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Beam Power History at MLF

1 MW eq. pulse 1 MW eq. beam

/1,\ 830 kW

700 kW¢

¥

500 kw

Accident at
Hadron Facility

Earthquake

v

i A

~10 months interruption  ~1 month interruption  Interruption due to
due to the earthquake due to the fire in MLF troubles of Hg-target

as of Feb 8, 2023



Topics of the Year in JFY2022

® MLF user program

« 7.2 cycles (159 days) of the MLF user operation were planned at the beginning of the fiscal year.

» Since the additional budget was allocated to cope with the rising electricity prices, we expect to be able to
operate for 6.5 cycles (143 days) this fiscal year (from April, 2022 to March, 2023).

ATAC2023

* It was performed with about 96% high availability at the beam power of 730-800kW by middle of July as
scheduled. The user operation could be restarted as scheduled both after summer maintenance and new
year holiday. High availability operation could be kept.

® Beam study at the linac and RCS
» for beam loss mitigation, low emittance beam, and higher power feasibility study have been performed.

Beam Power [kW]

100
0 MLF beam power
80 is depended on
0 MR cycles
60
0
Energy: 3 GeV
40 Beam Power: 730-830
0 kw
20 Availability: ~96.2%
User time:2,105 hrs.
0 Net time: 2,025 hrs.
0
Apr.1

for beam loss mitigation

Estimated residual beam loss at 1 MW: <0.05%
Dominated by the foil scattering beam losses.

The rms beam emittance more than 30% reduced.

MR cycle and MLF/MR beam ratio

5.2s 96.9 % 3.1%
2.48s 93.5% 6.5 %
1.36s 88.2% 11.8 %

Dec.21



30GeV Main Ring status

* Achieved stable operation at
e FX:515kW
e SX: 64kW
Before major upgrade

* Major upgrade for power up
* Reprate 2.48s 2 1.32s (= 1.16s)
e Ppp 260Tp = 330Tp

e L.S. from Summer 2021~ March 2022 for
installation

e ~2022/3 New PS installation
e 2022/4~ PS test operation/tunning
e 6/27-7/7 : Beam circulated @ 3GeV

* After some unexpected initial failure, beam
operation restarted Jan 23, 2023!



Electricity in FY2022 Dec.2022

. . o ~31yen/kWh
e Unit price kept rising up \
during whole FY2022
exceeding our assumption

of rise

 JAEA announced in July to /
run until Feb. 10

 KEK anticipated operation
until around early March

~19yen/kWh

e Nov. 2023: Supplementary
budget for electricity for
both JAEA and KEK

e LI/RCS/MLF operation
extended until Mar. 14

e KEK also will run until Mar.14



FY2023 draft budget (to be approved by Diet)
m-m-

JAEA

KEK

Cycles
Oku-yen 101.8 101.8 101.8
Cycles 1.5 4.5 6.5

Oku-yen 41.96 52.19 53.08

“cycle”=22days. # of cycles not taking electricity price up

Facility upgrade --

KEK

JAEA

Oku-yen = 1078 yen ™

MR power upgrade 3.47
J-PARC upgrade for Hyper-Kamiokande project 6.49

MLF muon beamline 0.4
Neutron data center 14.1

Replace to power saving RF cavities of RCS 5.81

MS :



Operation
prospect in FY2023

e Due to soaring electricity
price, severe situation of
operation cost persists

e In JAEA, we plan to run
60days (2.7 cycle) in
2023A period

* In KEK, still under
discussion but assuming
2.7 cycle before summer

* We will make every efforts
to secure more operation
time in the later half of
FY2023



D line: elemental analysis by negative muon s Experiment

Muonic X-ray non-destructive element analysis of samples by Hayabusa-II

-
1T mm (KEK)

Dr. Y. Miyakel@lDr. T.Takahashi
(KEK) (The Univ. of Tokyo

Planetary Science Planetary Science

Formation and evolution of carbonaceous asteroid Ryugu

:Direct evidence from returned samples Dr. K. Terada
T. Nakamura et al., DOI : 10.1126/science.abn8671 (Tohoku Univ.)



https://www.science.org/doi/10.1126/science.abn8671

Rabi-Osicillation Spectroscopy for
Muonium Atoms

Precision Measurement of NishikawalRrize
Muonium Hyperfine Structure

® Precise Bound-State-QED test

® Strongly related with muon g—2

RE
Tanakﬂ_ ATID
(SENishimural

»
Shimomura
2022/05/03TARCAD A VR 2nda

S

T T T T
E [ 7%/ ndf 65.48/37
L Vers —-23.112071kHz

Rabi-oscillation spectroscopy
established for higher precision

. _—Ebﬂ —2‘00 —lbO 6 160 260 360 g
measurements in the future Vo — 4 463 302 (kFiz)




First beam to C-line for COMET!]

First beam on target @ Feb.9,19:44:30, 2023



o Transmutation Experimental Facility

B R&D on nuclear transmutation with Accelerator Driven
Systems (ADS) is progressed.

Pb-Bi loop OLLOCHI

Succeeded in the stable 7,000-hours operation
with controlling oxygen concentration of the
Pb-Bi loop for corrosion test

Hot leg temperature / 450 deg.C

Cold leg temperature / 350 deg.C

Hot leg O2 sensor

Control target
* 883mV=1 X 10°wt%
(
1

st ; |
exchange of Holde. | MA A 15t result of corrosion test!

Temporary suspension due to earthquake or power outage
Holder#1-2 (5,000 h)

Cold leg 02 sensor

1
Holder#1-1
A

Holder#2 (7,000 h)

Neutronics data further accumulated

m According to suggestion of the MEXT’s “P-T
Technology Evaluation Task Force” in 2021, the
facility plan is being reframed based on results
of related R&D and versatile needs to the facility
in addition to nuclear transmutation research.

n-production cross

Prototyping of a spoke cavity
section on Pb

for SC Linac development

m A workshop for the facility planning (hybrid)
was held in June 2022. In total 133 persons
including universities (14), industries (36),
research institutes other than JAE & KEK (22)
attended.

v High expectations to the facility

v A user community for supporting the
facility planning launched

13




R d D I A T E Co"aboration radiate.fnal.gov

Radiation Damage In Accelerator Target Environments

Target and beam window
survivability :

Limiting beam power in
recent major accelerators

RaDIATE collaboration meeting 2019 at TRIUMF

Radiation damage studies

under RaDIATE collaboration:

Mutual utilization of accelerator
& post-irradiation exam. facilities

Need for RaDIATE

Led by FNAL & STFC, 13 institutions (~Dec. 2022) + 6 new institutions (Dec. 2022 ~),
J-PARC joined with CERN in 2017.

J-PARC,
T2K BW

100
90
m ke
.60
250
Z 40
£ 30
<
F 20
:
210
0

~-horizontal

>-vertical

oot

L
3 L

KEK&\W

40 -30 -20 -10 O 10 20 30 40

Thermal conductivity degrades

J-PARC Mercury vessel:
Cavitation damage

Be window
embrittlement
(FNAL, common
with J-PARC,
Hadron)

Highlight of achievements

= =

Deafﬂ Target
P basket
® P+ irradiation at Brookhaven N. lab.

® Post irradiation exam. at Pacific N.W.N. lab.

Prototyping of next-generation Neutrino beam window

Experimental validation of DPA X-section

Thermal shock experiment
in graphite, Muon, Nu, COMET RaDIATE J'PARC fOI’ NeXt'gen- Target & B.W. at CERN HiRadMat




Big concern on very extended period of approval process of Rl
(Radio Isotope) facility modification by NRA

Period to receive approval by NRA (Nuclear Regulation Authority of Japan) for Rl facility
modification is getting longer and longer > 6 month, although it has been nominally 3

month
— 2014~2019: 9 times applications

* 56 days (ave.), min 13days, max 80days My PAC2208 slide

— 2019/12/6 application: 144 days
— 2020/10/5 application: 247 days
— 2022/2/16 application: waiting for approval (>5month)
Two measures
— Rl facilities in universities collectively sent request to NRA
— Self-protective measure = long term planning assuming increased process time with enough leading
time

15



Acquisition of approval on facility modification

« Approval on facility modifications of the following items submitted
on Feb. 16 was finally successfully acquired on Nov. 4™ according

to our schedule in 2022.
— Neutrino: Upgrade of the proton beam intensity from 650 to 1300 kW

— MLF: Extension of muon H-line by adding a muon accelerator
— Hadron: New beam line for COMET Phase-a

2021 2022 2023

0 11 12 1 2 3 4 5 6 ¢ 8 9 10 11 12 1 2 3

NRA | W Approval (Nov .4)
Submission (Feb.16) Approval(Aug.24)

Local Gov. |

Consent (Feb.16) Expert Committee (Oct.19)



IAC Recommendations on general (4)

e J-PARC should work in collaboration with
universities to seek an improvement in NRA
approval times. However, until the situation is seen
to improve J-PARC unfortunately needs to forward
plan on the basis of long approval times.

Answers

e Communications with NRA
e Mar.2022: RCNP director talked with NRA

e Apr.27,2022: Delegation from Radiation council of
Universities (which KEK joins) met NRA officials and
exchange opinions

e Agreed to have place to exchange opinions ~twice/year
e Recent situation

e 10 RI facility applications in 2022, average 112 days,
seems getting improved

e J-PARC 189days shortened from the last one, but still
a bit outlier

4.5

3.5

2.5

N

1.5

[any

0.5

Period (days) took for

approval in 2022

J- PARC

17
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KEK Project Implementation Plan (PIP)

e KEK PIP 2022 was published on Jun.24,2022

* KEKRoadmap (RM) 2021 e https://www.kek.jp/en/roadmap-en/
— guideline for promoting its research e J-PARC Operation
programs in order to achieve the goal of KEK _  >=6 cycle MR operation
e “portfolio” of KEK research program —  Complete COMET-I
* 2007, 2013 — “g-2/EDM construction is expected to start”
— KEK-RM 2021 New project requiring new funding requests
. Discusseq th_roughout FY2020 and and — Down selected to 9 projects
upda!ted in view of the fourth byrs —  Ask KEK-SAC to further down select to 4 projects
me(jlum-rqnge goals&plans period with priority.
beginning in FYZO_ZZ (Apr.2022) —  KEK finally decided to proceed with five research
e https://www.kek.jp/wp- projects in the following two categories as KEK's
content/uploads/2021/06/KEKroadmap20 priority plan.
21 _E.pdf (May 2021)
e KEK-PIP 2022 Category I: A Project to Be Implemented by KEK

without Specifying the Rank

— Project Implementation Plan of the research - R&D for New Light Source Facility

program described in KEK-RM

* Projects by KEK general operating budget Category ll: Projects to make new budget

* Projects requiring new funding request requests according to priority
— Discussions within KEK and with communities 1. Extension of the J-PARC

throughout JFY2021 Hadron Experimental Facility

- A drgft was circulated to communities and 2. Strengthening the cooperation with CERN
public comments were accepted in projects including HL-LHC

— Proposed & reviewed by KEK Science 3. LiteBIRD (Satellite CMB)
Advisory Committee (Mar 7,8,9, 2022) 4. Transmission muon microscope (J-PARC)

20



Hadron Experimental Facility @Xtension (HEF-EX) Project

Expand research programs at the
Hadron Experimental Facility tO explore
wwpepresy  Origin & Evolution of Matter
(2009~) more deeply

d |
’BOGQ:N \ ’\
p‘l‘:“bea“‘ ‘* ’ ’d ha\
o \ L # nd®
: S e
1 production target (T1) E
1 secondary-charged beamline (K1.8/K1.8BR)
1 neutral beamline (KL) —+1 new production target (T2)
1 pnmary beamline (H|gh-p) +4 new beamlines (HlHR, K1.1/K1.1BR, KL2, K10)

1 muon beamline (COMET) <+ 2 updated beamlines (High-p (720), Test-BL)

21



Transmission Muon Microscope

= Accelerated Muon : Strong Penetration + Ultraslow Muon : High Luminance / Resolution

C
Laser Phase Plate a'nefa
Specimen
J-PARC Ultraslow Muon Source Linear Accelerators Superconducting Lens System
Prheam ollaboration with-muon g-2/EDM exp. licroscopy optics

Nano scale visualization
of electromagnetic fields

in macroscopic objects

* Any methods for TEMs are applicable, like
Lorentz imaging or Zernike phase contrast.

« Functional imaging of living/cryo-tissues:
Cross scale understanding of our brain

from synapse, neuron, network to organ.

¥hickqess
. . . oT specimen
* Industrial use: It can see EM fields in packaged P

IC/LSI, Li ion battery, solar cell, piezo, etc.

Scanning Muon Microscope

g-2/EDM exp. Construction Eng. run = Phys. run
Transmission DRSS Phase 1 run Phase 3
Scanning i

Design Const. Phase 2 run
3-dim mapping of magnetic field and its fluctuation,
density of Fermi surface, state of hydrogen, and etc.
in nano resolutions. — Scanning uSR microscope

decay
positron
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Proposed plan for next 10 years

Accelerator power to 1.3MW

Hadron/muon expts in HD hall
HD hall extention

T2K, Upgrade for HK

Neutron/muon in MLF

Muon g-2/EDM in MLF
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TS1

3GeV RCS

TS2

/ Integrated neutron and muon target \

Muon Capture

Solenoid
Proton
beam
Moderator &
reflector
Neutron:

Rotating tungsten target

Neutron Focusing
Devices
Neutron Detectors

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

Muon: :

[mes gain of flux

10 (target) x 5~10 (Muon capture solenoid) - 50 ~100/

o

Brightness (n/cm?2/sr/A/s)

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

6e+l4  Neutron Brightness J-PARC
Se+14 Ts2
ESS
4e+14 SNS
J-PARC 52
3e+14 TS1
2e+14 SNS
le+14 l
0
0 2000 4000

Emission time (us)
Brightness of MLF TS2 will be the

world's highest compared to the
next plan of overseas facilities 26



Nucleon engineering society opened up
by high-energy and -intensity proton bea



Study of super high-density matter with
high-intensity heavy-ion beams at J-PARC

HI LINAC
& Booster



Discussion on the future projects at J-PARC

e We are achieving original goals of J-PARC we planned ~ 30years
ago
e 1MW LI/RCS/MLF
e 750kW - 1.3MW MR/NU
e HD hall extension listed next highest priority

* We believe that we can do much more exciting science using
proton beam at J-PARC

e We’d like to make “next 30year vision” of J-PARC

e based on bottom-up discussions by young researchers leading next
generation

e We start series of workshops to discuss future ideas/plan

 We'’d like to present and appeal the future vision to world
communities at the next J-PARC symposium

 Around later half of JFY2024

* First kickoff meeting for the discussion planned
e Mar. 31, Apr. 10 @ AQBRC
e Users are welcome to join the discussions



J-PARC is open to international users

I—Y—-XAT7142R

Users Office

Foreign inst
125, 524 X\ H
34. 0%

40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000

O EA
BEAEA

By Facilites

By Institution

Accelerator,etc
16,530 A H
4.5%

Total number of users visited
J-PARC since 2008. 12
309, 630 personxdays

Others

Hadron
92,298 A H
25.0%

Transition of users Foreign nationals and
Japanese(person per day)

6.1% (Tasrnmin oAtz ) | 1emxam e naiesen | | 1esoam 57 aRe21e) |
aAEA marmn | | oI EE L~
(H25.5.23)
BHAA (H23.3.11) 32242
V ! N ? 30825 30,526 \ /
27,555 28,691 \ /
14,935 21,728 12,324 V
14,815 14,216
15,539 10,130 14,229
8,945 -3,371
3,947
3881
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
1,359 14,815 14,216 8,945 14,935 10,130 12,324 11,900 11,056 11,410 10,655 9,756 1,369 1,947 3,371
2,588 12,740 14,814 6,594 17,307 11,598 18,501 16,791 21,520 21,073 25,286 20,770 15,115 15,887 10,858

2022.4-12



Access road

e Long standing desire from user communities to directly access J-
PARC site

e Extensive discussion, work, design work, negotiation within
JAEA/KEK, and Tokai village, and also MEXT

* Progress in FY2022:

e Detailed design has been done.

e We started administrative consultation with the Nuclear Regulation
Authority about radiation-controlled area set-back.

Pacific Ocean

Site boudary

JRR-3

R245
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Beam Power History at MLF

1 MW eq. pulse 1 MW eq. beam

/l,\ 830 kw

700 kW¢l

v

500 kw

Accident at
Hadron Facility

Earthquake

v

- A

~10 months interruption  ~1 month interruption  Interruption due to
due to the earthquake due to the fire in MLF troubles of Hg-target

as of Jan 18, 2023
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Materials and Life Science Facility (MLF)

World Highest Intensity
of Neutron Pulse Beam!
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MLF2030-neutron

Relationship between MLF Future Plan
and MLF2030-neutron

MLF2030-neutron

Major upgrades and
new construction

Instruments Polarization Detector Remote and automated
Upgrading Spin filters & Mirrors High resolution, high counting rate, large area
Aging Chopper upgrades SE instruments upgrade petector upgrades
measures High-Low-disk. TO Refrige. furnace Controller upgrades
Instruments Implementation of polarized neutron technique in each BL

Detector upgrade

Upgrades Automation and remoteness of instrument control

Aging measures Developments are necessary, as parts are no longer manufactured at the time of
construction, or manufacturers have withdrawn from the market.

Maijor Upgrades Major modifications of instruments are necessary to continue to be at the forefront of the world
in next 10 years. It is necessary to obtain a consensus from the user community.

MLF2030-neutron N

* Clarify the neutron strategy of MLF in the situation where the world is changing

* Recognize the past and current situation of the instruments, and decide a direction for the future.

* New project to study the future plan as well as passing on technology to the next generation
and develop human resources.
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MUSE: Design Concepts

U-line
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/H-Iine u*/D

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

“fundamental physics”
High precision measurement
Particle physics
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Muon g-2/EDM exp.

Phase 1 experiments
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s 23 beam ports
‘ Neutron Instruments in MLF 21 in operation

Special Environment Village of neutron Accurate Neutron- IBARAKI
Neutron Powder resonance spin echo N Ooti Nucleus Reaction  Biological Crystal
Diffractometer spectrometers eutrond ptics ' Measurement Diffractometer
an Instrument
Fundamental
Super High Physics
Resolution Powder
iffractometer
Neutron Beam-line
for Observation an
High Pressure Research Use Biomolecular
Neutron Dynamics
Diffractometer Spectrometer
4D Space Access
Neutron Spectrometer
High Resolution
Chopper
Spectrometer
proton beam SEORSESED Polarized Neutron
~e neutron source Spectrometer
Cold Neutron
Disk-Chopper
Spectrometer *—
Energy Resolved
Neutron Imaging System
High Intensity Total
Diffractometer
Small and Wide
Angle Neutron
Scattering
Instrument IBARAKI
Materials Design
Soft Interface :
Analyzer Diffractometer
Extreme Environment Single i i i
Polarized Neutron Reflectometer Crystal Neutron Diffractometer Engineering Materials

Diffractometer 2



Muon Facility MUSE @ MLF
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Beam Power History at MLF

1 MW eq. pulse 1 MW eq. beam

/l,\ 830 kw

700 kW\ll

v

500 kw

Accident at
Hadron Facility

Earthquake

v

. A

~10 months interruption  ~1 month interruption Interruption due to
due to the earthquake due to the fire in MLF troubles of Hg-target

as of Jan 18, 2023
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Operation Plan of Neutron Source

Now

w [~Operation with the pulse intensity of 1MW *Power is the value at MLF.
FY 2021 2022 | 2023 2024 2025 2026 2027 2028 2029 2030
Power (kW) | 740  730]830 730 |>800  >800 >700 >700 >700

Target# |#10  #14 | #13 /' #15 /‘ #16 /‘ #18 #19

* Power will be decided based on the measured
Target damage depth data and its prediction to enable
Fabrication 2-year operation.

The target fabrication
was postponed to 2025.

Disassembl-
able Target

<
: \
Bubbler Double wall  gypbler is moved Double wall gyppler is split and moved
forward by 92 forward by 200 mm.

mm.

« User operation with the pulse intensity of 1MW is going to be held during latter period of #13 operation,
which will demonstrate the attainment of our initial goal of neutron source.

» The target vessel #15 with new structure will start its operation this year.

« Fabrication of the disassemblable target was postponed to investigate further the remote handling scenario,
corresponding target design and the total cost including storage cask and transportation.
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No. of 2023A proposals:318
Neutron 277
Muon 41
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BL22 Success in Visualizing Water Inside
Automotive Fuel Cells with Pulsed Neutron

Beam NEDO, J-PARC Center, Nissan Arc, FC-Cubic
Collaboration with : Totoya Central Lab, Honda R&D, TOYOTA corp.

e Success in Visualizing
the Behavior of Water
Generation and
Discharge inside a Fuel
Cell Cell (2nd
Generation MIRAI) of
Actual Size Installed in a
Fig. Fuel cell cell used in neutron imaging water visualization experiments Fuel Cell Vehicle (FCV)

* This is the first time in
the world that a pulsed
neutron beam has been
used to clarify the
behavior of water inside
an actual size cell. 10

Fig. Visualized image of water behavior in a fuel cell of MIRAI (change in water distribution
with current value)



Rabi-Osicillation Spectroscopy for
Muonium Atoms

Precision Measurement of INishikawalRrize
Muonium Hyperfine Structure

® Precise Bound-State-QED test

® Strongly related with muon g—2

KZsNranakal
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4.84

4.5

4.57

3.22

3.14

3.17

2.96

2.61

2.69

98.29

96.94

96.94

96.94

96.93

96.58

94.08

93.75

93.44

92.5

91.4

91.19

Nanocomposite NiTi shape memory alloy with high
strength and fatigue resistance

Spin-orbit phase behavior of Na2Co2TeO6 at low
temperatures

‘Quantifying internal strains, stresses, and
dislocation densWY in additively manufactured
AISi10Mg during loading-unloading-reloading

deformation

Charg.e.—Den_sitE/)—.Wave Order and Multiple Magnetic
Transitions in Divalent Europium Compound EuAl4

Hydride-based antiperovskites with soft anionic
sublattices as fast alkali ionic conductors

Field-induced quantum spin disordered state in
spin-1/2 honeycomb magnet Na2Co2TeO6

Experimental evidence for the existence of a second
partially-ordered phase of ice VI

Stacking Fault Driven Phase Transformation in
CrCoNi Medium Entropy Alloy

Multiscale constitutive modeling of additively
manufactured Al-Si-Mg alloys based on measured
phase stresses and dislocation density

Relationship between Viscosity and Acyl Tail
Dynamics in Lipid Bilayers

The avera%e and local structure of TiVCrNbDx (x=0,
2.2, 8) from total scattering and neutron
spectroscopy

New precise spectroscopy of the hyperfine structure
in muonium with a hEgh—|ntenS|ty pulsed muon
eam
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Remote access for

experiment &

analysis

Academic

Industiry

g

Solid arrows: Funded
Dashed arrow: Future

E—LZMY

_ Real-time data
High-throughput analysis CPU
network

0.5PB — 2 PB

Event Data Storage

Stores data for a minimum of lwo years of

K immediate use /

Date sharing though
domestic infrastructure

Cloud-enabled remote [Cloud services ’
analysis environment

Use of Materials Informatice,
Machine Learning etc.
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