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https://indico.cern.ch/event/1258407/overview

Why exotic searches are important

e Standard Model of particle physics is successful in its predictions, though it is incomplete and misses
o  Neutrino masses
Matter-antimatter asymmetry
Dark matter
Gravity
Unanimously satisfactory theoretical explanations to several aspects (naturalness, fermion masses, ...)
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e Several extensions of the Standard Model can address some of the above points
o  They foresee new particles, forces, dimensions, or symmetries
o  They provide quantitative predictions
o  Such predictions can be tested at LHC (Vs = 13(.6) TeV)

e Probe new physics from O(1) GeV to TeV scale



Where are we and where are we looking

As Run 2 data taking (13 TeV and 138 /fb) has been completed
o  we have not found new physics in the most straightforward searches for heavy particles with current luminosity
m there are some mild excesses
I will discuss some of them
o  Current searches help us to constrain models and parameters and to point out unprobed regimes and hypotheses

Yet a large untested territory where physics beyond the Standard Model may appear and
CMS has a comprehensive program to investigate it. [ will discuss some among the most recent searches
o  Dedicated experimental techniques to access lower mass / couplings
— Trigger
— ISR jet/photon
— Long lived
o  Searches at higher mass / coupling related to anomalies in high-energy physics (g-2, RD/D*, ...)
— Leptoquark (LQ)
— Vector-Like Leptons (VLL)
o  Unprecedented analyses
— Heavy neutrinos
— Inelastic dark matter

I will not be able to cover all analyses.
SUSY searches covered in talk from Emery Nibigira
Please see CMS scientific results page for more results and summary plots.



https://indico.cern.ch/event/1258407/contributions/5608903/
https://cms.cern/org/cms-scientific-results

Optimal use of trigger selection for low mass searches (link)

e  With pp collisions at 13(.6) TeV, natural to search for O (1) TeV resonances
Standard data stream
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https://arxiv.org/abs/2309.16003

Searches for mass resonances at O(1-10) GeV (link)

1 CMS Preliminary Scouting Triggers, 96.6 fb (13 TeV)
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e Competitive with LHCb
e Largest excess at 2.41 GeV (1.27 ¢ global).
LHCb reports 3.1 ¢ at 2.42 GeV (link)


https://arxiv.org/abs/2309.16003
https://arxiv.org/abs/2007.03923

Searches for mass resonances at O(10-100) GeV and above

e To comply with jet trigger requirements, whose threshold is several hundreds GeV
we exploit unique topology of lorentz-boosted resonances
produced in association with a photon or a jet

e X—ab, DR(ab) >~ 2 m(X)/pT(X)
DR(ab) within 0.8 (0.4) when pT(X) ~ pT(g/y) > 2.5 (5) m(X)
single jet with multi-prong structure — low background
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Low mass H—diphoton (70-110 GeV) search (link)

e Photon pT>30,18 GeV (clean signature and good mass resolution)
e Event selection optimized for ggH, VBF, VH, ttH modes

e  Extraction of signal through fit of di-photon invariant mass spectrum for each event class
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e Excess with approximately 2.9c local (1.36 global) significance is observed for a mass hypothesis of 95.4 GeV


https://cds.cern.ch/record/2852907?ln=en

X—H (—) diphoton plus H/Y (—) dibottom search (link)
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https://arxiv.org/abs/2310.01643

X—tau tau (> 60 GeV) search (link)

e thrth,eth, uth,epchannels g
b tag categories

o=l

e Ditau background modelled relying on lepton universality
Replaced p with th in data events (embedding method)
e j—rth contamination estimated parametrizing the fake-rate
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https://arxiv.org/abs/2310.01643

Search for LQs (LQv) — t tau (t v), b nu (b tau) (link)

e  Full hadronic analysis

1 tauh

>= 1 top candidate (resolved or boosted)
Event categories w.r.t b and top quarks

e j—th contamination estimated parametrizing the fake-rate
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https://arxiv.org/abs/2012.04178

Search for LQ coupling to tau b (link)
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e For LQ mass of 2 TeV and an LQ-b-t

coupling strength of 2.5, the excess
reaches a local significance of up to
2.8 c. 11


https://arxiv.org/abs/2308.07826

Search for LQ coupling from lepton-quark collisions (link)

LQs may be produced from a lepton-quark collision (J. Ohnemus et al.. 1994) /§
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https://arxiv.org/abs/2308.06143
https://arxiv.org/abs/hep-ph/9406235
https://arxiv.org/abs/2005.06475

Vector like lepton searches with tau (link)
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https://arxiv.org/pdf/2208.09700.pdf

Search for Heavy Neutrinos at very high mass-couplings (link)

Phys. Rev. D 103, 055005
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https://arxiv.org/pdf/2206.08956.pdf

Search for Heavy Neutrinos at very low mass-couplings (link)

aced
q
. w/Z*
Long lived \ J
CMS Preliminary 137 fb~' (13 TeV)

j2]

'g 1g|- ¢ Data
I . Background Uncertainty
15| W Z - pp

ABCD background
12| %% my=2GeV,ct=1m

9l

6 ot 4
VA A AAY A A A A
3 3 3
\k%. SO
P e
Un | | L L Il ]
Electron Electron Muon Muon Muon
csc DT CsC MB2 MB34

e No excess over SM
e Extends current sensitivity by ~1.3x to ~2.3x at 2 GeV
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https://cds.cern.ch/record/2865227?ln=en

Search for inelastic dark matter (link)

e  Dark matter model involving
dark sector

e Inelastic (off-diagonal) coupling
between y, and y,

e  Mass degenerate (small A)
—> increased lifetime of heavier state
and soft muon

e Trigger on missing transverse energy
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https://arxiv.org/abs/2305.11649

Conclusion and remarks

With about 5% of the total expected luminosity by the end of LHC already analyzed we have
o verified that new physics is not showing up in the most straightforward searches for heavy particles, with current
luminosity
o  constraining beyond SM models parameters

However, there is still a lot to investigate in the full energy regime of LHC. This may require to rely on
sophisticated experimental techniques at different levels

o Trigger

o  Reconstruction

o  Analysis (machine learning more and more important, unsupervised / weakly supervised searches to come)
novel phenomenology ideas

o Unprobed phase-space

o New mechanisms and signatures

CMS has a broad and exciting program to continue the hunt for new physics
o Some analyses in Run 2 reported mild excesses and will require
ongoing Run 3 data taking (13.6 TeV and 67 /fb so far) and
High-Luminosity data analysis to be clarified.



