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Motivations
Le
Lμ

Lτ• Three lepton flavours in the Standard Model (SM): 


• Lepton flavour violation (LFV):


transitions that do not conserve the lepton number


• No SM symmetry enforces LF conservation


Neutrino oscillations provide LFV evidence in the neutral sector [Phys. Rev. Lett. 81, 1562]


Charged LFV (cLFV) possible in the SM via neutrino oscillations only,  
with extremely small branching fractions [Eur. Phys. J. C 81, 811 (2021), Eur. Phys. J. C 80, 506 (2020)]:





⇒ far beyond experimental reach

Le, Lμ, Lτ

ℬ(τ− → μ−μ+μ−) ≲ 𝒪(10−50)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.81.1562
https://link.springer.com/article/10.1140/epjc/s10052-021-09569-9
https://link.springer.com/article/10.1140/epjc/s10052-020-8059-7
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•  LFV searches are dominated by -factories → clean environmentτ B

3

Experimental limits on τ− → μ−μ+μ−

[HFLAV2024]

https://inspirehep.net/literature/2854243
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•  LFV searches are dominated by -factories → clean environment


• Current best limit from Belle II [JHEP09 (2024) 062] :


• Hadron collider challenge → crowded environment

τ B
[HFLAV2024]

Experimental limits on τ− → μ−μ+μ−

3

[arXiv:2601.20785] → Submitted to JHEP

LHCb Run 2 search for  decays 

(using  dataset at )

τ− → μ−μ+μ−

5.4 fb−1 13 TeV

• Previous hadron-collider searches:


LHCb Run 1 (  at ) [JHEP02 (2015) 121]: 


ATLAS [Eur. Phys. J. C (2016) 76:232] and CMS [Phys. Lett. B853 (2024)] also performed this search with comparable sensitivity

3 fb−1 7 − 8 TeV 4.6 × 10−8
 at 90 % CL

ℬ(τ− → μ−μ+μ−) < 1.9 × 10−8
 at 90 % CL

https://link.springer.com/article/10.1007/JHEP09(2024)062
https://inspirehep.net/literature/2854243
https://arxiv.org/abs/2601.20785
https://link.springer.com/article/10.1007/JHEP02(2015)121
https://link.springer.com/article/10.1140/epjc/s10052-016-4041-9
https://www.sciencedirect.com/science/article/pii/S0370269324001916?via=ihub
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Analysis strategy
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• Search for a narrow peak at the  mass,  PDG, 
in the invariant mass distribution of the 3  system


• At LHCb,  leptons are mainly produced in charm and beauty hadron 

decays, dominated by  production

τ 1776.93 ± 0.09 MeV/c2

μ

τ
D−

s → τ−ν̄τ

https://pdglive.lbl.gov/Particle.action?node=S035&init=0
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decays, dominated by  production
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Random combination of muons
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Random combination of muons
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Real 3  final states from  decays

τ 1776.93 ± 0.09 MeV/c2

μ

τ
D−

s → τ−ν̄τ

D−
(s) → π−π+π−

μ D−
s → η(μ−μ+γ)μ−ν̄μ

https://pdglive.lbl.gov/Particle.action?node=S035&init=0
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• Background suppressed using muon identification, kinematic selections and two multivariate classifiers: 


 : anti-combinatorial classifier, 


 : misidentified-hadron suppression

CAC

CPID

https://pdglive.lbl.gov/Particle.action?node=S035&init=0
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4

ℬ(τ− → μ−μ+μ−) = ℬ(D−
s → ϕ(μ−μ+)π−) ×

f τ
Ds

ℬ(D−
s → τ−ν̄τ)

×
ϵDs

ϵτ

×
Nτ

NDs

= α × Nτ

• Background suppressed using muon identification, kinematic selections and two multivariate classifiers: 


 : anti-combinatorial classifier, 


 : misidentified-hadron suppression


• Branching ratio definition using  as normalisation channel:

CAC

CPID

D−
s → ϕ(μ−μ+)π−

Single event sensitivity
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•  used also as calibration channel


 production corrections


PID and Data/MC kinematic corrections


• MC signal mass shape calibration using


 peak in data and simulation

D−
s → ϕ(μ−μ+)π−

D−
(s)

D−
s → ϕ(μ−μ+)π−

Signal calibration and  invariant-mass fitτ
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•  used also as calibration channel


 production corrections


PID and Data/MC kinematic corrections


• MC signal mass shape calibration using


 peak in data and simulation


• Unbinned maximum likelihood fit to  performed 

simultaneously in 15  and  bins

D−
s → ϕ(μ−μ+)π−

D−
(s)

D−
s → ϕ(μ−μ+)π−

Mμ−μ+μ−

CAC CPID

Signal calibration and  invariant-mass fitτ

5

No significant excess of signal events observed
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Conclusion and future prospects

6

ℬ(τ− → μ−μ+μ−) < 1.9 × 10−8
 at 90 % CL

• Upper limit determined using the  method


• Observed 90% CL limit:  
 

 

improving the previous LHCb Run 1 result by more than a factor 
of two and reaching Belle II sensitivity ( )

CLs

1.9 × 10−8
 at 90 % CL
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• Upper limit determined using the  method


• Observed 90% CL limit:  
 

 

improving the previous LHCb Run 1 result by more than a factor 
of two and reaching Belle II sensitivity ( )
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1.9 × 10−8
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Conclusion and future prospects

6

ℬ(τ− → μ−μ+μ−) < 1.9 × 10−8
 at 90 % CL

• Run 3 LHCb Upgrade 1 prospects:


Larger dataset and new trigger architecture


Extrapolated limit Run 2 + Run 3:  (assuming the same background level)


• Ongoing LHCb analysis to search for  decay: first search at a hadron collider

∼ 1.0 × 10−8
 at 90 % CL

τ− → ϕ(K+K−)μ−

Thanks to the LHCb Upgrade 1 and new Run 3 dataset, LHCb will continue pushing the 

sensitivity to  LFV decays, demonstrating the strong potential of hadron collidersτ



Additional material
Backup slides
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• Single-arm spectrometer in the forward region ( )


• Designed for precision studies of CP violation and rare decays of beauty and charm hadrons


• Excellent momentum and vertex resolution, with ≈ 98% muon identification efficiency

10 < θ < 250 mrad

LHCb detector in Run 2

beam

θ

JINST 3 (2008) S08005


IJMPA 30 (2015) 1530022

Run 2 data-taking: 2015 - 2018

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
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• Exploit abundant  lepton production in hadron collisions, mostly produced via - and -hadron decays:


,  and  meson decays


• Four additional signal production modes are considered


• Contributions from , , Drell-Yan,  and  are negligible

τ c b

D+
s D+ B

Υ(nS) ψ(2S) W± Z

8

 leptons production at LHCbτ

68.7%
9.7%

3.6%

0.2%

17.8%

D+
s → τ+ντ

b → D+
s → τ+ντ

D+ → τ+ντ

b → D+ → τ+ντ

b → τX

Production dominated by  decays (~70%)D+
s → τ+ντ

 production sources (  fractions)τ 4π
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• Muon identification required for all muon candidates


• Trigger selections


L0: one or two high-pT muons  


HLT1/2: selections based on kinematics, track quality and PID information


• Offline selection aligned between the signal and normalisation channel


Requirements based on kinematics, track quality and vertex reconstruction


• Background rejection


  to reject (select)  in the signal (normalisation) channel


 to remove 


 to suppress fake tracks

|Mμ−μ+ − Mϕ | > 30 MeV/c2 ( < 20 MeV/c2) ϕ → μ−μ+

Mμ−μ+ > 450 MeV/c2 D−
s → η(μ−μ+γ)μ−ν̄μ

Mμ−μ+ > 250 MeV/c2

Event selection

9



Mon, 16 Mar 2026Domenico Riccardi | Moriond EW 2026

• Simulation calibrated to account for known data/MC differences in kinematics, detector response and PID

Simulation calibration

10

*Def. : difference in the PV vertex-fit χ² 

with and without the track under consideration

IPχ2

•  used as calibration channel


Prompt/secondary  production corrections from fits to 

* in simulation and sWeighted data


Kinematic reweighting using GBReweighter based on 
topological, kinematic and nTracks variables


PID calibration from 4D data/MC ratios in bins of  
min( -ID probability), nTracks,  and 


Corrections for residual data/MC differences in  and  
output from 1D data/MC ratio


• Signal mass shape calibration using the  
peak in data and simulation

D−
s → ϕ(μ−μ+)π−

D−
(s)

log(IPχ2)

μ p(μ) η(μ)

CAC CPID

D−
s → ϕ(μ−μ+)π−
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• Two XGBoost classifiers trained on weighted simulated events (signal proxy) and data from SB (bkg proxy)


 : anti-combinatorial classifier trained on kinematic + isolation variables


 : misidentified-hadron classifier trained on PID and pseudorapidity variables


• Selection of the region  and  with signal efficiency of 


• Limit evaluated in 15  and  bins to increase sensitivity

CAC

CPID

CAC > 0.8 CPID > 0.88 ∼ 60 %

CAC CPID

Background suppression

11
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• Expected and observed background yields in the signal region across the 15  and  binsCAC CPID

Expected bkg and observed candidates

12
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• Single event sensitivity:


• Efficiency ratio  evaluated using weighted simulated samples


Corrected to account for data/MC differences in trigger and tracking efficiency


Lower efficiency ratio in 2016 due to a less efficient trigger configuration


• Systematics mainly arising from external inputs and from the efficiency ratio

ϵDs
/ϵτ

Normalisation and systematics

13

α = ℬ(D−
s → ϕ(μ−μ+)π−) ×

f τ
Ds

ℬ(D−
s → τ−ν̄τ)

×
ϵDs

ϵτ

×
1

NDs




