J-PARC facility status
and future
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MLF Division Head
(Talk given by Kenji Nakajima)
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MATERIAL AND LIFE SCIENCE
EXPERIMENTAL FACILITY



» Neutron and muon beams

* materials science, life science,

industrial applications

» most powerful neutron and muon sources
Neutron Instruments

. e S e e e—
Muon Beam-llne e "T;\K: S
.a %\ « \ d
i 21 neutron and 4 muon beam lines (8 areas)
WY B . o . .
. , - “éi are in operation, carrying out studies of
protons - E'& _ Y — high-temperature superconductors
I-L' A g
I \,égf:\ — protein, soft matter
ol ':'\h X o
¥ ey — fuel cell, catalyst, new materials

— innovative products and drugs More about
etc. MLF 3



Beam Power Histo

o AN

1 MW
1 MW eq. pulse

1000 q.p eq. \ w 30000

m==_ Beam Power at MLF [kW] <€ N

@& Accumulated Beam Power [MWHh] 1 “

[ 1 I
Beam Power at outlet of RCS [kW] , M ‘ 25000
800 |

H |
| k i

Accident at
Hadron
Facility

20000

600

15000

400 Earthquake |

'

10000

Beam Power [kW]

200
5000

Accumulated Beam Power [MWh]

2008 12009 2010 12011, 12012 2013 2074 12015 12016 12017 12018 (2019 |2020 2021 2022 12023 2024 12025

~10 months interruption  |nterruptions and low power

Fiscal Year due to the earthquake operations due to troubles of Hg- 4
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2024 ZON?L\?ZOZS Canceled 38 days user 2026
operation

June, '24 : Moisture detected in He-vessel

Sept., '24 : Failure of power manipulator cased delay of restart

Dec., '24 : High-level radiation due to the leak from replaced Hg-pump

May, '25 : Water leak from cooling water channel of target #16

June, '25 : Transport used target vessels #11 & #10

July, '25 : Target vessel replaced to #12 without damage inspection of #16

Nov., '25 : Start target #12 operation at 810 kWeq and #12 planning 2-year operation 5
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Science Highlights

6-fold helical magnetic

Discovery of p-wave magnet Observed 6-fold symmetric structure
magnetic satellite reflections
Ametallicp-wave magnet with | | m
commensurate spin helix o4 o, A
® g -

Nature, 646, 837 (2025)
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p-wave magnet: An anisotropic spin-split Fermi surface. 08
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Utilizing Hydrogen as a Beneficial Element in Steel Development
— Investigation of How Hydrogen Enhances the Strength and Ductility of

Stainless Steel Using Neutron Diffraction —
Press release: April 1,
2025

T. Ito et al., Acta Materialia, 287 (2025) 120767
Neutron reveals how hydrogen enhances the strength and ductility of steel

10.1016/j.actamat.2025.120767

Hydrogen is a promising energy carrier but is
Slolid-so;ution Istr_engtnenir!g known to cause embrittlement in steels.
e e S ] Recent studies show that hydrogen
introduction into Type 310S stainless steel
(Fe—24Cr-19Ni) enhances both strength and
ductility.

; A : -
In situ neu'tgpn diffraction

during tensile deformation both strength and ductility.

“N.’

|

Hydrogen-charged
starinless steel

In situ neutron diffraction during tensile
testing revealed that hydrogen dissolves into
the lattice, causing lattice expansion and
solid-solution strengthening.

The resulting higher stresses promote early
deformation twinning, improving ductility

ﬂ T dGatar o '\ ' and offering new insights for developing steels
tal s for safe hydrogen storage and transport.
~tainiess stegl storage and transport 1 O



BL18, BL19
- Development of a Lightweight Shape Memory Alloy Exhibiting

Superelasticity Across a ~“400 °C Temperature Range— Promising
Applications in Space Environments and Biomedical Fields —

.,
o i N
A S

Press release: Feb. 27, 2025

Y. Song, S. Xu et al., Nature, 638 (2025) 965-971  10.1038/s41586-024-08583-7

Lightweight shape memory alloys capable of
Earth . .
¢ 9 , withstanding extreme temperature changes are
Mars essential for space exploration and a hydroger
¢ . " based society.

- ¢ @MOM g A Tohoku University—led team, with JAEA, the J
Liquld He Uqu*id H> Uqu‘ird N> lce melting point  Water boiling point PARC Center, and the Czech Academy of Scienc:
é_&* developed a Ti—-Al-based alloy exhibiting
1200 _og9°C /| puperelastic operating superelasticity from -269 °C to +127 °C.
—1000| 20 ~258 25 g [ J | e Ty : : ; .
o -233 5 (x;;..;.. ¥ Neutron diffraction experiments at J-PARC
= 800 127°C revealed crystal structure changes and localize
3 600} (BB 47 deformation propagation underlying the ~400
& a0k P /‘ “ FFF superelastic range, enabling applications in
200 /L space, cryogenic hydrogen systems, and
0 0% . biomedicine.

Straln 1 1



Science Highlic

BLOS

using a pulsed neutron beam

G. Ichikawa and K. Mishima, Phys. Rev. D 111 (2025) 82008.

Measurement of neutron whispering gallery states

Received the Young Scier
Award of the Physical Soc
of Japan (2026)

Press release
Apr. 28, 2025

Neutron whispering gallery states are quantum states localized near a concave mirror surface by
the centrifugal force and the material potential. We measured such a state with 1.9% agreement

with theory, achieving an intrinsic sensitivity of 1 X 107*. These results open prospects for high-
precision searches for short-range interactions and tests of the equivalence principle with neutrons.
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TECHNICAL DEVELOPMENT
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1 MW single shot 1 MW user operation 1 MW stable operation
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Surface hardening - Damage mitigation techniques

Mercury target
Damage mitigation technique

Double walled structure

e Successfully achieved stable 1 MW operation (MLF goal) for two months in April 2024 using Target #15
e Based on measured results of erosion damage inside target vessel and recommendation of an international
review, we have decided to use one target vessel for two years 14



Transport cask (29 ton)
Shielding cask (44 ton)
Storage cask+Target (5.4 ton)

1.4x1.2xH3.2m

Disassemble into

high and low radioactivity B AT = 8
Mockup test

15 |
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Storage upper limit : 22

Disassemblable -

Full size (~2055)
2Y operation *Depends on
Full size || (~2043) backend scenario|

(~2034)

1 | || | | J.

2020 2025 2030 2035 2040 2045 2050 2055 2060

JFY

B Disposal scenario of used target is not
decided in J-PARC, and storage capacity will
be full in 2034

B To continuity operate facility, two years
operation for one target is planned with
considering the radiation damage and
cavitation erosion inside the vessel

B Disassemblable target is under consideration
in parallel with build new storage building 15



Test measurement
Sample: C12A7

Active Area: 512x768 mm? (X6)
Pixel : 4x4 mm?

Efficiency: ~45%@2.2A (X1.3)
y/n: 107




TAIKAN
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Replacemﬂ: of the TO chopper

A 50 Hz operation test was performed, and it was
confirmed that measurements up to a high-q value
of 25 A~ can be achieved by using short
wavelengths down to 0.5 A.

Stable 50 Hz operation of the TO chopper was
previously difficult due to resonance with the disk
chopper.

Therefore, a new TO chopper, which enables

operation up to 100 Hz, was installed in this fiscal

year and is now available for user experiments. 17
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e New mode of 4D S(Q, w) measurements for
single-crystal comes into use

Analyses with different angle steps

(Angular slices after the measurement)
¢ A 10°

10

Sample Angle (° )

Kicker Counts (° )

Ru

Monitoring the process

n Mo 110531

Ime - Angle

High flexibility compared to conventional stepwise rotation
—No need to plan the step size or measurement time anymore. Just RUN!
Realized by taking advantage of the MLF event-recording system

Long journey coming to an end?

2000

Beam stopped

15000 20000 25000
Time (s)
>h angle

.+ 11053
umber of kKickers for eac

nnnnnnn
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T

:::::

SampleAngle (° )

Release of a prototype software
(Y. Inamura et a/.dCANS—XXII, 2017)

Use by internal user program
Goniometer unstable at some speeds

Significant noise data from rotary encoder,
much higher than neutron data!

A lot of bug fixes
\ 7

Use by general users (2022),
but errors in recorded angle data

Replacement of the data acquisition computer

Re-start of use by general users(2025)




FUTURE PLAN
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M. Nakamura N. Kawamura

Review current

performance
"MLF2030"

Highest flux/pulse
achieved on TS1

g
L

-
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1000 kW equivalent (April, 2024)

Neutron intensity per pulse [10' n/sr/pulse]
=
1

=
L

J-PARC Takes the Lead in the World.

SNS ¢ The pulsed neutron source at the
Mational Laboratory in the

: United ¢
SNS stands for Spallation Neutron Source

ISIS-TS2 @ The pulsed neutron source at the
Rutherford Appleton Laboratory

in the UK,
=
2

J-PARC SNS ISIS ’

Upgrade

planning of TS1
“MLF double”

Double the
effectiveness of TS1:
realize max use of TS1

BL upgrade & Development of

construction Common
Fundamental
Technology

MLF-double
program

-
Robust R&D for TS2
infrastructure High intensity and
High resolution

21



MLF-double S
BL upgrade & % Development of
construction Common

N Fundamental
- e A Technology

MLF-double
program

Robust : R&D for TS2

infrastructure High intensity and
® High resolution

Aiming to double the effectiveness of TS1: realize max use of TS1 99



AMATERAS

Expected increase in fli

TAIKAN:2025
Disk chopper

TO chopper

el

Replacement of the chopper

B |Launch the Data Science Section

B [aunch the MLF Improvement
Strategy Office

B Pursue funding for the
construction of a new
beamline




Denoise
v Denoising Artificial Neural Network

107 - measurement
time
107 4
| ‘Y% | normal

10_5§

| 1/20
g | 1/20 &
104 denoised
-Reflectometry (BL16, 17) X10?

Improve time resolutions
Shorten a measurement time

»R&D for extention to other BL

Non-emprical S(q, w) calculation

v Molecular Dynamics with Machine Learning
Interatomic Potential

Energy(meV)

_ 'Expt.

05 10 15 20 25 30 35 4.0
Q(1fAngstrom)

Example of non-empirically obtained
S(qg, w) by performing MD calculations
on the machine learning potential.

Model-independent analysis done by
data-driven science.
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or your soiation

The World's best scientific opportunities offered to everyone!

PARC

T "=#~.r

J 'IAP —for Users

J-PARC Integrated AI Platform

G L

Informati

how J-PARC
can sclve
Tayr necgs

Kno®Edge
accumulatio
n for your

System A. AI Concierge

= Offeringsolutions to users' subjects based
on knowledge of 1-PARC.

= Support for creating and submitting users’
proposals.

= Beamtime allocations without the proposal
review committee through automated
proposal review by AL

System B. Smart User Support

- Integrate J-PARC's databases of users,
Issues, experimental equipment, sample
environments, chemicals, etc. to create a
one-stop portal site for preparing
experiments.

- Beamtime management functions automate
beamtime allocation and consolidate usage
records.

System C. Intelligent Experiment
Support

- Offeringthe best experimental plan

emerged by knowledge of past experiences.

= Auto experimental execution.
- Auto data analysis by using Bayesian
inference.

$cross



MoU-with-Hitotsubashi

“Hitotsubashi University was
established as a center of
education and research
embracing every field of the

social sciences, which make up

the learning of civil society.”

Collaboration on
data science

Dean’s Message
| P,

TOSHIAKI WATANABE

To our prospective colleagues:

pioneering the new academic field

of Social Data Science

Faculty Members

Social Science

MNAOHIRO SHICHIIO

| MAYU T[F-'IAJ.II

YUJIN'WOO

SUSUMU NAGATAMA

RYOHEI BANND

Access

SUSUMU IMA

CI?I HIRD SHIMIZU
.T-’.JS'— AKI J,;‘.i\!!.:\EF
'\'.(:'.‘SH”-'J\.‘.“'l. UE r--:\'nu.
-.wo.g.:ro

SHINICHIRO SHIRDTA

Information Science

MAMORU KOMACHI
SHINSUKE SUZUKI
ATSUSHI KEYAKI

HARUAKI FUKLUDA

YOM-ICHI MOTOTAKE

TATSUYA YATAGAWA

SOCIAL
DATA

Faculty of SDS
Graduate Sch )

Solving |ssuesL

through the “integrati i
Social Science and Data Sc eh
In recent years, —

significant changes in both our society Inﬁ-nnLral?lulrunment
aw to the emergence of various new problems worldwide,

ding these probl are

an cire
To address the rapidly and unpredi tablyching ng issues of medern socie!

itis essential to identify and define appropriate pwhlems.
collect and analyze the appropriate data,

and apply the obtained insights to enrich our life.

To achieve this goal,

our faculty and graduate school are committed to
promoting education and research in "Social Data Science.”

https://www.sds.hit-u.ac.jp/img/about/brochure-en.pdf
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Target Statio

o

Polarized electron
spin currents at the
surface of a
topological

insulator

Neutron EDM
Muon EDM

-

the Earth's mantle

Science using the high-brilliance neutron/high-intensity muon at TS2

Structural analysis of

o ROtating tungsten
. target
N -
| B Neutron Focusing
e Devices
.‘ Moderator

& reflector Neutron Detectors
Neutron:

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

Muon: : /

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

e e
Dynamics of soft
matter and proteins

e
Lo 45-‘
W A = :
0‘;-

o o

- el
T .-e-: / Mandrel Mpla';:’d
. _-f;_«;;,-f . /. um Imaglng
A *i@. Cell Imaging

Structure around dopant

Neutron diffraction
(active site)

imaging



TS2 R&D

Composite on Google map

Layout of TS2

MC simulation
of neutron
spectrometer

Wavelength ( A )

2271 1489 976 640 420 275 180 118 078 051
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E
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r
E
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(&) o
g :
., —=— RAIJIN 3x5 cm
10 RAIJIN 5x3 cm
—— AMATERAS @ 1 MW
10° 10! 102
Energy ( meV )
&7 1 laz
06
10 _

Radiation Shield

Production Target

SC Solenoid

[ron Beturn Yoke

1750

coil for pion
capture
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How do-the MLEroadmap shqﬂ‘i_

B Presenting the potential of MLF from
the MLF side

B Discussion with the community
M Science

B Research and development of new
methods and technologies
B MLF Roadmap Workshop

M Establishment of a working group

B Implement from the highest priority
items

B Roadmap Updates

B Domestic Workshops
H Aug 26 2025
H March 14 2026

“Science"

MLF
Advancement
Promotion

Office Source /
26/4/1~

Acclerator
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B MLF user program suspended by unexpected outage of the neutron target
system in 2024 and 2025.

M | eakage of Hg-pipe seal and cooling water pipe.

B Currently MLF operated at 810 kWeq,.
B \We expect that 2-years operation with the single vessel.

B MLF published highly-cited paper of material science, engineering and geo-
science.

B The number of highly cited publications of MLF is on the rise.

B Discussion of the MLF roadmap has been started with the Japanese
community.

B Upgrade of TS1 instruments are on-going as "MLF-double" program.
B \Work on TS2 is under way.
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