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Charged Lepton Flavor Violation (cLFV)
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cLFV does not mean LFV via  mixing, which is too small to be seenν
Lee & Shrock: Phys.Rev.D 16 (1977) 1444

X.Y. Pham: Eur.Phys.J.C8:513-516,1999

ℬ(τ± → μ±ℓ+ℓ−) ≃ 10−14

P. Blackstone, M. Fael, E. Passemar : Eur.Phys.J.C 80 (2020) 6, 506 
G. Hernández-Tomé, G. López Castro, P. Roig:
Eur.Phys.J.C 79 (2019) 1, 84, Eur.Phys.J.C 80 (2020) 5, 438 (erratum)

ℬ(τ± → μ±ℓ+ℓ−) ≤ 10−54

Defining total lepton number  , the global symmetry L ≡ Le + Lμ + Lτ
U(1)B × U(1)Le

× U(1)Lμ
× U(1)Lτ

= U(1)B+L × U(1)B−L × U(1)Lμ−Lτ
× U(1)Lμ+Lτ−2Le

cLFV conserves  but violates L and B U(1)Lμ−Lτ
× U(1)Lμ+Lτ−2Le

J. Heeck: Phys. Rev. D 95, 015022 (2017)⇒nice classification of all cLFV processes

https://inspirehep.net/literature/118973
https://arxiv.org/abs/hep-ph/9810484
https://arxiv.org/abs/1912.09862
https://arxiv.org/abs/1807.06050
https://arxiv.org/abs/1610.07623
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LFV in τ vs μ sector
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LFV in tau sector is complementary to muon sector in NP parameter space:

current limit on  ~ 10-13  does not forbid  ~ 10-8ℬ(μ → eγ) ℬ(τ → ℓγ)

Vincenzo Cirigliano, Benjamin Grinstein, Gino Isidori, Mark B. Wise: hep-ph/0507001 [hep-ph], hep-ph/0608123 [hep-ph]
R. Barbieri, L. Hall, A. Strumia: hep-ph/9501334 [hep-ph] 

 S. Banerjee

LFV τ decays

Mass dependent couplings enhance tau LFV w.r.t. lighter leptons

Some models predict LFV upto existing experimental bounds

eg. SUSY models: non-diagonal slepton mass matrix ⇒ LFV

Normal (Inverted) hierarchy for slepton ⇒ τ → µγ ( τ → eγ)

∼ O(10−6)
(CLEO ’00)

(J. Ellis, J. Hisano, M. Raidal and Y. Shimizu, Phys. Rev. D 66 (2002) 115013)

τ Physics @ BABAR

Low- and high-energy 
phenomenology of a 


doubly charged scalar


A. Crivellin et. al.

Phys. Rev. D 99, 
035004 (2019)


arXiv:1807.10224 [hep-ph]

τ → μγ
τ → 3μ τ → μγ τ → 3μ

https://arxiv.org/abs/hep-ph/0507001
https://arxiv.org/abs/hep-ph/0608123
https://arxiv.org/abs/hep-ph/9501334
https://inspirehep.net/literature/1683975
https://inspirehep.net/literature/1683975
https://arxiv.org/abs/1807.10224
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Some of LFV processes probed in  experimentse+e−
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cLFV 

τ → ℓγ

 

D0 → ℓℓ′￼

 

D0 → π0eμ
 

B0 → π0eμ

 

B0 → ℓτ

 

Υ(nS) → ℓτ

 

τ → ℓπ0

 

τ → ℓℓℓ

 

τ → Λπ

 

τ → ℓπ∓π±

 

τ → π±π∓π±

Z/H → ℓτ
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About 50 τ decay modes & many transitions with τ in final state 
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• Lepton flavor violation (charge conjugate modes implied)

• τ → e/µ γ (BaBar, Belle (II), STCF, FCC-ee)

• τ → e/µ (scalar/pseudoscalar/vector mesons) (BaBar, Belle II)

• τ → e e e (BaBar, Belle II)

• τ → µ µ µ (BaBar, Belle II, STCF, FCC-ee)

• τ → e µ µ, µ e e (BaBar, Belle II)

• τ → e/µ h h (non-resonant states with h=π/K) (BaBar, Belle (II), STCF)

• τ → e/µ invisible ( ) (Belle II)

• B/D/  → e τ, µ τ (BaBar, Belle (II), LEP, FCC-ee) 

• B/D → e τ h , µ τ h (where h=π/K)(BaBar, Belle II)

• H/Z/Z’ → e τ, µ τ (FCC-ee)


• Lepton number violation

• τ- → e+ h- h- (non-resonant final states with h=π/K) (BaBar, Belle (II))

• τ- → µ+ h- h- (non-resonant final states with h=π/K) (BaBar, Belle (II))


• Baryon number violation

• τ- → Λ π-, Λ̅ π- (Belle II)

• τ- → p̅ µ+ µ-, p µ- µ-  (Belle)

• D0 →  e-/µ- p (Belle)

• B- →  e-/µ- Λ (BaBar)

α
Υ(nS)
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New Physics illustrations for LFV in  decaysτ
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Tree level:

Loop induced:

• Expected rates from New Physics are slightly less than current experimental bounds.
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Illustrative Scenarios for LFV in decays b mesons
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• Suppressed  Standard Model contributions


• New Physics scenarios


• Expected rates from New Physics are slightly less than current experimental bounds.
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Salient features of LFV in  decays from  collidersτ e+e−
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Two independent variables:

➡ ΔE close to  0 for signal
➡ Mass of tau daughters close to τ mass 

ΔE = ECMS
μμμ − ECMS

beam

Mτ = E2
μμμ − P2

μμμ

Higher signal efficiency is foreseen at Belle II than at Belle or BaBar
• improved vertex tracking / calorimetry / muon detectors

• momentum dependent particle identification optimizations

• inclusive tagging for tau-pair reconstruction, Boosted Decision Trees

• Known initial conditions (beam energy constraint)

• Clean environment (fewer backgrounds)

e+e− → τ+τ−
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 at B-Factoriesτ → μμμ
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 < 2.1 x 10-8 at 90% C.L. with 782 fb-1ℬ(τ → μμμ)

Phys. Lett. B687 (2010) 139Phys.Rev.D 81 (2010) 111101

 < 3.3 x 10-8  at 90% C.L. with 468 fb-1ℬ(τ → μμμ)



cLFV at e+e- 

experiments Swagato Banerjee

 at B-Factoriesτ → μμμ
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CMS:  < 2.9 x 10-8  at 90% C.L. with 131 fb-1ℬ(τ → μμμ) Phys.Rev.D 81 (2010) 111101 arXiv:2312.02371 [hep-ex]
LHCb:  < 4.6 x 10-8  at 90% C.L. with 3 fb-1ℬ(τ → μμμ) JHEP 02 (2015) 121 arXiv:1409.8548 [hep-ex]

https://arxiv.org/abs/2312.02371
http://www.arxiv.org/abs/1409.8548
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 at Belle IIτ → ℓα
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2-body τ → ℓα decay will appear as a bump 
against the SM 3-body τ → ℓνν̅ background    
in the pℓ distribution in the τ pseudo-rest frame

τ pseudo-rest frame

3π

3π

•LFV decay: τ → ℓα (where ℓ = e or µ, and α is an invisible boson)

•α can enter from new physics models, eg. light axion like particles (ALP),  Z’, etc.

Signal



cLFV at e+e- 

experiments Swagato Banerjee

 at Belle IIτ → ℓα
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95% C.L. upper limits from Belle II [arXiv:2212.03634, PRL 130, 181803 (2023)]

Comparison with previous limits from ARGUS (0.472 fb-1) [Z. Phys. C68 (1995) 25]
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https://arxiv.org/abs/2212.03634
https://inspirehep.net/literature/394587
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Estimates of experimental sensitivity in LFV searches
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 S. Banerjee

Upper Limit

B90
UL = N90

UL/(Nτ × ε)

ε: high statistics signal MC simulated for different Data-taking periods

Cumulative:

90%      70%        70%       50%    50%        50%

90%      63%        44%       22%    11%        ~5%

Trigger . Reco . Topology . PID . Cuts . Signal−Boxε =

στ+τ−(10.6GeV) ∼ 0.89 nb, L ∼ 339 fb−1 ( BABAR Summer 2006)
⇒ Nτ = 2 × L× στ+τ− ∼ 6.0 × 108

N90
UL: 90% C.L. Upper Limit for (Nobs, Nbkg) from Data

Naive Sensitivity : N90
UL = 2.3 ×

√
Nbkg, Nbkg ∼ O(1) ⇒ B90

UL ∼ O(10−7)

τ Physics @ BABAR

 S. Banerjee
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UL/(Nτ × ε)
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N90
UL: 90% C.L. Upper Limit for (Nobs, Nbkg) from Data

Naive Sensitivity : N90
UL = 2.3 ×

√
Nbkg, Nbkg ∼ O(1) ⇒ B90

UL ∼ O(10−7)

τ Physics @ BABAR

Luminosity (L) Nτ = 2Lσ
BaBar 10.58 GeV 0.5 ab-1 9 x108

Belle 10.58 GeV 1 ab-1 2 x109

Belle II 10.58 GeV 50 ab-1 9 x1010

STCF 2-7 GeV 1 ab-1 7 x109

FCC-ee 91.2 GeV 150 ab-1 3 x 1011

s
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Current status of LFV  decaysτ

14
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Projected limits at Belle II
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Belle II to probe LFV in several channels ≃ 𝒪(10-10) to  𝒪(10-9) with 50 ab-1

 2207.06306 [hep-ex]

Projections

Snowmass White Paper: Belle II 
physics reach and plans for 
the next decade and beyond

2.44 [Feldman − Cousins for Nobs = 0]

Background limited search

τ → ℓγ

Background free search 

(all other LFV  decays shown below)

(Nbkg < 1)
τ

https://arxiv.org/abs/2207.06307
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Super Tau-Charm Facility
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𝝉 → 𝜸𝝁
Background 

Background 

“Physics Potential of a Super tau-Charm Facility" 

(RF/SNOWMASS21-RF7_RF1_STCF-013.pdf)

➢ STCF with 1ab-1: 


𝓑𝟗𝟎
𝑼𝑳(𝝉 → 𝜸𝝁) <

𝑵𝟗𝟎
𝑼𝑳

𝟐𝜺𝑵𝝉𝝉
~2 . 8 × 𝟏𝟎−𝟖

➢ STCF with 1ab-1: 


𝓑𝟗𝟎
𝑼𝑳(𝝉 → 𝝁𝝁𝝁) <

𝑵𝟗𝟎
𝑼𝑳

𝟐𝜺𝑵𝝉𝝉
~𝟏 . 𝟒 × 𝟏𝟎−𝟗

  1.0 ab-1 ×3.5 nb = 3.5𝑵𝝉𝝉~ × 𝟏𝟎𝟗At 4.26 GeV, number of tau pairs per year: 

Physics 49 (2020) 8, 513-524
PoS CHARM2020 (2021), 007

With : 10 ab−1 ℬ90(τ → γμ) < 8.8 × 10−9 Teng Xiang, Xiao-Dong Shi, Da-Yong Wang, Xiao-Rong Zhou

Eur.Phys.J.C 83 (2023) 10, 908 arXiv: 2305.00483 [hep-ex]

τ → μμμ

https://www.snowmass21.org/docs/files/summaries/RF/SNOWMASS21-RF7_RF1_STCF-013.pdf
https://inspirehep.net/literature/1818769
https://inspirehep.net/literature/1926635
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FCC-ee
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ℬ(τ → μγ)

Mogens Dam, arXiv: 1811.09408 [hep-ex]

ℬ(τ → μμμ) ≃ 10−10

https://arxiv.org/abs/1811.09408
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Summary of experimental prospects of  decaysτ

18

Snowmass 2021:  cLFV in  sector e-Print: 2203.14919 [hep-ph]τ

https://arxiv.org/abs/2203.14919
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Summary of transitions with  in the final state τ

19
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Global analysis of all LFV data
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V.Cirigliano, K.Fuyuto, C.Lee, E.Mereghetti, B.Yan, 

JHEP03, 256 (2021) arXiv:2102.06176 [hep-ph]

Constrain

 


transitions
τ → e

https://arxiv.org/abs/2102.06176
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Global fit:  decays and transitions with  in the final stateτ → e τ
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ep → τ + X
pp → τe + X

ep → τ + X

pp → τe + X

Z → τe
h → τe Z → τe Z → τe Z → τe

Sw. Banerjee, et.al. arXiv: 2203.14919 [hep-ph]V.Cirigliano et. al. arXiv: 2102.06176 [hep-ph]

Model-independent probes of new physics at scale  

encoded as Wilson coefficients (Cn) via EFT approach.


For certain operators, Higgs decay and LFV Drell-Yan compete,

which are assumed to scale by factor of 4 at HL-LHC. 


For all other operators, sensitivity dominated by τ and B-decays @ Belle II

(Λ)

https://arxiv.org/abs/2203.14919
https://arxiv.org/abs/2102.06176
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Global fit:  decays and transitions with  in the final stateτ → μ τ
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Model-independent probes of new physics at scale  

encoded as Wilson coefficients (Cn) via EFT approach.


For certain operators, Higgs decay and LFV Drell-Yan compete,

which are assumed to scale by factor of 4 at HL-LHC. 


For all other operators, sensitivity dominated by τ and B-decays @ Belle II

(Λ)

Sw. Banerjee, et.al. arXiv: 2203.14919 [hep-ph]
Husek, Monsalvez-Pozo, Portoles 


JHEP 04 (2022) 165 arXiv: 2111.06872 [hep-ph]

https://arxiv.org/abs/2203.14919
https://arxiv.org/abs/2111.06872
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Summary & Outlook
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• Observation of LFV in the charged lepton sector would completely change our 
understanding of physics and herald a new period of discoveries in particle physics. 
Synergies between different experiments compliment discovery potential/confirmation.


• Now is a very interesting era in the searches for LFV in decays of the  lepton, as the 
current limits will improve by an order of magnitude down to a few parts in 10-10 to 10-9  


            at the Belle II and other experiments.


• Similar sensitivities will be probed at ATLAS, CMS & LHCb with high luminosity upgrade.


• Proposed experiments at STCF, EIC & FCC-ee will continue searches for LFV in tau sector.

τ


