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R Hadron Experiment Facility

Material/Life-Science Facility (MLF)
(muon source, pulse neutron source)

Accelerator-driven
Transmutation exp facility

.......

Neutrino Experiment Facility
(T2K, towards SK)

=

30GeV Synchrotron (MR)
(1600m ring, 0.75MW)
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Muon Facilities for High Energy Physics

Hadron Experiment Facility

Material/Life-Science Facility (MLF)
(muon source, pulse neutron source)

Muon beam lines are operated for
material-science experiments, but a

new beam line is under construction \
for several physms experiments.

No dedicated beam line for muon
experiments is operated so far.

New muon facility is constructed and
new beam hne 1s under preparatlon

(330m, 400MeV) ‘ (350m ring, 25Hz

s V.

F
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Muon Programs at J-PARC

— MLF —

+ g-2[EDM

muon magnetic moment anomaly and
electric-dipole moment

* MuSEUM

Hyperfine splitting on Muonium

+ DeeMe

Alternative pi-e conv Search

Needs New
Secondary Beam-line

— HEF —

* COMET

Search for p-e Conversion

Needs New
Primary & Secondary
Beam-line, both
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Current Scatus
of
Facility/Beam-line
Construction



Muon beam @ Material Life-science Facility (MLF)

* MUSE (MUon Science Establishment) d :;Ig-ihnleviomentum

Muon Beam Line

* Four Secondary Beam-Lines '

S-Line,
Surface Muon

1) D-Line : Decay Surface Muon Beam Line
2) U-Line : Ultra Slow Muon Beam Line

3) S-Line : Surface Muon Beam Line "

4) H-Line : High Momentum Muon Beam Line 7

* D, Uand S are in operation 36eV Proton Bea

* H-Line is under construction and dedicated for High
Energy Physics Experiment

* Decay u/e (<120MeV/c) and surface p (30MeV/c)

* H1 area for DeeMe & MuSEUM J
* H2 area for g-2/EDM and transmission muon J
microscopy Jf_U_L_ne 5
+ H2 needs extra-building to re-accelerate ultra S optreslow  DLine
slow muons up to 300 MeV/c N hoayburface
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H-Line construction

* Beam line construction is ongoing in parallel with facility renovations
* Beam line : Shield blocks installed, Preparation for magnet installation

* Facility : New power sub-station (bedding done, wall renovation is ongoing)

Grounding rods
are buried.

1 t:‘:du i
/1! New electric - L
"I sub-station !

s wﬁ [

1 I (RTERE) \
: 2
{ | ( 7&—/"

P I I T §
|

f:)lLF Exp: Hall #1

2017 summer :
Renovation of the MLF wall for the
electric power transmission line

* The renovation work must be done

- Bl during summer shutdown due to radiation
R oL LN safety

._ J R ¢
e T = Vi
J.f ‘VJ_ = RS o ’—;C% = _ g R
W ~ B = O S L s o]
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Prospects for muon programs at MLF

* There are 3 muon experiments at MLF MUSE

* H-line is dedicated for these experiments
1) H1 area (for DeeMe / MuSEUM) will be constructed first
e Shield blocks were ready
2) No electricity, No cooling water, No magnet for Hall#1
* New Power sub-station is under construction
* Cooling, Magnet construction will follow soon

3) H2 area (for g-2/EDM) will be constructed later

* Need new extra-building

* DeeMe is ready for physics data acquisition and MuSEUM was partially started,
they will be completed as soon as H1 will be ready.
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Hadron Experimental Facility (HEF)

\A

=
® 50 GeV proton synchrotron Production target(T1) ‘ﬂ E Phase I
Extension
50 GeV tunnel
B—'-”” T?S( Bl :
;::_'::::::"5—--“‘““’ _ o :«Jf’ |

. . '
Ll L .0...0......‘.. o
‘eu,
“.-\- .‘L et $ :
:
4 [ t" .
P { -,
s P TPENRS o.\ococooton’
) ‘ ~ + ~
7 . . . . 4

Hadren Hall Beam dump

T 10 20 TO 40 TU
111} C lem

Switch yard

+ HFE accepts the Slow-Extracted proton beam to provide high intensity secondary
beams, such as kaon and pion, for Nuclear and High Energy Physics Experiments.

* In order to add two more secondary beam lines, high momentum beam and high
intensity muon beam, new branch of primary proton beam line, B-Line, is under
construction in parallel to the facility construction for new Muon Program at
HFE, South Building, so-called “COMET Hall”.
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Hadron Experimental Facility (HEF)

o
® 50 GeV proton synchrotron Production target(T1) . q_ ", Phase I
Extension
............ P
50 GeV tunnel - Cal .
~ o
oy | - gl =
- A
T 10 TO TO TO TO . ‘ R . SLELET 3
11| (m) . o« { o :
—w
Switch yard
Hadren Hall Beam dump

+ HFE accepts the Slow-Extracted proton beam to provide high intensity secondary
beams, such as kaon and pion, for Nuclear and High Energy Physics Experiments.

* In order to add two more secondary beam lines, high momentum beam and high
intensity muon beam, new branch of primary proton beam line, B-Line, is under

construction in parallel to the facility construction for new Muon Program at
HFE, South Building, so-called “COMET Hall”.
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New primary proton beam line

—f

* Construction for the new primary beam
line, “B-Line”, is ongoing.

+ Construction of “Shield Wall” and “Power
station” is already completed.

* Magnet & Power installation starts soon.

* Expected to be completed JFY2019

i;

gy X

Power station, Constructed

Hajime NISHIGUCHI (KEK) ”Fac111ty/Accelerator/Beam -line for J-PARC Muon Programs NuFact2018
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“B-Line” Construction Schedule

JFY2017 JFY2018 JFY2019 JFY2020
1 | 2] 3| 4a]s |6 | 7] 8o w|lun]w2]1]2]3]4]s]e6]|]7]8]ow|n]wr|i]2]3][a]s5]e6]7]8]oe|[w|n|n|]1]2]s3
K1.8,K1.8BR KL K1.8,K1.8BR KL K1.8,K1.8BR KL Ki.8K18BRKL
shutdown shutdown high-p/COMET shutdown I
K11

Septum magnets installation SY
Other BL devices installation, shieldin—

Magnets installation in lower C line Removal of K1.1 shieldi g-
Air sealing of C west wall Installation of K1.1 magnets
Magnets installation in high-p areal K1.1 area con ction
High—p area construction-

ie
Removal of temporary shieldin se
Magnets installation in middle C lin
Air sealing in upper C lin H D

Air sealing of C east wall

| C line shielding
Ceiling shielding of high-p area

T Target rep.acementm
W% /7 2 W |(_r. ,ﬁ .

]
L L R | N A=)

/ST 7T/ 77777 R

* high-p/COMET beam available at the _ o
end of JFY2019 / 27

e K1.1 beam available at the end of o PN S i
JFY2020 '

 T1 target replacement in winter 2019 - ]
L |l ® P : I | | et 1

77

I AN
=
Lf
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COMET Facility

14

W

ity g a0F

" T 1 T 7o

New cooling tower for
Power supplies, cold box, GM comp. Etc..
pure water < 1uS/cm)

Cooling tower for
Helium screw COMP
(tap water) 1

Cooling water system ||

* Building completed

* Transport solenoid
was installed

* Cryogenic system is
under construction

* Remaining solenoids,
capture, bridge and
detector, will be
constructed and

« Coldbox ready in 2019-2020.
* GM refriger
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Highlights

— MLF — — HEF —

+ g-2/EDM + COMET

muon magnetic moment anomaly and Search for u-e Conversion
electric-dipole moment

* MuSEUM

Hyperfine splitting on Muonium

+ DeeMe

Alternative pi-e conv Search

Hajime NISHIGUCHI (KEK) ”Facility/Accelerator/Beam-line for J-PARC Muon Programs” NuFact2018
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Highlights

— MLF — — HEF —

+ g-2/EDM + COMET

muon magnetic moment anomaly and Search for u-e Conversion
electric-dipole moment

- -~ T~ — =

World First Muon
Acceleration !!

DB ————
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Highlights

— MLF —

+ g-2[EDM

muon magnetic moment anomaly and

— HEF —

* COMET

Search for p-e Conversion

electric-dipole moment

~ - e ———

8GeV Operation

&
Extinction Measurement

World First Muon
Acceleration !!

DRE—————
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Muon acceleration for g-2/EDM

* New g-2/EDM experiment needs to produce “ultra-cold” muon beam

* Surface u — Mu — Ionize and p-beam — Re-acceleration — Injection to Storage
* “Initial Acceleration by RFQ” + “Final Acceleration by IH-DTL”
* Muon Acceleration by RFQ was demonstrated World First & Successfully !!

"2
o“$
A
L &
o ¢
((\,b

surface muon (4 MeV)

Bend Bea OlenOid . e | 3
S Q d ||etS dCC r 9
l m r m g e'e atEd muon (25m V . MEV)
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Prospect

Acceleration with RFQ and IH @ g-2 beamline
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Prospect

(M.Otani (]-PARC))

Acceleration with RFQ and IH @ g-2 beamline
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Prospect

* Acceleration with RFQ and IH @ g-2 beamline
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First Muon Acceleration using RFQ
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Muons have been accelerated by using a radio-frequency accelerator for the first time. Negative
muonium atoms (Mu~), which are bound states of positive muons (™) and two electrons, are generated
from 4 *’s through the electron capture process in an aluminum degrader. The generated Mu™’s are initially
clectrostatically accelerated and injected into a radio-frequency quadrupole linac (REQ). In the REQ, the
Mu~’s are accelerated to 89 keV. The accelerated Mu™'s are identified by momentum measurement and

time of flight. This compact muon linac opens the door to various muon accelerator applications including For further information

particle physics measurements and the construction of a transmission muon microscope.

DOIL 10.1103/PhysRevAccelBeams.21.050101

L INTRODUCTION

Since its invention, the radio-frequency (rf) accelerator
has accelerated a wide variety of particles from electrons to
rare isotopes, and greatly contributed to the progress of
various branches of science. Recently, the demand for
muon acceleration has arisen not only in the field of
elementary particle physics, but also in material and life
sciences. For example, in muon collider and neutrino
factory studies [1], it is proposed that the large transverse
emittance of the muon beam can be reduced using ioniza-
tion cooling [2]. A muon beam passes through a material,
and subsequently the lost energy in the material is restored
using rf acceleration. After all the cooling processes, muons

'ymsuhiro.kondn @j-parc.jp
'masashio@post.kek.jp

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOL

2469-9888/18,/21(5)/050101(6) 050101-1

are accelerated from a few MeV with rf accelerators. In
material and life sciences, one promising application of
muon acceleration is in the construction of a transmission
muon microscope. If the muons can be cooled to the
thermal temperature [ultraslow muon (USM)] and sub-
sequently reaccelerated, transmission muon MiCroscopes
will be realized [3]. The remarkable progress made with
modern proton drivers enables the USM generator to be
used as a particle source of accelerators. Because the mass
of the muon is 200 times larger than that of the electron, the
transmission depth of a 10 MeV muon reaches approx-
imately 10 um. This enables three-dimensional imaging of
living cells, which is impossible with the use of trans-
mission electron microscopes. Another application of USM
acceleration is precise measurement of the muon anoma-
lous magnetic moment a, = (g — 2),/2 and electric dipole
moment (EDM). Muon acceleration is essential Lo realize
these applications; however, it has not been demonstrated
except for simple electrostatic acceleration. In this
paper, the first demonstration of muon rf acceleration is
presented. It was conducted during the development of the

Published by the American Physical Society
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Installation

Muons hi i
e ave been accelerated by a radio-frequency accelerator for the first time, in an experiment
performed at the Japan Proton Accelerator Research Complex (J-PARC) in Tokai Japan. The work
v i , :
paves the way for a compact muon linac that would enable precision measurements of the muon
anomalous magnetic moment and the electric dipole moment.

Around 15 years ago, the E821 storage- ring experiment at Brookhaven National Laboratory (BNL
rept?rted the most precise measurement of the muon anomalous magnetic moment ( —2)1:y )
Achieving an impressive precision of 0.54 parts per million (ppm), the measured valuge dif.fers fr
the Standard Model prediction by more than three standard deviations, Following a major effl .
over the past few years, the BNL storage ring has been transported to and upgraded at Fe: 'lo:
recently started taking data to improve on the precision of E821. In the BNL/Fermilab setmu ab .
of protons enters a fixed target to create pions, which decay into muons with aligned spirl: ,’I?heeam

on the Programme, the
call for proposal and the
required documentation,
please visit the FELLINI
programme website
heeps://web.infn.it/fellini

index.php

Please apply online at the
following fink:
hteps//reclutamento.infn

t/ReclutamentoOnline

Closing date for
receipt of all
applications is
18 September 2018,

.
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8-GeV Operation Test & Extinction Measurement

* COMET needs a special operation with J-PARC MR
* Normal : 30 GeV — COMET : 8 GeV (To avoid antiproton contamination)
+ Normal : FX(for T2K) & SX(for HEF) — COMET : Bunched-SX and 1b on RCS
"= Need to be demonstrated and verified to be good enough for COMET
* COMET needs an excellent extinction of proton beam
* Requirement : Extinction < 10-10 at least to achieve Sensitivity of O(-17)
* Need to Measure the extinction of [-PARC MR with 8 GeV proton beam

* Need to Demonstrate the extinction treatment

:  Main Proton Pulse RCS P T o
' (108 proton/pulse) K § M
& 2 8o \ TS . R S v
h= ’ \‘\ >, X
1bunch ! . . 100 (]
~=2 ::f \‘\
N "R x|
T N
4 batch injection h=8 (h=9)
4 bunches ;
I;’:,
< »  Time (us) o TN 4

1.2 us
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8-GeV Operation; Injection/Acceleration/Extraction

+  8-GeV Operation Test was conducted with “6x10'2 p

pb (protons/bunch)” and “5.2s cgzcle”

= 1.8 kW, corresponding to 3.2 kW with 2.5s cycle (Same as “COMET Phase-I setting”

= -] - { 3-weeinsB £73 'MSCH45~|
Py MR Loss Distrbution 2018 Jan 24 08:59:59 - Run 78 Shot 38177 |
= Lo < ; 7 7 ; . .
" o ;—' _ Horizontal beam width (20) ——data
0 g0 1 -g’ 0 50
0 £
0
0 2 40
) da0 o a : .
" . i ? .02 30
0 - 15 0 | B
= N[ WA AT H\{ o — D ?
b il i il i .
i L -500 T J |AAARNARSRAAAAN RAASE) A) T T T = (& Sp].ll Structure
) 0 20 4 60 8 100 120 140 160 130 200 217 0 2 4 6 8 120 140 160 180 200 217 ey - 10
= MR BLM Number MR BLM Number _O_A
B ; l 0
! | ! I ! | ! ! ! | ! ! !
) R S & & N
0 04 06 0'?me from P3 [secf R O Q\'&o & <
2018 Jan 24 08:59:59 - Run 78 Shot 38177
z 9% S .
2 o4 * e T Vertical beam width (20) —®—data
o ey g L
* g y = 0.8168x + 16.346 A’ S Extracted 25 —8—calc
£ / 5T Beam Current
E % * 8 T 20
Q > ¢ o 05
a
o 88 bR 15
S 86 ’0 a ‘ i 10
&
o & sx=97.5% -
* B 5
82 T T T T 1 0 H H
85 87 89 91 93 95 P S T N S R T P S S RN S 0
0 0.2 04 0.6 0. i ) ) ) ) .
SX Efficiency [%] ﬁme from P3 [secf @Q 0993\(\ OQ‘b\Q ‘$ 0\,'\/\0 ,\0\0 Or\ﬁo\(\ (00'5/'\ O';\\Q Q;,,'\Q &
%\'

+ All the series of accelerator, “Injection/Acceleration/Extraction”, was successfully
performed although it needs further optimization in order to achieve full efficiency.
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Extinction Measurement

+ By Counting the # of pions at the secondary beam line
* Very Simple Measurement (Particle Counting by plastic scintillation counters)

+ Hodoscope and Ion Chamber count the # of all secondary pions
* With help of beam-line hodoscope and trigger counters to ID beam particles

+ But need a special read out to handle a huge dynamic range
+ 3 dedicated TDC systems are prepared, 2 FPGA-based TDC and 1 mTDC

Beam-line Ion Ion Main
Hodoscope Chamberl Chamber2 Hodoscope Il Te2
Detectors > TC beam
or other exg (secondary)
\ = > To Scaler
| > To Logic
L 5
E To 3 TDCs
—  Accelerator Timing A E 03
—1 (RF, MR_sync, P3) >
~— -

J
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Extinction Measurement

+ Fill protons in all “rear” bucket of K1,2,3 and 4 batches

* Count the # of leaked protons in all “front” bucket
_ TDC'l | TDC'Z mTDC TDC'3 FTDCWBHA

'g T | LI LA LI : Entries 2144582 GE Entries 2.945617e+07
‘ 106 ---------------------------------------------------- . 4 I Mean 3250 10 g § ...................... g ..................... § ...................... é,...““...““.. .4,.4;.4 Mean 301‘1
; e RMS 1301 = | Rms 1306
¥ - B : : : :
105 ------------------------------------------------- : 105EF ................... ................ ........ 1S PO _ ............ e ................. _ .......................
10° = - ; ; ; ; ;
104 --------------------------- e ) ___E_ ----------- ik E 104_E ................... , [ AR , ........ O ............. e ................. .‘ .......................
103 ’ ’ -------- - ’ ----------- 1025_ 103:€ ................... ............... ........ I SR ............. e ................ .......................
N L s - : - N — T O S S 1 s B —
T e 2N T
; ; ; = I 51 S O O W S L
[ A R { 2 I - 3 ﬂ A J\ A
: : : = I 1 I B il 1
1 |||| I'III II' || """ I"'i'"l || | | E| L1 |||‘ P ! I B T [ | |I i P 1$F' L '1(|)0 L 2(')0' L1 '300' i '4(;0' o '5(;0' R '600
0 i i 3000 0 1000 2000 3000 4000 5000 T[r?é)]OO

Relative Time[s]

Ki K1 K2 K2 K3 K3 K4 K4
front rearfront rear front rearfront rear

* Three TDCs show consistent results
* Obtained “Initial” Extinction = 7.4 x 10
* Due to the chopper inefficiency
+ Without Extinction Treatment
* Need to improve 4 orders more to achieve the target sensitivity
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Demonstration of Extinction Treatment

In order to improve extinction factor, special treatment was made at MR injection
+ Kicker timing was shifted half a phase to avoid injecting residual protons of empty bucket

0 L1l 1000 (-

i

i E 7 s R 7
RCS JeE Ry 3{‘ 1n]ecet)1£ﬁek&cker RCS e “*~I’:?{4§
Y o é 3 ./ Y oS .‘,é\ S
h=2 4 4 e \ s h=2 4 4 @ . \ S O S
1bunch | ‘r,'\\ o 4007 K1 £ bunch | i 100 K'q1 N
\\ﬂ/',,’ \ .l,;:{ \\\ \‘. gzt \\\ “\‘.
? :Ll/ L I \
g B '
' a
b ! v MR / MR |
. X S ia S i
4 batch injection » h=8 (h=9) !N h=8 (h=9) i ¥
. 4 bunches ’,;'. I 4 bunches ’,;',
;’:,’. 1;’:,
S 3 | ] SN 4
LN & e N 4
4 “
®aggst* Qggut
Injection kicker timing was shifted
I half a phase (~600ns) forward
DM | iataett | KA SO
L et
1045— ---------
PARNRS W
MRS W N
o ﬂ ------------ R
bl
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Demonstration of Extinction Treatment

* In order to improve extinction factor, special treatment was made at MR injection
+ Kicker timing was shifted half a phase to avoid injecting residual protons of empty bucket

RCS - o T - 7.:,» m]ectlon kicker RCS s LY o T3
‘§‘:‘ il PN excited . ;; ol
&‘~\ ’ X §“ 0/ &_~\ “’ i i . n\\
=2 % B <7, oS g= B 7\ ors R SN
1bunch A o~ V0 K1 N OR 1bunch N o A0 K1 %, %
Sl Oy o7 ol Ay
L 4 :Llll L I d
g B '
Kl MR - MR ' m
= S . B i
4 batch injection » h=8 (h=9) !N h=8 (h=9) i ¥
. 4 bunches N 4 bunches R
I:'II. I:'II
}” l)~’
Rs €N &) RN 4
| § g R .0‘ _______ a5 ¢
®aggst* Sggus®

Injection kicker timing was shifted
half a phase (~600ns) forward
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These residuals
should be vanished.
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Demonstration of Extinction Treatment
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Perfect Extinction was Realized for
K1,2,3 rear buckets !!!
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Extinction result and prospects

* By masking K4 batch, good enough extinction of “<1.0 x 10-10” is achieved

* If we could solve the “K4_rear mystery”, we could realize further improvement on
the extinction of “<6.0 x 10-11” !

* These “obtained” and “expected” extinction factors are limited by statistics
(22 hours DAQ period this time)

100

* Prospects: sof

80

(1) Solve K4_rear mystery eoém
(2) Accumulate more statistics ZZ

10

(3) Measure the extinction with primary proton  :.%

= (Can be realized by COMET beam line only

K4 rear leak

( Proton leak occurred only
<0.1s after extraction start )
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Summary

¢ Muon programs are under preparation at J-PARC

¢ In order for them, new beam lines, “H-Line at MLF” and “B-Line at HEF”,
are under construction

¢ H-Line @ MLF : Beam line shield up to H1 area was completed,
Construction of new power station and hall renovation is ongoing,.

¢ B-Line @ HEF : Shield and power station was completed. Beam line
construction will be completed by JFY2019.

¢ COMET beam line construction is ongoing in parallel to primary B-Line
construction

¢ Two big milestones:
¢ First Muon Acceleration by RFQ
¢ Successfully demonstrated for g-2/EDM experiment
¢ 8 GeV Operation Test and Extinction Studies

¢ Successfully tested for COMET experiment, and good enough
extinction was already achieved



