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Previous work

Results to short-range CLFV interaction

This work
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Koike et al. Phys. Rev. Lett. 105, 121601(2010)

Improved treatment of lepton wave functions

ℒ𝐼 = ℒcontact + ℒphotonic

Enhancement factor ~7 for 208Pb

• width ~ 20 MeV for 208Pb

We estimated the decay rate of the contact CLFV interaction
and showed that it gets larger than the previous estimation.
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1. Bohr radius of bound 𝜇− >> wave length of emitted 𝑒−

2. Emitted electrons : plane-wave
3. Bound leptons : non-relativistic
4. Nuclear Coulomb potential : point nuclear charge distribution

• New process for CLFV

The quantitative estimation for 𝜇−𝑒− → 𝑒−𝑒− in a muonic atom

Γ𝜇−𝑒−→𝑒−𝑒− ∝ (𝑍 − 1)
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• analysis of long-range photon exchange CLFV interaction
• find signal to discriminate CLFV interactions

Koike et al. Phys. Rev. Lett. 105, 121601(2010)

Purpose

Atomic Number, 𝑍

Γours/ΓKoike 𝑒𝑡 𝑎𝑙.

Energy distribution of 
a emitted electron

• Coulomb attraction on
emitted electrons

• Relativistic effects on
a bound electron

𝐸1 + 𝐸2 = 𝑚𝜇 +𝑚𝑒 − 𝐵𝜇 − 𝐵𝑒

3. Enhancement of decay rate
due to nuclear Coulomb attraction

2. Clear signal

1. Capability to probe
both short- and long-range CLFV interactions

due to momentum distribution of  
a bound muon

Ratio of decay rate to Koike et al.’s

Atomic Number, 𝑍

Branching Ratio

> (3.3 × 10−18)−1= 3.0 × 1017

𝐵𝑟 𝜇−𝑒− → 𝑒−𝑒−

this work
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Search for Charged Lepton Flavor Violation (CLFV)

Γ𝐶𝐿𝐹𝑉 = 𝜎𝜇𝑒→𝑒𝑒𝑣𝑟𝑒𝑙 𝜓𝑒 0
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Result

Γ𝐶𝐿𝐹𝑉 = 
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approximations

ℒcontact = −
4𝐺𝐹
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𝑔1 𝜇𝑅𝑒𝐿 𝑒𝑅𝑒𝐿 +⋯

Future work

e.g. energy and angular distribution of emitted electrons

• 𝜓𝐸1
𝑒 , 𝜓𝐸2

𝑒 → distorted by Coulomb potential

Effective Lagrangian :

𝐵𝑟 𝜇+ → 𝑒+𝛾 < 5.7 × 10−13

𝐵𝑟 𝜇+ → 𝑒+𝑒−𝑒+ < 1.0 × 10−12

𝐵𝑟 𝜇−Au → 𝑒−Au < 7 × 10−13

• Current upper limits of branching ratio

for muonic CLFV processes

• CLFV is signal to search for new physics

beyond the standard model “𝜇−𝑒− → 𝑒−𝑒− in a muonic atom”

• Nuclear Coulomb potential : uniform nuclear charge distribution

Koike et al.
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proposed by

Formalism

• High sensitivity for muonic CLFV

due to high intensity muon beam
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solid line : large component, 𝑔
dotted line : small component, 𝑓

(gray line : w.f. used in previous work)

wave function
(partial wave expansion)

𝜓𝜅  𝑟 =
𝑔𝜅(𝑟)𝜒𝜅(  𝑟)
𝑖𝑓𝜅(𝑟)𝜒−𝜅(  𝑟)

[Γ𝐶𝐿𝐹𝑉] 𝑑Γ𝐶𝐿𝐹𝑉/𝑑𝐸1 for 208Pb

• symmetric for two emitted 𝑒−s

• required muonic atoms for 208Pb

Γ𝑡𝑜𝑡𝑎𝑙 : total decay width of a muonic atom

estimation of 𝐵𝑟(𝜇−𝑒− → 𝑒−𝑒−) ≡ Γ𝐶𝐿𝐹𝑉/Γ𝑡𝑜𝑡𝑎𝑙
by current limit of 𝐵𝑟 𝜇 → 3𝑒 < 10−12

> (4.8 × 10−19)−1= 2.1 × 1018
• required muonic atoms for 208Pb

for restricting ℒcontact more tightly

• Distortion of emitted electrons
• Relativistic effects on a bound electron
• Finite nuclear charge distribution

Energy of a emitted 𝑒−, 𝐸1 [MeV]

Important effects
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relativistic effect

finite nuclear size

(In this presentation, we restrict ourselves to contact interactions.)

 the main reasons for enhancement

Γours/ΓKoike 𝑒𝑡 𝑎𝑙. gets larger
as atomic # is larger.
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𝑔, 𝑓 Coulomb attraction

• 𝜓𝐵
𝜇

, 𝜓𝐵
𝑒 → relativistic
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𝑒−𝑒− 𝑒− 𝑒−
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(for 𝑔1 term)

 Finite nuclear size is also impotant
but reduce Γ.


