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Motivation

Leptons are a powerful tool in the search for new physics at the LHC

V Charged leptons leave striking signatures in detector

V Final states with leptons highly motivated by many BSM theories
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ΟЮΝΠ͚

arXiv:2411.18639 Phys. Rev. Lett. 131, 161802 (2023)

1st gen 2nd gen  3rd  gen 

In particular, theories with leptoquarks (LQ) and vector-like leptons could accommodate flavour anomalies 
and the anomalous magnetic moment of the muon

https://arxiv.org/abs/2411.18639
https://arxiv.org/abs/2308.06230


Analyses presented in this talk

This talk will present three recent results searching for new physics in ATLAS with the full Run -2 dataset :
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Search for vector -like leptons 
coupling to 1st and 2nd generation 

leptons (arXiv:2411.07143)

Search for vector -like leptons 
coupling to 3rd generation 

fermions (arXiv:2503.22581)

High-mass ͛ ͛analysis 
(arXiv:2503.19836)

Investigating two excesses [1,2] found in recent 
CMS analyses searching for vector-like leptons 
and leptoquarks coupling to 3rd  ŊĲŰĲƖċƣŔŸŰв

[1] Phys. Lett. B 846 (2023) 137713 
[2] JHEP 05 (2024) 311 

https://arxiv.org/abs/2411.07143
https://arxiv.org/abs/2503.22581
https://arxiv.org/abs/2503.19836
https://arxiv.org/abs/2208.09700
https://arxiv.org/abs/2308.07826
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Vector -like leptons (VLL): left- and right-handed chiral components have same 
transformation properties under SU(2) 

Search for pair-produced VLLs originating from either SU(2) singlet or doublet, 
coupling to 1st and 2nd generation SM leptons:

Å Singlet model includes only charged VLLs
Å Doublet model also includes a neutral VLL and significantly enhanced 

production cross-sections (up to 10 times larger than singlet)

Final states with 2 opposite -sign, 3 or 4 light leptons, where leptons can originate 
from VLL decays or sub-sequent decays of the Z, H, or W bosons. 

Targeting VLL mass range between 150 GeV and 1600 GeV

Singlet

Doublet

Submitted to JHEP VLL to 1st and 2nd  generation

https://arxiv.org/abs/2411.07143
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VLL to 1st and 2nd  generation

VLLe (VLL͓ ) targeted in signal regions with at least one pair of same-flavor opposite -sign electrons (muons)

Å 2lOS/3l : dedicated DNN to define signal regions targeting specific topologies
Å 4l: cut-and-count analysis 

Submitted to JHEP 

Control regions used to constrain / correct major SM backgrounds: ὸӶὸ, Z+jets, ὸӶὸW, ὸӶὸZ, VV

Multi-class DNN trained to classify each event in one 
of 6 (4) classes in the 2lOS (3l) channel

DNN inputs:

Correct 
classification 
on diagonal

https://arxiv.org/abs/2411.07143
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VLL to 1st and 2nd  generation

No significant deviations observed. Masses below 1220 GeV (1270 GeV) and 320 GeV (400 GeV) for VLLe (VLL͓ ) 
in the doublet and singlet scenarios are excluded at 95% CL, respectively.  

Submitted to JHEP 

Maximum likelihood fit is performed across the electron (muon) SRs to test for VLLe (VLL͓ )  signal, together with 
the CRs to constrain in situ the leading backgrounds simultaneously. 

Statistically dominated search; dominant systematics are ὤ + jets modelling and signal PDF and scale variations

Post-fit event counts in VLL͓  SRs:
95% CL limits on VLL͓  doublet: Discriminating variable:

https://arxiv.org/abs/2411.07143
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https://arxiv.org/abs/2411.07143
https://arxiv.org/abs/2503.22581
https://arxiv.org/abs/2503.19836
https://arxiv.org/abs/2208.09700
https://arxiv.org/abs/2308.07826
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Vector-ũŔťĲШũĲƓƣŸŰƚШыéxxьШŔŰШƣőĲШћΠΟΞΝќШůŸĬĲũ

Expected signature is events with multiple ͛ ќƚ, b-jets, and Ὁ , 
focusing on hadronic tau decays. 

Search targets mVLL between 200 т 1500 GeV

Analysis based on ћΠΟΞΝќШÖé-complete model , extends the SM 
with new symmetry group:

To accommodate flavor anomalies, model favors vector 
leptoquarks and VLL decays to 3rd generation fermions

Introduces three heavy gauge boson, vector-like quark (VLQ) 
doublets, and VLL doublets 

Submitted to EPJC 

Å h͛ad occurs with 65% BR. Signature is a 
hadronic jet with 1 or 3 charged particles.

Å h͛ad-ID in ATLAS performed with RNN

Hadronic taus in ATLAS

1-prong 3-prong

https://arxiv.org/abs/2503.22581
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VLL to 3rd generation: analysis method 

Events are collected with Ὁ , ͛ had, and b-jet triggers to improve signal 
acceptance (following a pre-selection on offline objects)

Signal regions (SR) contain events with ӄШΝШh͛adЯШӄШΟШĤ-jets, and 0 leptons . 
Control regions SR-ũŔťĲШĲƻĲŰƣƚШĤƨƣШƽŔƣőШӄΝШũĲƓƣŸŰЮ

Neural network  output score used as final discriminating variable
Å Parameterized in VLL mass
Å 19 Inputs: ͛  pT, object multiplicities, invariant masses and ̍  ͝of 
ƓċŔƖƚШŸŉШŸĤŢĲĦƣƚЯШĦőċƖŊĲЯШв

Main backgrounds : ὸӶὸ+jets (with real tau or jet mis-reconstructed as tau) 
and multijet.

Dominant systematics from ὸӶὸ modelling, data-driven background 
normalizations, QCD modelling, and data statistics

Submitted to EPJC 

https://arxiv.org/abs/2503.22581
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VLL to 3rd generation: results 

Observed  (expected) 95% CL lower limit on 
mVLL is 910 GeV (970 GeV). 

This search excludes the mVLL = 600 GeV region, 
ƽőŔĦőШŔƚШůŸƚƣШĦŸůƓċƣŔĤũĲШƽŔƣőШƣőĲШΞЮΥ͚ШĲǂĦĲƚƚШ
in a similar search performed in CMS [1]

This is the first search from the ATLAS 
collaboration for VLLs decaying through U1 to 
3rd generation fermions

ƣШũŸƽШůċƚƚЯШőŔŊőĲƚƣШƚĲŰƚŔƣŔƻŔƣǃШŉƖŸůШӄШΞ͛hadЯШӄШΟĤШ~É?Ñ
ƣШőŔŊőШůċƚƚЯШőŔŊőĲƚƣШƚĲŰƚŔƣŔƻŔƣǃШŉƖŸůШΝ͛had, ӄШΟĤШ~ÉÑ

Submitted to EPJC 

No excesses observed. 

[1] Phys. Lett. B 846 (2023) 137713 

https://arxiv.org/abs/2503.22581
https://arxiv.org/abs/2208.09700
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https://arxiv.org/abs/2411.07143
https://arxiv.org/abs/2503.22581
https://arxiv.org/abs/2503.19836
https://arxiv.org/abs/2208.09700
https://arxiv.org/abs/2308.07826
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High-mass ͛ had͛ had : Motivation

High-mass tail of di-tau mass spectrum is sensitive to many 
BSM effects and basic properties of tau

Broad scope analysis studying ppỊ†Ӷ† with three objectives:

1. First measurement of inclusive †Ӷ† fiducial cross-section as a function of visible invariant mass
2. Search for new states through non-resonant interactions Ị vector leptoquarks that 

accommodate flavour anomalies
3. EFT interpretation

Select events with at least two ͛had , with leading ͛ had pT > 90 GeV 
and m͛ ͛> 100 GeV

Background with true ͛ ќƚ estimated with simulation. Background 
from mis-reconstructed taus obtained from data-driven fake-
factor method

Submitted to JHEP 

üќ

https://arxiv.org/abs/2503.19836


13

High-mass ͛ had͛ had : Cross section measurement 

Unfolded fiducial cross section enables direct comparison between the data and any physics model without 
having to simulate the detector response

Å Largest uncertainties from modelling and ͛-lepton identification uncertainties 
Å Theory predictions from Sherpa2.2.11 and Powheg + Pythia agree with unfolded data
Å Results available on HEPData with accompanying Rivet routine

Unfolded fiducial cross section

Unfolding

Detector-level distribution of m͛ ͛(Nb-jet inclusive)

Å Reconstruction 
efficiency

Å Backgrounds
Å Migrations from 

detector response 

Sherpa2.2.11
Powheg+Pythia8

Submitted to JHEP 

https://arxiv.org/abs/2503.19836
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High-mass ͛ had͛ had : New physics search

Interference taken 
into account

Non-resonant interaction search:
Å Events with 0, 1, or 2 b-jets considered separately
Å Profile likelihood fit to the data is performed 

BSM SM

Highest sensitivity from 1 b-jet region:

Largest uncertainties from Drell-Yan modelling uncertainties and ὸӶὸ normalization and modelling uncertainties

Results exclude:
Å small portion of preferred 

region by B-hadron 
anomalies

Å leptoquark benchmark 
model with local 
ƚŔŊŰŔŉŔĦċŰĦĲШŸŉШӈΞЮΥ͚ШŔŰШ
CMS result [JHEP 05 (2024) 311]

Submitted to JHEP 

Provides some of the leading 
constraints on LQ models:
ATL-PHYS-PUB-2025-013

https://arxiv.org/abs/2308.07826
https://arxiv.org/abs/2503.19836
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
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High-mass ͛ had͛ had : New physics search

LHC constraints on a  ͛interpreted as constraints on c ‎͛ 
using EFT assuming no new physics at low mass scale

x 7 smaller 
CL interval

This result:

ATLAS Pb-Pb:

9ŸŰƚƣƖċŔŰƣƚШƚĲƣШŸŰШћƣŸƓќШÉ~E[ÑШůŸĬĲũШ c ‎͛ contributes 
to anomalous magnetic moment of the -͛lepton

9ŸŰƚƣƖċŔŰƣƚШŸŰШüќаШ

Right-handed

Left-handed

Submitted to JHEP 

üќ

https://arxiv.org/abs/2503.19836


Analyses presented in this talk

No new physics observed in recent searches using leptons in ATLAS.
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Searches for vector -like leptons 
coupling to 1st and 2nd generation 

leptons (arXiv:2411.07143)

Searches for vector -like leptons 
coupling to 3rd generation 

fermions (arXiv:2503.22581)

High-mass ͛ ͛analysis 
(arXiv:2503.19836)

Limits up to 1.27 TeV (400 GeV) set on 
mass of VLL͓  in doublet (singlet)  models

Models favored by recent CMS excesses in 
search for VLLs and leptoquarks are excluded

Analyses are statistically limited and will benefit from increased statistics and new analysis ideas in Run -3 
т stay tuned for more results soon!

Excludes VLL with 
ůШӅШΦΝΜШ]Ĳé

Excludes leptoquarks  with ůШӅШΝЮΡ-3 TeV, 
depending on coupling strength

https://arxiv.org/abs/2411.07143
https://arxiv.org/abs/2503.22581
https://arxiv.org/abs/2503.19836
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(Backup)
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(Backup) CMS Leptoquark excess

Search for LQ in ͛  ͛ŉŔŰċũШƚƣċƣĲƚШƽŔƣőШΜЯШӄΝШĤ-jet

At higher masses and coupling strengths, excess with ͚ = 2.8 (local) observed (computed using ratio of 
profile likelihood of bkg-only fit to fit with signal strength as free parameter)

JHEP 05 (2024) 311

https://arxiv.org/abs/2308.07826
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(Backup) CMS VLL excess

Search for pair-ƓƖŸĬƨĦĲĬШéxxШŔŰШћΠΟΞΝќШůŸĬĲũ

Observed data show excesses in highest DNN bins for both 1- h͛ad and 2- h͛ad channels. No excess in channel 
with lowest sensitivity (0- ͛ had)

At a 600 GeV mass point, the s+b model is preferred over the background-only model at a level of 2.8 ͚.

Phys. Lett. B 846 (2023) 137713

https://arxiv.org/abs/2208.09700
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(Backup) VLL to 1st and 2nd generation: Analysis regions Submitted to JHEP 

https://arxiv.org/abs/2411.07143
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(Backup) VLL to 1st and 2nd generation: Results Submitted to JHEP 

https://arxiv.org/abs/2411.07143
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(Backup) VLL to 3rd generation: Trigger strategy Submitted to EPJC 

https://arxiv.org/abs/2503.22581
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(Backup) VLL to 3rd generation: Neural network

NN consist of two hidden dense layers with 35 nodes each and an output layer with two nodes

Submitted to EPJC 

https://arxiv.org/abs/2503.22581
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(Backup) VLL to 3rd generation: RPV interpretation Submitted to EPJC 

https://arxiv.org/abs/2503.22581
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(Backup) High-mass ͛ had͛ had : Strategy 

[[ќƚШĲƻċũƨċƣĲĬШƚĲƓċƖċƣĲũǃШŉŸƖШƕƨċƖť-, 
gluon- and pile-up jets. 

Relative contributions determined 
from fit to jet width

Validation region[[ќƚШőŔŊőĲƖШŉŸƖШ
quark-initiated jets

Submitted to JHEP 

https://arxiv.org/abs/2503.19836
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(Backup) High-mass ͛ had͛ had : Unfolding details Submitted to JHEP 

https://arxiv.org/abs/2503.19836
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(Backup) High-mass ͛ had͛ had : EFT results Submitted to JHEP 

https://arxiv.org/abs/2503.19836
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High-mass ͛ had͛ had : New physics search ATL-PHYS-PUB-2025-013

This analysis 
provides some 
of the leading 
constraints on 

LQ models:


