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for Muon Programs at J-PARC



Contents
J-PARC  &  Its muon facilities 

Material Life-science Facility (MLF) 
Hadron Experimental Facility (HFE) 
Muon programs at J-PARC 

Current Status of Facility/Beam-line Construction 
H-Line at MLF 
B-Line at HFE 

Highlights 
Muon Acceleration 
8 GeV Operation 

Summary



J-PARC 
& 

Its muon facilities



J-PARC
4

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

Linac
(330m, 400MeV)

3GeV Synchrotron (RCS)
(350m ring, 25Hz, 1MW)

30GeV Synchrotron (MR)
(1600m ring, 0.75MW)

Neutrino Experiment Facility
(T2K, towards SK)

Accelerator-driven 
Transmutation exp facility

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

Hadron Experiment Facility
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Linac
(330m, 400MeV)

3GeV Synchrotron (RCS)
(350m ring, 25Hz, 1MW)

30GeV Synchrotron (MR)
(1600m ring, 0.75MW)

Neutrino Experiment Facility
(T2K, towards SK)

Accelerator-driven 
Transmutation exp facility

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

Hadron Experiment Facility

— MLF — 
Muon beam lines are operated for 
material-science experiments, but a 
new beam line is under construction 
for several physics experiments.

— HEF — 
No dedicated beam line for muon 
experiments is operated so far. 
New muon facility is constructed and 
new beam line is under preparation.



Muon Programs at J-PARC
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— MLF — — HEF —
✤ g-2/EDM

muon magnetic moment anomaly and 
electric-dipole moment

✤ MuSEUM
Hyperfine splitting on Muonium

✤ DeeMe
Alternative μ-e conv Search

✤ COMET
Search for μ-e Conversion

Needs New
Secondary Beam-line

Needs New
Primary & Secondary

Beam-line, both



Current Status 
of 

Facility/Beam-line 
Construction



Muon beam @ Material Life-science Facility (MLF) 
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✤ MUSE (MUon Science Establishment)

✤ Four Secondary Beam-Lines
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

✤ D, U and S are in operation
✤ H-Line is under construction and dedicated for High 

Energy Physics Experiment
✤ Decay μ/e (<120MeV/c) and surface μ (30MeV/c)
✤ H1 area for DeeMe & MuSEUM
✤ H2 area for g-2/EDM and transmission muon 

microscopy
✤ H2 needs extra-building to re-accelerate ultra 

slow muons up to 300 MeV/c
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H-Line(Shields Installed)
Surface µµ+ For Mu-HF, g-2/EDM and 
also for transmission Muon 
Microscopy, 
e- up to 120 MeV/c For DeeMe
µµ- up to 120 MeV/c For µµCF

S-Line (µµSR is ready at S1 !)
Surface µµ+(30 MeV/c),  for materials science)

U-Line (Successful generation!)
Ultra Slow µµ+ (0.05-60keV), expected to be explored 
for nano-science or multilayer thin film 

D-Line (A New Solenoid)
Surface µµ+(30 MeV/c) 
Decay µµ+/µµ-(3.7-120 MeV/c) 



H-Line construction
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✤ 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)
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Current status
MLF experimental hall #1
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Neutron area Muon area

S-line
H-line

H1 area

To H2 area

• Beamline shield blocks 
were installed in JFY2016

• Users can access to the exp. 
areas when a beam blocker 
is closed (<10μSv/h)

Construction of new electric sub-station

New electric sub-station is located outside the MLF

MLF Exp. Hall #1
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New electric 
sub-station

Construction*of*the*bedding*of*the*electric*
power*sub4station

30

• Under*construction

• Earth*retaining*work*has*already*been*finished*and*grounding*rods*have*
already*buried.

Grounding*rods
are*buried

December'2017

29

1m

2m

Hatch

1m
2m

HatchHatch

1m

2m
Electric,
power,
transmission

2017,summer,:,
Renovation,of,the,MLF,wall,for,the,,
electric,power,transmission,line
*,The,renovation,work,must,be,done,
during,summer,shutdown,due,to,radiation,
safety

Renovation,of,the,MLF,wall



Prospects for muon programs at MLF
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✤ 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

•  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)
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✤ 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”.



Hadron Experimental Facility (HEF)
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New primary proton beam line
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✤ 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
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Shielding wall of 
COMET beam line

completed at the end 
of last year

high-p

COMET

Stage for magnet 
power supplies

completed at the end 
of last year

Shielding wall of 
COMET beam line

completed at the end 
of last year

high-p

COMET

Shield wall, completed Power station, Constructed



“B-Line” Construction Schedule
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• high-p/COMET beam available at the 
end  of JFY2019
• K1.1 beam available at the end of 

JFY2020
• T1 target replacement in winter 2019

Schedule (high-p/COMET simultaneous)

SY

HD



COMET Facility
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第一圧縮機棟内部

Cooling tower for 
Helium screw COMP
(tap water)

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

Cooling water system

● Power Supplies (Transport and Capture sol.)

● Cold box

● GM refrigerator T. Okamura, M.  Oonaka, N. Kurosawa 

 ion exchange resins 

/15

At work

13

1. Remove

2. Detailed Survey

3. Reference Lines 

4. Temporary 
Installation 

✤ Building completed
✤ Transport solenoid 

was installed
✤ Cryogenic system is 

under construction
✤ Remaining solenoids, 

capture, bridge and 
detector, will be 
constructed and 
ready in 2019-2020.



Highlights !!
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— MLF — — HEF —
✤ g-2/EDM

muon magnetic moment anomaly and 
electric-dipole moment

✤ MuSEUM
Hyperfine splitting on Muonium

✤ DeeMe
Alternative μ-e conv Search

✤ COMET
Search for μ-e Conversion
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— MLF — — HEF —
✤ g-2/EDM

muon magnetic moment anomaly and 
electric-dipole moment

✤ MuSEUM
Hyperfine splitting on Muonium

✤ DeeMe
Alternative μ-e conv Search

✤ COMET
Search for μ-e Conversion

World First Muon 
Acceleration !!

8GeV Operation
&

Extinction Measurement



Muon acceleration for g-2/EDM
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✤ New g-2/EDM experiment needs to produce “ultra-cold” muon beam
✤ Surface μ → Mu → Ionize and μ-beam → Re-acceleration → Injection to Storage
✤ “Initial Acceleration by RFQ” + “Final Acceleration by IH-DTL”
✤ Muon Acceleration by RFQ was demonstrated World First & Successfully !!
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Q-magnets

RFQ IH

Next step: re-acceleration to 1 MeV

Mu
production Beam 

diagnostics
detectors

J-PARC MLF
Experimental Hall

SolenoidBeam
Blocker

H1 area

(M
uSEUM/D

eeMe)

Bend
magnet

Q-m
agnets

blocke
r

surface muon (4 MeV)

accelerated muon (25meVà1.3 MeV)

23

Initial
Accel.



 µ+ (~3MeV)

5.6 keV

89 keV

Mu- production

RFQ

Diagnostic beamline

MCP

R. Kitamura 
(Tokyo)

Y. Kondo 
(JAEA)

Y. Sue 
(Nagoya)

Y. Nakazawa 
(Ibaraki)

Acceleration test (Oct. 24th – 30th, 2017)

M. Otani  
(KEK)

M.Otani (J-PARC)



Result M.Otani (J-PARC)



Prospect
• Acceleration with RFQ and IH @ g-2 beamline

MuSEUM  
DeeMe

 µ+ (~4 MeV)

Mu- generation

RFQ

IH-DTL

Detector 

OK

OK

OK

 ~4 MeV

M.Otani (J-PARC)



Prospect
• Acceleration with RFQ and IH @ g-2 beamline

MuSEUM  
DeeMe

 µ+ (~4 MeV)

Mu- generation

RFQ

IH-DTL

Detector 

OK

OK

OK

 ~4 MeV design

M. Otani et al., Phys. Rev. AB, 19, 040101, 2016. 

M.Otani (J-PARC)



Prospect
• Acceleration with RFQ and IH @ g-2 beamline

MuSEUM  
DeeMe

 µ+ (~4 MeV)

Mu- generation

RFQ

IH-DTL

Detector 

OK

OK

OK

 ~4 MeV design

M. Otani et al., Phys. Rev. AB, 19, 040101, 2016. 

Short prototype fabricated!

M.Otani (J-PARC)



First Muon Acceleration using RFQ !!!
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8-GeV Operation Test & Extinction Measurement
22

✤ 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 J-PARC MR with 8 GeV proton beam
✤ Need to Demonstrate the extinction treatment
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K1

K
2

K3

K
4

Main Proton Pulse
(108 proton/pulse)

Prompt Background

Stopped Muon Decay

Timing Window

SIGNAL

Time (μs)

a.
u. 100 ns

1.2 μs



8-GeV Operation; Injection/Acceleration/Extraction
23

✤ 8-GeV Operation Test was conducted with “6×1012 ppb (protons/bunch)” and “5.2s cycle” 
= 1.8 kW, corresponding to 3.2 kW with 2.5s cycle (same as “COMET Phase-I setting”)
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✤ 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
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✤ 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

TC1Main 
Hodoscope

Beam-line 
Hodoscope

Ion 
Chamber1

Ion 
Chamber2 TC2

π beam
(secondary)

To Logic

To 3 TDCs

To Scaler

Detectors
for other exp.

Accelerator Timing
(RF, MR_sync, P3)



Extinction Measurement
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FTDC ALL W/ BH

✤ Fill protons in all “rear” bucket of K1,2,3 and 4 batches
✤ Count the # of leaked protons in all “front” bucket

✤ Three TDCs show consistent results
✤ Obtained “Initial” Extinction = 7.4 × 10-6 

✤ Due to the chopper inefficiency
✤ Without Extinction Treatment
✤ Need to improve 4 orders more to achieve the target sensitivity

K1
front

K1
rear

K2
front

K2
rear

K3
front

K3
rear

K4
front

K4
rear

TDC-1 TDC-2 TDC-3



Demonstration of Extinction Treatment
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✤ 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
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Injection kicker timing was shifted 
half a phase (~600ns) forward
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✤ In order to improve extinction factor, special treatment was made at MR injection
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These residuals 
should be vanished.

Injection kicker timing was shifted 
half a phase (~600ns) forward
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✤ In order to improve extinction factor, special treatment was made at MR injection
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Injection kicker timing was shifted 
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Perfect Extinction was Realized for 
K1,2,3 rear buckets !!!



Extinction result and prospects
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✤ By masking K4 batch, good enough extinction of “<1.0 × 10-10” is achieved

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

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

✤ Prospects:

(1) Solve K4_rear mystery

(2) Accumulate more statistics

(3) Measure the extinction with primary proton

➡  Can be realized by COMET beam line only
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K4_rear leak

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



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


