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e Motivation
« Methodology

e Searches for new physics in hadronic final states

- only selected results using the full Run Il data will be shown
> many more results are available at CMS EXO public results.

e« Summary



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

Motivation

CMS

 The Standard Model (SM) of particle

physics is incomplete: Composition Of The Universe

arXiv: l'jll_’..nl'jﬁlj

> Why Is there an imbalance of matter
and antimatter in the universe? DU
> How does gravity fit into our model? Gaion
> Why do quarks and leptons come in
three generations? Are they elementary
particles?
> What is 95% of the Universe made of?

Dark Matter
258+ 0.4 %

 Many models of physics that extend the SM often
require new particles that couple to quarks and/or
gluons and decay to jets.




CMS
The LHC accelerator
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General Analysis Methodology

Analysis Strategy: search for a narrow or wide
resonance on top of a smoothly falling background. Multi-jets

Background Estimation:

~ Data-driven: Fitting the invariant mass with an
empirical function.

> Semi data-driven: i) Predicting the SM background
from control regions with transfer factors to the signal Invariant mass
region from simulation. i) Simulation used for the background
predictions, with control regions utilized to constraint the simulation.

- New
resonance

Events

Sighal Modeling: Intrinsic signal shape, either narrow (with width smaller
than the detector resolution) or broad or using generic gaussian shape.

Limit Extraction & Significance Estimation: the jet invariant mass spectrum
IS fit using the estimated background and signal templates with systematics
as nuisance parameters. For limit estimation, the test statistic is the profile
likelihood ratio.
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Jet resonance searches in CMS

There is a variety of recent resonance searches in CMS, with jets
In final states using data from Run II.
A selection of recent Full Run Il results will be discussed in this talk:

« Search for Z' bosons decaying to pairs of heavy Majorana
neutrinos (CMS-EXO-20-006)

 Search for narrow resonances in the b-tagged dijet mass
spectrum (CMS-EXO-20-008)

e Search for high-mass resonances decaying to a jet and a Lorentz-
boosted resonance (CMS-EXO-20-007)

« Search for resonant and nonresonant production of pairs of
dijet resonances (CMS-EXO-21-010)



Pairs of Majorana Neutrino Search

CMS-EXO-20-006

CMS

Experimental Signhature:

 Two same-flavor leptons and four jets. q

* The kinematics of two leptons and jets depends
on m /m_=> resolved and boosted probe

SR N(AK8jet) N(tight leptons) N(AK4 jet) g
SR1 (0AKS) =0 =2 >4
SR2 (1AKS8) =1 >1 >2
SR3 (2AKS) >2 — —

- Reconstruct m as m, and m, minimizing m, asymmetry

Backgrounds:

Main: t t and Drell-Yan Others: dibosons, W+jets and single top quarks.
The main backgrounds are estimated using control regions.

Signal Model:

Left-right symmetry model (LRSM): 3 additional gauge bosons: W+

right-handed neutrinos (N_, NU, N).

R’

and Z’and 3

7




Results on pairs of Majorana

Neutrino Search

CMS

CMS-EXO-20-006

« Maximum likelihood fit in the mass of Z’ performed in the SRs

(simultaneous fit with CRs).
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* The first results of this process using the Run 2 data.

m, (GeV)

- The most restrictive direct limits in the phase space of m_vs. m  ,

to date.
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Di-b-jets Search

CMS-EXO-20-008

Experimental Sighature:
Two jets, with at least one jet originating from a b quark
(b-tagged using the DeepJet tagger.) \ /
Main backgrounds: o \\
Multijet QCD production estimated with a \
data-driven method, using several parametric ’
functional forms.

0.12 CMS bgﬂbﬂhg =
Simulation — 1000 GeV i

o 2000 GeV .

S H I M d I . Wide jets 3000 GeV ]
|gna 0 e S. lAn] < 1.1 — 4000 GeV ]

Ml <25.p_>30GeV 5000 GeV
— 6000 GeV

=
=
@
I
|

b* -> bg
> Quark Compositeness
~ Considered two production modes:
bg—- b* and gq- b*+b

Fraction of events
=]
I

Lo b . Ll
0 1000 2000 3000 4000 5000 6000

7' -> b b Dijet mass (GeV)

> Sequential SM (SSM) or Heavy Vector Triplet (HVT) model with 1) similar
coupling to fermions as to gauge bosons (Model A) and ii) suppressed 9
fermionic couplings (Model B).


file:///home/etzia/Documents/cms/Presentations/Conferences/HEP2022-Thessaloniki/Int.%20J.%20Mod.%20Phys.%20A2%20(1987)%201285,%20Phys.%20Rev.%20D42(1990)%20815
arxiv:1402.4431.325
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Results on Di-b-jet Search

CMS-EXO-20-008

 Maximum likelihood fit in the dijet mass performed in the SR.
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« Z' masses between 1.8 and 2.4 TeV at 95% CL are excluded, new HVT model
explored, limits are set on the coupling strengths of the HVT boson to SM
bosons and fermions.

« Excited b quarks with mass from 1.8 to 4.0 TeV are excluded at 95% CL. This
Is the most stringent exclusion of excited b quarks to date. 10



Di-tri-jets Search

CMS

CMS-EXO-20-007

Experimental Sighature:
Two large-radius (wide) resolved jets, one
coming from R2 (R2-jet) and one coming from
the third parton (P3-jet):
> pp—~R1-R2+P3 - (P1+P2) +P3
- P1, P2, P3 are gluons

Main backgrounds:

Multijet QCD production estimated with a data-
driven method, using several parametric
functional forms. Discrimination between signal
and QCD background, by exploiting jet
substructure information and kinematics of the
decay.

Signal Models:
Warped extra dimensions where R1 is
a KK gluon (GKK), R2 is a radion (@)
> GKK - ¢@g — ggg (trijet)

Search largely model independent.
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22 SRs defined inthe 1
m(R2)/m(P3) plane.


http://dx.doi.org/10.1007/JHEP05(2017)078

Results on Di-tri-jets

s,

CMS-EXO-20-007

 Maximum likelihood fit in the dijet mass performed in the SRs.
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Excess: 1.8 o global (3.2 o local) — look into on Run lll.
By exploring a novel experimental signature, we extend significantly the
experimental exclusion of this benchmark model of new physics at the

LHC.
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Paired Dijet Search

CMS-EXO-21-010

Experimental Sighature:

p Jet D Jet
Four or two resolved jets paired to . - \ ]
- et
same mass resonances. : .
X Jet / X Jet
p Jet p Jet

Main backgrounds:

Multijet QCD production estimated with a data-driven method, using several
parametric functional forms.

Signal Models:
Two modes of pair production of dijet resonances _.. .. .aw

13 TeV
gy oS o Toms e |
« Resonant — Benchmark model: Diquark St ) 0570 TS gy coping 5,

—M(S) = 4, M(x) = 1 TeV
M(S) = 8, M(x) = 1.5 TeV

—M(S) =8, M(y) =2 TeV

—M(S) = 10, M() = 2.5 TeV

decaying to vector-like quarks which decay to
an up quark and gluon.

0.24 < < 0.26

Normalized yield/TeV
Normalized yield/TeV

uu — S = xx — (ug)(ug)

 Non-resonant — Benchmark model: R-parity dlgdod o Ly P LA 2l b
violating stop pairs decaying to a d and s quark. rourmess et frerese dietmase i
— T— 13
pp — tt — (ds)(ds) |
Search largely model independent.



http://www.arXiv.org/abs/1810.09429
http://dx.doi.org/10.1016/j.physrep.2005.08.006

Resonant search

CMS

CMS-EXO-20-010

Dijet Pair 1:
pt =349 TeV
mass = 1.88 TeV

CMS?

PF Jet 3,
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eta=021
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PF Jet 2,
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Dijet Pair 2:
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PF Jet 1,
pt = 2.654 TeV.
eta =-0.11
phi = -0.25
CMS Experiment at LHC, CERN
Data recorded: Sat May 5 08:54:14 2018 EEST
Run/Event: 315721 / 200841184
Lumi section: 151

Average dijet mass [TeV]
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Two interesting events found in this analysis.
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Results of resonant search

CMS

CMS-EXO-20-010

 Maximum likelihood fit in the four jet mass performed in the SRs
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* These are the first LHC limits on resonant pair production of

dijet resonances via high mass intermediate states.

15



Results of nonresonant search

CMS-EXO-20-010

CMS

« Maximum likelihood fit in the average dijet mass performed in the

do/dm,; [pb/TeV]
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 Excess: 2.5 o global (3.6 o local) — look into on Run lIl.

* Results significant extend the previous limits.
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Summary

 Hadronic final states offer great sensitivity to many models of new
physics.

« Searches for hadronic resonances in CMS were presented:
> No significant deviations from SM so far but several excesses to keep an
eye and to drive us where to look next.
~ Constraints in several benchmark models.

 Significant improvements due to
- Data driven methods to estimate the background.
- Jet sub-structure techniques.
> Increased luminosity with full Run Il datasets.
- New final states are explored.

« Hope that with all the improvements and advancements on
reconstruction, trigger, analysis approaches and techniques, we
should be able to fully exploit the Run lll discovery potential and
either make a discovery, or improve limits beyond luminosity scaling.
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Thank you!




CMS

Back up
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Pairs of Majorana Neutrino Search

5 CMS 138 fb™ (13 TeV)
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Di-tri-jets Search

QCD
138 fb™ (13 TeV
; 2000 LI B |.| LI B B B | I |(| T |2 E }2
@ 1800 o 14 .5
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1200 =
1000 = 10°
800 =
600 E Ay
4008 I 10
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0 500 1000 1500 2000
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Smooth pattern with a weak correlation
between the two observables.
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Di-b-jets Search

CMS

Acceptance x efficiency
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Paired Dijet Search

CMS

(Data-Fit)
Uncertainty
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