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Resonance Searches

e Resonances are localized excesses in the mass distribution
o Deviation from SM prediction can be evidence of BSM physics
e Large scale QCD interactions at the LHC makes Dijet searches common
o Dijet searches look at jet pairs as decay product from a single source
o Many BSM particles are theorized to couple to quark pairs
e Heavy resonances may answer lingering questions in the SM, and are likely to
couple to heavy SM particles like the top quark
e Boosted searches give access to new kinematic regions ‘| ... | |a | [
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Resonance Searches (cont.)

e Dijet searches are done in both high and low mass regions
e Both merged and resolved jet final states are considered
e Top quarks have different final state decay modes
e Limits are set on cross-sections or coupling strength
e Full Run2 (138 fb™') CMS searches covered in this talk
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Boosted Dijet Introduction

Search for low-mass resonances decaying into a qg pair

Mass range of 10 to 150 GeV

A high p. initial state photon is required, with the _ q

resonance recoiling off the photon
o Trigger on this photon

Boosted quark-antiquark pair will collimate into a jet with

two-pronged substructure

Results are interpreted in the context of theoretical

leptophobic Z', a dark-matter mediator candidate

Limits are set on coupling strength (gq) of Z' to

quark-antiquark pair
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Boosted Dijet Analysis Strategy %

e Analysis triggers on photon to
distinguish from QCD background
e Using ParticleNet
(https://arxiv.org/abs/1902.08570)
tagger to identify two-pronged jets
e Data-driven Background Estimate
created using a modified ABCD
method
o ABCD method estimates

background in signal region (SR) umi Section: 469

using data in control region (CR)

Photon Info:
p=151GeV
Eta=0.24
Phi=1.08

. ‘
CMS Experiment at LHC, CERN \}\

Run/Event#: 317661/675170696

AKS Jet Info:

Softdrop Mass=13GeV
p=147GeV

Eta=0.27

Phi=-1.97

PN Score=0.983

AR to Photon=3.05
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ParticleNet Tagger

e ParticleNet classifications for different quark flavor pairs are combined to make a
two-pronged classifier score
e Discriminant is used to identify SR vs. CR
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Boosted Dijet Results

Background is estimated using a Transfer Factor to extrapolate the SR
background from CR data

Fit is performed using the softdrop mass and in bins of jet p.,
simultaneously for all 3 years of datataking

o 2016 bins: 200-240, 240-275, 275-330, 330-700

o 2017 bins: 220-260, 260-300, 300-360, 360-700

o 2018 bins: 120-160, 160-200, 200-255, 255-700

Search for resonance as an excess in two-pronged jet mass (softdrop
mass)

EXO-24-027
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Boosted Dijet Results
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Boosted Dijet Results: Limits V/

e Limits on the coupling strength of the Z' to quark-antiquark pair (gq) (on the left)

e This represents the most sensitive search of low-mass resonances to
quark-antiquark pairs to date in 10-50 GeV

e Summary of public results (on the right), this analysis in magenta
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tt Resonance Introduction

e A search for new resonances decaying to tt pairs 1 4
e Different final state decay modes of tt considered 7' axx

e Heavy Z' (with different width assumptions) from 0.4 to 7.4 TeV

e Kaluza—Klein gluon from 0.5 to 5.5 TeV

e /' DM mediator (Z',,,) from 1.0 to 4.2 TeV :
e Analysis is model mdependent and sensitive to both resolved and merged regimes
e Limits are set on cross-section for each benchmark model

Hadronic (0€) Semi-Leptonic (1€) Leptonic (2€)

B2G-25-009
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tt Resonance Search Strategy
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e Simultaneous 2D fit across regions to * Simultaneous ML fit of the top-antoitop

) o -
determine contributions from QCD invariant mass across the regions « Simultaneous ML fit of S; variable
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tt Resonance Results

e Searches for excess as bump in m_invariant mass for 0€ and 1€ channels or the

scalar sum of the transverse momenta of all reconstructed objects (S.) for 2€
e Fit performed simultaneously in categorles defined on previous sllde
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tt Resonance Results: Limits V/

o

Limits for heavy Z’ cross-section (on the left), others shown in backup
Strictest limits on experimental cross-section as a function of mass to date in
their respective mass ranges
Summary of public results (on the right), this analysis (hadronic) in light green
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Conclusion

e Presented searches for resonances decaying to quark-antiquark pairs that have
been performed using Run2 CMS data
o Boosted techniques allow probing for new physics in high and low mass
regimes
o No significant excesses found
e In their respective mass ranges, these searches set the best limits to date
e Analyses have the potential to be improved with Run3 data
o Increased data, and lower p_ trigger, better taggers
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Dijet Comparison To Recent Results V

/s

e ATLAS recently published a result for a similar analysis to the ISR Photon search
O https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXQOT-2022-33/
e There are several differences to the ISR Photon analysis, notable differences:

O ATLAS uses a higher photon and jet p_. threshold due to higher p_. photon trigger (150 GeV)

o ATLAS uses decorrelated version of the D2 variable for substructure selection
o ATLAS has a higher mass range (20-200 GeV)

.. -1
o6 ,,CMS 1881b~1 (13 TeV) .o morrelminary 1981 113 Tev)
S o ' ' ' ‘ ' 1 &% T T Byl e Observed Limits _
r él_T LAS ) 95% CL upper limits | i Expected 95% o r T e Expected 7
- s=13TeV,140fb~ B B - o, 5
05 - ‘gf;:g:;’ - [ W Expected 68% e -gg;: Eﬁﬁ:ﬁg ]
i M Epeciediccn | 0151 - Expected £ Z width (all ;M) i
041 pecsa®® i Observed 3 b
L i : (&)
03:_ : 017 ©
E | i 10~1 )
021 1 005
01 = i
r b I B R R R | PRR) R YRR ISR SRR N S N A (RPN N STURTI R
0.0 , , , , ‘ , e 50 100 150 200 250 300 20 40 60 80 100 120 140
©725 50 75 100 125 150 175 200 Z' mass [GeV] Z' mass [GeV]

ATLAS Result ™G] EXO-24-007 EXO-24-027 17



https://arxiv.org/abs/2408.00049
https://arxiv.org/abs/2603.21965
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-33/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-027/index.html

tt Resonance Limits

e (T Resonance limits for all modes
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