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• Neutrino oscillation was observed by experiments.

• Charged Lepton Flavor Violation (CLFV) is heavily suppressed in the current 

Standard Model of particle physics with neutrino oscillation.

• BR(μ→e) ~ 10-54 considering the neutrino oscillation

• Sizable Branching ratio predicted by theoretical models beyond SM

• Observation of CLFV is the clear evidence of the new physics!
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Neutrino oscillation

CLFV

μ-e conversion

Too small t0 be observed!



• Current upper limit

• BR($%Ti → )%Ti)<4.6×10%23 (TRIUMF: 1988)
• BR($%Ti → )%Ti)<4.3×10%23 (SINDRUM-II: 1993)
• BR($%Au → )%Au)<7×10%28 (SINDRUM-II: 2011)
• BR($9 → )9γ)<4.2×10%28 (MEG: 2016)
• BR($ → 3))<1.0×10%23 (SINDRUM: 1988)
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• CLFV
• $ → )K
• $N → )N
• $ → )))
• …

C, 1year

C, 3years

SiC, 4years



!" + $ %, ' → e" + $(%, ')
• The atom trapped a muon is called “muonic atom”.
• The muon in the muonic atom decays with one of the following 

processes,

• Decay In Orbit (DIO): SM

!" → e" + -̅e + -.
• Muon Capture (MC): SM

!" + $ %, ' → -. + $(%, ' − 1)
• μ-e conversion: beyond SM

!" + $ %, ' → e" + $(%, ')

nucleus

μ
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μ-e conversion searching experiment at J-PARC MLF H-Line

Aiming to start DeeMe  experiment from 2019!



Proton Beam

μ-e conversion searching experiment at J-PARC MLF H-Line

Aiming to start DeeMe  experiment from 2019!

MLF Muon facility

H1: DeeMe 
experimental hall



Proton

Production
Target Secondary Beamline

① π－ Production
② in-flight π－→ μ－

③ Muonic Atom Formation
④ μ-e Conversion

Magnet
Spectrometer

π-

μ-
e-

e-low-P BG

high-P
Signal

①

②
③ ④

Start with Carbon target
• Lifetime of muonic atom ~ 2 μs
• Energy of electron from �-e conversion = 105 MeV
• Single event sensitivity (1 year = 2×10% sec)

• 1×10&'(
• 2.5×10&'+ (4 years)

,- → /-
signal electron
• single
• mono energetic
• delayed

• 2×10&'+
• 5×10&'0 (4 years)

Upgrade to SiC

The signal electron is identified 
by their momentum and time 
information



• Decay In Orbit 0.015 (event/year)

• Distinguished by momentum

• prompt background <0.027(event/year)

(zero in principle)

• Distinguished by time distribution

• Delayed protons from main pulse are 

monitored by a beam loss monitor in 

RCS

• Cosmic-ray induced 

e: <0.018, !: <0.001(event/year)

• suppressed by duty factor(= 1/20000) 

and Horizontal tracking direction

• Anti-Proton

• Zero in principle

beam energy(=3 GeV)

< "p production threshold

Primary Proton 

from RCS

e- signals

at detector

//

Measurement 

time window

//

Delayed proton

Prompt electrons from delayed proton

No proton

Delayed proton



ON
Anode wire: 1450V
Potential wire: 0V
Gas gain: O(104)

OFF
Anode wire: 1450V

Potential wire: 1450V
Gas gain: O(1)

Publication: PTEP, 
Volume 2017, Issue 2, 
023C01



Ar:C2H6 = 1:2

baseline oscillation from 
switching noise

saturation of switching noise 
in preamp



HIT EFFICIENCY – 本番実験用MWPC724型でのテスト2018年2月

10

� 検出器として動作し始める
時間から検出効率～98%

～107個/pulse

[10 ns]

� このオペレーションで
本番実験時に想定される
荷電粒子の数を当てると，
解析できないほど波形がざわつく

� 今後更に充てんガスの調整・試験を行う

beamtime @KURRI in Feb. 2018
test with definitive MWPCHIT EFFICIENCY – 本番実験用MWPC724型でのテスト2018年2月
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� 検出器として動作し始める
時間から検出効率～98%

～107個/pulse

[10 ns]

� このオペレーションで
本番実験時に想定される
荷電粒子の数を当てると，
解析できないほど波形がざわつく

� 今後更に充てんガスの調整・試験を行う

e" beam

MWPCcollimator

scintillator

efficiency ~98% in 
switching-ON period

beamtime @Kyoto University Research Reactor Institute 
(KURRI) in Dec. 2017
test with prototype MWPC
Quencher C2H6 -> iC4H10
Ø efficiency improved
Ø time structure of efficiency was suppressed



H-Line construction already started.
Beam is expected to be available at H1 area
in 2019.

beam

H1 experimental hall
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DIO spectrum with Al atom
Red: Watanabe spectrum
Black: Czarnecki spectrum

Watanabe spectrum





DOI: 10.1109/TNS.2018.2861880

Beam axis

Magnet axis



1. test pulse
2. HV-switching OFF->ON
3. over shoot by PZC circuit
4. signal
5. HV-switching ON->OFF

#ch@X

#ch@Y
time (10ns)

time (10ns)
A template waveform is a set of most 
frequent value in each sample points 



Momentum spectra of data are consistent to that 
of MC
Calibrated with MC spectrum

Michel spectrum 
(calculation)
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Purpose Material 
of target

Polarity

Momentum of  
B field setting 

(MeV/c) 

Number of trigger
(×10$ trig.)

Momentum calibration C + 55 (March)/ 52.5 
(June) 0.6 (March) / 2.3 (June)

Acceptance and 
polarized spectrum 

measurement
C + 45 2.0 (March) / 4.7 (June)

taken data set



Purpose Material 
of target

Polarity Momentum of  B 
field setting (MeV/c) 

Number of trigger
(×10$ trig.)

Momentum calibration C + 55 (March)/ 52.5 (June) 0.6 (March) / 2.3 (June)

Acceptance and polarized 
spectrum measurement

C + 45 2.0 (March) / 4.7 (June)

DIO spectrum
measurement

C - 55 12.4 (March) / 6.3 (June)

Si - 55 4.8

SiC - 55 17



GeV/c
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100
real data (June)
MC (Czarnecki-C)
MC (Watanabe-O) The shape of the momentum 

spectrum is not inconsistent 
with Czarnecki spectrum for 
the moment
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DIO momentum

Red: Czarnecki
Black: Watanabe C
(calculated by Uesaka)
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GeV
0.04 0.045 0.05 0.055 0.06 0.0650
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120 real data (June)
MC (Czarnecki-C)
MC (Watanabe-C)

By improving the statistics by 
factor 15, the difference between 
Czarnecki-C and Watanbe-C 
spectra becomes clear.  
We submitted additional 
experiment to increase the 
number of event.

Difference between Czarnecki 
and Watanabe-C spectrum is 
expected to be observed with 5-
days measurement by MC 
simulation.
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