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Lepton Flavour (Universality) Violation
• Lepton Flavour Violation (LFV) 

• There is evidence of neutral LFV through neutrino oscillations


• Charged LFV happens in loop diagrams with  mixing, but strongly suppressed (rate 
 )


• SM extensions predict larger BR up to 


• Lepton Flavour Universality Violation 

• In SM EW couplings are the same for the three lepton flavours 


• SM extensions predict different couplings 

ν
∼ 10−55

10−10 − 10−8
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NuclPhysB(2007)02.014

EPJC57(2008)13-182

Lepton Flavour is a strategic sector to look for new Physics!

https://doi.org/10.1016/j.nuclphysbps.2007.02.014
https://link.springer.com/article/10.1140/epjc/s10052-008-0715-2
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Anomalies
• Several experiments suggest deviations from the SM predictions:


• Most recent deviations in indirect LFUV searches in B-sector by LHCb
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b → sl+l− b → cl−ν̄l

• 


• Loop-level  smaller BR


• -less


• Precise predictions

RHs
=

ℬ(Hb → Hsμ+μ−)
ℬ(Hb → Hse+e−)

→

ν

• 


• tree-level  large BR; sensitive 
to syst unc


• s in the final state


• Sensitive to QCD calculations

RHc
=

ℬ(Hb → Hcτ−ν̄τ)
ℬ(Hb → Hcμ−ν̄μ)

→

ν

No tension 
with SM 
prediction

3  tension 
with the SM 
prediction

σ

arXiv:2212.09153 arXiv:2212.09152 arXiv:2302.02886

https://arxiv.org/abs/2212.09153
https://arxiv.org/abs/2212.09152
https://arxiv.org/abs/2302.02886
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Proposed Explanations

• If LF(U)V exist and are confirmed, what are the proposed explanations for 
these deviations from the SM?


• Extensions of the SM such as:


• Charged Higgs bosons [1] [2] [3]


• New vector bosons  EXO summary


• Leptoquarks CMS-PAS-EXO-22-018 CMS-PAS-EXO-19-016  
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Many analyses on going to search for these particles

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-017/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-021/index.html
https://link.springer.com/article/10.1007/JHEP07(2020)126
https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/CurrentBarChartVersion_v6.svg
http://cds.cern.ch/record/2859388?ln=fr
http://cds.cern.ch/record/2815309
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What do we do at CMS?
• A huge effort has been done in CMS in the past years to make LF(U)V measurements possible


• LF(U)V searches in many sectors


• Higgs sector          Search for   arXiv:2305.18106


                                  Search for  and   Phys. Rev. D 104, 032013


• Leptonic decays     Search for LFV  decays  CMS-PAS-BPH-21-005


• Top quark decays   Search for LFV in top quark sector CMS-PAS-TOP-22-005 

• Exotic sector           Search for LQ coupling with  and b CMS-PAS-EXO-19-016


                                       Search for LFUV Z’ CMS-PAS-EXO-22-016

→ H → eμ

→ H → eτ H → μτ

→ τ → 3μ

→

→ τ

→
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In this 
talk

In this 
talk

In this 
talk

G. Correia Silva's talk

https://arxiv.org/abs/2305.18106
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032013
https://cds.cern.ch/record/2860087?ln=en
http://cds.cern.ch/record/2851002
http://cds.cern.ch/record/2815309
http://cds.cern.ch/record/2859355?ln=fr
https://indico.desy.de/event/34916/contributions/146799/
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What do we do at CMS?

• A huge effort has been done in CMS in the past years to make LF(U)V measurements possible


• Single and double  and high rate double  triggers campaign in 2018 and Run III to 
provide datasets for LF(U)V 

• R(X) LF(U)V measurements 


• Measurement of the R(J/ ) ratio in the leptonic channel (CMS-BPH-22-012)


• Lepton flavor universality test via R(K) measurement (CMS-BPH-22-005)


• Angular Analyses   ; 

 (BPH-15-009, BPH-15-001, BPH-15-008)

μ e

ψ

→ B0 → K*0μ+μ− B+ → K(*)+μ+μ−
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In this 
talkNEW

NEW

G. Karathanasis' 
talk

PAS will be available in 
the next days, check at 

this link !

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-15-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-15-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-15-008/index.html
https://indico.desy.de/event/34916/contributions/146878/
https://indico.desy.de/event/34916/contributions/146878/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH/index.html
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Search for LFV in top quark sector
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CMS-PAS-TOP-22-005
Top D

ecay
Top Production

• Signal processes: decay (  < 150 
GeV) and production (  > 150 GeV)

m(eμ)
m(eμ)

• SM Background processes: 
• Prompt background: from SM processes that produce at least 3 

leptons via decays of EW bosons  simulation


• Non-prompt backgrounds: fail the above criterion  Data-driven


• Selection: Exactly 3 charged leptons and at least 1 jet and at most 1 b-
jet


• Fit: Binned likelihood function on 6 categories, using BDT discriminants

→
→

Run II ℒ = 138 fb−1

 < 150 GeVm(eμ)

BDT discriminants 

 > 150 GeVm(eμ)
Limits on Wilson coefficients

• No excess over 
the SM 
prediction 

• Most stringent 
limits

Limits on BR

http://cds.cern.ch/record/2851002
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Search for Z’ with b quark jets
• Previous searches at LHC not sensitive to Z’ coupling to 2nd or 

3rd generation of quarks


• Bkg sources substantially reduced in this analysis with respect to 
previous dilepton+b quark searches
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CMS-PAS-EXO-22-016

• Signal: 

•  resonance with  GeV  and 
with at least 1 b quark jet


• Background sources 
1. DY

2.  production

3. tZ+X, tW+X and V, diboson production 

Z′ → μμ mZ′ 
> 350

tt̄
tt̄

Run II ℒ = 138 fb−1

}Dominant

• Result: No significant excess observed 
• Model-independent limits

• Coupling parameters limits

http://cds.cern.ch/record/2859355?ln=fr
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Search for LFV  decays τ → 3μ

• New analysis using 2017 and 2018 
data, combined with previous result 
using 2016 data JHEP01(2021)163


• Best limit set from Belle collaboration 
 at  

CL PLB687(2010)139-143


• This search uses  produced in 

• heavy-flavor hadron decays

• W boson decay

ℬ(τ → 3μ) < 2.1 ⋅ 10−8 90 %

τ
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CMS-PAS-BPH-21-005
Run II ℒ = 138 fb−1

https://doi.org/10.1007/JHEP01(2021)163
https://www.sciencedirect.com/science/article/pii/S0370269310003576?via%3Dihub
https://cds.cern.ch/record/2860087
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Search for LFV  decays τ → 3μ

• Abundant, but challenging for low  and high  muons


• HLT paths require: 2e  and 1 trk (2017) or 3  (2018)


• Veto on dimuon decays from hadronic resonances to suppress 
bkg 


• To reduce uncertainties,  is used to 
normalise the signal yield 


• 9 categories for each year:


• 3 defined from  resolution


• BDT trained to improve signal to bkg ratio  3 
subcategories

pT |η |

μ μ

D+
s → ϕπ+ → μ+μ−π+

m(3μ)

→
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CMS-PAS-BPH-21-005
Run II ℒ = 138 fb−1

 from Heavy-Flavour (HF) mesonsτ

https://cds.cern.ch/record/2860087
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Search for LFV  decays τ → 3μ

• 


• Less abundant, but more clear signature:


• Well isolated from hadron activity


• High 


• Veto on dimuon decays from hadronic 
resonances to suppress bkg 


• BDT trained to further reduce bkg

W+ → τ+ντ → μ+μ−μ+ντ

pT
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 from W boson decayτ

CMS-PAS-BPH-21-005
Run II ℒ = 138 fb−1

https://cds.cern.ch/record/2860087
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Search for LFV  decays τ → 3μ

• Fit to  mass distributions in 36 event 
categories


• No significant excess observed  

• Results combined with 2016 results:

m(3μ)
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Results

Observed (expected) upper limit @ 90% of CL


B( )  2.9 (2.4) x 


Observed (expected) upper limit @ 95% of CL


B( )  3.6 (3.0) x 

τ → 3μ < 10−8

τ → 3μ < 10−8

CMS-PAS-BPH-21-005
Run II ℒ = 138 fb−1

Competitive with world best sensitivity 

https://cds.cern.ch/record/2860087
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Measurement of LFUV with R(J/ )ψ
Introduction
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R(J/ψ) =
ℬ(B+

c → J/ψτ+ντ)
ℬ(B+

c → J/ψμ+νμ)
• SM prediction =  0.2582(38) 


• Previous Measurement:  LHCb  


• Leptonic channel   

• Similar final state ( ), → same reconstruction and simultaneously fit


• Collinear approximation to infer  4-momentum 


• The analysis aims to separate  (num.) vs  (den.) decays leveraging on 
kinematical observable: 

→ 0.71 ± 0.17(stat) ± 0.18(syst)

→ τ+ → μ+νμν̄τ

3μ + νs

B+
c pBc =

mB

mreco
pBc

reco

3ν 1ν
q2 = (pB − pJ/ψ)2

Num: B+
c → J/ψτ+ν

Den: B+
c → J/ψμ+ν

PhysRevLett.125.222003

PhysRevLett.120.121801

2018: ℒ = 59.7 fb−1

NEW

2  from SMσ

CMS-BPH-22-012 

https://link.aps.org/doi/10.1103/PhysRevLett.125.222003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
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• Signal :  

• Signal :  

• Muon fakes:  + misidentified hadron (mostly decay in flight )


•  bkg: combinatorial 


•  bkg: 

• feeddowns (exc  to ); 

• other +charm. hadrons (mostly )


• Combinatorial dimuon : unrelated muons with  close 
to that of the 

τ Bc → J/ψτντ

μ Bc → J/ψμνμ

J/ψ K → μν

Hb J/ψ + μ

Bc
cc̄ J/ψ

J/ψ B+
c → D(*)

s J/ψ

+μ+ m(μμ)
J/ψ

Measurement of LFUV with R(J/ )ψ
Contributions
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NEW
to

ta
l c

on
tri

bu
tio

n

}from 
simulation

data-driven

data-driven

CMS-BPH-22-012 
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• application in SR: iso fakerate 
weights applied to events in B to find 
fakes in A


ISO ! ISO

ID

! ID

A B

C D

SR

Fakes 
Measurement 

Region

Measurement of LFUV with R(J/ )ψ
Muon Fakes bkg

• Four regions defined on  features:  isolation (ISO) and ID


• measurement of iso fakerate ( ) in !ID: fit in multiple 
dimensions using NN classifiers; outputs interpreted as 
event-by-event weights

μ3 μ3

friso
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iso fakerate

Fakes(SR) = friso ⋅ Data(B) − friso ⋅ MC(B)

In-situ estimation in the fit model

NEW
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Measurement of LFUV with R(J/ )ψ

• Muon fakes estimation validated with several studies


• Most representative: validation on data control regions 

• iso>1.5  muon fakes enriched 

• Same strategy of analysis: train NN in !ID; apply weights in B” 

to find fakes in B’

→

16

Muon Fakes bkg - Validation

• Closure in B’  good agreement data-fakes


• Conservative uncertainties added to account for limited 
statistics of the test


• Several other uncertainties added to this data-driven bkg

→

NEW
CMS-BPH-22-012 
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-012/index.html


Federica Riti

0.5− 0 0.5 1 1.5

xyLσ/ xyL 
10

log

500

1000

1500

2000

2500

3000

3500

ev
en

ts
 / 

bi
n

ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes 

observed stat. unc.

 (13 TeV)-159.7 fbCMS  Preliminary

0.5− 0 0.5 1 1.5

xyLσ/ xyL 
10

log

0.9
1

1.1

ob
s/

ex
p0.5− 0 0.5 1 1.5

500

1000

1500

2000

2500

3000

ev
en

ts
 / 

bi
n

 (13 TeV)-159.7 fbCMS  Preliminary

ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes 

observed stat. unc.

0.5− 0 0.5 1 1.5

xyLσ/ xyL 
10

log

0.9
1

1.1

ob
s/

ex
p

 reweighted 
B Region

frISO A Region

binfakesB
i = bindataB

i − binMCB
i

binfakesA
i = binfakesB

i

4− 2− 0 2 4
 IP3DσIP3D / 

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18

0.2
0.22

a.
u. ν+µΨJ/→+

cB
ν+τΨJ/→+

cB
fakes

 (13 TeV)-159.7 fbCMS     Preliminary

Measurement of LFUV with R(J/ )ψ
Fit Model
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• Binned maximum likelihood fit


• Free floating parameters:  and  normalisations


• POI =  value  


• Blind strategy  multiply  by unknown number (0,6)


• Muon fakes estimate in-situ as part of the simultaneous fit

Bc Hb

R(J/ψ) → R(J/ψ) =
ℬ(B+

c → J/ψτ+ντ)
ℬ(B+

c → J/ψμ+νμ)
=

POI ⋅ rBc

rBc

= POI

→ R(J/ψ)

Structure Variables
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Measurement of LFUV with R(J/ )ψ
Fit Model

• Total of 14 categories 


• To control background


• To optimise S/B 
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NEW
CMS-BPH-22-012 

0.5 0 0.5 1 1.5

500

1000

1500

2000

2500

3000

3500

 e
ve

nt
s 

/ b
in ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes

observed stat. + syst. unc.

 (13 TeV)-159.7 fbCMS  Preliminary

0.5− 0 0.5 1 1.5

xyLσ/ xy L
10

log

0.9
1

1.1

ob
s/

ex
p 6 7 8 9 10

10

210

310

410

 e
ve

nt
s 

/ b
in ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes

observed stat. + syst. unc.

 (13 TeV)-159.7 fbCMS  Preliminary

5.5 6 6.5 7 7.5 8 8.5 9 9.5 10

)2 (GeV2q

0.9
1

1.1

ob
s/

ex
p

6 7 8 9 10

10

210

310

410

 e
ve

nt
s 

/ b
in ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes

observed stat. + syst. unc.

 (13 TeV)-159.7 fbCMS  Preliminary

5.5 6 6.5 7 7.5 8 8.5 9 9.5 10

)2 (GeV2q

0.9
1

1.1

ob
s/

ex
p

6 7 8 9 10

10

210

310

410

 e
ve

nt
s 

/ b
in ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes

observed stat. + syst. unc.

 (13 TeV)-159.7 fbCMS  Preliminary

5.5 6 6.5 7 7.5 8 8.5 9 9.5 10

)2 (GeV2q

0.9
1

1.1

ob
s/

ex
p

6 7 8 9 10

10

210

310

410

 e
ve

nt
s 

/ b
in ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes

observed stat. + syst. unc.

 (13 TeV)-159.7 fbCMS  Preliminary

5.5 6 6.5 7 7.5 8 8.5 9 9.5 10

)2 (GeV2q

0.9
1

1.1

ob
s/

ex
p

HM

LM

}IP3D  binssig

}
IP3D  binssig

LQ2

7 x Region A ( ISO) 
 7 x Region B ( !ISO)

6 7 8 9 10

10

210

310

410

 e
ve

nt
s 

/ b
in ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes

observed stat. + syst. unc.

 (13 TeV)-159.7 fbCMS  Preliminary

5.5 6 6.5 7 7.5 8 8.5 9 9.5 10

)2 (GeV2q

0.9
1

1.1

ob
s/

ex
p

HQ2

0.5 0 0.5 1 1.5

500

1000

1500

2000

2500

3000

3500

 e
ve

nt
s 

/ b
in ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes

observed stat. + syst. unc.

 (13 TeV)-159.7 fbCMS  Preliminary

0.5− 0 0.5 1 1.5

xyLσ/ xy L
10

log

0.9
1

1.1

ob
s/

ex
p

1 0.5 0 0.5 1

500

1000

1500

2000

2500

3000

3500

4000

 e
ve

nt
s 

/ b
in

 mesonsbH  baryonsbH +µcomb. dimuon + 

fakes observed stat. + syst. unc.

 (13 TeV)-159.7 fbCMS  Preliminary

1− 0.5− 0 0.5 1

xyLσ/ xy L
10

log

0.9
1

1.1

ob
s/

ex
p



Federica Riti

Measurement of LFUV with R(J/ )ψ
Fit Model

• Total of 14 categories 


• To control background


• To optimise S/B 

19

NEW

Theory uncertainties on the  form 
factors, which change the shape of 

signal  closer to that of signal   
 big impact on the sensitivity
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 0.18−

 0.19+(Stat.) 
 0.17−

 0.18+) = 0.17 ψR(J/

CMS
Preliminary

Stat. Only
Stat. + Theo.
Total

Measurement of LFUV with R(J/ )ψ
Results

Compatibile with SM prediction within 0.3 σ

20

R(J/ψ) = 0.17+0.21
−0.22(Syst.)+0.19

−0.18(Theo.)+0.18
−0.17(Stat.)

• The first LFUV result in  in CMS, 
on limited part of the statistics (only 2018 
data)


• Sensitivity expected to significantly improve 
in the next iteration

b → cl−ν̄l

NEW

with LHCb result within 1.3 σ

CMS-BPH-22-012 

R(J/ψ) = 0.17+0.33
−0.33

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-012/index.html
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Conclusions
• LF(U)V is a very exciting field to look for new physics


• In CMS a big effort is put into indirect and direct LF(U)V analyses 

• Recent analyses have been shown in this presentation


• Search for  

• Search for LFV in top quark sector


• Search for  bosons


• Search for LFV  decays 


• Measurement of LFUV with  ratio


• Don’t forget to follow LFU test via R(K) measurement (BPH-22-005) (G. Karathanasis' talk)

H → eμ

Z′ 

τ → 3μ

R(J/ψ)

21

Many analyses still ongoing and hopefully new interesting results very soon!

NEW

NEW

https://twiki.cern.ch/twiki/bin/view/CMS/AN21001
https://indico.desy.de/event/34916/contributions/146878/


Additional material
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Search for H → eμ

23

• H production modes: 

• Vector boson fusion (VBF)


• Gluon fusion (ggH)

• Backgrounds: 

• Leptonic decays of  and WW events

• DY events with misidentified lepton

• leptonic decays of top

• EW decays of W with misidentified jet


• Decay of H to , diboson, EW Z

tt̄

τ

} Dominant

arXiv:2305.18106 
(submitted to Phys. Rev. D)

ggH category VBF category

• Sensitivity optimisation: 

1. Events categorisation for each prod mode


2. Events categorisation to distinguish between signal and 
background using boosted decision trees (BDT) score

ggH BDT VBF BDT

https://arxiv.org/abs/2305.18106
https://arxiv.org/abs/2305.18106
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Search for H → eμ

24

Results
•  : no significant eccess observed for SM H


• Observed (expected) upper limit on ( ) is 4.4 (4.7) × 
 at 95% CL


• Best limit from direct searches

H(125) → eμ

ℬ H(125) → eμ
10−5

•  : an excess of events over 
the expected bkg is observed at 

 GeV with a global (local) 
combined significance of 2.8 (3.8) 

H(X) → eμ

mX ∼ 146
σ

arXiv:2305.18106 
(submitted to Phys. Rev. D)

https://arxiv.org/abs/2305.18106
https://arxiv.org/abs/2305.18106
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Heavy resonances
Introduction
• Search for heavy resonances and quantum black holes in 

 final states 

• CMS Run II data


• Analysis designed to be as model-independent as possible


• Results interpreted as


•  sneutrino  R parity violating SUSY models


• Heavy Z’ gauge boson  LFV models


• QBHs

eμ, eτ, μτ

τ →

→

25

arXiv:2205.06709 

https://arxiv.org/abs/2205.06709
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Heavy resonances
Selection

• At least 1 prompt & 
isolated  and e


• No opposite charge 
required  prevent loss 
due to misidentification 
of the sign of  at high 

μ

→

l pT

26

arXiv:2205.06709 

 events eμ  events eτ  events μτ

• Single-e triggers & single 
EM cluster triggers


• Muon veto

• high  triggers 


• Electron veto

pT

•  with  GeV


•  pass the DEEPTAU discriminator


• Transverse mass  GeV, to reject misidentified  bkg

τ pT > 50
τ

mT > 120 τ

If more than one ,  or  in the event, the pair with highest invariant mass choseneμ eτ μτ

https://arxiv.org/abs/2205.06709
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Heavy resonances
Background
• Processes that produce final states with leptons of different flavour 

• Dominant bkg:   MC


• Other bkgs: 


• diboson, W , , single top quark production  MC


• Multijet and W+jets  data-driven

tt̄ →

γ Z → ll →

→

27

arXiv:2205.06709 

https://arxiv.org/abs/2205.06709
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Heavy resonances
Results

28

arXiv:2205.06709 

Model-specific limits
Invariant 
mass fit

Model-independent 
limits

Consistent with 
SM predictions 

RPV SUSY Z’ 

QBH 

Most stringent limits 
available from collider 
experiments for 
heavy particles that 
undergo LFV decays.

https://arxiv.org/abs/2205.06709
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Search for LQ produced in l-q collisions and coupling to τ

• Final state: jet; ;  (either lep. 
or had.)


• No excess over SM bkg 

• These results complement the 
constraints on the leptoquark- -b 
couplings set by previous searches 
in other production modes, while 
they are the first limits for 
leptoquark- -u, leptoquark- -d, 
and leptoquark- -s couplings. 


•

pmiss
T τ

τ

τ τ
τ

29

CMS-PAS-EXO-22-018
Run II ℒ = 138 fb−1

http://cds.cern.ch/record/2859388?ln=fr
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Search for LQ coupling with  and bτ

• LQs possible explanations of LF(U)V


• Single and pair production of scalar and vector 
LQs that decay exclusively to a  lepton and a b 
quark 


• + Novel search for the nonresonant production of a 
 lepton pair


• Signature: 2  + (possible) extra jets

τ

τ

τ

30

CMS-PAS-EXO-19-016 
Run II ℒ = 138 fb−1

http://cds.cern.ch/record/2815309
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Search for LQ coupling with  and bτ

• Interesting variables:


•  = angular separation between two s 

•   

• Invariant mass of the visible -decay  



•  coupling strength


• For lower masses and , observed data 
agrees with SM 

• At higher masses and , excess with 
significance up to 3.4   above SM bkg

χ τ

τ
mvis

λ

λ

λ
σ

31

CMS-PAS-EXO-19-016 

http://cds.cern.ch/record/2815309


Backup
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Anomalies
• Several experiments suggest deviations from the SM predictions:


• Deviations in  angular distributionsB0 → K*0μ+μ−

33

Phys. Rev. Lett. 125, 011802

Angular observable  shows 
tension with the SM prediction > 
2.5  from Run 1+ Run 2 (2016) 
data collected by LHCb


Note: SM prediction with high 
theory uncertainties

P′ 

5

σ

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
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Search for H → eμ

34

Reasoning

arXiv:2305.18106 
(submitted to Phys. Rev. D)

• Combined CMS results from the CMS constrained potential BSM decays of the Higgs boson to be B(H → 
BSM) < 0.16 at 95% CL (s41586-022-04892-x)


• LFV H decays in BSM theories such as : H doublets; flavor symmetries; Randall-Sandrum model; 
composite H models; SUSY models…


• Off-diagonal LFV Yukawa couplings , ,  which couple the Higgs boson with leptons of different 
flavor


• Enhances processes such as ,  conversion, and  that could proceed via a virtual 
Higgs boson exchange


• Most stringent limit on B( ) is obtained indirectly from the limit on  to be < 


• BUT indirect limit on  assumes the SM values for the not yet tightly constrained Yukawa 
couplings , 

Yeμ Yeτ Yμτ

μ → 3e μ → e μ → eγ

H(125) → eμ μ → eγ 10−8

H(125) → eμ
Yμμ Yee

Direct search for  remain importantH → eμ

https://arxiv.org/abs/2305.18106
https://arxiv.org/abs/2305.18106
https://www.nature.com/articles/s41586-022-04892-x
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Search for H → eμ

• H boson LFV decays are forbidden in the SM but are present in BSM theories 


• If  decay is found  New Physics! 

• ATLAS search, Run II data, B( ) < 6.2 (5.9)  @95% CL

H → eμ →

H → eμ 10−5

35

At CMS: 


• Search for LFV decay of a H boson or other exotic resonances with a mass 
from 110 − 160 GeV to an  pair. 

• Run II data 

e±μ∓

ℒ = 138 fb−1

Some Details

arXiv:2305.18106 
(submitted to Phys. Rev. D)

https://arxiv.org/abs/2305.18106
https://arxiv.org/abs/2305.18106
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Search for H → eμ

36

Simultaneous Fit

• Simultaneous fit of signal and bkg:


•  distributions


• 8 categories


• Signal peaks modelled with sum of Gaussians for each category and 


• For  between the simulated ones,  distributions are interpolated


• Total background modelled with Bernstein polynomials

meμ

mH

mH meμ

arXiv:2305.18106 
(submitted to Phys. Rev. D)

https://arxiv.org/abs/2305.18106
https://arxiv.org/abs/2305.18106
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Search for H → eμ

37

Categorisation and MVA

• Sensitivity optimisation:


1. Events categorisation for each prod mode


2. Events categorisation to distinguish between 
signal and background using boosted decision 
trees (BDT) score


• BDTs trained separately for ggH and VBF


• Mixture of simulated events used in training ( = 
110, 120, 125, 130, 140, 150, 160 GeV)


• Dominant bkg sources used in training


• Input variables not correlated with 

mX

meμ

ggH category VBF category

ggH BDT VBF BDT
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Search for H → eμ

38

Systematic Uncertainties

arXiv:2305.18106 
(submitted to Phys. Rev. D)

https://arxiv.org/abs/2305.18106
https://arxiv.org/abs/2305.18106
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Search for LFV in top quark sector
Theory

• Parametrise CLFV signals with dim-6 EFT operators 
theory (EFT) operators


•  are dim-6 non-renormalizable operators, and ) are 
the corresponding Wilson coefficients


• Assuming the CLFV coupling involves exactly one e, 
one mu, one top, and one u/c quark at tree level, the 
complete list of dimension-6 operators can be 
shortened 


•

Oa Ca

39

CMS-PAS-
TOP-22-005

http://cds.cern.ch/record/2851002
http://cds.cern.ch/record/2851002
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Search for LFV in top quark sector
Event selection

40

CMS-PAS-
TOP-22-005

• Selection:


• Exactly 3 charged leptons 

• 1  from SM decay of other top quark


• 2  from LFV interaction (opposite charge opposite flavour OCOF)


• At least 1 jet and at most 1 jet associated with b-quark


• Kinematic Reconstruction:


• SM top quark: b-jet, SM lepton and  


• BSM top quark: OCOF leptons, non b-like jet

l

l

pmiss
T

http://cds.cern.ch/record/2851002
http://cds.cern.ch/record/2851002


Federica Riti

Search for LFV in top quark sector
Channels and Bkg
•  channel: SR


•  and  channels: study the bkg composition

eμl

eee μμμ

41

CMS-PAS-
TOP-22-005

Expected bkg 
contributions

http://cds.cern.ch/record/2851002
http://cds.cern.ch/record/2851002


Federica Riti

Search for LFV in top quark sector
Some plots in SR

42

CMS-PAS-
TOP-22-005

BDT discriminant

Two of the most 
important variables in 

the BDT training

http://cds.cern.ch/record/2851002
http://cds.cern.ch/record/2851002
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Search for LFV in top quark sector
Systematics

• Lumi: ~2%


• Unc on the diboson CR to cover msmodeling effects: 10–20%, affecting the WZ and ZZ 
bkgs


• Trigger eff uncertainty 2%


• Reco, ID, ISO efficiencies of e and 


• Jet energy scans (JES) and jet energy resolution (JER)


• B-tag efficiency


• Uncertainties on the data-driven non-prompt bkg estimation


• Theory-related 

μ

43

CMS-PAS-
TOP-22-005

http://cds.cern.ch/record/2851002
http://cds.cern.ch/record/2851002


Federica Riti

Search for LFV in top quark sector
Final Limits

44

CMS-PAS-
TOP-22-005

This analysis constitutes the most stringent limits on these processes to date 

http://cds.cern.ch/record/2851002
http://cds.cern.ch/record/2851002
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Heavy resonances
Previous searches

• Similar searches in LFV dilepton mass spectra have been 
carried out by the CDF and D0 experiments at the Fermilab 
Tevatron in proton-antiproton collisions and by the ATLAS 
and CMS experiments at the LHC in pp collisions

45

arXiv:2205.06709 

https://arxiv.org/abs/2205.06709
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Heavy resonances
Systematics

• Dominant: on bkgs WW and tt


• Muon pt scale and eff 


• Hadronic tau identification and energy scale


• E pt scale and resolution


• Jet energy scale


• Lumi


• Cross sections

46

arXiv:2205.06709 

https://arxiv.org/abs/2205.06709
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Heavy resonances

Results for SUSY sneutrinos
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arXiv:2205.06709 

https://arxiv.org/abs/2205.06709
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Heavy resonances

Results for Z’
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arXiv:2205.06709 

https://arxiv.org/abs/2205.06709


Federica Riti

Heavy resonances

Results for QBH
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arXiv:2205.06709 

https://arxiv.org/abs/2205.06709
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Heavy resonances
Limits

50

arXiv:2205.06709 

• These are the first results of a high-mass lepton flavor 
violation search using the full Run 2 data set, and they are 
currently the most stringent limits from any collider 
experiment. 


•

https://arxiv.org/abs/2205.06709
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Selection
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• Selection:


• High   isolated muons  GeV


• Veto to events with extra isolated leptons and charged 
hadrons coming from the PV 


• Jets  GeV


• At least 1 b jet


•  GeV


• Anomalous high-  events are rejected


• Categorisation with multiplicity of b quark jets  and 

pT pT > 53

pT > 20

m(μ, b) > 175

pmiss
T

Nb = 1
Nb > 1

Reduce tZ+X, tW+X, V bkg tt̄

Reduce Drell-Yan bkg

Reduce   bkgtt̄

Search for Z’ with b-jets
CMS-PAS-
EXO-22-016

http://cds.cern.ch/record/2859355?ln=fr
http://cds.cern.ch/record/2859355?ln=fr
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Search for Z’
Systematics

52

CMS-PAS-EXO-22-016

http://cds.cern.ch/record/2859355?ln=fr

