
Piet Verwilligen CLFV searches in ATLAS & CMS ςCLVF Roma 2026 p. 1

CLFV searches at 
ATLAS & CMS
Piet Verwilligen ςINFN sez. Bari

on behalf of the ATLAS & CMS collaborations

CLFV Roma June 17-19 2026



Piet Verwilligen CLFV searches in ATLAS & CMS ςCLVF Roma 2026 p. 2

ÁLF(U)V and New Physics

ÁThe ATLAS & CMS Experiments
ÁDesign ïPerformance - Operation

ÁCLFV in Top decays
ÁATLAS

ÁCMS

ÁCLFV in Tau decays
ÁATLAS

ÁCMS

ÁHigh-Luminosity LHC outlook

ÁBackup
ÁLFUV and CLFV in Z & Higgs (older results)

Outline
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ÁLepton Flavour Violation
ÁNo fundamental symmetry enforcing lepton flavour 

conservation in extended SM (include ’oscillations)

ÁCharged LFV through ’oscillation 
predicted with ꜞͯ ρπ
ÁCurrent testing at ꜞ< 10-6 ï10-8

ÁAny observation = New Physics

ÁLepton Flavour Universality Violation
ÁIn SM the couplings of the leptons to W,Z are equal

ÁYukawa couplings exhibits a flavour structure and provide 
different mass to charged lepton family

ÁNew Physics could introduce similar flavour structure
and have enhanced couplings to third generation leptons

ÁMany Beyond the SM (BSM) theories predict 
CLFV scenarios with Branching Ratios ꜞͯ ρπ
ÁLeptoquarks, Extended Higgs, Technicolour, Heavy 
Gauge Bosons, é

LF(U)V and New Physics scenarios
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The ATLAS & CMS Experiments

ATLAS CMS

2 Tesla solenoid (rin = 1.2m) 3.8 Tesla solenoid (rin = 3 m)

Silicon (rmax= 56 cm) + Transition Rad Trk Full Silicon Tracker (rmax= 110 cm, A = 200 m2)

Liquid Argon ECAL Crystal ECAL

ECAL & HCAL outside solenoid ECAL & HCAL inside solenoid

Muon system in Air Core Toroids (0.5-1 Tesla) Muon system in Iron Return Yoke (1.5 Tesla)

7,000 Ton ς24m diam x 45m length 14,000 Ton ς15m diam x 30m length
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The ATLAS & CMS Object reconstruction 

ATLAS CMS

Track „(pT)/pT :: <2-3% (<100 GeV/c) Track „(pT)/pT :: <1-3% (<100 GeV/c) 

Photon „(E)/E:: 1-2% (50-100 GeV) Photon „(E)/E:: 1-5% (50-100 GeV)

Electrons „(E)/E:: 1-5% (50-100 GeV) Electrons „(E)/E:: 2-5% (10-100 GeV)

B-jet 77% tag eff (rejection > 100) B-jet 80% tagging eff (4.5% fake) (DNN)

Tau 70% tag eff (rejection ~ 100)Tau 80% tagging eff (4% fake) (DNN)

Muon „(pT)/pT :: <2-3% (<100 GeV/c)Muon „(pT)/pT :: <1-3% (<100 GeV/c)
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ÁLHC Operations
Á12 years of pp collisions (2010 ï2026)

ÁRecord performance in the last 3 years (2024-26)

ÁLHC Phase-1 concluded - ready to move to Phase-2

ATLAS & CMS Operations & Data-Taking

ÁATLAS & CMS
ÁOperating at 2x design 

luminosity fl - PU 64

ÁOverall recording 95% 
of delivered lumi fl

Á120 fb-1 (ó24) + 125 fb-1 
(ó25) + 30 fb-1 (ó26) 

ÁPhysics Analyses
ÁFull Run-2 (~140 fb-1)

ÁEarly Run-3 (~70 fb-1)

ÁFull Run-3 (~320 fb-1)

120 fb-1 
όΨнпύ

125 fb-1 
('25)

30 fb-1 
όΨнсύ
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ÁEffective Field Theory (EFT) interpretation
ÁEffective Lagrangian used to parametrize the

CLFV top interactions through dimension-6 operators

Áὅ  :: Wilson Coefficients (3 Lorentz structures x 2 light quark flavors)

ÁAssuming no interference SM & EFT => „ ᶿ ὅ ȾΏ

Áὕ  :: Operators can be Scalar, Vector or Tensor-like

CLFV search with t-quarks - EFT

ɤ = Scale of NP
ɤ = 1 TeV
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ÁAll analyses use Run-2 data (2016-18)
Á138 fb-1 of pp-collisions integrated at ί = 13 TeV 

ÁOverview of older Run-2 results  
ÁTOP-19-006 (2022) -  JHEP 06 (2022) 082

Á2 lepton final state (Ὡ‘)
ÁꜞÔO Ὡ‘ό < 0.07 10-6 (scalar) ï 0.13 10-6 (vector) ï 0.25 10-6 (tensor)

ÁꜞÔO Ὡ‘ὧ < 0.89 10-6 (scalar) ï 1.31 10-6 (vector) ï 2.59 10-6 (tensor) 

ÁTOP-22-005 (2023) -  Phys. Rev. D 111 (2025) 012009

Á3 lepton final state (Ὡ‘Љ with Љ = Ὡ/‘)
Á3 same flavour leptons (ЉЉЉ) used as validation region (VR)

ÁCovered in the next slides é

ÁLatest Run-2 result
ÁTOP-22-011 (2025) ï  JHEP 12 (2025) 065

Á‘  †  final state

Á in next slides é

CLFV search with t-quarks in CMS

Run-2
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ÁProbe ‘Ὡὸή coupling in EFT in top quark prod & decay

ÁSignal signature:
ÁOpposite Sign (OS) Ὡ‘ pair
Á Leptonic top quark decay Ą additional lepton + one b-jet

Á 0/1 light jet (u/c)

ÁBackgrounds:
Á Prompt leptons from simulation (WZ, VV(V), ὸӶὸ ὢ)

Á Non-prompt leptons estimated from data

ÁUncertainties statistically dominated
ÁMain syst. uncert: non-Prompt Lepton yield, 

Jet modelling and QCD scale

Á2 Signal Regions (SR):
Á SR + m(Ὡ‘) > 150 GeV (production enriched)
Á SR + m(Ὡ‘) < 150 GeV (decay enriched)

CLFV search in Ⱨ▄◄▲ vertex

CFLV in single top production 

ὸӶὸproduction + CLFV in top decay

CMS-TOP-

22-005

Phys.Rev.D. 
111 (2025) 

012009

Red bullet 

indicates CLFV in 
‘Ὡὸή vertex
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ÁBDT trained for each signal region

CLFV search in Ⱨ▄◄▲ vertex

CMS-TOP-

22-005

Phys.Rev.D. 
111 (2025) 

012009

m(Ὡ‘) > 150 GeV m(Ὡ‘) < 150 GeV 
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CLFV search in Ⱨ▄◄▲ vertex

CMS-TOP-

22-005

Phys.Rev.D. 
111 (2025) 

012009

ÁNo excess observed
ÁLimits on Wilson Coefficients converted to limits on Branching Ratio

ÁMost stringent limits on ꜞÔO Ὡ‘ή today
ÁꜞÔO Ὡ‘ή < 0.4 10-6 ï 1.0 10-8 -  ַ(10)ײ improvement
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ÁProbe ‘†ὸή coupling in EFT in top prod & decay

ÁSignal signature:
ÁOpposite Sign (OS) ‘ and †  pair
Á  3 jets, including one b-jet

ÁBackgrounds:
ÁPrompt leptons from simulation
ÁJets mis-identified as †  estimated from data

ÁHadronically decaying top quark reconstructed by minimizing …ς 
of top quark and W-boson mass

CLFV search in ⱧⱲ◄▲ vertex

CMS-TOP-

22-011

JHEP 12 
(2025) 065

CFLV in single top production ὸӶὸpair production + 

CLFV in top decay
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ÁDNN for multiclass discrimination:
Á3 classes: Single-ὸ (ST) CLFV, ὸӶὸ (TT) CLFV & Background

Á28 variables, most important: mtop, mW, pT(‘), pT(†

ÁProbabilities combined in a single score

CLFV search in ⱧⱲ◄▲ vertex

CMS-TOP-

22-011

JHEP 12 
(2025) 065

‘†ὸήȠ ή ό ‘†ὸήȠ ή ὧ
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ÁNo excess observed
ÁLimits on Wilson Coefficients converted to limits on Branching Ratio

ÁComparable but slightly higher limits w.r.t. Ὡ‘ analysis
ÁꜞÔO ‘†ή < 2.1 10-6 ï 4.0 10-8

CLFV search in ⱧⱲ◄▲ vertex

CMS-TOP-

22-011

JHEP 12 
(2025) 065
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ÁProbe ‘†ὸή coupling in EFT in t prod & decay
ÁAdditional interpretations for Scalar Leptoquarks

ÁSignal signature:
ÁSame Sign (SS) ‘ pair and †

Á1 b-jet +  1 jet

ÁBackgrounds:
ÁPrompt leptons from simulation

ÁNon-prompt muons from template fit in control region

CLFV search in ⱧⱲ◄▲ vertex

Phys.Rev.D. 
111 (2024) 

012014

ATLAS-TOPQ-

23-023
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ÁProbe ‘†ὸή coupling in EFT in t prod & decay
ÁEFT interpretation:

ÁꜞÔO ‘†ή < 8.7 10-7

ÁLeptoquark interpretation: 

ÁObserved limits on LQ coupling strength: ‗ ρȢσ ï 3.7
for masses from 500 GeV to 2 TeV

CLFV search in ⱧⱲ◄▲ vertex

Phys.Rev.D. 
111 (2024) 

012014

ATLAS-TOPQ-

23-023
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ÁⱲO Ⱨ is golden channel for CLFV
ÁFully reconstructed final state

ÁClean experimental signature

ÁAbundant † production at the LHC

ÁW-channel: low stat, high-pT Љ (0.01%)

ÁHF-channel: high stat, low-pT Љ (99.99%), higher bkg

Search for LFV decay ⱲO Ⱨ

ʐ production 
at the LHC

Year Collab. Process Data
Exp.

*
Obs.

*

2010 Belle ὩὩO †† 782 fb-1 - 2.1

2010 BaBar ὩὩO †† 468 fb-1 4.0 3.3

2014 LHCb ὈȾὄᴼ†ὢ 3.0 fb-1 (pp 7-8 TeV) 5.0 4.6

2016 ATLAS 7ᴼ†’ 20.3 fb-1 (pp 8 TeV) 39 38

2023 CMS ὈȾὄ and 7 131 fb-1 (pp 13 TeV) 2.4 2.9

2024 Belle II ὩὩO †† 424 fb-1 - 1.9

2026 LHCb ὈȾὄᴼ†ὢ 5.4 fb-1 (pp 13 TeV) 2.0 1.9

[*] ρπͽωπϷ C.L.

http://dx.doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1103/PhysRevD.81.111101
http://dx.doi.org/10.1007/JHEP02(2015)121
https://doi.org/10.1140/epjc/s10052-016-4041-9
https://doi.org/10.48550/arXiv.2312.02371
https://indico.cern.ch/event/1303630/contributions/5571690/attachments/2765976/4817916/AlbertoMartini_tau2023.pdf
https://arxiv.org/abs/2601.20785
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ÁSearch for ⱲO Ⱨ in 137 fb-1 of pp-collisions at 
ρσ TeV collected during Run-2 (2016ï18)

ÁEvent selection with suite of 2- & 3‘ triggers
ÁMuon Trigger with pT > 11 GeV/c & 6 GeV/c

ÁATLAS trigger not optimized for lower pT muons
ÁAnalysis targets mostly Ⱳ from W-boson decays

ÁBDT analysis
Á3 regions (loose, med, tight)

ÁUpper limits (90% CL):
ÁExp: B(ⱲO Ⱨ )< 7.5 10-8

ÁObs: B(ⱲO Ⱨ )< 8.7 10-8

ÁImprov (x 5) w.r.t. prev. limit

Search for ⱲO Ⱨ in ATLAS
ATLAS-

BPHY-18-
05

arXiv:2603.18099

submitted to 
Phys.Lett.B
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ÁSearch for ⱲO Ⱨ in 97.7 fb-1 of pp-collisions at 

ρσ TeV collected during Run-2 (2017ï18)
ÁCombined with 33 fb-1 (2016)

ÁAnalysis targets both W-decay and HF-decay

ÁAnalysis strategy:
ÁSpecial low pT di-muon & tri-muon triggers

Á Allowed by Data Parking (Trigger:  pT > 3,3,1.2 GeV/c)

ÁNormalisation: Ὀ ᴼ‰(1020) “   O‘‘“  

ÁConstruct 3‘ object with common displaced vtx

ÁSearch peaking signal in m(3‘) over smooth bkg

ÁEvts categorised to enhance sensitivity
based on m(3‘) resolution, production & year

ÁBackgrounds: 2‘ + decay in flight

ÁMulti-Variate Analysis (MVA) muon ID at low pT

ÁBoosted Decision Tree for background suppress   

Search for ⱲO Ⱨ in CMS

CMS-BPH-

21-005

CMS-BPH-17-004
JHEP 01 

(2021) 163 PLB 853 
(2024) 
138633
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ÁResults are dominated by statistical uncert.
ÁChallenging to sift through billions of low- pT muons

Á2017 + 2018 analysis results (90% CL):
ÁHF channel: ꜞ†O σ‘ < 3.8 10-8 (3.6 10-8  exp)

ÁW channel: ꜞ†O σ‘ < 8.0 10-8 (5.6 10-8  exp)

ÁFull Run-2 result:
Áꜞ†O σ‘ < 2.9 10-8 

(2.4 10-8  expected)

Search for ⱲO Ⱨ in CMS

CMS-BPH-

21-005

PLB 853 
(2024) 
138633
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ÁSearch for ⱲO Ⱨ in 63.1 fb-1 of pp-collisions 

at ρσȢφ TeV collected during Run-3 (2022ï23)
ÁFirst CLVF analysis using Run-3 data

ÁCombination with Run-2 
Áꜞ †O σ‘ < 2.8 10-8 @ 90% CL (2.2 10-8  expected)

Search for ⱲO Ⱨ in CMS

CMS-BPH-

24-010

CMS-PAS-BPH-24-010

CMS-PAS-
BPH-24-010

https://cds.cern.ch/record/2957462/files/BPH-24-010-pas.pdf
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ÁHL-LHC will extend Physics reach
ÁRelies on key innovations that push 

accelerator technology beyond limits

Á5 ï 7.5 x design luminosity (140-200 PU)

Á3000 fb-1 to ATLAS & CMS

ÁLong Shutdown 3
ÁStarts June 29th 2026

ÁWill last 3 years- beams back May 2029

ÁHL-LHC 10 years of operation until 2042

ÁUpgrades of ATLAS & CMS
ÁNew Trackers (+ Track Triggering)

ÁNew Timing Detectors

ÁCalo & Muon system upgrades

ÁPreserve performance & selectivity
Á Similar momentum resolutions

Á Equal trigger thresholds

High Luminosity LHC
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High Luminosity LHC
ƛŦ /a{ ǘǊƛƎƎŜǊ ƛƴ wǳƴ о ƭƻƻƪǎ ƭƛƪŜ ǘƘƛǎ Χ 
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High Luminosity LHC
Χ then this is what HL-LHC triggering looks like 
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The HL-LHC Physics Reach

ⱲO Ⱨ

Most Forward muon
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Measurements used for HL-LHC extrapolation

Extrapolation of High-Luminosity LHC Physics Reach*

Not yet including:
- ‘ extension 
from – < 2.4 to 
– < 2.8
- muon tracking 
imaging HGCAL 

https://cds.cern.ch/record/2283189
https://arxiv.org/abs/2503.24346
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ÁATLAS & CMS were built for the discovery of the processes 
underlying the EWK SB and to search for new Physics
ÁSelection & Measurement of leptons from W,Z,H & ὸӶὸ
ÁWe have used those leptons for the search for CLFV processes

ÁAdapting triggers & readout strategies they can also select a 
rich collection of leptons from ὦὦ decays
ÁMuch higher production rates

Á=> allow competitive limits on CLFV processes

ÁCLFV in top-quark production and decay:
ÁMost stringent limits on ꜞÔO Ὡ‘ή < 0.4 10-6 ï 1.0 10-8

ÁSlightly higher limits in ‘†: ꜞÔO ‘†ή < 2.1 10-6 ï 4.0 10-8

ÁCLFV in tau decay
Áꜞ†O σ‘ < 2.8 10-8 @ 90% CL by the CMS collaboration

ÁReaching the precision of Belle-II and LHCb collaborations

ÁShown results for Run-2 data (140 fb-1) => Expect 50% 
improvement ( fl scaling) with full Run-3 data (320 fb-1)

Summary
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Backup
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ÁSummary of limits presented today:

CLFV Limits Summary

process ATLAS Ref. CMS Ref.

ὄὌᴼÅ‘ < 2.0 (1.2) 10ҍо (95% CL)
JHEP 07 (2023) 166

<  4.4  (4.7) 10ҍр (95% CL)
Phys.Rev.D. 108 

(2023) 072004

ὄὌᴼ‘† < 1.8 (0.9) 10ҍо (95% CL) - -

ὄὤᴼÅ‘ < 2.6 × 10ҍт (95% CL)
Phys. Rev. D 108,

032015 (2023)
<   1.9  (2.0) 10ҍт (95% CL)

Phys.Rev.D. 112 

(2025) 112011ὄὤᴼÅ† < 5.0 × 10ҍс (95% CL) Phys Rev Lett 127 

271801 (2022)

< 13.8 (11.4) 10ҍт (95% CL)

ὄὤᴼ‘† < 6.5 × 10ҍс (95% CL) < 12.0 (5.3) 10ҍт   (95% CL)

ꜞÔO Ὡ‘ή - - < 0.4 10-6 ς 1.0 10-8
Phys.Rev.D. 111 

(2025) 012009

ꜞÔO ‘†ή < 8.7 10-7
Phys.Rev.D. 111 

(2024) 012014
< 2.1 10-6 ς 4.0 10-8 JHEP 12 (2025) 065

ꜞ†O σ‘ < 8.7 (7.5) 10-8 (90% CL)
arXiv:2603.18099

submitted to 
Phys.Lett.B

< 2.8 (2.2) 10-8 (90% CL)
PLB 853 (2024) 

138633 &
CMS-PAS-BPH-24-010
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ÁCMS has several searches for LFUV in heavy 
flavour sector
ÁὦO ίЉЉ(loop level)  => RK = BR("ᴼ‘‘ὑ / BR("ᴼeeὑ

ÁὦO ὧЉ’Љ(tree level) => R(*Ⱦ‪) = BR(ὄ ᴼ*Ⱦ‪†’) / BR(ὄ ᴼ
*Ⱦ‪‘’) 

ÁLFUV tests
ÁR(K) in ὄ ᴼὑ ЉЉ  decays

ÁR(ὐȾ‪) in ὄ ᴼὐȾ‪Љ’Љ decays (lep & had †)

LF Universality Violation

CMS-PAS-BPH-22-005
Rep. Prog. Phys. 87 

077 802

CMS-PAS-BPH-23-001
Accepted by PRL
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ÁLFV in Z & Zô decays in CMS

Á138 fb-1 of pp-collisions at ρσ TeV - Run-2 (2016ï18)

ÁEach of the decays Z(Å‘), Z(Å†), Z(‘†) is considered
Á†-decay covered both hadronically as leptonically

ÁὄὤᴼÅ‘ <   1.9  (2.0) 10ī7 (95% CL) ï most stringent today

ÁὄὤᴼÅ† < 13.8 (11.4) 10ī7 (95% CL)

Áὄὤᴼ‘† < 12.0 (5.3) 10ī7   (95% CL)

ÁAditionally Å‘ search in ρρπά  υππ GeV/c2 

CLFV in Z(ЉЉ) ςdecays in CMS
CMS-PAS-SMP-23-003
Phys.Rev.D. 112 (2025) 

112011
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ÁCLFV in Zô decays in ATLAS
Á139 fb-1 of pp-collisions at ρσ TeV - Run-2 (2015ï18)
ÁEach of the decays Z(Å‘), Z(Å†), Z(‘†) is considered
ÁNo excess observed
ÁUpper limits on Zô, RPV ’ & Quantum Black Holes

ÁCLFV in Z decays in ATLAS
ÁὄὤᴼÅ‘ < 2.6 Ĭ 10ī7 

ÁὄὤᴼÅ† < 5.0 Ĭ 10ī6

Áὄὤᴼ‘† < 6.5 Ĭ 10ī6

ÁCLFV in H decays in ATLAS
Á138 fb-1 of pp-collisions at ρσ TeV - Run-2 (2015ï18)
ÁH(Å†) and H(‘†) signatures

ÁὄὌᴼÅ† < 2.0 (1.2) 10ī3 (95% CL)
ÁὄὌᴼ‘† < 1.8 (0.9) 10ī3 (95% CL)

/[C± ƛƴ ½Σ ½Ω ϧ I ŘŜŎŀȅǎ ƛƴ !¢[!{
ATLAS-EXOT-2019-20
JHEP 10 (2023) 082

ATLAS-HIGG-2019-11
JHEP 07 (2023) 166

Phys. Rev. D 108,
032015 (2023)

Phys Rev Lett 127 
271801 (2022)
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ÁLFV in Higgs decays in CMS

Á138 fb-1 of pp-collisions at ρσ TeV - Run-2 (2016ï18)
ÁὄὌᴼÅ‘ <  4.4  (4.7) 10ī5 (95% CL)

ÁExcess of events near 146 GeV/c2 ï global significance 2.8„

CLFV in H(Å‘) ςdecays in CMS
CMS-PAS-HIG-22-002

Phys.Rev.D. 108 (2023) 
072004
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The ATLAS & CMS Experiments
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The ATLAS & CMS Experiments
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Extra- CLFV search in ⱧⱲ◄▲ vertex

CMS-TOP-

22-011

JHEP 12 
(2025) 065
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LHC as Ⱳ factory 
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