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LFV processes involving quarks (gluon)



LFV processes involving quarks (gluon)

Uncovering the LFV mediator (mass, 

mediator-quark (gluon) interaction, etc)

Revealing the underlying new physics!



Lepton Flavor Violating Deep Inelastic Scattering 
(LFV DIS)

LFV-DIS: Promising process to search for LFV

ℓ𝒊 + 𝑵 → ℓ𝒋 + 𝑿 (𝑵: 𝐧𝐮𝐜𝐥𝐞𝐨𝐧, 𝐗: 𝐡𝐚𝐝𝐫𝐨𝐧) 

 Many experiments for cross check (LHeC, 𝜈-factory, ILC, …)

 Complementary with 𝜏 hadronic LFV (𝜏 → 𝑒𝜋𝜋, etc) and LFV at LHC (𝑝𝑝 → 𝜇𝜏, etc)

 Probe to the chirality of LFV ope. using polarized beam

 Large number of event ∝ (beam intensity 𝑁ℓ𝑖
) × (nucleon density∼ mole number)

@fixed target exp.
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 Probe to the chirality of LFV ope. using polarized beam

 Large number of event ∝ (beam intensity 𝑁ℓ𝑖
) × (nucleon density∼ mole number)

 Probe to the LFV mediator-quark (quark) interaction

@fixed target exp.



LFV interaction (toy model)

 LFV mediator : scalar

 Scenario    : mediator dominantly couples with heavy fermion

Applicable to a variety of models

(extended) Higgs model, leptoquark, 

R-parity violating SUSY, flavor sym., 

extra dimension model, etc.

Coupling with quarks (flavor diagonal only)

A) Proportional to quark mass

B) Couple with one flavor only     example : 



LFV mediator-gluon effective interaction
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LFV mediator-gluon effective interaction

Same as SM Yukawa
(thin solid: each contribution)

Couple with one quark flavor only

◆ Strong dependence on momentum transfer, 

reflecting 𝒎𝒒 and types of interaction

◆ Large contribution from not only 𝒕 quark, 

also 𝒃 and 𝒄 quarks



Cross section for ℓ𝒊𝒈 → ℓ𝒋𝒈

Parton distribution 
function (PDF)

Subprocess cross section

𝑥 : Bjorken variable

𝑦 : measure of inelasticy

𝜉 ො𝑝 : momentum fraction 

𝑄2 = − 𝑘𝑖 − 𝑘𝑗
2
: momentum transfer 



Discriminating the types of 
mediator-quark coupling

Discriminating resolution for 

ℎ-like scenario

𝑏-only scenario

Interaction of LFV mediator



Discriminating the types of 
mediator-quark coupling

Discriminating resolution for 

ℎ-like scenario

𝑏-only scenario

Couplings from projected experimental 

sensitivity BR 𝜏 → 𝑒𝜋𝜋 = 5 × 10−10

ℎ-like scenario

𝑏-only scenario



Discriminating the types of 
mediator-quark coupling

Discriminating resolution for 

ℎ-like scenario

𝑏-only scenario

Reliable and promising probe to the 

types of mediator-quark interaction!

Measure the 𝒅𝝈/𝒅𝑸 for the subprocess 

ℓ𝒊𝒈 → ℓ𝒋𝒈 with increasing beam energy



Discriminating the types of 
mediator-quark coupling

Important point for discrimination

Shift of peak position of 𝒅𝝈/𝒅𝑸

From the difference of 𝑄 at which the 

effective coupling 𝑔𝑆𝑔𝑔 begins to drop

Convolution with PDF is sensitive 

to the difference of 𝑄(                          )



Discriminating the types of 
mediator-quark coupling

Important point for determination of 𝑚𝑆

For smaller 𝒎𝑺

Peak position of 𝒅𝝈/𝒅𝑸

Magnitude of 𝒅𝝈/𝒅𝑸        

𝑐-quark contribution is picked up by small 

𝑄, which drops faster than heavier quarks(                               )



Test for the mass proportionality 

Parametrization for the deviation from SM Yukawa

𝑑𝜎(ℓ𝑖𝑁 → ℓ𝑗𝑋)/𝑑𝑄 at peak position 𝑄∗ 

Clear sensitivity both of the peak 

position 𝑸∗ and the 𝒅𝝈/𝒅𝑸 to 𝜿𝒕
𝝓



Summary

Lepton Flavor Violation (LFV)

   Not only an evidence, but also 

   versatile probe to new physics

Important mission: How to uncover the 

LFV mediator-quark (gluon) interaction?

LFV Deep inelastic scattering (LFV-DIS)

Measure the 𝒅𝝈/𝒅𝑸 for the subprocess 

ℓ𝒊𝒈 → ℓ𝒋𝒈 with increasing beam energy!

Reliable and promising probe to the types 

of mediator-quark (gluon) interaction!

Key: mediator-gluon effective coupling



Backup slides



Complemental probe to ℓ𝒊ℓ𝒋𝒒𝒒 (ℓ𝒊ℓ𝒋𝒈𝒈)

W. J. Marciano, T. Mori, J. M. Roney, Ann. Rev. Nucl. Part (2008)



LFV Deep inelastic scattering 𝒆 𝝁 𝑵 → 𝝉𝑿

Signal  

 -- 𝜏 with large momentum along the beam-axis

         (highly depends on types of LFV operator)

Experimental status 

  -- Limit: HERA exp. 

  -- Future: EIC, LHeC, ILC, …

Probe to various models beyond the SM



LFV Deep inelastic scattering 𝒆 𝝁 𝑵 → 𝝉𝑿

Parton distribution 
function (PDF)

Subprocess cross section

Cross section for 𝑒 𝜇 𝑁 → 𝜏𝑋

Cross section, kinematics, and so on 

highly depends on types of LFV mediator

M. Takeuchi, Y. Uesaka, MY, PLB (2017)



Beam energy = 100 GeV, mS = 10 GeV 
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