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Nuclear transmutation research
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3 accelerators
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Muon Facility in MLF, MUSE

Decay and surface muon 
（100 keV - 50 MeV）
to answer a variety of 
users’ demands with
mSR spectrometer (D1)
general purpose (D2)

Ultra slow muon
（0.1 - 30 keV）
surface/sub-surface 
/interface sciences (U1A)
Test-bench for TmM
(U1B)

D-lineU-line µ+

Surface muon （4 MeV）
dedicated to bulk µSR
in 4 experimental areas
w/ various sample env:

ultra-low temperature
high magnetic field
pulsed excitations etc.

S-line µ+

High-intensity surface 
and high-energy cloud
muon （<4 - 50 MeV）
for general purpose 
“fundamental physics”

requiring high precision,
high sensitivity

H-line µ+/µ-

µ+/µ-

General Use

4 areas
Simultaneous use

High Intensity
General Use

Ultra Slow Muon
Surface/Interface
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MLF tour Exp. Hall #1



• To disperse the radiation damage, 1% shrinkage / 1DPA 
(~0.5-year irradiation under 1 MW), and to prolong the 
lifetime, a rotating system has been applied since 2014.

• Common property
• 2-cm thick IG-430U from Toyo Tanso Inc., consuming 5% of protons

• Different property
• direct water cooling (fixed) vs. radiation cooling (rotating)

• Max temp.: 1500 deg C (fixed) vs. 700 deg C (rotating)

Fixed target: ’08-’14
Num. of P.: 2500 MWhr.

Rotating target #1: ’14-’19
Num. of P.: 5800 MWhr.

Muon Production Target
S. Matoba’s poster



Target: Collaboration between PSI and MUSE

The rotating muon production target was developed in a collaboration with PSI, which had 
developed the rotating target in advance. In PSI, they replaced the bearings with a new one 
developed in J-PARC, and one year of stable operation was achieved the last December, 
which is the best after a long period of several bearing failures.
To commemorate it, PSI, KEK, and J-PARC jointly released the press.

A very good example of 
positive spiral between 
PSI and J-PARC.
We hope to keep this 
relationship.



to D1 to D2

600 ns

100 ns

D-line: A decay/surface muon beamline

View of the control room

Improved performance with a new superconducting solenoid.

Larger warm bore (f12cm → f24cm) without window foils

D2: General purpose
(open space) area

D1: mSR

Solenoid magnet 
replaced in FY2015

Kicker magnet

Septum magnet

p

m

Double pulse structure 
due to accelerator bunch
Each pulse is distributed 
to D1 and D2 areas with 
a kicker magnet.

Cold bore S.C. magnet (old)

Warm bore S.C. magnet (new)

Thermal-shield foils

mp

mp



Y. Tanaka et al., Proc. 13th annual Meeting of Part. Accl. Soc. Jap.
(in Japanese)

D-line: The new S.C. solenoid magnet



NC large aperture 

capture solenoid

U-line: The highest intensity beamline for USM

SC curved solenoid

SC focusing solenoid 

w/ wien filters 

⚫All beamline magnets are axial focusing

⚫ The world strongest pulsed muon: 2108 m+/s, 1107 m-/s



Y. Makida et al., CEC/ICMC2013 proceedings
DOI:10.1063/1.4860734

U-line: The S.C. curved solenoid magnet

http://dx.doi.org/10.1063/1.4860734


Y. Makida et al., CEC/ICMC2013 proceedings
DOI:10.1063/1.4860734

U-line: The S.C. focusing solenoid magnet

http://dx.doi.org/10.1063/1.4860734


W(2000C)

U-line: Generation of Ultra slow muon (USM)

S. Kanda’s poster
USM is generated by the laser resonant ionization 
method synchronized with the muon beam pulse.



14

S-line: A surface muon beamline

Pulse mSR: Highly segmented 
spectrometer is necessary to 
avoid the distortion of time 
spectrum due to pileup.
Cf. 5-T magnet needs 3008-ch

S line is dedicated to transport surface muon beam.
By using two kicker system, S line provides muon 
beams to all 4 areas simultaneously.
At present two experimental areas, S1 and S2, 
were completed.

In the S1 area, a mSR
spectrometer was placed.
The S1 area is one of the 
busiest ones, and users are 
switching every few days.
The S2 area is partially 
funded by Okayama-univ.
group to perform high 
rescission measurement of 
the Mu 1s-2s level.

S1

S2
S3

S4

The 1st spectrum of 5-T magnet

S1

S2

Kicker

Kicker

P. Strasser’s poster



Capture solenoid (HS1)

Bending magnet (HB1)

Gate valve (HGV1)

Transport solenoid

(HS2 and HS3)

Septum or bending magnet (HB2)

Experimental area #2 and #3

Conceptual design was proposed 

by J. Doornbos, TRIUMF.

Adopting a new beamline concept 

which is confirmed by a particle 

tracking simulation, H line is 

designed to provide a high intensity 

beam with a wide-range momentum 

tunability to each of several areas.

This concept is inherited to 2nd TS.

Experimental area #1

3GeV proton

H-line: Generic-purpose High-intensity beamline
T. Yamazaki’s poster



H-line: feature prospects

H1: fundamental physics studies
MuSEUM: high precession 
measurement of Mu HFS
DeeMe: m-e conversion search
…Mu1s-2s, Mu-antiMu, etc.

H2: realizing the muon re-
acceleration from USM method 
for g-2/EDM and transmission 
muon microscope



Accumulation

H line bldg. （plan）

g-2/EDM exp.
Searching for BSM.

ＭＬＦ bldg.

H line

H2
H1

Transmission Muon Microscope

Observation of 
whole living cell 
owing to high 
penetration 
power of muon

H-line: feature prospects

Ｈ line bldg.

Ｈ1

Ｈ line

Y. Nagatani’s talk

M. Otani’s poster



“Specialties” of MUSE

• High-intensity pulsed beam
→ beam distribution by kicker systems (S line)
→ devices synchronizing the pulse

→ flashlight etc. for mSR spectroscopy (SE)
→ ultra slow muon generation by pulse-laser

→ g-2/EDM exp., transmission muon microscope

• pion generation by 3-GeV proton beam
→ relatively high yield of p- and thus m-

→ promotion of non-destructive elemental analysis
→ application to archeological artifacts etc.



D-line

n + p → p- + X

p + p → p- + X

MUSE utilizes 3GeV proton, and 
the p- yield is higher than 
the other meson factories.



High negative muon yield owing to
• Beam transport with a window-less super-conducting solenoid
• Relatively high negative muon yield by 3 GeV proton

As low as 3.5 MeV/c
(58 keV)

For practical use

“The world’s strongest pulse” and  “high negative muon yield” are our 
specialties that differentiate the other meson factories in the world.

Negative muon yield in MLF J-PARC



D-line: D2 area

In recent years, applying to 
archeological artifacts, etc,
the fraction of the elemental 
analysis studies by m- has been 
getting increased in the D2 area. 

HAYABUSA2 return sample, 
rocks of the asteroid RYUGU 
was analyzed in 2021.

the hemisphere chamber
for the elemental analysis

100-pixel Ge To answer such demands,
the apparatus for the elemental 
analysis study has been developed.

M. Tampo’s
talk



Four secondary beamlines

• D line since 2008
• A decay muon beamline with a 6-m solenoid magnet for 

the p-m decay section, 2 experimental areas

• U line since 2014
• Composed of only axial focusing magnets

The highest-intensity surface muon beamline in MUSE 
dedicated to the Ultra Slow Muon beam

• S line since 2014(S1) and 2021(S2)
• A surface muon beamline, 4 experimental areas (plan)

answering a lot of users’ demands

• H line since 2022(H1) and 2023(H2)
• A newly constructed beamline with a new concept

realizing high intensity and high versatility



Feature prospects
MLF 2nd target station
Combination of muon and neutron target
inspired by F. Berg et al., PRAB 19, 024701 (2016)
“Target studies for surface muon production”

The first proposal was in 2017...



MLF Target Station2

Muon:：
10 (target) x 5~10 (Muon capture solenoid) → 50 ~100 

times gain of flux

Neutron:  

10 (target) x 2 (device)  → 20 times gain of brightness

Moderator & 
reflector

Neutron Focusing 
Devices
Neutron Detectors

Proton 

beam

Rotating tungsten target

Muon Capture 

Solenoid

Integrated neutron and muon target
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• Integration of neutron and muon 

sources (world's first)

• J-PARC proton accelerator intensity 

(1 MW) increased to 1.5 MW

• 1 MW (17 Hz) for TS1 and 0.5 MW (8 

Hz) for TS2

Brightness of MLF TS2 will be the 

world's highest compared to the 

next plan of overseas facilities
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This project was selected as one of “The Medium- to the Long Term 
Academic Research Strategy” by the Science Council of Japan 
although the budget has not been guaranteed yet.



R&D for TS2
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4-3-2. 増強案概要 

4-3-2-0.  TS2 の基本概念 

 図 4.21 に、TS2 の基本概念を⽰す。中性⼦源とミュオン源を共通化し、コンパクトで、

⼤強度化を⽬指す。また、⻑寿命化、⻑波⻑側の活⽤、⾼輝度化がキーとなる 

 

 

図 4.21：TS2 基本概念 

 

4-3-2-1.  TS2 における中性⼦源 

⼤強度陽⼦加速器における中性⼦源としては、現段階では⽔銀標的、鉛ビスマス標的、タ

ングステン回転標的を候補として挙げており、それぞれの検討を継続していくが、⾼寿命

化、⾼強度化が期待できるタングステン回転標的を主案に置く。RCS で、1.5 MW 相当の運

転を⾏い、TS1 へは 25*2/3 Hz（1 MW）、TS2 へは 25/3 Hz（500 kW）を送ることを考えてい

る。ただし、この実現には、TS1 における⽔銀標的のピッティング問題の克服が必須である。

克服できない場合は、TS1、TS2 とも、1 パルスのうち 2 バンチを分岐して、それぞれ 25 

Hz(750 kW)を⾏う選択肢しかない。 

 

4-3-2-2. 中性⼦⽣成効率 

中性⼦⽣成効率の観点からはタングステンは密度も⾼く他の⼆⽅式よりも優れている。

陽⼦ビーム形状、標的形状、標的と減速材の位置関係、減速材の最適化など進めることによ

Integrated flux：7.71020 n/m2/y
(@1 MW)

AVG. neutron flux
at the top 100 mm of the coil

MC by PHITS

The requirement to TS2 Capture solenoid
• Heat deposit: 650 W
• Neutron flux: 7.71021 n/m2 for 10 yr.
• Absorbed dose: 130 MGy
c.f. COMET-PCS (NbTi): 1~3MGy, 250W
HTS S.C. magnet must be realized.

REBCO (Copper oxide S.C.)
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Irradiation test
by TU Wien and KEK cryo. center

Conceptual design of HTS solenoid

The world‘s first practical HTS magnet
Low operation and maintenance cost
Toward a sustainable facility



Summary

• So far, I hope my talk could be just a trigger to 
stimulate further discussions.

• I am not confident in answering your questions 
correctly. But I am sure that I can introduce the 
responsible/suitable personnel.

• Even if we can not answer at present, we can keep 
discussing it after this workshop.


