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Introduction

e Many BSM physics models generically predict new heavy particles, aiming to address the
hierarchy problem, naturalness questions, lepton flavor universality, g-2 anomalies etc.

e Searches for heavy resonances decaying to pairs of , quarks, or leptons are an important
focus of the ATLAS search program.

o Straightforward way to observe new particles — e.g “bump hunt” in otherwise flat invariant
mass spectrum in SM

o High center of mass energy at the LHC allow searches for heavy resonances and new
interactions at high energy scales

e Will present a small selection of recent ATLAS Run-2 results, paying particular attention to the
novel techniques used to reconstruct/classify the final states

o Heavy resonances generally have boosted topologies requiring specialized identification
techniques

University of

Massachusetts AT L AS

Ambherst [ EXPERIMENT Makayla Vessella — Lepton-Photon 2023




Introduction
Searches can fall into several broad categories, where | will cover some results including:

e General heavy resonances - HVT W’/Z’, 2HDM, etc...

o Anomaly detection Y—XH (Submitted to PRD: arXiv:2306.03)

o  Anomaly detection two-body (j+Y) (Submitted to PRL: arXiv:2307.01612)

e Leptoquarks

o LQLQ — tete (Submitted to EPJC: arXiv:2306.17642)

e Vector Like Quarks (VLQs)

o Vector-like top partners — multileptons (Submitted to PRD: arXiv: 2307.07584)

o Vector-like top partners —Ht/Zt Submitted to JHEP: arXiv:2305.03401) =

Too many recent results to cover properly in 12 minutes! Many other recent ATLAS results available on the
public results page

o See also Darren’s talk on exotic hadronic resonances and Yanlin’s talk on BSM Higgs —
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https://arxiv.org/abs/2307.01612
https://arxiv.org/abs/2306.17642
https://arxiv.org/abs/2307.07584
https://arxiv.org/pdf/2305.03401.pdf
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://indico.cern.ch/event/1114856/timetable/#19-atlas-results-on-exotic-had
https://indico.cern.ch/event/1114856/timetable/#27-searching-for-new-symmetrie

Anomaly detection: Y—>XH

e Search for generic TeV-scale heavy resonance (Y) decaying into a Higgs boson and a new particle (X) in a fully hadronic final
state using novel jet-level anomaly detection

e Unsupervised machine learning approach broadens sensitivity to wide range of models
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Submitted to PRD: arXiv:2306.03637

Anomaly detection: Y—XH = 0 g
Fit m, distribution in overlapping bins of X ':> 5
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) my in (75.5, 95.5) Gev merged+resolved two-prong SRs
o Up to 20 constituent four vectors e
per jet, ordered in kt splitting T
“'h_
o  Also use jet substructure 7 LH+ Limits on production cross sections set for
observables D, and N-subjettiness wide Y->XH signal grid in two-prong SRs
ratio for two- and three-prong 107"
nsitivit e 2
ST 5 o From 0.34 fb for (m, =5000GeV, m,=600GeV) to
N3 1.22 pb for (m,=2500GeV,m,=2000GeV)

Anomaly score is data-driven and fully model
independent!
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Submitted to PRL: arXiv:2307.01612

Anomaly detection: Two body j+Y

e Generic search for heavy resonances in two-body final states, where the final states
contain a light or b-jet (j) and a lepton (£=e,p), photon, or additional jet (Y) — —

e Use unsupervised learning for model-independence like Y->XH, but uses anomaly — —
detection technique on overall event topology

n=1287

Study nine invariant mass distributions using possible loss = 3 -a2
2 iR combinations of leading objects of each type in event = !
g 104: —— Background fit S o Bl
LU E _ . Leaky ReLU
F x°/ndf=0.94 Three anomaly regions (AR) based on log(loss) of
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rau Jj total dataset § 1005 ATLAS 333:2 o E
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. B =
models, where signal events can be more or less 409E, E
‘ E anomalous 102k =
3x107" 1 2 3 45678 10k -
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(x) = 1 P2,-p3tpalnx+psIn” x 10725 :
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s)
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Anomaly detection: Two body j+Y

Use BumpHunter to search for
localized excesses in all invariant
mass spectra in each AR

Among the 9 invariant mass

distributions:

e Largest excess in m,, =4.8TeV
with 0% width in 10pb AR, 2.90

e Second largest excess in
mj”=1.2TeV with 0% width in
10pb AR, 2.80

e No other significant excesses
observed, including m,, in other
ARs

iversitys () namr

Set 95% CL upper limits on cross section times acceptance for

gaussian signal templates
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Leptoquarks: LQ LQ—t8te (£=e,y)

e Some explanations for B and g-2 anomalies require flavor off-diagonal LQ couplings — can still preserve flavor symmetries

e Search for LQ pair production decaying into a top quark pair and a pair of leptons, in multi-lepton final states. This is the first ATLAS search for this process!

b q b v

t(et,u™)

miss
zfjets pT + p

B=1.0) and

Signal models: scalar LQ¢
vector U,

mix (

MC Background Estimate:
e Major backgrounds include
(V=2Z/W), single £
e Additionally select 32 control regions
enriched in photon conversions

University of
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Three analysis channels:
e 2£SS: two same-sign

light £ (CR only!)

wz/yt,wW| 75

e 30: three light £
e 4¢:>four?
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Analysis

Categories

Conversions CRs W/ttZ CRs [LMM]
[LMM] [0 b-jet] [22jets, 1 b-jet] [22 jets, 22 b-jets]

32intC 3ettz
=1Zcand.
Nevents Meff

SRs [LMM]
[>2 jets, =1 b-jets]

38eSR-e

=0Zcand.

Meff

4e
SRs [LLLL]
[22 jets, 21 b-jets]

Two separate signal regions (3¢,41£) each for tete/tutp

with min(m,,) > 100 GeV

Control and validation regions for main backgrounds

with min(m,,) < 100 GeV

High-m_ tails are signal enriched Require = 2 jets, = 1 b-jets in SRs
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Leptoquarks: LQ LQ—tLte (£=e,l) P — milfeaeeeee
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Good post-fit agreement in SRs and CRs
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Vector-like top partners to multileptons

process!

Search for singly produced vector-like top partners (T), with final state containing an opposite-charge pair
of electrons or muons (Z candidate) and b-tagged / forward jets. This is the first ATLAS search for this

VLQs can occur as singlets, doublets or triplets and usually couple to third-generation SM quarks via an
exchange of charged or neutral bosons. Single production of VLQs can have a larger cross-section at
high masses and is dominated by electroweak processes.

Two anéiysis channels: Dilepton (2£) and Trilepton (32)
Use variable radius reclustered (vRC) jets for stable top-tagging performance for a wide range of jet p;, DLR1 b-tagging at 77% WP
Require either two central small-R jets or at least one VRC jet

Targets hadronically decaying top

Two OS same-flavor €

SR additionally requires one each of

forward, b-tagged, and

jets

Two CRs and three VRs with inverted

cuts and top-vetoes

Major Backgrounds (MC): Z+jets,
tt, tt+X

Use data-driven reweighting factors

Dilepton

T T T T T
ATLAS e Data

Single-top
Uncertainty

0.75F
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SR Postfit

forward and jets
Three CRs and one VR with inverted
cuts and vetoes targeting specific BGs
Major Backgrounds (MC):

tt+X, Ztjets
Use data-driven reweighting factors
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Vector-like top partners to multileptons ATLAS
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Vector-like top partners — Ht/Zt

q q Search for singly produced vector-like top partners (T) decaying into Ht or Zt in final states containing a single
lepton with multiple jets and b-jets.
H/Z
Target leptonically decaying top + hadronically
decaying H/Z F'; regone
a OSt-FI
e 4 production modes: Ht/Zt, b- or t- ,
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Vector-like top partners — Ht/Zt

Obtain 95% CL limits on masses and coupling strengths:
Singlet: m, < 2.1 TeV forx = 0.6, x > 0.3 for m,= 1.6 TeV
Doublet: m_ < 1.68 TeV for x = 0.75, x > 0.55 for m, = 1.0 TeV

No significant excess over the SM expectation is observed.

}41.6\|\\\|||\|||1||\| leltsonnvsm.r [rTrrrrrryr T T T T T T
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Conclusions

e ATLAS analyses cover a very wide range of BSM heavy resonance searches, yet
there is no evidence yet for new physics

e Limits are improving as more data is analyzed and

Link to summary plots
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