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Exotics searches in ATLAS

Searches for New Physics is one of the primary motivations of the LHC Physics program

BSM physics needed to address SM shortages (eg. hierarchy problem, Dark Matter, matter/anti-matter
asymmetry)

New physics probed indirectly (precise SM measurements) and directly by searching for new particles

This talk: overview of direct searches for New Physics using full Run 2 LHC data collected by ATLAS

@ Dark matter in invisible or unconventional signatures
® \ector-like quarks and leptoquarks
e (Generic resonances

Other ATLAS talks: top physics, SM results, Higgs measurements and SUSY searches




Dark Matter searches

Important ATLAS/LHC search program, complement direct/indirect detection

DM production at colliders yield final states with undetected particles: £t

“Sketches of models”
Dark
Photon
Simplified

e Summary of a wealthy set of Run 2 results: ATL-PHYS-PUB-2023-018 Da;‘qkogiter

o Recent Z' + Eyresult: ATLAS-CONF-2023-045
Portal

Search for unconventional DM signatures
@ New dark sectors, dark hadrons, long-lived particles,...
Higgs

More
complete

simplified DM models searches: mediator coupling DM particle to SM matter

Minimal
Supersymmetric
Standard Model

o Mono-X (or E7 + X) topologies or mediator resonance

Complete
Dark Matter
Models

Universal
Extra
Dimensions



https://cds.cern.ch/record/2865335/files/ATL-PHYS-PUB-2023-018.pdf
https://cds.cern.ch/record/2870113/files/ATLAS-CONF-2023-045.pdf

Combination of 2ZHDM+a DM searches

ATL-P

YS-PUB-2023-018, arxiv:2306.0064 1

Five new states: {H, H*, A, a}, a mediates
the interaction between the SM and a fermion
DM candidate y

Wide range of searches used to constrain
2HDM+a parameters, with my = mg: = my

Statistical combination of the three most
sensitive analyses

o A — aX production: E7 + X final states
place strong limits in the (1,4, m, ) plane

® search sets a
quasi-independently on m,,

2HDM+a, Dirac DM, sin6 = 0.35, tanP =1, m = 10 GeV, g = 1, m, =my=my
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https://cds.cern.ch/record/2865335/files/ATL-PHYS-PUB-2023-018.pdf
https://arxiv.org/pdf/2306.00641.pdf

Dark quarks In di-jet final states
ATLAS-CONF-2023-047

Dark QCD sector hadronising to dark hadrons (DM candidates)

Dark hadron decay type lead to semi-visible jets, emerging jets, ...

Search for di-jet final state of 2" — ¢,q,

e \Wider jets due to SM and Dark hadronic
components

o Jets with higher particle multiplicity
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https://cds.cern.ch/record/2870115/files/ATLAS-CONF-2023-047.pdf

Results
ATLAS-CONF-2023-047

102l Lol ¢ Data

Events / 100 GeV

Sump hunt in the invariant mass spectrum of the two
arge-R jet system

o Analysis probes m;; € [1300,4800] GeV

@ Larger data excess at ~1600 GeV (20)

—xclusion limits on 71,

@ Dependent on the model type and coupling
parameters

o Strongest limit: 72, > 3 TeV (model A)
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https://cds.cern.ch/record/2870115/files/ATLAS-CONF-2023-047.pdf

Light long-lived photons from Higgs decays

ATLAS-CONF-2023-051

Dark photon jets

Dark sector accessible through Higgs portal
Muon jets or calorimeter

Search for Higgs decay to dark fermions originating Jets without inner tracks
dark photons f .

Dark photons with macroscopic decay length lead to M
displaced collimated group of fermions fa . o HLSP

Cosmic ray muons, beam induced backgrounds and Jd .
orompt jets mitigated with dedicated neural network
classifiers f


https://cds.cern.ch/record/2870215/files/ATLAS-CONF-2023-051.pdf
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https://arxiv.org/pdf/2301.10731.pdf
https://cds.cern.ch/record/2870215/files/ATLAS-CONF-2023-051.pdf

Vector-like Quarks

Postulated as (T2/ 3 B3 xB3 y—4 3) isospin singlets, doublets or triplets

o Pair production by strong interaction dominates for mg, S 1 TeV: 6,5 = f(11))

@ Single production via electroweak vertex, significant at high mass, scales with couplings to SV
and multiplet model

VLQs assumed to decay to 3rd generation SM quarks via charged and neutral currents

o T'— Zt/Ht/Wb, B — Zb/Hb/ Wt

o BR not fixed by theory: regulated by (&, &y, &) Parameters dependent on multiplet model

All possible VLQ decays searched in many final states



New

VLQ Pair production in lepton+jets final states with at least 1 b-jet
ATLAS-CONF-2023-070
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https://cds.cern.ch/record/2876672/files/ATLAS-CONF-2023-070.pdf

Results
ATLAS-CONF-2023-070

NoO significant excesses

my > 1.70 TeV with BR (T — Wh) = 1

my > 1.42 TeV for SU(2) singlet BRs

Sensitivity limited by data statistics

® 250-350 GeV mass Iimit improvement wrt 36 fbo-1

Other VLQ pair production results

o O — Z(£€) + t/b, Phys. Lett. B 843 (2023) 138019

A Y 7

o Large £, Eur. Phys. J. C 83 (2023) 719
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https://cds.cern.ch/record/2876672/files/ATLAS-CONF-2023-070.pdf
https://arxiv.org/pdf/2210.15413.pdf
https://arxiv.org/pdf/2212.05263.pdf

Single VLB production with B — bH(bb)

arxiv:2308.02595
q q
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® Overwhelming multijet background estimated with data-driven approach

Largest data/bkg discrepancy my; ~ 1.3 TeV (local p, = 0.06) 15


https://arxiv.org/pdf/2308.02595.pdf
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https://arxiv.org/pdf/2308.02595.pdf
https://arxiv.org/pdf/2305.03401.pdf
https://arxiv.org/pdf/2307.07584.pdf

| eptoquarks rﬂ// ‘—/&/ 2

Color-triplet scalar or vector bosons with lepton and baryon number
Couple SM quarks and leptons directly through Yukawa A interaction and can mediate lepton-flavour violation
Can explain B-anomalies and anomalous muon dipole moment 8, 2, present in GUTSs

Rich phenomenology and many searches depending on decay combinatorial

Broad program of searches for pair production, single production starting to be searched too

Pair Production q % Single production

Governed by QCD " )

- )
o proportional to A
g 9 o, Prop

¢ depends on my

14



Summary of searches for Leptoquark pairs — ; peememeseneamesaseo, e
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https://cds.cern.ch/record/2852994/files/ATL-PHYS-PUB-2023-006.pdf

| eptoquark pairs decaying into tete/tutu in multi lepton final states
arxiv:2306.1/642

# # Signal regions
> Qmix > Qmix lepton flavour and multiplicity

o 10° : | | I
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Search for d-type scalar LQs in the mixed scenario, mass range: 1.0 to 1.9 TeV

At least one leptonic top decay

e Multilepton final state: 3 or 4 same flavour leptons > | | TEE CEEE

g 1.5;— . :
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e Additional sensitivity wrt searches with hadronic tops 9 | S— T— :
3&”SR\G 3&&SR\// 4KSR\G 4&”SR\

Main backgrounds: diboson and ¢tV

e Scalar sum of final state lepton and jets p is large for LQ signal -> provides a good discriminant
16


https://arxiv.org/pdf/2306.17642.pdf

Leptoquark pair candidate
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Results
arxiv:2306.17642

BR limits as a function of mass, compatible with 2-lepton final state result

« Assuming exclusive LO*

Also interpreted as a vector LQ, charge +2/3 model

mix

— te(tu) decay, mass lower limit is 1.58 (1.59) TeV

® Minimal (Uf”’i”) or Yang-Mills (U1YM) SM gauge boson couplings, U{”i’”’ mass > 1.67 TeV and UIYM > 1.95 TeV
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https://arxiv.org/pdf/2306.17642.pdf

Resonance searches

Direct way of searching for BSM physics predicting new heavy particles
® Heavy resonances decaying to SM particles lead to boosted products in the detector

@ Need powerful tools to reconstruct/identify boosted objects (hadronic top/boson decays)

o Hunt for bumps In the invariant mass spectra of the decay products

Signature of many BSM models

e Model-dedicated searches: Heavy vector triplets, SUSY, DM models, VLQs, LQks, ...

© Recent result on W' — tb: arxiv:2308.08521

® Generic searches including anomaly detection


https://arxiv.org/pdf/2308.08521.pdf
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https://arxiv.org/pdf/2307.14944.pdf
https://arxiv.org/pdf/2206.09997.pdf
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https://arxiv.org/pdf/2307.14944.pdf

Iwo-body Invariant mass bumps enhanced

with anomaly detection amxiv:2307.01612

Search topologies with at least an electron or a muon
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https://arxiv.org/pdf/2307.01612.pdf

Results
arxiv:2307.01612

9 Invariant masses constructed from the possible

final state objects

® |ets, b-jets, electrons, muons, photons

Mass distributions analysed with
find data excesses

o Largest in (
assuming O width)

Another search using anomaly detection:

® Y — XH heavy resonance arxiv:2306.03637
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https://arxiv.org/pdf/2307.01612.pdf
https://arxiv.org/pdf/2306.03637v1.pdf

Summary and Conclusions

A rich program to search for exotics physics and new resonances in ATLAS
e Many models exploited, from simplified to most complete
e Complemented with model-independent searches
Presented latest results from exotics searches with full ATLAS/LHC Run 2 data

e Summary of ATLAS ExoticsPublicResults

e No evidence for New Physics yet: stronger limits on the models parameters

Run 3 data collection ongoing and first results will start to come

25


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

