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Neutrino Mass

• No neutrino mass in the Standard Model


• Neutrino oscillation measurements 
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Why Search for Lepton Number Violation (LNV)?

Leptogenesis


• Necessary (Sakharov’s) conditions for BAU:


‣ Baryon/Lepton number violation

‣ C and CP violation

‣ Departure from thermal equilibrium


• In leptogenesis, asymmetry in lepton number 
converted to baryon number via sphalerons


BAU : ηB = (nB − nB)/nγ ∼ 6 × 10−10
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Standard Model Effective Field Theory (SMEFT): Extension of the Standard 
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Dimension 5 Operator

• We focus our study on pure LNV operators, starting with Weinberg operator


• Absolute neutrino mass measurement constrain the electron flavor significantly


[KATRIN, Nature Phys. 18 (2022) 2, 160-166]


•  Other flavors relatively less constrained and can be probed at future colliders


mee < 0.8 eV ⟹ Λee = (v2/mee) ≳ 1012 TeV



[Fridell et. al. JHEP 05 (2024) 154]
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Our study focuses on 8 operators: 3 Higgs-current type and 5 four-fermion type.
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[Scholer et. al. JHEP 08 (2023) 043]
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Neutrinoless Double Beta Decay: The Smoking Gun 

• Absent in SM, LNV by 2 units


• Lowest energy manifestation 
of LNV, no observation yet


• Existing bound on half life:


(Z, A) → (Z + 2, A) + 2e−

T1/2 > 1026 years
[KamLAND-Zen PRL 130 (2023) 5, 051801]

These limits apply to electron sector, muon and tau flavors are still unconstrained.

[Fridell et. al. JHEP 05 (2024) 154]

[Scholer et. al. JHEP 08 (2023) 043]
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• Signature: Initial state (ΔL = 0, hadronic); Final state (ΔL = 2; SS muons + no MET)


• Four-fermion operators strongly constrained at the LHC due to contact vertices



Probing LNV at Same-Sign Muon Colliders



Probing LNV at Same-Sign Muon Colliders

• Same-sign muon colliders invert the strategy, we start with an LNV initial state 
(ΔL = 2) and look for final state with no leptons (ΔL = 0) and no missing energy
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Collider Analysis

• Signal Selection: 2 fat jets with masses > 10 GeV


• 2 fat jets favorable for Higgs-current operators


• 3 fat jets may improve four-fermion operators


• We veto leptons in final state, signature of LNV


• SM backgrounds:

ννW+W+, μ+νW+, μ+μ+Z, μ+νW+Z

ME = s − ∑ E MJJ = (pJ1
+ pJ2)

2 Cuts


Efficiency

Higgs-current


78% - 58%

Four-fermion

19% - 16%


Backgrounds

~ 0.06%

ME < 400 GeV
MJJ > 1600 GeV
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We perform a binned Chi-Squared analysis to obtain the 95% exclusion limits.
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Weinberg Operator at μTRISTAN

• The sensitivity of muon-flavored Weinberg operator can be studied at μTRISTAN


• Absolute muon neutrino mass measurement constrain the muon flavor EFT scale


•  Bounds from existing and future colliders:

‣ Λ > 1.42 TeV (LHC);     Λ > 21.8 TeV (FCC-hh);     Λ > 399 TeV (μTRISTAN)


• μTRISTAN most sensitive among future colliders, still around O(100) below Λμμ
‣

mμμ < 0.17 MeV ⟹ Λμμ = (v2/mμμ) ≳ 105 TeV
[Assamagan et. al. PRD 53 (1996) 6065-6077]
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Heavy Fields : Ψ (Fermion) , Φ (Boson) .
Light Fields : ψ (Fermion) , ϕ (Boson) .



Implications for New Physics (NP) Models

ψ4ϕ ψ4D ψ4ϕ ψ4Dψ2ϕ2D2 ψ2ϕ3D

These effective operators can be systematically mapped onto a large set of 
UV completions. We present simplified field embeddings for these classes.


Heavy Fields : Ψ (Fermion) , Φ (Boson) .
Light Fields : ψ (Fermion) , ϕ (Boson) .

• LNV operators beyond electron flavor still accessible, can be probed at colliders


• Same-sign muon collider provides a unique, clean environment to probe LNV


• UV completions beyond RHNs can induce LNV effective operators, emphasizing 
that the observable LNV need not be tied solely to neutrino mass generation
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