
Unraveling the SMEFT flavor structure through
cLFV searches at future lepton colliders

Abhik Sarkar
Department of Physics, Indian Institute of Technology Guwahati, North Guwahati, 781039, India

Introduction

• Lepton flavor violation (LFV) is absent in the Standard Model (SM).
• But, neutrino oscillation indicates flavor violation in the neutral sector.
• Experimental searches for charged lepton flavor violation (cLFV):

µ→ eγ (MEG, MEG II), µ→ 3e (Mu3e), µ→ e (COMET).
τ → ℓγ, τ → 3ℓ, τ → ℓπ/ℓρ/ℓϕ (Belle, BaBar, Belle II).
Z→ eµ/eτ/µτ (LEP, LEP II, LHC), h→ eµ/eτ/µτ (LHC).

• However, there hasn’t been any significant evidence of cLFV till date.

Standard Model Effective Field Theory (SMEFT)
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• O : Operators constructed out of SM fields. C : Wilson’s coefficients (WCs).
• Flavor indices (p, r, s, t). Non-diagonal indices quantify flavor violating effects.

We investigate cLFV induced by flavor non-diagonal SMEFT operators via ℓ+ℓ− → ℓ±τ ∓ production at future high-energy e+e− and µ+µ− colliders.

Framework
• List of SMEFT operators relevant for cLFV studies at e+e−/µ+µ− colliders:

Operators: Dipole (Ψ2HX) Operator: Four-Fermion (Ψ4, LLLL)
[OeW]pr (lpτaσαβej)HWa

αβ [Oll]prst (lpγαlr)(lsγαlt)
[OeB]pr (lpσαβer)HBαβ Operator: Four-Fermion (Ψ4, LLRR)
Operators: Current (Ψ2H2D) [Ole]prst (lpγαlr)(esγαet)
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←→
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• We study LFV processes: e+e− → e±τ∓/µ+µ− → µ±τ∓, where one of the
initial state remains intact in the final state. If dipole/current operators are
considered, in addition to s-channel, a t-channel diagram is also present
(shown in Feynmann diagram below), which is not suppressed at higher
energies, distinctive from LFV processes like e+e−→ µ±τ∓/µ+µ−→ e±τ∓.

• Simplified WCs to reduce parameters, while retaining operator structures:

hℓτ = [CHl]ℓτ = [CHe]ℓτ dℓτ = [CeW]ℓτ = [CeB]ℓτ
f ℓℓ
ℓτ = [Cll]ℓℓℓτ = [Cle]ℓℓℓτ = [Cee]ℓℓℓτ = [Cll]ℓτℓℓ = [Cle]ℓτℓℓ = [Cee]ℓτℓℓ

Constraints
• Stringent constraints on cLFV branching ratios of τ/Z from experiments:

B(τ → 3e) < 2.7× 10−8 B(τ → 3µ) < 1.9× 10−8
B(τ → eγ) < 3.3× 10−8 B(τ → µγ) < 4.2× 10−8
B(τ → eπ0) < 8.0× 10−8 B(τ → µπ0) < 1.1× 10−7
B(τ → eρ0) < 2.2× 10−8 B(τ → µρ0) < 1.7× 10−8
B(τ → eϕ) < 2.0× 10−8 B(τ → µϕ) < 2.3× 10−8
B(Z→ eτ ) < 5.0× 10−6 B(Z→ µτ ) < 6.5× 10−6

• Constraints on cLFV WCs translated from different τ/Z decay branchings:

• Constraints on dipole WCs are too stringent to be probed even at higher
energies. Hence, we only study four-fermion and current interactions.

Analysis
• We organize our analysis into two complementary lepton collider setups:

Processes e+e−→ e±τ∓ µ+µ−→ µ±τ∓

Collider Setup, (
√
s) CLiC (

√
s = 3 TeV) µC3 (

√
s = 3 TeV)

Luminosity, (Lint) 1 ab−1 1, 10 ab−1

Polarization, (Pℓ+,Pℓ−) Unpolarized, (0,±80%) Unpolarized

• Polarized (±) setup: 0.5 ab−1 with (0, +80%), and 0.5 ab−1 with (0,−80%).
• We study the effect of both luminosity and polarization on sensitivities.
• Signal: ℓ(µ/e) τh, where, τh : hadronic τ jet. SM backgrounds: W+W−, τ+τ−.

Cuts : Mℓτ > 2 TeV , Emiss < 1 TeV .

• Cut efficiency (ϵ): Signal ≈ 75% ; Background: W+W− ≈ 25% , τ+τ− ≈ 12% .

Sensitivity

Optimal Observable Technique (OOT)

• Say, observable: O, function of WCs: {f,h} and phase space variable, cos θ.

O(f,h, cos θ) = dσ(f,h, cos θ)
d cos θ

=
∑
i
gi(f,h)Oi(cos θ)

χ2OOT = Lint
∑
i,j

δgi δgj
∫ Oi(cos θ)Oj(cos θ)

O(0,0, cos θ)
d(cos θ)

gi(f,h) = {g0,g1,g2} , Oi(cos θ) = {1, cos θ, cos2 θ}

• 95% C.L. sensitivity intervals are shown below for different collider setups:

• For f, sensitivities improve by more than an order of magnitude over τ
decay. For h, the sensitivities are comparable to bounds from τ decay.

• Polarization → breaks degeneracy. Luminosity → improves sensitivity.

Conclusion
Future lepton colliders can improve four-fermion operator sensitivities by over an order of magnitude beyond current bounds from τ decay,
while the sensitivities of the current operators remain near existing limits, highlighting the strong cLFV reach of future lepton colliders.
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