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O N a muonic atom
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Branching ratio of CLFV decay

How many muonic atoms decay with CLFV, compared to created # ?

o ~ - 39 (0w p)
Z Q ©°Q Q)k Tﬁ3( Q90 Q) due to existence prob.

/ of bound Q at the originj

cf. ¢&t Ofor a muonic H (& p)
W ft Gor a muonic Pb (& Y ¢

\

[TQ’) - lifetime of a muonic atom

:{e.g."2 L8t p Tt foer(oo qJQ'
i

BR with CLFV coupling fixed on allowed maximum
10°13

m—lﬁ
I{]-IS

1019 U BR increases with atomic #

<

' L Using muonic atoms with large
00 0 0 0708090 s favored to search fort Q © Q Q.

Atomic Number

102 !

Branching Ratio to [l'e” — e’e”

Phys. Rev. Lett. 105,121601 (2010).



To improve calculation for decay rate

V previous formula of CLFV decay rate by Koike et al.

(s ch I (@ ¢ @ p
]\

U“wdependence” colme(®m| fArl c@® @np)y ]

U emitted Q s are expected to be back-to-back with equal energies
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More quantitative estimation is needed ! (important for large &)




Improvement and expectation

V this work

lepton wave function relativistic Coulomb
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# How are CLFV decay rates modified ?

other than quantitative modifications

U model-dependence

U energy & angular distribution of emitted Q pair




Effective LagrangianforH g © m m
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Our formulation for decay rate
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use partial wave expansion to express the distortion
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Radial wave function (bound H )
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V Itis important to consider finite nuclear charge radius.



Radial wave function (bound g )
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Relativity enhances the value near the origin.




Radial wave function (scattering g )
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Contact process

V bound* @9 V bound Q

V scattering Q V scattering Q

E overlap of bound * , bound Q , and two scattering Q s
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‘ ' | _ wave functions shift
scat. Q : plane © distorted to the center

bound 'Q : non-relativistic
O relativistic

transition rate increases!
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Upper limits of BR (contact process)
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Photonic process

V bound* @ Vi V bound ‘Q

V scattering Q J 3 V scattering Q
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distortion of scattering Q - overlap integral decreases




Upper limits of BR (photonic process)
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Model-discriminating power
After finding CLFV, can the CLFV mechanism be determined ?

U Here, only 3 very simple models will be considered.
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Discriminating method 1
~ atomic # dependence of decay rates ~

wdependence of 313
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U The wdependences are different among interactions.

U Comparedto (® p) ,that of contact process is larger,
while that of photonic process is smaller.
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Discriminating method 2

~ energy and angular distributions ~
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O : energy of an emitted electron

—: angle between two emitted electrons
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Summary

Q O 'Q'Q process in a muonic atom

V interesting candidate for CLFV search
V Our finding

e Distortion of emitted electrons
e Relativistic treatment of a bound electron
are important in calculating decay rates.

@ Distortion makes difference between 2 processes.

contact process decay rate Enhanced (7 times3 in® (g
photonic process decay rate suppressed (1/4times3 in® Y §

A
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E How to discriminate interactions, found by this analyses

V atomic # dependence of the decay rate
V energy and angular distributions of emitted electrons
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Backup
(Rough) Estimation of decay rate
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Suppose nuclear Coulomb potential is weak, 7/ Hy———————
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(the same cdependence in the both contact & photonic cases)




Backup

Decay rate o — &/
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Backup
Effect of distortion

scat. Q : plane wave (Assuming momentum conservation at each vertex)

bound ° emitted Q bound ° emitted Q
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bound Q emitted Q bound Q emitted Q
contact process photonic process




Backup
Effect of distortion

scat. Q :distorted wave (Assuming momentum conservation at each vertex)

bound ° emitted Q bound ° emitted Q
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contact process photonic process
U no momentum mismatches i momentum transfers to bound leptons
|—| make overlap integrals smaller
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Totally (combined with the effect to enhance the value near the origin),
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Backup

ComparisontoH © g mm
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difference 1 . signal
2Qs 1Q &20Qs
(approximately) two-body decay three-body decay

difference 2 : interference among interactions

Interference appears differently.
E>There IS possibility to test the relative phase of couplings.




Backup
Discriminating method 2
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U 'Q pair has same chirality » Q pair cannot emit same momentum
(due to Pauli principle)




Backup
Contribution from all bound g s

normalize the contribution of p "@ to p
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E itis sufficient to consider about “Yelectrons for both cases




