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DeeMe Experiment

Search for charged lepton flavor violating decay
U N—e N

This talk
Charged lepton flavor violation
Experimental concept
Current status

Summary
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Charged Lepton Flavor Violation and New Physics

vQ <P VH <P VT
Charged Lepton Flavor Violation (cLFV)
3 3 UN — eN, u — ey, u — eee, ...
e —> ﬂ <~ T

Branching ratio for u — ey suppressed in

:SS@ the Standard Model < 10->%
. e 7 Too low probability to observe
H R Lo @rh €

Vp: Ve

Some theoretical models beyond the SM
d 1 predict branching ratios 10713 to 10-1”/
SUSY-GUT, SUSY-seesaw, extended
Higgs sector, etc.
. An observation of cLFV processes
at large rates means that
there is new physics
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Standard Model
Muon decay in orbit (DIO) u™ — e v, v,
92% for C, 33% for Si

Muon capture (MC) u* + (A,2) —v,+ (A,Z—1)
8% for C, 66% for Si

New physics
Muon to electron conversion u + (A,Z) —e + (A,2)
Charged lepton flavor violation

Monoenergetic e
with = 105 MeV for C or Si

E=m —Bu—Erec

u
where B,, : the binding energy of muon
Erec: the nuclear recoil Muonic atom 1S bound state

J

o
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Search for cLFV in Photonic and Non-photonic Decays

Possible processes for cLFV can be classified

Photonic

e

[

Branching ratio for uN —eN
~ 1/100 of that for u — ey

We must study cLFV

using different approaches

Sep. 26th, 2017

Non-photonic

1
— (aLy"er) (qyuqL)

A (TeV)

Photonic-like
Original graph by A. de Gouvéa, P. Vogel
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B DeeMe1

DeeMeO

~\ SINDRUM-II

4»000’,«47’

SiC target
~[for 4 years

T -(C target
Soon|for 3 years

or SiC target
for 1 year

C target
for 1 year

Nonphotonic-like

Prog. Part. Nucl. Phys. 71, 75-92 (2013)
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DeeMe Sensitivity Goal

W ' Or'-gin:lg.'ap‘\: ’Io'ci;r‘:-\'.;ci_ ARNPS 58, 315 (2009)
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Current limit for uN — eN
TRIUMF
4.6x10712 for a Ti target

SINDRUM-II at PSI
4.3x10712 for a Ti target

7x10713  for a Au target

DeeMe
Aim to achieve
S.E.S. < 1x10713 for a C target

S. E. S. < 2x1071% for a SiC target

or to improve the current limit
by one or two orders of magnitude
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J-PARC MLF MUSE

J-PARC MLF MUSE (muon facility)
in Tokai Village, Japan

Take 1.5 hours by express train
from Tokyo

.. Rapid Cycling Synchrotron s

3 High purity pulsed proton beam
from RCS

3 GeV
500 kW — 1 MW (design power)

Materials and Life Science | Fast extraction
Experimental Facility (MLF) B 25 Hz double pulses

- RN

L -~ — Sr

~
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Experimental Concept

Target

Pulsed proton beam /7 .\
.

1. o~ production
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Experimental Concept

Target

Pulsed proton beam /7 .\
.

1. o~ production
a- decay-in-flight into u~
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Experimental Concept

Signal: delayed monoenergetic e
with 105 MeV/c

Nucleus

Target 1019 muonic atoms/s with RCS 1 MW

Pulsed proton beam /7 .\
.

1. o~ production
s decay-in-flight into u”
3. Muonic atom formation
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Experimental Concept

Signal: delayed monoenergetic e

- production target with 105 MeV/c
=1 -decay & u -transport section 6 U N—e N
= 1~ stopping target Nucleus /1.?

in DeeMe experiment

Target 1019 muonic atoms/s with RCS 1 MW

Pulsed proton beam /7 .\
.

1. o~ production
s decay-in-flight into u”
3. Muonic atom formation
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Experimental Concept

Signal: delayed monoenergetic e

s~ production target with 105 MeV/c
= -decay & u -transport section Nuc 6 U N—e N
= 1~ stopping target Ucleus /1
?

in DeeMe experiment

Target 1019 muonic atoms/s with RCS 1 MW
Pulsed proton beam /7 .\

Tracking detectors e
(four MWPCs)

1. o~ production
s decay-in-flight into u”
3. Muonic atom formation

I
I
Secondary beamline H-Line

Low momentum background

to transport electrons near 105 MeV/c Magnet
PACMAN

Magnetic spectrometer

Sep. 26th, 2017 NUFACT2017 at Uppsala University, Sweden 1 2



Low-momentum background
suppressed by the beamline

High-momentum tail
— need Ap < 1 MeV/c spectrometer

e Beam pion/muon capture

'71-_/:[1_-'_ (AIZ) - (AIZ_]')* —Yy+ (AIZ_]')I
y— e* e atthe beam-prompt timing

e Muon Decay in Orbit (DIO) 0.09

e Delayed protons at the irregular timing
induce backgrounds
< 0.027 (< 0.05 90%CL)

e Cosmic rays suppressed 2 us/40 ms
e: <0.018, u: < 0.001

Number of

e No antiprotons

N

E) 10 H\’M background -
u-e

N | conversion

O 1o ‘m __________________ signature

S~ i

g b I HES LR Delayed

0" proton

gt U U — - . background .

-] : : :

Qo A LT '

© s (| B TN
80 95 100 105 110 115 120

% — 40 ms to the next pulses —

024

ok 600 ns 2 us

i

)

& .

o= Aqaly5|s

25 window

2

o= >
Prompt particles Signal electron T|me/

Momentum [MeV/c]
RCS 1 MW for 2x107 s, SiC target

BR 3x10-14, delayed proton rate < 10-1°
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Current Status - H1 Area at H Line

Pulsed proton beam

rce

Pulsed P Ol‘. DEQI I’ ¥ eutron
Y

-

MIC Solenoid Magiiet

Experimental area
at H Line

(under construction)
in J-PARC MLF

— - .
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Current Status - Spectrometer Magnet PACMAN

[AGE=MAN]

30 tons

Sep. 26th,

e Dipole magnet PACMAN

e Used in PIENU experiment
in TRIUMF until 2012

e Lease agreement
from 2014 to 2017

e Updated until 2020

By e Nominal field strength:

0.8 - * measured .
o | — Opera-3D 0.4 T in the central part
o8- | | for electrons with 105 MeV/c
o bending 70 degrees
o2 e Operation tested up to 500 A
PO:][IJ ‘ I-BI‘JOI ‘ ‘-EIOO‘ ‘ ‘-4IDO‘ ‘ I-2‘00l - (IJ - IE‘UD‘ ‘ I4C‘)0l I ‘EIOO I ‘800

z[mm]
2017 NUFACT2017 at Uppsala University, Sweden
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Current Status - Detector Requirements

e Expected charged particles which hit the detectors Ry

e Prompt burst: produced by pulsed proton beams
from RCS hitting the target, pass through the H Line

e Mono-energetic delayed signal electrons: u-e conversion
e ~ 70 GHz/mm?2 (10° to 107 particles/readout) per prompt burst at most

e Need to detect a single electron soon after the prompt bursts
Life time of

ot < 500 40 ms 22—> muonic ca;rbon atoms: %.%Js
O ns muonic silicon atoms : 0.76 us
5 iRt
s a
—_—
L O
U o . _
-g o Analysis Analysis
5 © window window
Z O
‘— ;
-
t

Prompt bursts  pelayed signals
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Current Status - Detector Structure

e Rapid gas-gain-switching MWPC n A .° I hs
o _ o 200 n DeeMe - Tl
by switching applied voltage S| A eeMe
y— ©
e Work well C o Analysis
after it is hit by many particles 88 window
equivalent to those in DeeMe at H Line gg I— t
Z O

. . 4

Gas gal.n O(1) >G{as gain 9(410 2
Anode wires

| Potential wires

e Publication in 2017:
Prog. Theor. Exp. Phys. 2017, 023C01 1650 V

Anode-wire land  Potential wires\,N_ oV
m— || —eet————— . Ire

>

o
4

A fast high-voltage switching multiwire
proportional chamber

\ spacing
- O 7 P@ Prog. Theor. Exp. Phys. 2017, 023C01 (11 pages)
w—— -/ Mmm DOI: 10.1093/ptep/ptw 193
= or
FEERTL
- 0.75mm
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Current Status - Measurement of Muon Decay in Orbit

Sep. 26th, 2017

Motivation
To test magnetic spectrometer
(4 MWPCs and DAQ) — worked well

To confirm the medium-momentum region
around 55 MeV/c
of theoretical calculation by Czarnecki et al.

At D Line up to 10% muons/s

Measured
the medium-region momentum spectrum
of electrons from u=— e v v,

Target: C, Si and SiC

2 days in Mar. 2017
5 days in Jun. 2017

NUFACT2017 at Uppsala University, Sweden 1 8



Current Status - Monte Carlo Simulation of DIO

e At D Line, we measured the momentum >
with spectrometer momenta of
45, 52.5 (the edge), 55 MeV/c

~Electrans
from C muonic ¢
(from Czarneck

Czarnecki

D
o
o

" Watanabe-Shanker

Counts (/0.2 MeV)
T

>0 =from O muonic

- (from Watanab lonte Carlo
400 Shanker) I I

- ’ simuilation
300 —
200 —
100 — M

0 _I [ | I I | ] ] ] o L L. 1 ] 1

40 45 65
Total Energy (MeV)
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Current Status - Analysis of DIO Measurement

e Subtract a template from waveforms RS

e Sum up sample points in the time and strip direction

Test pulsel, HV ramp down on potential wires?,
over shoot by PZC circuit3, detector oscillation?,
HV ramp up on potential wires>

L L L 200 T T 21100y

! |A I _ Sk ‘ ] I
na YSIS‘ :- ] 000k \/. ht e ; émﬂcf \/ ""t:
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o
o

I : : ] Same shape
400 f--One. event waveform Template ] event by event

[ S Iign a | | I - ]
200 IN e gmoc: E‘v' nt_r r 1 gmuc; E‘v’ent_) e ;
: 5 | Signal ]
0 L . ’ 700% &/‘ f 7oci t %
i ; 5005— h r A A : socE A A N -
_ Subtracted waveform 1 e M W MY
-200 ce o e Lo b 1o 1y 3.; B R T R '5‘2_'_‘_%4 " R TR NN '52_'_‘_'_34
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Current Status - Analysis of DIO Measurement

X-aXiS /workideeme/data/mif-201706/run06270.mid, ev = 3, wc = 1
80

- o Event display of one of the MWPCs

| tf"(“) ns] ® Black rectangles show the hits

Y— a X | S fwork/deeme/data/mif-201706/run06270.mid, ev =3, lwc =1
18

. o We can see some hits
both in X-axis and Y-axis channels

3
[}
-5

-10

t [10 ns]

250
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Current Status — Correction of Spectrometer

e For the momentum calibration using positive muons . 3 ‘;,@,
e Set 45 MeV/c and 52.5 MeV/c (nominal) for the spectrometer
e The edge of 52.5 MeV seen
a 800
15 700
" 600
500
400
300
200
100

PR I T T PR T
0.05 0.055 0.06
Momentum [GeV/c]
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Summary

Search for u”N — e"N with a sensitivity of 1x10°14

1019 muonic atoms/s at H Line with RCS operating 1 MW

4 MWPCs have been manufactured

Spectrometer magnet was tested in 2015

We measured the DIO spectrum around 55 MeV/c at D Line in 2017
Target: C, Si, and SiC

Spectrometer system,
including 4 MWPCs and DAQ,
worked without any serious problems

Analysis ongoing
DeeMe experiment will start

soon after completing
the H Line construction

Sep. 26th, 2017 NUFACT2017 at Uppsala University, Sweden 23



Backup
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e Negative muon, C target .
with a spectrometer momentum of 45 MeV/c
at D Line

$ 800

£ 700

Q

< 600

Q

3 500

" 400
300
200

100
0

‘q | Data analysis
M\ Monte Carlo simulation

"JW

|LII|IIII|IIh..lnl'lnlll.lllllllllllIII|IIII

0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07 0.075 0.08
Momentum [GeV/c]

E'IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
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Current Status - Detector Structure

MWPC

e Cathode strip readout
e X-axis readout 3 mm width strip
e Y-axis readout 5x3 mm width strip

e Active area: 250 mmx200 mm

i
-
1 B

v
=~
;§.

Readout electronics

e Amplifiers with large current tolerance
e 10-bit FADCs
with a sampling rate of 100 MHz

Firmware developed
by N. M. Truong

Sep. 26th, 2017 NUFACT2017 at Uppsala University, Sweden 26



Current Status

I

e Magnetic spectrometer
. Spectrometer magnet)\ /‘
. Detectors (4 MWPCs)

e Muon Decay in Orbit (DIO) spectrum measurement

Sep. 26th, 2017 NUFACT2017 at Uppsala University, Sweden 27



Current Status - Spectrometer Magnet PACMAN

e Dipole magnet PACMAN

e Used in PIENU experiment
in TRIUMF until 2012

e Lease agreement
from 2014 to 2017

e Updated until 2020

o ‘» 5 m]d e Nominal field strength:
) | ? o 0.4 T in the central part
for electrons with 105 MeV/c

bending 70 degrees

[IITT[ T T T

e Operation tested up to 500 A

..................................

-1000  -800 -600 -400 -200 0 200 400 600 800

z [mm]

Magnetic field calculation
by Y. Nakatsugawa using OPERA-3d
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Current Status - Monte Carlo Simulation of DIO

e At D Line, we measured the momentum >
with spectrometer momenta of
45, 52.5 (the edge), 55 MeV/c

; —
£ [Electrans oo
~ P . zarnecki
o 800 —from C muonic ¢
= [(from Czarneck L
2 500 - ) Watanabe-Shanker
a ~ Efrom O muonic
© [ (from Watanab¢ Monte Carlo
so-Shanker) simulation
— (63 runs, 15000 hits)
200 —
o:l | | PO I | M | | | mhw%ﬁ_& oo by L L. | | 1
40 45 50 55 60

65
Simulated by D. Nagao using g4dbeamline Tota! Energy (MeV)
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Current Status - Analysis of DIO Measurement

X— a X | S Iwork/deeme/data/mif-201706/run06270.mid, ev = 3, lwc =1
80

© e Event display of one of the MWPCs

200 250

t[10 ns] e Black rectangles show the hits

Y— a X | S fwork/deeme/data/mif-201706/run06270.mid, ev =3, lwc =1
16

* e We can see some hits
both in X-axis and Y-axis channels

-5

-10

t [10 ns]

0 50 100 150 200 250

Coding by M. Aoki
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Current Status — Correction of Spectrometer

e For the momentum calibration using positive muons . ° ‘;,@,
e Set 45 MeV/c and 52.5 MeV/c (nominal) for the spectrometer
e The edge of 52.5 MeV seen
n 800
D
5 700
5
600
500
400
300
200
100

. L o R T T N T T A T
ob35 004 0045 0.05 0055 0.06
crom M a0k Momentum [GeV/c]
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