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In Standard Model (SM)

N )
Charged Lepton Flavor Violation M

> >

(cLFV) via neutrino oscillation 0 Us v Uy e

om;, ’ —54
But ... BR(p —e7) ~ (m%‘v) St :> Forever
invisible

Discovery of the cLFV signal
—— One of the evidence for beyond the SM
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Comparing LFV signals and their rates

> Discrimination of new physics models
> Prove for structure of new physics

L Desire for many detectable cLFV processes




Introduction

New idea for cLFV search

M_e_ —> @€ @€ I1n muonic atom

X What is target ?

Flavor violation between 4 and e

X What is advantage ?

<~ Sensitive to both photonic dipole cLFV operator
and 4-Fermi contact cLFV operator

=~ Clean signal [ back-to-back dielectron ]
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{ Muonic atom J

electron 1S orbit
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[‘u—e_=* e € 1n muonic atom

electron 1S orbit

@n 1S orbi

Interaction rate
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»r— e LFV Vertex
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[‘u_e_ei e € 1n muonic atom

electron 1S orbit

@n 1S orbi - -

Interaction rate

(e —e e ;1 7)=20k

Overlap of wave function of (4 ande



Overlap of wave functions
—
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Approximation

Muon localization at nucleus position { Me << mMJ

:> Overlap = electron wave function at nucleus
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g (r: Z) = NG

exp(—Zamer)

—~m A\ Wmmuwmwm

" —_ Electron wave function

<‘./ - N

r : radial coordinate (distance from nucleus)
7 : atomic number of nucleus in muonic atom

Overlap of wave functions W%) (0; 2 —1) |2




/ : LFV Vertex

[‘u_e_=> e € 1n muonic atom

electron 1S orbit

@n 1S orb1t<-

Interaction rate

(e —e e ;2) @(O; Z — 1)‘2

Cross section for elemental interaction
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~ Effective Lagrangian [ Y. Kuno and Y. Okada Rev. Mod. Phys. 73 (2001) ]

AGE . _
‘Cu—e— —e~ e~ — _W [mﬂAR ,uRO"( VBLFNV + muAL /LLO'”VGRFNU

+ g1 (7irer) (erer) + g2 (Biter ) (erer)
+ g3 (R er) (ervuer) + g1 (Fry"er) (eryuer)

+ g5 (ErY"er) (ETuer) + g6 (B er) (BRVueR) + (H-C-)}

cLFV effective coupling constant

Ar. AL 91 g2 g3 g4 Ggs ge

:> Sensitive to the structure of new physics



+ g1 (Brer) (erer) + 92 (Frer ) (eter)
+ g3(ErY"er) (ERYueR) + 94 (BT "er) (ELyueL)

+ g5 (mEY"er) (eDyuer) + g6 (Y er) (BRuer) + (H.c.)]

4-Fermi interaction type
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. { 4-Fermi interaction dominant case J
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Branching ratio

BI‘(ILL_Q_ — e_e_) — %,u,r(/i_e_ — e_e—)

o N3 T
Cor(z 1t (Me) T

m,/ Tu

= (3.31 x 107)(Z - 1)*(7,/7.)G

Tu Lifetime of free muon (2.197x 109 s)

- N
219x 10°s for 'H

T, Lifetime of bound muon =
(7-8)x 108 s for>°U
- -
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| — [ 4-Fermi interaction dominant case J

Branching ratio

Br(p e —e e )=7(n e —ee)

~

o 3
= 24n(Z — 1)3a3(me) e
my, 7 Ty

= (3.31 x 1071*%)(Z — 1)*(7./7.)G

G = Go+16G34+4G 56 ‘|‘8G/14 -+ 8G/23 — SGg6

Gij = |gi> + |g;]? G = Re(g795)
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3 : 1
(U—>eee ) :

Comparison two BRs :> probe for CP violating
. _

G = G12+16G34 +4G56+8G)

= o+l | (G = 5i9))

vy ags
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. { 4-Fermi interaction dominant case J

il

Branching ratio

Enhancement factor from overlap of wave functions

. . Positive charge attracts muon and electron
" toward the nucleus position.

> Notable advantage for heavy nuclei




e e \/
/

Photonic interaction type
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e { Photonic interaction dominant case}

il

Branching ratio

Br(p e —ee)

Me Ty

= 153672(Z — 1)%a* (| AR |* + |AL|?) —
My, T,

=208 x 107%(Z — 1)*(|Ar|* + |AL|?) (/70

Photon propagator % ~ 1
in non-relativistic limit q Ty Me
2
Enhancement factor my,

compared with 4-Fermi case  m?




e m=pcc g

I N
Case : same order cLFV coupling
Arry = Gi [ i=1,2...6 }
\d e y

Ratio between photonic and 4-Fermi cross section

2
~ (Y —— 4
photonic & ) O-l'—lFermi
me

~ 10° X ov

4Fermi

One of the distinct features for the process
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Discovery reach =

e

=

How to get upper limit for BRW e ™ e e )
:> Calculate ratio of the BR to other limited cLFV

DD
[ 4-Fermi interaction dominant case }

Br(p=e™ —e7e™)
Br(put — etete™)

[ Photonic interaction dominant case }

Br(p~e” — e e™) Br(p~e™ —e7e™)
Br(ut — etete™) Br(put — eT)

[ These ratios are independent on cLFV effective coupling ]



Discovery reach
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Disa)} reach S S
Collaboration Searching for Intensity
MEG L — ey 1072 /s
MUSIC 1 — 3e 10% 11 /s
COMET N —e N 101 /s
Mu2E (E973) p N —e N 10 u/s
PRISM N —e N 10 pu/s

N

For run-time 1 year ~ 3x 10 S

10'® - 10'9 muon at COMET experiment
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Project Intensity Reach

COMET / PRISM 1078 — 10" y /year

v factories 102" ( /year

With these number of muons the process will be seen !!



Wards a Precise-Estimate _—

=~ Out-going electron is also attracted
mmm) Epnhancement of the rate

<= Bound electron is more concentrated for relativistic wave fn.
‘ Enhancement of the rate

® Nuclei is not a point charge
mmm)  Solve Dirac Eq. numerically

For trial, uniform charge density is assumed

Zo 3 1 r?
/
— —TQ for r> R

R =1.2A4Y3fm



CAntant inbaranHAn Qﬁe\‘@\
Z,A =27 Point colomb Uniform
40 1.86 1.70
30 16.1 6.62
90 39.1 10.5
100 118 17.4
Coulomb force does not change chirality and Branching ratio can be

hence same factorization for g’s holds 160 1
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dGamma/dE Z=80, plane wave scattering(PLW)
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Summary
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X New LFV process [,Lt_e_—> € € 1n muonic atom}

X Clean signal (back to back electron with B= m, /2)

X Interactionrate ['(p e —e e ;Z)~ (Z— 1)3,

j|> Advantage : Large nucleus

X Detectable in on-going or future experiments

j> We wish to observe LFV in the process
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Ratio between BR(it ¢ —> e e )and BRlu—>e e e )

Br(p=e™ —e7e7)
Br(put — etete™)

N\ 3 A
= 1927(Z — 1)*a* (=) -

my/ Ty,
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X Photonic interaction dominant case

Branching ratio (U —>eee )

Br(p™ —eTete™)

N
= 12870 (| A2 + |AL]?) [109;(7”'“) _ 1_1]

Me 4

Ratio between BR(it e —> e e )and BRlu—>e e e )

Br(p=e”™ —e7e™)
Br(put™ — eTeTe™)

0 o Me Ty m,,\ 2 11711
= 127(Z — 1)°a* Me Tn [log<m’ ) - —}
my, T, Me 4




Discovery reach . =
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X Photonic interaction dominant case

Branching ratio(u —> e Y )

[(p™ —e™)
I'(p™ — eTrer,; Free)
= 3847% (| AR|* + |AL|?)

Br(p™ —ety) =

Ratio between BR(te —> ee)and u—>eY
BR( )

Br(p=—e”™ — é7e™) 4 Me Ty

—4(Z -1
Bl(,u+ —> e-l-rx/) ( ) “ my, 7';,

=549 x 107 (Z —1)* £




Pion Capture Section

A section to capture pions with a
large solid angle under a high
solenoidal magnetic field by super-
conducting magnet.

PRIME

A detector to search for
muon-to-electron con-
VErsion processes.

Pion-Decay and
Muon-transport Section

A section to collect muons
from decay of pions under a
solenoidal magnetic field.




