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21 neutron and 4 muon beam lines (8 areas) 
are in operation, carrying out studies of 
− high-temperature superconductors
− protein, soft matter
− fuel cell, catalyst, new materials
− innovative products and drugs
                                                    etc.

Muon Beam-line

Neutron Instruments

Neutron SourceØ Neutron and muon beams
• materials science, life science, 

industrial applications
Ø most powerful neutron and muon sources

Proton beam

Materials and Life Science Experimental Facility (MLF)
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Earthquake

～10 months interruption 
due to the earthquake

1 MW eq. pulse

～1 month interruption 
due to the fire in MLF

Beam Power History at MLF

Interruption due to 
troubles of Hg-target

1 MW eq.

May/29/2024

Accident at 
Hadon Facility

1 MW eq.
Stable 
operation



MLF numbers

Uniq. No. of Users

Affiliation of PI

~1000 
in 2023 JFY

~700 >250
General proposals Publications

* 2006-2023

Fields*

・Engineering 5%
・Biology & Biochemistry 1 %
・Geosciences 1%
・Others 1 %

45%
Physics

27%
Chemistry

Material
Science

20%

Neutron 932, Muon 155

20
Excl. Ibaraki BL



Trouble with beam shutdown at 
MLF in the last year
• Jun. 2024: Humidity detection in He vessel
• Nov. 2024: Failure of the Power Manipulator in 

the Hot cell
• Jan. 2025: Leakage from the Hg circulation 

system
• Jun. 2025: Cooling water leakage of the Neutron 

production target



u It is likely that the trouble was 
induced by localized stress 
concentration and thermal 
fatigue at the water-cooled 
beam dump due to repeated 
beam operation.

u It has been verified that the 
spare target does not contain 
any areas prone to similar 
failures.

u The beam power for the spare 
target will be decided taking the 
safety margin in the thermal 
fatigue and pitting damage 
depth into consideration.
Ø Around 700 kW is considered a 

leading candidate.

Cause of Trouble and Difference of Target Vessel Design

Plane view

Spare target vessel

MercuryMercury

Bubbler Beam dump

Proton
beam

Bubbler

Proton
beam

MercuryMercury

Beam dump

Trouble occurred 
here.

Coolant 
water

Present target 
vessel

No water cooling.



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

Ultra slow muon
（0.1 - 30 keV）
surface/sub-surface 
/interface sciences (U1A)
Test-bench for TM
(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

Muon beamlines



D-line: Research on the Integration of Arts and Science

Caracalla silver coin
(AC.188～217, Syria)

Remaining scales from fire of 
the golden fabulous fish on 
the roof of  Nagoya castle

International meeting in Cyprus (Nov/’24)

Future on Muon Elemental Analysis (Oct/’24)

Muon’s application to heritage 
science has become world trend. 
We hope to form an international 
relationship to promote this field 
with neutron and SR as well as .

To promote this field of study, we 
made a dedicated panel for the 
heritage science in this FY. The 
reviewers are from museums and 
the facility.



• Small gas leak was found between high pressure- and low pressure-line of the 
refrigerator for the superconducting solenoid magnet in FY2023.

1. Small Gas Leak in Refrigerator for D-line Solenoid

2025/2/20

MAC FY2024 D-line

8

Deterioration

Refrigerator (TCF50)

High pressure

Low pressure

Compressor

Gas leak

JT valve

Superconducting
Solenoid magnet

Heat Exch. Phase sep. JT Valve
 Adiabatic expansion valve

1 2 3 4

Refrigerator (TCF50)

4th heat exchanger

Investigate the leak with a stethoscope.
From the loudness of the sound, it is 
thought to be leaking at
the 4th heat exchanger or later.

The refrigerator has been in continuous operation for as long as 
24 years since its Tsukuba days.



LATEST NEWS:
The leak was found to be 
caused by unused piping in 
the 4th heat exchanger. Work is 
in progress to disconnect 
unused piping.



The S-line kicker is a key device to provide 
single-pulsed beam to S1 and S2 areas
simultaneously. However, failure events 
have occurred in high rate due to FET 
problem for these years.
The recovery work takes half a day and 
obstacle to efficient operation.

S-line kicker

Failed FET
Conduction between Drain and Source. 
The mold package is broken.

The above used MOS-FET is discontinued. 
We will replace them with SiC MOS-FET
which has higher withstanding voltage.

S-line: Operation Status of the Kicker

2,304 MOS-FETs are used 
for high-voltage switch to 
kick the beam by high 
voltage pulse of 50kV 
with 300 ns.

Deterioration

A budget for aging measures was 
taken. All power supply modules will 

be replaced with SiC MOS-FET's 
during this fiscal year.



SQ7

SQ4
SQ5
SQ6

S-Line

H-Line

M2中古

緑８個

白２個

M2中古

L字４個

M2中古

緑８個

白２個

M2中古

緑10個

白９個

FL+3.5m

H1 Area

HB1

HGV1

HS2

HGV1

HSEP

HS3

HGV2

HGCV

HB2

HBB1-1

HQ1

HQ2

HQ3 HBB1-2

HS4

HQ4

HQ5

HQ6

排水サンプピット

1
: H

2
0
0

2
: H

5
0
0

1
: H

9
0

2
: H

3
8
0

Rack

MLF Experimental Hall No.1
(S-line Future Plan)

0 5

Scale= 1:100

m1 2 3 4

2023/2/27

S3 area

A Grant-in-Aid for Scientific 
Research on Ion Battery 
Materials (PI: Prof. M. Hirayama, 
Inst. of Science Tokyo) has been 
adopted from FY2024, and the 
S3 area construction plan has 
started under the support of 
CIQuS, KEK-IMSS.



S3: Construction Schedule

FY2024 FY2025 FY2026 FY2027

Radiation 
Permit

Construction

Beam 
Operation

Apply to Gov. Office

Permission

Explanation for 
Local 

Governments

Design work Production of Beamline 
Equipment Installation work

Facility Inspection

Beamline tuning

OperationTesting of the new 
spectrometer

A detailed report will be given by Pant san at the Poster session #2 on Thurs day.



U-Line: Project Timeline

2013 2016

First beam of Super-Omega
Y. Ikedo et al., NIM B 317 (2013) 365-368.

Lyman-α generation with all-solid laser
Y. Oishi et al., JPS Conf. Proc. 2, 010105 (2014).

USM generation
T. Adachi et al., KEK-MSL Progress 
Report. 2016-3 (2016) 13.

First USM-μSR
T. Adachi et al., KEK-MSL Progress 
Report. 2018-2 (2018) 13.

2018

First Ly-α
2013

First USM
2016

USM time-of-flight
2016

USM-μSR asymmetry
2020

2020

Multilayer USM-μSR
S. Kanda et al, J. Phys.: Conf. Ser. 
2462 012030 (2023).

2012



U-Line: First Scientific Campaign

T=245 K, E=3 keV, Zero field

Thin film sample of Ca0.85Sr0.15CuO2 mounted 
on the cryostat.

Sample fabrication by 
pulsed laser deposition.

Preliminary result of the zero-field 
μSR measurement.

◦ First scientific measurements of USM-μSR has been started with a 
cuprate thin-film sample.

◦ A full-scale physics measurements involving the sample transportation, 
cooling, and control of implantation energy.

◦ Muon spin rotation originating from internal magnetic fields inside the 
sample was successfully observed.

Works with T. Adachi’s group of Sophia University,
J. G. Nakamura and H. Okabe(KEK IMSS) .

Detailed status reports will be given later today, at 11:00 am.
Kanda-san and Nagatani-san will give oral presentations!



H-line: Upgrading of beamline

HS2

HS3

HB2

HS1

HS4

HB1

HQ456

HSEP

3GeV
proton

H2 area

HFCV
HGV2

HGV4
HBB2

HBB1
HQ123

H1 area

HS4

HQ456

H2 area

The final focusing magnets 
were installed.
The beam-commissioning 
will start in the next FY.

HSL1

A slit was installed by the RIKEN 
group (new S1-type user)

12
0 

m
m

CCD

A beam-profile monitor 
developed at BINP was installed.

A CCD camera watches 
a 3-5-m CsI film.



大強度陽子加速器施設

〒319 -1195　茨城県那珂郡東海村大字白方２-４　 TEL  :  029 -287-9600

第２４１号

２０２５年（令和７年）５月３０日発行２０２５年（令和７年）５月３０日発行
Ｊ-ＰＡＲＣホームページ　　https://j-parc.jp

Japan Proton Accelerator Research Complex
J-PARCNEWS

Ｊ－ＰＡＲＣセンター発行元：日本原子力研究開発機構(JAEA)
　　　　高エネルギー加速器研究機構( K E K )

　ミュオンセクションの髭本亘氏が、中間子科学の進歩発展に寄与し、その業績が顕著であるとし
て、2024年度 日本中間子科学会 学会賞を受賞しました。
　髭本氏は長きにわたり、ミュオンスピン回転・緩和（µSR）法を用いて重い電子系超伝導体などを
対象とした物質研究を推進してきました。さらに、極低温や高圧下などにおけるµSR実験法に関す
る研究開発にも取り組んでいます。今回の受賞対象となった超伝導の発現と磁性の相関に関する研
究や時間反転対称性が破れた超伝導状態の検証などのように、磁気に対して高い感度を有する
µSR法の特色を活かした髭本氏の研究は、今後も様々な物性の発現機構を解明していくために重
要な役割を果たすものと期待されます。

（２）2024年度 日本中間子科学会 学会賞を受賞

　物質・生命科学実験施設（MLF）では、大強度ミュオンビームラインであるHラインを分岐・延長した新たな「H2エリア」
へのミュオンビームの取り出しに、初めて成功しました。このHラインの延長については、変更許可に係る施設検査を受け、
2025年5月13日付けで合格となりました。
　H2エリアでは、Hラインが供する大強度ミュオンビームを減速・再加速する
ことで指向性の高いミュオンビームを生成することを目指し、ミュオン加速装置
の建設を進めていきます。将来はビームラインをさらに延長し、ミュオン異常磁
気能率の精密測定による素粒子標準理論では説明できない物理現象の発見
や、透過型ミュオン顕微鏡を開発し、物質中の電磁場分布の可視化による産業
応用などを目指していきます。

■ ミュオンHライン・H2エリアへのビーム取り出しに成功

記念の集合写真

　ミュオンセクションの河村成肇氏と山崎高幸氏が、Hラインの設計・開発を
完遂した業績により、2024年度 日本中間子科学会 技術賞を受賞しました。
　J-PARC MLFのHラインは、大強度で汎用性の高いミュオンビームラインと
して設計・開発され、毎秒108 個のミュオンを供給することで、ミュオニウム
の超微細構造やミュオンの異常磁気能率といった精密測定を可能にしました。
この革新的な設計は、PSI（スイス）やCSNS（中国）で開発が進む新しいミュオ
ン施設でも採用され、さらにMLFの将来計画でも発展形が検討されています。

（１）2024年度 日本中間子科学会 技術賞を受賞
■ 受賞

　水素を燃料として利用する固体高分子形燃料電池（PEFC）の発電特性は、燃料電池内部の水の挙動と密接に関連してお
り、その制御は極めて重要ですが、触媒層を構成するアイオノマー（イオン伝導性高分子）中の水の挙動を明らかにする方
法は限られていました。
　本研究ではJ-PARC MLFの中性子小角・広角散乱装置「大観」とJRR-3の中性子小角散乱装置「SANS-J」を使用して、
PEFC内部の触媒層内のアイオノマー中の含水率を評価する方法を確立しました。この手法により、相対湿度が増加すると、
触媒層のアイオノマーが水を強く保持することが明らかになりました。
　本研究で開発された評価法により、燃料電池の触媒層内のアイオノマーの含水率をより短時間で正確に定量化で
きるようになりました。燃料電池の性能向上に向け、触媒層の材料開発と運転条件の最適化への応用が期待されます。
詳しくはこちら（J-PARC HP）https://j-parc.jp/c/press-release/2025/04/17001501.html

（１）燃料電池の未来を拓く－触媒層内の“水”を定量的に評価する新手法の確立 －（4月17日）
■ プレス発表

河村成肇氏 山崎高幸氏

髭本亘氏

Topics

First Beam at the H2 area!

In May 2025, a facility inspection was conducted 
and a permit was granted for the H2 area. 
Adjustment of the muon accelerator will begin 
shortly.



The time of flight (TOF), defined as the time difference
between the laser irradiation and the muon arrival at the
MCP, was 1032! 4! 18 ns, where the first uncertainty
was statistical and the second was systematic, mainly
coming from the uncertainty of the laser irradiation time.
The TOF agrees with the simulated value of 1009! 5 ns,
where the uncertainty came from the muon transportation
inside the Soa lens. The muon intensity was
2 × 10−3 μþ=pulse, with 10%–40% smaller pulse energy
of the laser compared to the measurement of the 5.7 keV
muon intensity. The acceleration efficiency, defined as the
accelerated muon intensity to the 5.7 keV muon intensity
excluding the muon decay loss, was 50%. However, con-
sidering the difference in the laser energy between these two
measurements, the actual efficiency exceeded this value.
The measurement of εnorm;rms for the accelerated muon

beam was conducted using the quadrupole scan method,
which determines the transverse phase-space distribution
of the beam with a quadrupole magnet and a beam profiler
[15]. The rms beam sizes after the BM were measured for
different quadrupole strengths of QM2. Figure 3 shows an
example of the muon beam profile when I1 ¼ 0.9 and I2 ¼
−0.75 A, measured during the quadrupole scan for εnorm;rms
in the vertical plane. The rms beam sizes along the
horizontal (x) and vertical (y) axes were calculated from
the signal distribution. The rate of background events was
evaluated under the laser off-resonance condition.
Although the origin of the background events remains
unidentified, the signal-to-noise ratio was evaluated to be
approximately 50 and included in the rms calculation. For
the profile shown in Fig. 3, the rms beam size along the y
axis was 0.87! 0.05þ0.06

−0.10 mm, where the first uncertainty
was statistical and second systematic. The systematic
uncertainty, originating from the uncertainty in the number
of background events, was evaluated using a Monte Carlo
simulation.

Figure 4 shows the results of the quadruple scan. The
normalized rms emittance, εnorm;rms, was estimated by
fitting them using the transfer matrix, which included
QM1, QM2, BM, and the drift space. Data points corre-
sponding to beam sizes larger than 5 mm were excluded
from the fit, as larger beam sizes could introduce bias in the
rms calculation due to detector size limitations. The
momentum spread of the muon beam, evaluated to be
dp=p ¼ ð1.10þ0.02

−0.11Þ × 10−2 from PARMTEQM, was included
in the fitting function to account for the dispersion. The
uncertainty of the momentum spread originated from the rf
power evaluation.
Systematic uncertainties on εnorm;rms are shown in

Table I. The uncertainty from the momentum spread was
assessed by varying its value in the fitting function.

FIG. 2. TOF distributions of the MCP signal pulse under three conditions: without rf power, with rf power on but the laser off
resonance, and with rf power and the laser on resonance. The peak at 2280 ns corresponds to the accelerated muon, while the peak at
275 ns corresponds to the surface muon penetrating the aerogel target. The vertical dashed lines, from left to right, represent the time for
the surface muon arriving at the aerogel target, the expected time for the muon penetrating the target to arrive at the MCP, the laser
irradiation time, and the expected time for the accelerated muon to arrive at the MCP.
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FIG. 3. Beam profile measured using a BPM at the end of the
diagnostics line. The circle drawn with a dashed line is the BPM’s
sensitive area, ϕ40 mm. The currents of the quadrupole magnets
were I1 ¼ 0.90 and I2 ¼ −0.75 A.

PHYSICAL REVIEW LETTERS 134, 245001 (2025)

245001-4

Scientific Topics:
Muon accelaration



temporal evolution of electron configurations of μAr,
precise information on the transition rates and the energy
levels involved in the deexcitation cascade is required.
They are calculated by the HULLAC code [45] assuming
the full screening of the nuclear charge by the muon, i.e.,
Cl. Dynamical changes in electron binding energies during
the deexcitation cascade also play key roles because they
determine the timing when K-shell holes are produced by
muon-induced Auger processes. We calculated the muon-
induced Auger rate, which depends on the electron binding
energy at each step of the cascade, based on the Akylas-
Vogel code [54]. In addition to the electronic K x rays, we
also calculated muonic x-ray energy spectra emitted during
the deexcitation cascade. They were evaluated by the
MCDFGME code [46–50], which accurately took into
account the repulsive interaction between the muon and the
electrons. We simulate the cascade process with an initial
muonic state of ðnμ; lμÞ ¼ ð38; 37Þ, where the muon is
mainly captured into a circular muonic state with
lμ ¼ nμ − 1. This initial condition was employed by
analyzing the wave functions of the muon and electron
by relativistic density functional theory and finding that
Auger decay begins when the muon is captured to the
muonic states of nμ ¼ 38 [55,56]. With regards to CT, we
assumed that an electron is transferred from the surround-
ing Ar to the excited electronic orbital of μAr, where the

principal quantum number of electrons n is equal to 9,
based on the classical over-barrier model [57,58]. We
employed the CT cross section of 1.211 × 10−14 cm2

measured for the Ar16þ þ Ar system [43], which mimics
the present system, μAr þ Ar. After the CT, the transferred
electron triggers a further cascade process. More details are
given in SM [41].
Figure 2(a) compares the simulation results to the

observed spectrum. After adding a constant background,
the simulation results were normalized to the experimental
spectrum below 2850 eV. We evaluate the fraction of the Ar
Kα x-ray component from the Kβ x-ray yield, using the
Kα1=Kβ x-ray intensity ratio of 0.11 reported in [59]. The
simulation excellently reproduces the relative observed
peak intensities and structures with the low energy tail
TES response function of ΔE ¼ 5.3 eV, where no fitting
parameter was employed in the simulation for x-ray
emission from μAr. This justifies the validity of our model
of the involved dynamics. We confirm that the intensity of
electronic K x rays emitted during the muon cascade prior
to CT is significantly weaker (1.5%) than the intensity of
those emitted after CT, as expected. The simulation shows
that electronic Khα x rays from H-like μAr are emitted after
the first single CT, while most of the electronic Kα x rays
from He-like and Li-like μAr are after the second and the
third CT, respectively. Thus, CT is essential for these

FIG. 2. (a) An observed x-ray spectrum in the range of 2700–3200 eV at the Ar pressure of 0.1 atm with the simulation. The
experimental spectrum is corrected by considering the self-absorption effect of Ar and the detector efficiency. The inserted figures show
enlarged regions of the shoulder at the high-energy side of the peak at 2960.5(3) eVand the Ar Kβ peak around 3190 eV. Although the
electronic x-ray emission prior to CT is also included in the simulation result (red curve), the intensity is negligibly small. (b) Theoretical
x-ray energies for the electronic transition of highly- Clqþ (q ¼ 14, 15, 16) ions calculated by the HULLAC code [45]. (c) Theoretical
muonic x-ray energies of the 9-8 transition of μAr accompanied with 0,1,2 K-shell electrons obtained by the MCDFGME code [46–50].
(d) Energies of Ar Kα and Kβ x rays [44].

PHYSICAL REVIEW LETTERS 134, 243001 (2025)
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plasma for nuclear fusion provides a wealth of information
which often cannot be inferred by other means [15,16].
Hollow atoms, i.e., HCIs with multiple inner holes produced
by the interactions of HCIs with solid surfaces, have
attracted considerable attention for years because of interests
in their exotic configurations of many electrons in excited
orbitals simultaneously [17–20]. Hollow atoms have also
been produced by x-ray free-electron lasers, and their
dynamics in short timescales have been intensively
studied [21,22].
Recently, x-ray microcalorimeters have been success-

fully used for HCI spectroscopy, both in the laboratory and
in space due to their high energy resolution, high quantum
efficiency, and wide spectral bandwidth [23–27]. In
astronomy, in particular, the Hitomi satellite with its
x-ray microcalorimeter marked a new era by achieving
high-resolution measurements of the He-like Fe24þ tran-
sition to reveal the plasma velocity in the Perseus galaxy
cluster [28]. The XRISM satellite, launched in September
2023, is now also providing high-resolution spectra of
HCIs, including H-like argon from the supernova remnant
N132D [29].
In this Letter, we propose a new type of HCIs: a highly

charged muonic ion defined as μAqþ with 2 ≤ q. We
present the first experimental evidence of highly charged
muonic ions with net charges of 15þ, 16þ, and 17þ. In
these ions, a negatively charged muon and a few electrons
are simultaneously bound to a single nucleus. Since the
muon is 207 times heavier than the electron, the muon
orbits 207 times closer to the nucleus than an electron with
the same quantum numbers. Thus, the nuclear charge is
heavily screened by the muon, significantly affecting the
electron energy levels. When a slow negative muon
encounters an atom, it is captured into a highly excited
state with the emission of a bound electron and forms a
muonic atom. The muonic atom then experiences a
deexcitation process by a succession of muon-induced
Auger electron emissions, which results in the stepwise
stripping of the bound electrons of the atom, i.e., the
formation of a highly charged muonic ion [30]. The
cascade is followed by muonic x-ray emission and the
muon is finally absorbed by the nucleus. This formation
mechanism is fundamentally unique compared to conven-
tional HCIs. Unlike traditional methods that require multi-
ple collisions/interactions with electrons, atoms, or lasers,
these exotic HCIs can be formed by the capture of a single
negative muon. However, the observation of highly charged
muonic ions with a few bound electrons has never been
reported because such exotic HCIs are rarely formed due to
the rapid charge transfer (CT) process from surrounding
materials [31]. Additionally, there have been no experi-
mental methods up to now to resolve their energy levels. It
should be noted that a pionic Mg with one or two K-shell
electrons was observed by the spectroscopy of pionic
x rays using a crystal spectrometer [32,33]. However, they

could not resolve the number of K-shell electrons due to
small energy shifts caused by them (0.5 eV). Gotta et al.
also measured x rays emitted from antiprotonic rare gas
atoms with a few bound electrons although they could not
make the state-selective observations due to the insufficient
energy resolution of the Ge detector [34].
In the present Letter, we achieved the high-precision

x-ray spectroscopy of highly charged muonic Ar (μAr) with
one, two, and three electrons (corresponding to H-, He-,
and Li-like ions) by (1) employing a low-density gas target
to reduce the CT contribution from surrounding Ar and
(2) applying a novel technique for high-resolution elec-
tronic K x-ray spectroscopy of muonic atoms that was
developed in the previous Letter [31]. When bound
electrons exist in their excited orbitals together with
K-shell vacancies during the deexcitation cascade, elec-
tronic K x rays are also emitted (Fig. 1). It is feasible to
distinguish the electronic states by high-resolution, high-
precision characteristic electronic x-ray spectroscopy. We
took full advantage of multi-pixel transition-edge sensor
(TES) microcalorimeters to achieve high resolution and
high detection efficiency for x-ray spectroscopy.
We have carried out an experiment at the D2 area of the

Materials and Life Science Experimental Facility (MLF) at
J-PARC [35]. Details of the setup were described in
previous papers [31,36,37]. Negative muons with a
momentum of 21.0 MeV=c were delivered in a double-
pulse structure where two pulses with a width of 100 ns
were separated by 600 ns. Each double pulse contained
∼104 muons with a repetition rate of 25 Hz [35,38]. The
diameter of the beam was estimated to be below 10 cm. The
muons were injected into the gas chamber filled with 0.1
and 0.4 atm Ar gas, which was the same one used in the
previous Letter for μNe [36,39]. The emitted x rays were
detected by the TES detector.
We employed a 240-pixel TES array developed by the

National Institute of Standards and Technology (NIST)

Kα x ray

Khα x ray

He-like μAr Li-like μAr

H-like μAr

FIG. 1. Schematic drawing of a highly charged (He-like)
muonic atom with two bound electrons (left) and electronic
configurations for Kα x-ray and hyper-satellite Khα x-ray
emissions (right).
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Future J-PARC MLF



MLF roadmap
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Review current 
performance 
"MLF2030"

Upgrade 
planning of TS1 
“MLF double”

Construction of 
TS2 and 

operation 

Double the 
effectiveness of TS1:
realize max use of TS1

Highest flux/pulse 
achieved on TS1

TS2  > TS1* 20-100



Development of 
Common 

Fundamental 
Technology

Robust 
infrastructure

R＆D for TS2
High intensity and 

High resolution

BL upgrade & 
construction

MLF-double
program

Science

Aiming to double the effectiveness of TS1: realize max use of TS131



Muon:：
10 (target) x 5~10 (Muon capture solenoid) à 50 ~100 
times gain of flux

Neutron:  
10 (target) x 2 (device)  à 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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Neutron Brightness

• 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

Target Station - 2

33

The Science Council of Japan has 
decided to formulate a new "Future 
Science Promotion Plan" 

TS1

3GeV RCS

J-PARC TS2 TS2

This year, the revision of the Future Science Promotion Plan has begun, and 
a special workshop on MLF is planned for coming Aug. 26.



Summary

• Since last year, MLF has had to shut down the beam 
due to various problems.
• The cause of the refrigerator problem that had been 

a concern on the D-Line has been identified, and 
work is underway to fix.
• Preparations for the construction of a new beam 

area, S3, have begun on the S-Line.
• The U-Line is ready for measurement.
• The first beam at the H2 area of the H-Line is 

confirmed.
• Discussions have begun at MLF for future planning.



Fin.



Increase of humidity in the He vessel

Sequence of events
l The due point meter detected the increase of humidity that 

was higher than usual in the He vessel on Jun. 24, 2024.
l MLF user beam operation was stopped 7 days earlier than 

scheduled date .

Cause investigation
u It was found that the seal 

performance of the target 
vessel pillow seal 
deteriorated repeatedly 
during June, which might 
caused intrusion of humid 
air into the He vessel.

l The air pressure dropped below 0.5MPa several 
times due to overuse of compressed air in June.

l Countermeasures were implemented to prevent the 
functionality reduction of the pillow seal.

Helium gas in the pillow seal 
bellows is released when the air 
pressure goes down less than 
0.5MPa.



Mercury target vessel

Arm

Power manipulator

1 axis

Arm

Tool

Date : September 18, 2024
Place : Hot cell in MLF
Details
l During the operation of the power manipulator for the replacement of the 

mercury target vessel, an issue occurred where one axis (the axis that rotates 
the entire arm) stopped moving.

Influence
l The use program, which was scheduled to start on November 21, was delayed 

by approximately three weeks, until December 9.
Cause of the Incident
l It was determined that the failure was due to a malfunction in the servo 

amplifier inside the control panel.
Response
l The faulty servo amplifier was replaced with a spare of the same type that was 

kept in storage, and the functionality of the power manipulator was restored on 
October 11.

Long-term Measure
l The control system will be updated in February 2025.

Failure of Power Manipulator Caused Delayed Start of Beam Operation

u This has served as an opportunity to recognize the importance of spare parts management, 
and a spare parts list for the major devices of neutron source is currently being developed.

u Impact of obsolescence of the system devices on facility operation is becoming evident. 13



500 mm

Motor (90 kW)

Rotor of permanent magnet

Mercury duct
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Mercury
Cross-section

Outline of Mercury Target System & Mercury Pump

Heat exchanger

Target trolley

Surge 
tank

Mercury pump

Mercury circulation loop

Total length : 12 m
Total weight : 315 ton
Mercury inventory : 1.5 m3

Mercury flow rate : 38m3/hr

Mercury target 
vessel

Schematic of mercury target system

Proton 
beam

Mercury is driven by the electromagnetic 
force generated by rotating a permanent 
magnet with a motor.

Mercury is circulated through the mercury 
target vessel using a mercury pump.

Motor
Mercury pipe 

flange

Mercury pipe 
flange

Size : 2m x 2m x 2m
Weight : 3.5 ton



Stack Monitor Indication of MLF (In Jun. and Dec. ,2024)
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Normal operation in Jun. 2024 Beam study in Dec. 2024 after the long outage

Scintillation counter

Ion chamber

Date in 2024
Dec.Jun.

Investigation of leakage points 
and re-tightening of flange bolts.

The beam operation of MLF started on Dec. 9, but the stack monitor indication increased sharply over the alarm level, 
which might be caused by insufficient seal of the mercury loop after the mercury pump replacement. 15


