Improving Heavy Dijet Resonance Searches Using
Jet Substructure at the LHC

Tousik Samui

Harish-Chandra Research Institute, Allahabad

September 12, 2020

Based on arXiv:1912.03511 [hep-ph]
A. K. Nayak, S. K. Rai, TS

Anomalies 2020

September 12, 2020 1/16



N
Outline

@ Motivation

@ Jet and Jet Substructure observables
@ Quark vs. Gluon tagging

@ Dijet resonance searches

@ Resulis

@ Summary

September 12, 2020 2/16



N
Motivation

@ Resonance search is perhaps the most simple and direct ways to find new
particles at a collider.

@ LHC is running at 13 TeV. This can produce heavy resonances up to 4-5 TeV.

@ Being a hadron collider, heavy strongly interacting particles can be produced at
the LHC easily.

@ Now, we have better understanding of Jet and its substructure.
@ Current dijet resonance search strategies do not use Jet substructure technique.

@ Will Jet substructure help us to probe heavy resonances?
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Jets at Collider

Parton level

-

\ Particle Jet Energy depositions

in calorimeters

Jet algorithms: C/A, kt, anti-kt.
Fig:
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https://cms.cern/sites/cmsexperiment.web.cern.ch/files/field/image/Sketch_PartonParticleCaloJet.png

Jet Substructure Observables

Examples:
@ Particle and track multiplicity inside a jet.
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quark vs. gluon tagging

@ The distributions of jet substructure observables constructed from quark-initiated jets differs
from those of gluon-initiated jets.

@ This helps us to tag quark and gluon jet to some extent.
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CMS dijet resonance searches
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Models

Signals Lagrangian Parameters Values Orotal [D]

g9 Os & danc 43 GPHGE,, 5 =58x10"2TeV™"' 4939
qq gsfs G5 " Tau fs = 0.09 122.0
q9 Osax U [y, 7] TauGa, % =15x10"2TeV™' 2194

Table: Cross section is calculated at 13 TeV LHC for M = 2 TeV.
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Variables and their importance in BDT

1.58 TeV < mj; < 2.1 TeV

Variable Importance (in %)
Variables 99
Jet 1 [ Jet 2
g m 7.377

oE [An(ji, o) 5.338 51 16
S T 5.704 4871 167

Energy 5.119 5.090

n 4472 4.030

4 Particle Multiplicity 11.98 9.226

®ws o7 D 6.196 4870
S E LHA 5.333 7.861 48.84%

= 72 3171 3.259
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BDT Response and ROC

The analysis is done in two stages.
@ Analysis with Event variables only — ‘without JSS’.

@ Analysis with Event variables plus JSS observables — ‘with JSS'.
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Signal Significance and Improvements

RooStats package is used to Signifjcance Imprqvement
calculate significance by Profile __significance with JSS
Likelihood method. significance without JSS

Signal Significance for gg resonance Significance Improvement for gg resonance
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Signal Significance and Improvements

Signal Significance for qq resonance

Significance Improvemient for gq resonance
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Discrimination among different types of resonances
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Summary and Outlook

@ Jet substructure technique is a useful way to get more information from
collider events.

@ Study of jet substructure can help improving significance of heavy dijet
resonance searches.

@ Jet substructure observables can potentially be used to discriminate
between different types of resonances.

@ Although the analysis is done at 13 TeV, the same technique can also be
effectively applied to proposed future high energy machines.

Thank you
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