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Motivation

m[_eptons are crucial in performing both measurements and searches for new physics at the
collider experiments, specially at ATLAS Experiment at CERN.

m[_eptons provide a very clean signature — minimize detector resolution systematics
m[_epton, as a trigger reduces the QCD multi-jet background rate in many cases.

Wide range of different event topologies can make use of lepton triggers and physics
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Resonance searches with lepton trigger .

Dijet resonance searches with a single charged lepton of pT = 60 GeV:
Single electron/muon triggers( pT ( ET) > 24 ( 26 ) GeV to trigger events: JHEP 06 (2020) 151

Exploit lower mass range( > 0.22 TeV)
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3/4 body resonance search with a charged lepton: | - JHEP07(2023)202
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https://link.springer.com/article/10.1007/JHEP06(2020)151?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20200629
https://link.springer.com/article/10.1007/JHEP07(2023)202

New Physics Searches with Anomaly Detection using unsupervised ML performed in 9 invariant

2-body resonance searches with lepton trigger

masses in 3 Anomaly Regions in a mass range of 0.3 TeV - 8 TeV

using events with a single charged lepton of 60 GeV
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Loss distributions for BSM models

* At masses < 1 TeV the limits are factor 2-3 better
than for similar selection without autoencoder
(JHEP 06 (2020) 151).

* Discovery sensitivity improved significantly for
various BSM models with this approach
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.081801
https://link.springer.com/article/10.1007/JHEP06(2020)151?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20200629

Electroweak production of vector-like leptons (VLLs)

VLLs : Hypothetical non-chiral,
colour-singlet, spin-1/2 particles,
predicted by many BSMs

Vector-like lepton pair production and decays

W. Islam (Univ. of Wisconsin-Madison)

ATLAS-CONF-2024-008

EW production of a pair of VLLs in multiple tau and b-jets final states via decays of off-shell W=

or Z/y * bosons 1n the ‘4321° model.
Events selected with at least one Ty , ; and at least two jets.

Five Signal Regions with different 1y, 4 and b-jet multiplicities, O light leptons (electron or muon).

Fit on Neural Network score distribution.
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https://cds.cern.ch/record/2904563
https://www.sciencedirect.com/science/article/pii/S0370269323000473

High-mass resonance search 1n final states with T-lepton and MET

PhysRevD.109.112008

Searches were made for heavy gauge bosons W’ hosons decaying into a light-lepton, W™ — lv (I=e,n) and t-lepton, W’ — tv channels.
Ij —
U

/

|14 W
Llight t-lepton
Previous ATLAS W' — €v (£=e, u ) limit: 6.0 TeV (95% CL) Previous ATLAS W' — t v limit: 3.7 TeV (95% CL)
(139 tb —1 of the 2015-2018 13 TeV data sample) [Phys. Rev. D 100 (36.1 fb —1 of the 2015-2016 13 TeV data sample)

(2019) 052013]

[Phys. Rev. Lett. 120 (2018) 161802]
Can be more sensitive for NUGIM (LFV) models

Generally better sensitivity to universal couplings (SSM model)

lower backgrounds, better lepton reconstruction . . .
w stou p Signatures in LHC detectors are high-momentum plus large MET

- Sequential Standard Model (SSM) : assumes couplings of W’, Z’to fermions are identical to W, Z in SM
Non-universal gauge interaction models (NUGIM) : add non-universality via e.g. spontaneous symmetry breaking to 2 < SU(2) with

non-universality angle QNU
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112008
http://https://doi.org/10.1103/PhysRevD.100.052013
http://https://doi.org/10.1103/PhysRevD.100.052013
http://https://doi.org/10.1103/PhysRevLett.120.161802

High-mass resonance search 1n final states with T-lepton and MET

B Scarched for resonance in the transverse mass spectrum

m Hadronic t-lepton decays are identified with a recurrent neural network (RNN) algorithm
m A profile-likelihood fit to the m, distributions of signal and background performed for statistical analysis

Limit on NUGIM
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Heavy Majorana Neutrinos in same-sign WHW

H : : .. : :
Heavy Majorana neutrinos - couple to SM through mixing with SM neutrinos V. . Majorana neutrino mixing elements
n . . |
Type-1 Seesaw mechanism: m,, = order of (v/my) where v =246 GeV (Higgs v.e.v.) [Benchmark model]
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https://www.sciencedirect.com/science/article/pii/S0370269324004234
https://doi.org/10.1140/epjc/s10052-023-11915-y

LFV 1n High-Mass Dilepton Final States .~

Background-only fit in tt CR >1 b-jets
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https://link.springer.com/article/10.1007/JHEP10(2023)082

LFV 1in High-Mass Dilepton Final States
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<, < — - Searching for Leptoquarks

=~ - (et u
I 5 m‘”}ﬂ({ A JHEP 10 (2023) 001
. N,
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Combination of pair-produced leptoquarks searches
Phys. Lett. B 854 (2024) 138736
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' ' UM S : 1580 1560770 | - : ‘
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ { UM S v/by - . 1980 1930+ | - . |
g Better than CMS limits at F UM Sov/bu - : 1710 1660*% | - : ?
Pair Produced Scalar LQs :All decay channels . Beta=0.0,0.5,1.0 § U™ - tv/be , - 1900 1930+ - ;
t UMC > tv/be - - 1620 1650+ ; ; ,
{ UM o . - : : 1810 1810+%0
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-27

Summary and Future Prospects

B Various ongoing efforts underway in ATLAS to search for new physics signals using leptons.

B Innovative data-driven and Machine learning techniques are being used.

m No significant deviations from the predictions of the Standard Model (SM) have been observed.

Run 3 Improvements :

® Increased data collection (100 tb-1)

® Higher center-of-mass energy

® Enhanced hardware and software triggers
® Improved lepton performance

HL-LHC Potential :

® Massive increase 1in luminosity
® Improved tracking performance with ITk
® Enhanced discovery potential for new lepton physics
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Delivered Luminosity [fb ]

ATLAS luminosity graph
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Stay tuned for new results from ATLAS experiment at CERN !

W. Islam (Univ. of Wisconsin-Madison)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3
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Search for new phenomena in three- or four-lepton events

Phys. Lett. B 824 (2022) 136832

ATLAS analysis at Vs = 13 TeV with full Run 2 data used Dilepton triggers and lepton flavour combinations while looking for 3-leptons
and 4-leptons 1n final states.

A total of 22 signal regions were defined according to the number of leptons, the missing transverse momentum, the presence of a
lepton pair originating from a Z-boson decay, and the invariant mass of the leptons etc.
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https://doi.org/10.1016/j.physletb.2021.136832

ATL The Standard Model of Particle Physics

Standard Model of Elementary Particles

three generations of matter three generations of antimatter interactions / force carriers
(elementary fermions) (elementary antifermions) (elementary bosons)
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@ ATLAS detector of CERN

EXPERIMENT

ATLAS (A Toroidal LHC ApparatuS) 1s one of the two general purpose detectors placed at one of the collision points of LHC
ring at CERN.

At 46 m long, 25 m high and 25 m wide, the 7000-tonne ATLAS detector is the largest volume particle detector at CERN.

It sits in a cavern 100 meter below ground near the main CERN site, close to the village of Meyrin in Switzerland.
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