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n (FCNC)

evel (GIM mechanism)

branching ratio=0

.......... suppressed

enguin diagram

branching ratio largely enhanced by new physics (40 orders of magnitude)!
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rvo Maki Nakagawa Sakata (PMNS)
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Family Number Violation

- Flavor Changing neutral currents are forbidden!

> Lepton Flavor Number in Charged Currents is an “adhoc” concept

Quarks

@ strange

up () — () down

quark flavor not conserved
(family number changes)

Schoning/Rodejohann

Leptons

tau .
myon .

O

electron ® 3

Neutrinos

light and
@2  small mass splitting

o1

lepton flavor not conserved
but difficult to observe!

(concept of families right?)
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Lepton Decays:
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Conversion (u-Capture):

* uN—eN Collider Experiments:

~
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o /' | LHC
Fixed Target Experiments: @ 0t ' X

@ uN—>1tN proposed
» eN— u(t) N proposed
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Reaction

Present limit

Reference

5t — ety
nt o etete~

pmTi—e" T
pTi—e T
p-Au — e An
§~ Pb— e Pb

item o et
T —ev

T = iy

T — B

T — eee

7 - pe

K9 — ue

7 SR
Kg —7oute
Z9 . pe

Z% — re
A

< 1.2 % 107
< 1,0 x 1p~12
< 4.3 x 10—12
< 6.1 x 1913
< 7% 10-13
<4.6x 10711
< 8.3 x 101
<11x10-7
< 45x 108
< 3.2x 108
< 3.6 x 16—8
< 8.6 x 19™*
< 4.7 x 1012
< 2.1 x 1010
< 3.1 %x10™°
< 1,7 % 108
< 98x 108
< 1.2 x 10~°

Schoning/Rodejohann

Brooks et af. [49]
Bellgardt ei al. [55]
C. Dohmen et al. [70]
Wintz [72] *

Bert et al. [73]
Honecker et al. [71]
Willmann et al. [23]
Aubert et al. [24]
Hayasaka et al. [25]
Mivazaki et al. [26]
Miyazaki et al. {26]
Edwards et al. [27]
Ambrose et al. [28]
Lee et al. {29]
Arisaka et al. [30]
Akers et al. [31]
Akers et al [31]
Abreu et al. {32]
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ur Violation

MNS matrix, W.R next week)

jolation not seen:

The SM prediction for Lepton
Flavor Violating (LFV) Processes
is negligible (GIM-like suppression)

Any sign of LFV would manifest
New Physics

muon to electron conversion experiments
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Table 19.6. Past experiments on g~ — ¢~ conversion. (*Reported only in
conference proceedings.)

Year Location  Process Upper Limit Reference
1972  SREL o+ Cu-—e  +Cu <1.6x10°° [66]
1882  SIN pm+328 - e 4328 <7x107H (67}
1985 TRIUMF p~+Ti—e +Ti <16x10-1 68]
1988 TRIUMF p 4 Ti—e  +Ti <46x10712 69]
1988 TRIUMF p~+Pb—e  +Pb <49x10-10 169]
- N 1993  PSI pTATi— e +Ti <43x 10712 [70]
A exit beam sclencid F inner drift chamber i |r 1996 P8I poHPosem Py <A6x 1071 [71]
B gold target G outer drift chamber j 1998%  PSI pm+Tioe” +T0 <B1x10°8 [72]
G vacuum wall H superconducting coit 2006 PSI p_tAu—e” +Au < 7x107Y 73}
D scintilator hodoscope | helium bath :
E Cerenkov hodoscope  J magnet yoke

e o

SINDRUM i

configuration 2000
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‘04 - SINDRUM II _ _ Tun2000: pe conversion on gold
: ’ | T e u N — e N conversion

electron receives kinetic
energy from muon mass
minus nuclear recoil energy

events per 0.25 MeV/c

' measurements

open circles: m beam
10 ifullcircles: W beams

1! simulations

11 continuous lines:
alhwad vy modas

histogram:
i uenoemrarshnatﬂ 10"
- WAL - Al

13 | T T T T ] T T T T

75 80 85 90 95 100 105
e” momentum (MeV/c)

no sign of a signal!
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Present limit

Reference

< 1.2 % 107
< 1,0 x 1p~12
< 4.3 x 10—12
< 6.1 x 1913
< 7% 10-13
<4.6x 10711
< 8.3 x 101
<11x10-7
< 45x 108
< 3.2x 108
< 3.6 x 16—8
< 8.6 x 19™*
< 4.7 x 1012
< 2.1 x 1010
< 3.1 %x10™°
< 1,7 % 108
< 98x 108
< 1.2 x 10~°
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Brooks et af. [49]
Bellgardt ei al. [55]
C. Dohmen et al. [70]
Wintz [72] *

Bert et al. [73]
Honecker et al. [71]
Willmann et al. [23]
Aubert et al. [24]
Hayasaka et al. [25]
Mivazaki et al. [26]
Miyazaki et al. {26]
Edwards et al. [27]
Ambrose et al. [28]
Lee et al. {29]
Arisaka et al. [30]
Akers et al. [31]
Akers et al [31]
Abreu et al. {32]
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ur Violation

MNS matrix, W.R next week)

jolation not seen:

The SM prediction for Lepton
Flavor Violating (LFV) Processes
is negligible (GIM-like suppression)

Any sign of LFV would manifest
New Physics

muon to electron conversion experiments

Standard Model of Particle Physics SS 2013




LFV decay: n* — e*y

Liq. Xe Scintillation

/
Detector
<& &l

start 2007

Lig. Xe Scintillation
Detector

Thin Superconducting Coil

Muon Beam ' Stopping Target
i Stopeing Targ

+ I"-,
€\ Timing Counter
Drift Chamber > L

: 7\ :

Limitation:
@ accidental background =

+ better space resolution

~ improve tracking s still taking data

@ upgrade planned starting next year

Drift Chamber

1m
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Design and construction: Heidelberg

Recurl pixel layers /\
Z N

Scintillator tiles

Inner pixel layers
v

AN
—_—
_—
————> uBeam Target $
R
!

CTTTTTT T r CSontillating fibres TTTTTTT T I T TITITT

A\ il

Outer pixel layers
\p‘éned sensitivity: B(u-> eee)< 10"

Paul Scherrer Institute (PSI) in 2014+
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oton Number Violation

1 —10” years

0 +
pAme : @ :
+ - x .

J'l:+ 7’ e+ y proton

Super Kamiokande

0 observation of Baryon or Lepton Number Violation!

The fact the humans and life exists on earth (no radiation damage) excludes
already BSM scenarios!

However, baryon or lepton number violating processes are required to explain
matter antimatter asymmetry in universe

New BSM Physics is required!
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