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1. Introduction

the Standard Model = no LFV

Massive neutrinos?
Hierarchy problem?
Charge quantization?

Extentions of the SM ——— LFV Search
Right handed neutrinos :
Supersymmelry °
Grand Unification | °
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~ p-e conversion

Experimental Limits on the Branching Ratios
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u-e Conversion in nuclei:
(Neutrinoless muon capture)

(cf. Ordinary muon capture:

Coherent process is dominant.
b
-~ 2N,=/N,=Ground state

nucleon density

( 200 \
u waiﬁfunctiﬂﬂ
o
>

——

» b) Final state — monochromatic electron
e wavefunction

A n f A .
| I | { \ il [ |




Why u—e conversion?

-
1. Non-Photonic + Photonic interaction

e

H Contribution from
o 4-Fermi ettective interaction
* Photon-penguin interaction

» More info on THEORY

2. Monochromatic electron signal

Intense beam = Higher precision
» Clean, precise EXPERIMENT

-
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Why muon ring?

3
4% Free from 7 and ¢ in the beam

\
+ Extinguishes prompt backgrounds:

e Radiative m— capture
r H(AZ)y—> (A, Z-1)+tYy
Ls e'e

| ® e in the beam scattered off the target
.,'_.: Y

l Lifts restriction on the selection

ﬂf targ[‘t nuclei ! - Need not to worry about

the lifetime of muonic atoms.




Electron momentum distribution@SINDRUM
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We will be able to choose the target nucleus

Which is the best, then,

- to discover the u-e¢ conversion?

- to investigate the new physics,
physics beyond the Standard Model?

Thorough investigation is necessary.



2. Methods

W\
Proton distribution in nuclei \npt

Charge distribution = Proton distribution
/Maxwell equation

Dirac equation — Relativistic

\J

Wave functions of initial u & final e

apWt
Proton & neutron distribution in nuclei \

v

Overlap integrals appearing in the u-e transition
amplitude

\j

Ou’k 9}___%
u-e transition amplitude ™ .

U-e transition rate



Input data

Proton density in the nucleus: p"(r)

--- Electron scattering experiments

Determined very precisely (within a few %).
Various nuclei are measured.

Neutron density in the nucleus: p™ ()

--- Scattering experiments (proton, ¢, ")
--- Spectroscopy ( atom, p atom)

(Relatively) poorly determined.
Not many data are available.

We also present the result obtained from
p"(r)=p'""(r) assumption.

No justification for heavy nuclei.

Provides the tendency of the Z-dependence of
the conversion amplitude/rate, thanks to the
large data set.
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3. Numerical Results
Dirac equation for the radial part of the wave function

) 1[ u (r) 2, ]
Wave function: vy (7)= (8,0)
r\iu (r};{

A(wO) (KT WVim) )
dr\u,(r) '_;'—'(W-—V'—%)' 7 K'/;?‘ o N\y(7))
W :Energy eigenvalue = (L& +1) =-1 for 1S state

Initial state:
The wavetunction of U
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Transition amplitudes — Overlap integrals

“p"(r)=p'"(r)” assumption
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Larger difference for heavy nuclei.
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Conversion hl‘ﬂﬂ[’hiﬂ" ratios
; 2
- 2l 4" ) eolp) «-Ln: in) (piy rip) as (1 )y wlit)
o, =2G:|A;D+ 78" 4 W™ 4 gy P 4 iy
i i 2
(P} ip) (R} o) ={ply r(p) o (0] g {0}
+2G:AD + g7 + 8™ 4 MY P 4 gy

e E M +5N, > e +4N
B ) = F(J(u+;£~l —V +;1I~§;)
AN ut A

“p"™(r)=p'")(r)” assumption
25 P

f —+— dipole
r —»— scalar
2 | —=— vector
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Dipole:  SUSY + Right-handed v, SO(10) sUSY cut  I'D
Scalar: R-parity violation

~ (30 — 60) gives the largest rate.

‘The model of new physics can be dlstmgmshed
through the measurement of 1 —e rate for
several kinds of nuclei.



p"(r) from the proton scattering experiment

Transition amplitudes — Overlap integrals
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p'"(r) from the pionic atom spectroscopy

Transition amplitudes — Overlap integrals

Overiap Integrals ( (m,)*?)
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4. Discussion

The ambiguities are chiefly due to the poor

knowledge on the neutron distribution in nuclei.
L Scattering experiments, Spectroscopy, ...

S" and V"suffers from the ambiguity.

e Light nuclei [Z < (~ 50)]
- Agrees anyway within (a few) %.

(including ”p':"}(*r) :p{pj(?’)” assumption)

e Heavy nuclei [Z > (~ 50)]

- Results of recent scattering experiments on Pb
— Experimental error leads to (a few) % of ambiguity.

- Spectroscopy gives (10 — 20)% smaller values.
Spectroscopic methods gives info on the neutron distribution at the

peripheral region, which is extrapolated into inside the nucleus
under a certain assumption.

Neutron density distribution is known for limited
species of nucleus at present.



5. Summary

» LFV u—e conversion search is clean and
informative.

» Muon ring enables the y1—e conversion
search with various target nuclei.

» Nuclei with Z ~ (30 — 60) gives the largest
LL—e conversion rate.

» The measurements with different nuclei are
useful to distinguish the theoretical models
with LFV.

» Ambiguity is small for light nuclei
(within a few %).

» Recent scattering experiments on Pb gives us
a hope that ambiguity can be made small for
heavy nuclei also.



