over the » 138 10" (13 Tev)
: : CMS 1

background-only expectation in any of the N —opseved
fpy=025 - Median expected ]

mass windows.

w
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limits at 95% confidence level (CL) on the
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Search for high-mass dimuon resonance with b quark jets

No significant excess is observed over the 188 16" (13 Tev)

. CcMS ;
background-only expectation in any of the —Obsened ]
mass windows.
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The results are used to set model-independent
limits at 95% confidence level (CL) on the
number of signal events, taking into account
different hypotheses of f, (fraction of signal AT T |
events with N, >1) My [GeV]
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Constraints are also set on a specific Z’ model 2 [ % Bel, Eweced
(B3—L2), taking into accountb — s 171" FRET D;;’f: E

transitions beyond the standard model. Most
of the allowed parameter space is excluded for
a Z' boson with 350 < m,, < 500 GeV, but large
regions of the parameter space are also
excluded at higher masses.
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Conclusions

Presented recent results on the searches for new physics in hadronic final states at the
CMS detector at LHC.

« New selection and background modeling techniques has been used to improve the
results.

e Most significant SM deviation at mass of 768 GeV for the resolved search of pair-produced
multijet resonances using data scouting. This search set new limits on RPV gluinos,
higgsinos, and top squarks masses.

« The search for a high-mass dimuon resonance produced in association with b quark jets
provides model-independent constraints, together with exclusion limits on lepton
flavor-universal model.

« This also excludes m,, in the range 350-500 GeV, but large regions of the parameter
space are also excluded at higher masses. Limits are set on a specific Z’ model (B3-L2).
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Conclusions

Limits on the coupling of LQs to light-flavour quarks and tau lepton are set for the first
time, while b-tau coupling are competitive with those set using other production modes
than the lepton-induce one. Pair-production LQs limits exclude masses below 1810 GeV.

First time limits are set on the search for the three-body decay of high-mass resonances
into three resolved jets at the LHC, with and without an intermediate resonance.

Overview of CMS leptoquark searches

CMS Preliminary

August 2023
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Search for pair-production multijet resonance

The remaining QCD background in the analyses is estimated using Gaussian Processes (GP)

regression
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Search for paired dijet resonances
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The highest mass event recorded by the ATLAS experiment with the Run2 data has a four-jet mass of 6.6

TeV and a dijet mass of 2.2 TeV.

ATLAS performed a paired dijet search with the same selection criteria as the CMS search, such that they
are directly comparable, and reported no statistically significant excesses.

This event lies on the boundary of our 95% CL contour for an 8.4 TeV diquark resonance.
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https://link.springer.com/article/10.1007/JHEP07(2023)161
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CMS Data Scouting

« The aim of data scouting is to record physics events at the highest possible rate while providing physics
objects whose performance is suitable for offline analysis.

« The data scouting strategy is implemented via dedicated streams at the HLT. Each data scouting stream
contains a number of trigger paths (scouting triggers), which perform event reconstruction and selection
in the same way as standard HLT paths. However, the selection criteria are much looser than for standard
paths .

« Partially reconstructed event are saved and analysed.
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https://arxiv.orq/pdf/1808.00902.pdf
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