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Physics Motivation



CLFV 1n muon

neutrino _ o _
oscillation Lepton Flavor Violation is forbidden

in the original Standard Model.

<> <>
Neutrino oscillation
2 2 = Flavor Violation of neutral lepton

Charged Lepton Flavor Violation ( CLFV)
CLFV :
"process: pw—ey, n—eee, uN—eN
... ot observed yet

CLFV induced by neutrino flavor mixing

Y
BR(u—ey) = (Am ;.2 [ M,,?)? ~ 10-V h
p—ey) = (Am,; w’) -

too small to be observed experimentally e L ¢
in the framework of the Standard Model Vv

experimental observation of CLFV process

clear evidence of the new physics beyond the Standard Model



CLFV 1n muon

Theoretical models beyond the Standard Model

( SUSY-GUT, SUSY-seesaw, Doubly Charged Higgs , etc..)

K 0 sizable branching
P ratio of CLFV

0 irF
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predicted branching ratio = 1014~ 1028 (ex. SUSY-GUT)

Current upper limit from experiments
nN—e N
SINDRUM-II : BR(u" Au — e— Au) <7 X 1013

SINDRUM-II : BR(u Ti — e~ Ti) < 4.3 x 102
TRIUMF  :BR(u Ti — e—Ti)<4.6 X 1012

pt—ety

MEG :BR(ut—ety)<42 x108
(new!)

The discovery is right around the corner.

= A new experimental search with sensitivity under 10-3
should be started in a timely manner.



Muon to Electron Conversion in the Nuclear Field

Decay-In-Orbit (DIO) Muonic Atom (1s )

_ Y,
Muon Capture )

TR
=+ N(A, Z) - v, + N(A,Z-1) nucleus (A, Z)

I - € conversion (CLFV)
p™ +NA,Z) —»e™ +N(A, 2)
@ mono-energetic signal electron ( ~105 MeV/c) @ no accidental backgrounds

@ Backgrounds

- Decay-In-Orbit -Radiative Pion Capture < prompt timing
nucleus recoil ... higher tail extended n +N(AZ) ->N(AZ-1)* N
> signal momentum —y +N(AZ-1), y —>e'e

1 (MIESE TpOAELS e - Beam related BG (After-Proton)



Sensitivity to Reaction Mechanism

Effective Lagrangian S
| 1 Z | 3
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0 it ¢ | MEG Goal O NNROR
—_ loop tree 5 S
= FAES {
2] [ |
m e Little Hi
» » > » ol oo\ ITCie Miggs
ST § ¢ o lcv ,/;/#1‘1'2'2'1'2';'“
g 5 o . - SUSY NN
- (Gauge) I -‘3jf" SINDRUM-I
7/
g . . ’0004»
1 — e conversion in the nuclear field - Extra D'm ””*”"‘
. AR $EXCLUDED
e . ‘0?’ | L1y \\N
.. sensitive to both photonic o . o
and non-photonic processes ( > K
photonic non-photonic

v



DeeMe Experiment



DeeMe Experiment @ J-PARC

new L — e conversion search , DeeMe

at J-PARC Material and Life Science Experimental Facility (MLF)

(Rapid Cycling
Synchrotron)
Neutrino Beam

(to Kamioka)

* k‘/ Experimental

R
A\‘nj

MLF

primary proton beam

-3 GeV, 500 kw
— will be upgraded to
1 MW .

muon production target
— 4 beamlines (MUSE)

neutron production target
— more than
20 beamlines

9



MLF MUSE

- J-PARC MLF Muon Science Establishment (MUSE)

S Line
surface pu* beam

(30 MeV/c)
material science

i

3GeV proton beam

U Line
ultra slow p* beam - surface u* beam (30 MeV/c)

(0.05-60 keV) decay pt/u beam (5-120 MeV/c)
material science material science
in operation for users' experiment 10




MLF MUSE

() J-PARC MLF Muon Science Establishment (MUSE)

H Line

for fundamental physics

multipurpose beamline
- u-e conversion search (DeeMe)

*muonium hyperfine splitting
-g-2/EDM

*muon microscopy

conceptual design
by Jaap Doornbos (TRIUMF)
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Beam Structure & Time Window

pulsed proton beam 25 Hz  double pulse: 200nsec width, 600nsec interval

Time window for analysis at 300nsec after the second pulse
= reject the prompt burst

- L
600ns 40ms
-
300ns
200ns <>
— - 2 us
- >
time window
for
analysis
i |\
[ \ ! T' ’.
L 1me
Prompt Background  pyejaved Electrons
 beam energy = 3 GeV - fast ext_ra_cted beam
o _ no off-timing proton
< p production threshold = no prompt background

= no p induced backgrounds at time window



Principle of Experiment

Concept of DeeMe

. @ 11~ Production
l' . @in-flight m—— u-

! ‘[ ®Muonic Atom Formation
Proton |&oa ..-\.- @ i -e Conversion A
low-P BG €
— highp 11|
Target | ignal__| [ [_—Hagner

Secondary Beamline Spectrometer

13



Principle of Experiment

Concept of DeeMe

. @ 11~ Production
l o @in-flight m—— u-
. ® Muonic Atom Formation

Proton |e*:seo| @ u-e Conversion R
low-P BG €
Product high? ] ||
Tro utctlon Signal | | Magnet
arge Secondary Beamline Spectrometer
\_
= p stopping target - NO =~ decay volume

NO additional stopping target
utilize muonic atoms

formed in the production target €===) conventional p—e search

14



Principle of Experiment

Concept of DeeMe

. @ 11~ Production
l o @in-flight m—— u-
. ® Muonic Atom Formation

Proton |e*:seo| @ u-e Conversion R
low-P BG €
— high-p 1]
_?rodutctlon Signal | | fagnet
arge Secondary Beamline Spectrometer
N’

-transport signal electrons (105 MeV/c) = *momentum selection

- Beam optics is optimized =suppress low momentum
for signal electrons. backgrounds

15



Principle of Experiment

Proton

Production
Target

Concept of DeeMe

@ 11~ Production
@in-flight m—— u -

® Muonic Atom Formation

@ -e Conversion

A
low-P BG Y
highp 1|
Signal | Magnet
Secondary Beamline Spectrometer

-momentum analysis

-identify signal electrons

-DIO spectrum

S

= spectrometer magnet

&

tracking device (MWPC)

16



Principle of Experiment

Concept of DeeMe

. @ 11~ Production
l' . @in-flight m—— u-

o ‘[ ®Muonic Atom Formation
Proton |eae -\; @ [4-e Conversion A
low-P BG €
— highp 11|
?rodutctlon Signal | | Magnet
arge Secondary Beamline Spectrometer

- Fully utilizing existing facility (high quality beam from RCS, muon target, etc)

... Early realization of the experiment

new physics result in timely manner 17



Performance of H Line

Transmission Efficiency

- simulated by GABEAMLINE

- beam optics
optimized for signal electron (105MeV/c)

- acceptance at the spectrometer
as a function of momentum

G4ABEAMLINE

Signal Region

=
o
=

=
o
[

~ 120 mSr/(MeV/c)
@ signal momentum

= Higher sensitivity than ever before

e
=
=

Q'H\‘II\‘\H‘II\‘HI|II\‘HI|\

0.02

Acceptance [Sr/(MeV/c)]

.

.
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\}\N\\\\\\\
B .

wide range acceptance (90 — 120 MeV/c)

oossnsbensnessnss®® 1 1 1 | | Ll ) eyl pesieensies . .
80 90 00 10 120 130 = Background monitoring
momentum [MeV/c]
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Sensitivity , Backgrounds

Single Event Sensitivity
- 1-year run (2 X 10’sec) , with 1 MW beam , H Line acceptance ...

1.2 X 10-13 for Carbon Target
» developing SiC target . 2.1 X 10-14 for SiC

c.f. /
SINDRUM-II : BR( Au — e—Au)<7 X 1013
SINDRUM:-II : BR(uTi — e Ti) < 4.3 X 1012
TRIUMF  :BR(u Ti — e~ Ti) <4.6 X 10-2

Background
Expected Spectrum of reconstructed momentum

for Carbon Target for carbon target ...

S |— weconv| - Decay-In-Orbit 0.015
> 107 B :
g 2 - After proton < 0.027
g (After proton rate < 10-18)
§ - Cosmic-ray induced
3 " e <0.018, n<0.001
S e e Tt e B 1| mrs e (Detector live-time duty = 1/20000)

momentum [MeV/c]



Current Status
Beamline

20
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H Line

Frontend devices in H Line were placed.

2k
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H Line

Frontend devices in H Line were placed.




Down Stream Magnets




H Line under constructlon

- Beamline shield is designed
based on Full M.C. simulation of dose
using PHITS by N. Kawamura(KEK IMSS).

= Construction of beamline shield
will start soon.

'H Lrne area
. *“éL TS

' e

current status of the Exp HaII




Current Status

Spectrometer Magnet

25



PACMAN Magnet

- used for PIENU exp. @ TRIUMF, Canada
- transported from TRIUMF to J-PARC

- central field =04 T (300A)
for 105 MeV/c , 70 degree bending

=
-
—
=
-
=3
P
-
o
s
2
i

- Test operation was successfully done
in J-PARC MLF.

- Field measurement was performed.

26
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Field calculation by Opera-3d

00

2

Surface contours: BMOD
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[~ 1.000000E+00

5.000000E-01
[ 2.676060E-01
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PACMAN is ready !

was created by Opera-3d based on

A field map for momentum analysis
field measurement.

S



Current Status

Detector

28



Tracking Device

Thin Multi Wire Proportional Chamber (MWPC)

2 upstream + 2 downstream of the magnet
= totally 4 chambers

Requirements

* position resolution = 0.3 mm, thickness = 0.1% X, = &P < 0.5 MeV/c (RMS)
prompt burst

- tolerate to beam bunch of 108 MIP
- instantaneous hit rate ~ 70 GHz/mm?
_ Time
- return to operational 300 nsec after beam pulse Window
to detect delayed electrons
|
.

29




MWPC
= 300 mm X 300 mm = wire pitch = 0.7 mm

- cathode strip
x: 3mm width ==) Flash ADC readout

y: 15mm width
3 mm cathode strips
h | HV Switching Signal window [
3mm O-7MM Ao wire o
w: . . . . » anode = ~1500 VV Delayed electron signal
‘ , AN
3 mm .
' Ar+ CyHggas  -switch the voltage
for potential wire : j
Voltis/eﬂr Anode Wiref voltage
~1500 V | ¢ () \/ . i
i Potential wjre voltage
-usual -after prompt burst ov >
- detector protection -delayed signal
during the burst, detection

no space charge creation 30



Beam tests

= Muon beamline (D-Line) @ MLF , J-PARC
- Electron Linac @ Research Reactor Institute, Kyoto Univ.

Scinti. Signal
MWPC Signal beam o
- Scinti
= disappeared
during switching period (for e- beam)
HV Switching Period - Good performance of HV Switching
,,,,,, - gain of cathode strip
: -
‘ ot iy ... Clear separation between pedestal and signal
120 Entries 11989 |
100} - Further analysis is ongoing.
80 Entries 10989 |-{
ol Poster Presentation by Natsuki Teshima
o “Delvelopment of High-Rate-Tolerant HV-Switching Multi-Wire
201 Propotional Chamber and Its Readout Electronics
0-1”L [)‘‘“1‘IHZHHISIM4HHE>H 6 7103 fOf DeeMe EXperlment”
The sum of ADC counts
2 already available (a little modification) -

All MWPC’s will be ready soon. :
2 assembling



Current Status

After-Proton Measurement
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After-Proton Background

After-Proton _ _ _
Bean Profile at Extraction Kicker

- residual protons in RCS (synchrotron)

_ 2500 Red: Kicker,.septum OFF
- Fast Extraction

-> no After-Proton, in principle £ ——'—‘——J—’_Q -

- may be created by beam halo in RCS RCS | Kicker icker always off |
and extracted to MLF when kicker is off

- induce prompt background
in the analysis time window

After-Proton Measurement

BLM

= count protons by
Beam Loss Monitor (BLM)

After-P
g fter-Proton =40 (MC)
BLM hits

33



After-Proton Background

L M- e ~ Beam Loss Monitor

. ®° protonbeam o
- (inside-ofiduct) - 3 Scintillators + Pb absorber

' -

- coincidence signal of 3 Scintillators

I:)b|||

Scinti.
«_ extracted main pulse 1 ~ After-Proton Rate
10": i A \L | - total protons extracted = 3.5 x 104
- ﬂ | ﬂ | (2 weeks)
| | Time * hits in the time window = 3
Window

= R,p=3.4 X 1019

_.
o
M T T T T 1T

.IL.II. . ey

time [usec]

o

8

% single pulse mode 34



Current Status

Muon Production Target
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Silicon Carbide Muon Production Target

current muon production target of MLF
= graphite (C)

Larger muonic nuclear-capure rate ( fy,c )
IS desirable for more sensitive experiment.

7,.> 300 nsec (light Z)
to avoid the prompt background
1, (Insilicon) = 0.76 psec

fc : Fraction of the atomic capture
of muon to the atom of interest

r’R(r)*
-single-element 4
material : fo =1

sno[onu )

-composite material:
proportional to Z
(Fermi-Teller Z law)

MC s

1_ freag oo ¥
o : :x"“_‘i"*"“—"' e -
o8- | £
E ! ol
o7l | F
06 || 1
05E f
0.4F :IT
0.3E ;ﬂ
02F |}
Eol
[I.1:— :
u:\E‘JIiI I|||I||||I|||||||| | TN T N N Y Y O Y N N A
u¢1u$2u 30 40 50 60 70 80 90 100
/
C Si
rR()°
~ ;
=
o,
@]
=
s}
u= (Si)

LU LA

Silicon-Carbide (SiC)
—S1:C=7:3

\ t/aBohr /

11-times larger overlap

36
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Silicon Carbide Muon Production Target

- SiCtarget  ~ 6 times higher physics sensitivity than current carbide target
Graphite (C) 0.08
Silicon Carbide (SiC) 0.46

10 times strength =) ==K 80 times thermal stress
8 times larger risk under beam irradiation

- SiC target is under development.
> increase disk partition and
current design reduce disk radius
—> lower thermal stress

— a and thermal difference.
prototype of »
SiC rotating target > addltlonal SiC

—> stop more 7, |

beam 37



Summary & Prospects
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Summary & Prospects

DeeMe , u — e conversion search at J-PARC MLF
- Sensitivity : 1.2 X 1013 for C target, 2.1 X 1014 for SiC target

A new beamline (H Line) is under construction.

The spectrometer magnet is ready.

- test operation, field magnet, Opera-3d

HV-Switchin MWPC was developed.
- All MWPC’s will be ready soon.

After-Proton measured

SiC muon production target under development

DeeMe will start data taking soon after H Line completed (Japan FY 2016).
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Single Event Sensitivity

P Single Event Sensitivity g =

1

(S.E.S) R

X .f,‘\"’—/;’stop X f( X fI\l(' X ;1’1_', X 1

Rz X fa——py—stop =t~ stopping rate per second

fe = atomice captur rate

fyve = muon nuclear capturefraction

P Running time = 2 x 107 sec (1 year run)

P Background (MC estimated)

» Decay in Oribit 0.09
» After proton rate (Rar) < 10-18

->After proton < 0.027 (0.0590% C.L.) | 1w

» Cosmic induced

Ay = total acceptance for p-e electrons

I' =time length of the measurement

| M‘f‘

I

T ™7 R

DIO BG

—e conv, S|gnal
Vl

o0t | ! |
e <0.018, p <0.001 - ‘ | | beam BG
- Detector live-time duty = 1/20000 0 l
= Cosmic ray backgrounds il ’ IS v I W 1.
are well suppressed. e o a5 AI;OIM;mer:i‘r:r‘\(‘I‘l:v;ifo

~ S.E.S estimated by Monte Carlo study
-~ 2.1 x10-14 for SiC target
~ 1.2x10-13 for C target

current upper limit

BR(u"Au—»>e Au)<7 x 16715
(SINDRUM-1I)
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Source of After Proton

Begin

S <0 o

Ext. Ins 7859

4~8
8
Z KM Kick angle = 17 mrad
1

Naive estimation:
If the rest proton exists and extracts without pulse
kicker magnets, a particle
needs to have an inclination (x’) =17 mrad
2 An emittance of = 2200 tmm mrad!
[]4 times of the RCS phisycal aperture

(486tmm mrad) or 7 times of the RCS
collimator aperture (324mm mrad).

STR+BPM
_1_ EE T SEP1
[T :
SRS o T

183

QDL QFN

Layout of Extraction Line

First Bunch Second bunch

Magnetic field
by the Kicker

e i
I i i
T e e
"
_—

Time structure of extraction beam and
after proton
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Source of After Proton (Con’t)

o4f
03
0z
01

o

®'[rad]

-0
-0z

-03F

-0l

S I R PRI I |
2

Beam outer ellipse (H) at he “begin Ext. INS".
(324 ~ 5000 mmm mrad)

We estimated the possible initial conditions
that the proton can extract with no kicker
excitation. As a result, the protons that has
2500mmm-mrad. emittance can partially
extract. however, some particles hit the
branch chamber.

—>We can catch the existence of after proton

by monitoring scintillator signals near this
point!

= .

Red: Kicker, septum OFF

I:_32411:N0rmal operation

Red: Kicker, septum OFF '

1n
S(m)

Jooox ___ Red: Kicker, septum OFF

A

bl

Kicker always off :

10
S(m)

2500m

e
)

——

Kicker always off -
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DIO Spectrum Measurement

» Decay In Orbit (DIO) ... major background for u-e conversion search

Knowledge about DIO spectrum is very important for background estimation.

» Theoretical model

il
(MeV 1
dE,

1
I |

o0 T 102 103 T 05

B DIO spectrum calculated by Czarnecki (including nuclear recoil)

A without recaoill

45



DIO Spectrum Measurement

» Measurement of DIO spectrum @ 50~70 MeV/c

Lol

TodE,

0.035F

0.030F

0.020f
0.01 5:
o.010f

0.000F

—® compare with theoretical calculation

...........

» Concept of DIO measurement

similar to momentum calibration

» Monte Carlo simulation

0 2040 ;
E. i(MeV)

... M- stopped in the secondary target

50 B0

measure the momentum of DIO electron

by the spectrometer

similar way to momentum calibration

10 MeV/c u- extraction by H-line

secondary target = 500um thickness Graphite foil
~ 4000 DIO electron / day @ 50~70 MeV/c

46



Subthreshold p Production P&

ZH] = 12C, 5.1° in lab. frame D
!0 2 L e e e % BO;—

- p+Cop+X ® data Q T
= 0 - calculation ~ [ %
2 : D gof—rrmrmmrre e e s
- = - HZ1 > A
S, 50Gev S
= S . e S s
E s | b | < 305—
=10 4.0 GeV o =T
—~ 2 . D 2o
= 2 B 5 >
% 3 .35 GeV - = S e -..e' N e e e
NI F e \ p Momentum [GeV/c]

f | L

-4 . ] _ . .
0y 15 2 25 d E—LIRILFE— 3 Gey, CENTH
Momentum [GeV/c] BHEEFE. AEICHTS p ERKTERE
DEFIHE - EBRT— 5 (first chance collision model)

Sugaya et.al nucl. phys. A 634(1998) 115-140
>ETFIERET —HE L HO>TULS
~ HS-1Y ... 60° DA

H}‘ HS -1 > 9=60° E—AAL +14°

0

BFE—L i > ~ HS 1 IARIRBFISERTNILO
5 RER
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