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Versatile Quantum Beams for Microscopic World

© fJ2MRC @

Japan Proton Accelerator Research Complex

Power-frontier accelerators and
multi-purpose user facilities

Jointly operated by two ) p Muon (u)
organizations: Pion () "

KEK. and Target Nucleus p -

JAEA Proton (p) MO Neutrino (v)

Neutron (n)

O m=pp-

Proton (p)
3 GeV, 50 GeV

) Kaon (K)

= Anti Proton (p)

b Neutron (n)

Variety of secondary particles generated with
high-energy and high-intensity protons

spallation
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Research Complex : J-PARC OMeV LINAC%

Design intensity
RCS for MLF: 1MW .
o# MRforPN :750kW

= (CY2007 Beams

- JFY2008 Beams
= JFY2009 Beams

Bird’'s eye photo in January of 2008




Projects at Material and
Life scilence experimental
~acility (MLF)
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o Neutron Instruments in MLF 21 in operation
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Beam Power [kW]

Beam Power History at MLF

1000 1MW eq.pulse 1MW eq. beam _—
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Fiscal Year ~10 months interruption ~1 month interruption  Interruption due to as of Apr. 1, 2024

due to the earthquake due to the fire in MLF troubles of Hg-target



Coupled moderator
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Only a few of recent outcome from MLF

[/ # 4 Neutron Science # 4 Neutron Science
& N A . . iy . . ) )
o’ Designing materials for All-Solid-State Li Batteries ", Development of high-strength magnesium alloy
- PR
Tokyo Tech.. IMSS KEK. Univ. of Tokyo . J-PARC Science 2023 IF : 63.832 [15 Aug. 2023 Press Release] Why Are High-Strength Magnesium Alloys Developedin Japan So Strong ?
Center 11,663 download In-situ Neutron Diffraction Experiments Elucidate the Behavior of Each Constituent Phase during Defermation
) . JAEA, Kumamoto Univ., J-PARC Center IF:9.209
Li,(GeP,S,; Lig548i174P1.44811.7Clo3 Lig sa[Sio 6G€0.4l1.74P1.44811.1Bro 3006 Acta Materialia (2023) Citation : 7
Nature Materials 2011 Nature Energy 2016 Thick-film cathode with 1.8 times the current — n Mg,,Zn,Y, alloy P
. i X capacity per electrode area is fabricated. - B_ecause of their ||ghtwe.lght and
rm“’,’ Y - < Combined with Li metal anode, all solid-state high strength per density, Mg-alloys
pea s ek battery exhibiting high-capacity and high- (LPSO-Mg alloys) developed at e e
(}’ s\ . current characteristics is realized. Kumamoto Univ. are expected to have P50 fraction: 25%
.rf}}? { b Superionic crystals Series of solid electrolytes various applications. ':!C::":: w2
Pafleey & Pl P m The strength of LPSO-Mg alloys is oy AECeS
? . g il 4 greatly enhanced by high-T extrusion
High ionic conductivity is Discovered a material [PrEEEG, B th.e.mechanlsm lias 5 Stass contibution =
observed when Liions in which Liions diffuse notyet been clarified. g 2w N
diffuse in 3D direction. in a 3D direction even 0 0 0 @ Mg
However, high -T is required. at room-T. In-situ neutron diffraction
experiments revealed that the
Tokyo Tech, IMSS KEK, TOYOTA, Ibaraki Pref., Ibaraki Univ_J-PARC Center ex‘rusion conditions aﬁec‘ed the “nw el F—

006 005 010 012 200 002 004 006 008 010 012

overall strength and ductility of the Trvasian Tros ska To sl

alloy due to different micro-structural (upper) Mg alloys used in this study and EBSD images after high-T extrusion
process. (lower) Contribution of each of the LPS0-Mg alloy constituent
development. phases to strength during tensile deformation

LSiGePSBrO-based battery
hick

© over 3,000 (Sum), TOP 0.01% o o

B Provides guidelines for the development of lightweight, high-strength Mg alloy materials
with ductility, rigidity suitable for specific purposes.

H Contribution to energy saving and safety of aircraft and automobiles through practical
use of lightweight and high-strength materials.

Analysis of the crystal structure containing Li by | Elucidates that the super ionic conductivity of the
neutron diffraction leads to an understanding of | new material originates from a crystal structure
the Li ion diffusion mechanism, contributing to | with-a complex and highly disordered atomic
the development of all solid-state batteries distribution (High-entropy material).

Water visualization in a fuel cell used in FCEV i:_FC+Platform { l
Supported by NEDO FC-Platform Program /(:H\EDO

Visualization of water distribution inside an operating Physics under ultra-high electric field opened up by Muon Atoms
fuel cell of the 2" generation TOYOTA MIRAI

T Clction unit The energy of muonic X-rays was
N LT [ determined with extremely high
accuracy using a TES detector
with an energy resolution 10 times
higher than that of conventional
semiconductor detectors

L

Quantum Electrodynamics
Verified with Muonic Atoms

Superconducting Transition-Edge
Sensor (TES) Microcalorimeter

0.1 atm — total
5912 = 4
™ Sg02+ 4t
= 5912 = s
= Stip 405z
] u b Proof-of-Principle Experiment for Testing Strong-
S Field Quantum Electrodynamics with Exotic Atoms:
14 "/l High Precision X-Ray Spectroscopy of Muonic Neon
- 3 P
S i = T. Okumura et al., Phys. Rev. Lett. 130, 173001 (2023)
SRSy MAC FY208%0 6270 60 200 6300 G310 6320 6330 6 . -, Fhys. g - g
Fuel cell was assembled with thick Al end plates. 2024/2/22 Enom )

~500 experiments/year



MLF building (bird’s view) S : ; (JSNSZ) 1MW x 3 years

Detector @ ‘
outside of MLF ~
(48m from target) /A/’>}l Searching for neutrino oscillatio

4 baseline of 24m (JSNS?), and 48

2.
(JSNS2-I1: oo Current JSNS? o JSNS=II
ol | Y o F ' —— Jsns* sowcL %
N [ LsND 9s%sc. %
New detector) $£ 7 [meem i
32t GdLS ]
fiducial L L
‘ Covers the
(6.2m dia. x 10 —~ "itobal fit indicated
F M. Dentler,etal., JHEP08010'| (2018) region nicely. '
6.2m (h) : ‘ |

102
10

2 i - |7z _
~230 10” PMTs) " © oW s W e e

* The long physics runs (2021-2024)

In total, ~¥19 months.

0.88 MW beam now.

4.093 x 1022 PQOT so far

Sterile v analyses are on-going
Will continue data taking !!

(JSNS2-11): 1MW x 5 years

» 2" phase of the experiment

new far detector : 32 tons
fiducial in 48m baseline.
Improved the sensitivity,
especially in low Am? region.
Stage-2 approval was granted.
Will take data soon !




EDM

J-PARC muon g-2/EDM experiment =5~ =

450 ppb 1.5E-19ecm

e Physics goal
— High precesion measurement of mu g-2 to ~450ppb i

— Discovery of mu EDM with sensitivity down to 1.5e-19e.cm
* With totally different scheme/systematiscs from

J

BN L/FNAL exp. Stangi:i,MOdEI Experiments

— Accelerate ultra-slow muon and inject small ring e ——
e Construction budget start in JFY2024 = T ——
* First-ever muon acceleration in 2024 E:Sf; Zfé‘sfi'e’fi"’ o =
* Aiming for data taking from 2028 dafa - ' e

2 17‘ ' ‘1‘7.5; = ‘18‘ ’ 11‘8.5‘ = l1‘9l ' .1‘9|.‘_"; - IZIO‘ ' ‘2‘0‘.5‘I ‘ 21 'éll.é - l22
The collaboration (114 members from 10 countries) muon g-2 ay, % 10° - 1165900

S r_“ﬁ“ e €18 =he 5 GO '.":.- “-1.‘7‘ 2,

Muon cooling test (2022~)

. . - - > m 7 5 =
liaboratlon Meeting on J-PARC Muon.g=2/EDM
| A VN J i —— o = Q._‘

BT TSRO ——

Constructed




7th Plenary Workshop of the Muon g—2 Theory Initiative
September 9-13, 2024 @ KEK, Tsukuba, Japan

https: / /conference-indico.kek.jp/event /257

IEI[:!.EEEI

International Advisory Committee
Gilberto Colangelo (University of Bern)
Michel Davier (University of Paris-Saclay and CNRS, Orsay), co-chair
Aida X. El-Khadra (University of Illinois), chair
Martin Hoferichter (University of Bern)

Christoph Lehner (University of Regensburg), co-chair
Laurent Lellouch (Marseille)

(9-2),

Local Organizing Clommittee

Tsutomu Mibe (KEK) - _ Kohtaroh Miura (KEK)
Lee Roberts (Boston University) Shoji Hashimoto (KEK)
Thomas Teubner (University of Liverpool) Toru lijima (Nagoya)

Hartmut Wittig (University of Mainz) Tsutomu Mibe (KEK)



A future plan: Transmission Muon Microscope

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

Phase Plate
\ > N\ AN a
Surface Muon % Ultraslow T
/ al Specimen
J-PARC Ultraslow Muon Source Linear Accelerators Superconducting Lens System
p-beam VIicroscopy op
Nano scale visualization nfporza Wochonci H M'"'ff'""'a oot
of electromagnetic fields Colon Baclls
. . . Lymphocym
in macroscopic objects w T
: Hepatocyte

Mouse’s

\R« Whole Brain

. . . .. . Synaptic cleft Axon
« Functional imaging of living/cryo-tissues: ULEIS | Synapse /\ H.p'”,lg‘é:mpus
Neuron(body)

Cross scale understanding of our brain 2 TEM >  HVEM
from synapse, neuron, network to organ.

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

'][hickn_ess
* Industrial use: It can see EM fields in packaged I 1 1 I I ° Specm?i
IC/LSI, Li ion battery, solar cell, piezo, etc. 100nm 1um 10um 100um 1mm 10mm

Scanning Muon Microscope

decay
positron

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



¢ " Neutron Focusing
Moderator & Devices

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
imes gain of flux

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+14 [ Neutron Brightness J-PARC
S5e+14 | 152
ESS
4e+14 | SNS
J-PARC
3e+14

2e+14
le+14

TS1

0 2000 4000
Emission time (us)

Brightness of MLF TS2 will be the
world's highest compared to the
next plan of overseas facilities 1






MR/NU achieved operation at 760kW!!

Original design goal: 750kW MR Power 763.97 kW

(Current goal: 1.3MW)
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More Rapid Cycle:

248s 2> 1.32s> 1.16s
* Main Power Supply to be
renewed
* High gradient RF Cavity
* Improve Collimator
e Rapid cycle pulse magnet
for injection/extraction

More Protons /
Pulse .

* |Improve RF Power

* More RF Systems

e Stabilize the beam with
feedback

1400

F 1 E T 21 3 MW
— 1200 | / :
i 1000 £ Magnet PS upgrade :
g;; ' 2.48 > 1.32 s cycle ;
8 800 : \\ &?_..32 2110 5 cycle
E 600 [ 515.kW...~" > i
3 ¥ .__.—-o/ @ RF system upgrade]
@ 400 | > -
i @ 2" harmonic RF cavities
200

016 2078 2020 2022 2024 2026 éoz% F Y"eo:so

(® Collimator system
® Injection/FX system

@ Beam Monﬁors
(BPM circuits)

In April 2023

Successful demonstration of

MR-FX 30 GeV acceleration

766 kW eq. (2.17¢14 ppp) in 1.36 s cycle!]




T2K experiment

» Status
» 760kW operation achieved (2023)
» Delivered POT: 4.1e21
(nu:2.5/anu:1.7) , o S
» Latest results ~5 /70 members, 78 Institutes, 14 countries (//7?/I IFEW
» 3.6x10%! POT (2010~2022) analyzed

. AmZ vs. 0
» World leading measurement of atm Atmospheric niixini:; parameters
param
» Large arca of 0CP excluded at 3o
» CP converving excluded at 90% LRI Caneatewn o . s
» Weak preference of normal ordering i U e

T T2K2022 e Supe 7 MINOS+ World-leading measurement of

Am?, [eV/c]

samples cause largest change
compared to 2020

Multi-ring y“CC‘ln sample only

gives small contribution due to

being above oscillation maximum
040 045 0.50 0.55 0.60

Same data set as Neutrino 2020 result, with added analysis
improvements and new samples

Total Accumulated POT for Physics

V-Mode Accumulated POT for {’hysics USEd here!
V-Mode Accumulated POT for Physics :

V-Mode Beam Power

V-Mode Beam Power

Using 6.5 constraint from reactor experiments: sin?(26:5) = 0.0861 + 0.0027

T2K Run 1-10, 2022 Preliminary

— Normal ordering
Run10

Inverted ordering

@2z - cL
90% CL
=5 2o CL
[ JsscCL

Beam Power (kW)

ER
o
-
RS
[
Q
9
kel

ot
L
=
El
g
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2
o3
<

ematbest-fit - CP-conserving

Antineutrino mode e-like candidates

T2K Run 1-10, 2022 preliminary
80 100 120

Neutrino mode e-like candidates

0 Es = 0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year




12K upgradie SSEEIeE T2K ND280 upgrade

» To improve further sensitivity curment bz Uparaded N0z80 = gl
j TMEE Y 2x10° of 1cm3
» Upgrade ND280 for systematics el 1) s Y " seintillatoneabes

» Beamline upgrade for higher beam power
upto 1.3MW

Proton reco efficiency|

» KEK will make best effort to secure ~4 cycle New capability to deeply
(mOﬂTh) /ye(]r understand neutrino

interactions

Efficiency
S 92 ¢

. : = : 2 : .
> AI m .I.O O CC U m UlOTe A ‘I X‘l 022 po.l- W ! Run number : 16120 | SubRun number :0 | Event number : 12772 | Spill : 12345 | Time : Sun 2023-12-24 17:28:50 JST | Parition : 61 [Trigger: Beam Spill

New horn magnet

—_
(%)

— w/ eff. stat. improvements (no sys. errors)
=== w/ eff. stat. & sys. improvements

= = = w/ eff. stat. improvements & 2016 sys. errors

—
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£
0
)
©
=
Q
x
)
O
]
(o]
>
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Protons-on-Target (x10?)



Hyper-Kamiokande project

>

Project consists
» 190kt Hyper-Kaomiokande det (UT &
collab.)
» Beam power upgrade to 1.3MW
(KEK& collab)
» Near detector upgrade (KEK&
collab)
Physics goals
» CPV in neutrino sector
» Search for proton decay
» Atm-nu, solar-nu and supernova nu
International project hosted by
U.Tokyo & KEK
Construction started in 2020

Aiming to start operation in 2027.

Ocp  Projected sensitivity to CPV

8 -n2

= ..Jmpact.of syst...

—_—
o
x
<
S——
=
.2
7
=
Q
<
()
o

Statistics only )
Improved syst. (v./V, xsec. error 2.7%)
T2K 2018 syst. (v./V, xsec. error 4.9%)

sin(dp)

5 6 7 8 9 10

0
Hyper K preliminary HK Years (2.7E21 POT 1:3 v¥)

True normal ordermg (known)

High power proton beam
J-PARC and near detectors

Hyper-Kamiokande Detector
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Hadron Experimental Facility EXtension (HEF-EX) prOJECt

L)DE : . - - DT DE
o)](< < =a X < : -
Present facility , |JJ g : N
£
: ¢ J
00 5K
1 production target (T1) + 2 S
2 charged beamlines (K1.8/1.8BR, High-p) 1 1 new production target (T2) +
1 neutral beamline (KL) 4 new beamlines (HIHR, K1.1/K1.1BR, KL2, K10) +
1 muon beamline (COMET) 2 modified beamlines (High-p (720), Test-BL)

KEK-PIP 2022 Priory Number 1

22



KOTO experiment

Search for CP violating decay K, 2> m°vv
CP- Cp+
K S
SM pred. is very small ~3e-11
—> Sensitive to New Physics

Upp bound: 4.9x10° (90%CL) PRL 126, 121801
(2021) Editors’ Suggestion

further accumulate physics data toward the
sensitivity better than 1x101°

Number of protons on target

o 1g 7
',‘E F ¥V Upper limit at 90% C.L.
1 A
Ej 10 1? ; ©  Single event sensitivity
= E = T T ;
2 1072:_ 8 S :
& F £ s
- 8 i i . E
- © H H P
4| et T L -
- 3% 8¢ 25
oL L EE  sss Jowex
833 SR8
N ¥ BT Jepeeo
107 i 2N 0000
E 0 w XX¥¥
F ow
10 E rossman-Nir:li
10-10;_ I R N N L
3 :  Standard Model NEW |
- T T —
0—12IIIII\I\I\I\I‘IIIII\I\I\I\IIIIIIII\

1985 1990 1995 2000 2005 2010 2015 2020 2025
Publication year

KOTO prospects for future run

« Beam Power :64kW— 80-100kW

Upgrade the power suppl
P9 P ey Better beam structure

of the magnet in Main Ring|*

80X10% \
70 Analy_sis
Published on-going
60
50 SES7.2x10-10 SES:8.7x1071°
7. T

HH|HH[\H\‘HH"T;HH‘HH‘IIH‘HH

2010 2012 2014 2016 201 2020 2022 2024 2026 2028
] Year

Installed a new UCV
upgrade DAQ

Install a new magnet
in the KL beam line to suppress K*

e The accumulated POT will be 10 times more in 3-4 years, assuming 60

days/year run.
> Will reach a sensitivity better than 101°




Search for new source of
CP violation beyond

KOTO | | @ H E F—eX Standard Model (SM)

New Phase of the K; — vV study
- From “Search” to “Measurement of the branching ratio” -

* More K| KOTO  gignal region
* Smaller extraction angle :'EL'U":.I -

(16° for KOTO — 5° for KOTO II) 2m
* Larger detector \ 4
 More signal acceptance KOTO I signal region
: Be?ﬁl hole : 20 cm x 20 cm
‘ Om 3m 6.5m 15m 20 m
A Y :
KOTO Il detector behind dump at
..s/;_ = . the end of extended hall
A qecg

s = > New KL beam line

2
g =S
g‘"‘éﬁt A_:-_‘.V S ”‘% ‘ %\ / .




Search for new source of
CP violation beyond

KOTO | | @ H E F—eX Standard Model (SM)

New Phase of the K; — m°’vV study

Expect 35 SM signal / 40 background events
assuming 100kW beam, and 3 x 107 s running
(corresponding to 6.3 X 10%° P.O.T.)

Single Event Sensitivity (SES) = 8.5 x 10713

5.60 observation of K; = nt’vv (SM)

25% precision for the branching ratio

If 44% deviation from SM prediction is observed

- Indication of New Physics at 90% confidence level

% o v Neerrt!
A8 /
) f 28 :
4 g D ;
R R
7 =

=% &

KOTO Il detector behind dump at
the end of extended hall

SR

-«T::

\,\V\
il

. NewkL beam line

AN T 25
0> di




COMET experiment

¢ L—2>¢ conversion search
WH(A,Z)2eH(4,2)
+ Very small O(10->%) in SM
+ Discovery = New Physics!

¢ First commissioning in FY2022

¢ Strong participation from UK

Al27

Presént limi

Ee:mu'Bu'Nrecoi\ \

=104.9MeV (]

First beam to C-line for COMET!!

COMET Hall

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

~—_y

Number of Muons

-1 0 1 2 3 4 5 6 7 30 40 50 60 70 80 90 100 _

[usec] Momentum (MeV/c)

[ COMET Phase-I ]

+* COMET Phase-I

* Construct up to first 90°
bend and place detector.
+ Perform direct beam
measurement
+ No backward o, data
so far
* No real BG data so far
+ Perform p-e Search with
an intermediate sensitivity

(O(1019))

* COMET Phase-II

* Complete all transport

+ Perform pi-e Search with a
full sensitivity (O(10-17))

For p-e Conversion Search




[Nuclear physics at Hadron Experimental Facility]

Elucidation of the property and origin of “generalized nuclear force” including strangeness

‘ AWM TR

"5-PHHE

A “lbuki” event

13
-

Mass measurement of Xi hypernuclei

PHYSsICcAL
REVIEW
LETTERS

ot 12 FEBRUARY 2021

— confirm the force between Xi (=) and
nucleon is attractive

Discovery of charge symmetry breaking
in the force between Lambda(/A) and nucleon

A single lambda particle is

Fig. 1 i 4
added in an atomic nch

p

Charge symmetry of mirror nuclei

eus

\dlscovered in thls experlment

I )N
—
Ground state 4AHe
(spin 0)

Mass difference
(measured by gamma ray)

P . Proton
n : Neutron

Mass (large)

Excited state

(spin 1) 4AHe

3H and 3He are the same on mass and structure in mirror images.
If a single lambda particle is added, it is found that a large difference

appears in mas of ground state and excited state.

lifetime

S|gma 0.1 nano sec

proton

Establishment of scattering experiments
between strange baryon and proton

— improve the
precision of
scattering angle
distribution

by x10 for the first
time in 50 years

do/dQ (mb/sr)

8

| angle distribution of elastic Data
6| scattering between sigma(X) and ® J-PARC

- proton O Past exp
4 theory

i quark
20 ~ model

T T s o P eson
0—1 exchange

model

21




Nucleus (Finite Density)

Hadron Mass in Nuclear Matter o | o®

-
« The J-PARC E16 exp. aims to measure changes of Vo 1es® ..

meson

hadron mass in nuclei

« Hadron mass is dynamically generated by QCD due to
a spontaneous breaking of chiral symmetry

« The symmetry will be partially restored in the nuclear

matter by a density effects and the mass is modified. Reconstruct { @ et
© e
« Status R

* First beam in May/2020 I Ll
« Commissioning of new beam line and detectors in E mesonmass WL i

2020, 2021, 2023, 2024 ittt | 11
 Physics runs in 2024 or 2025 (Need approval of PAC) st ff i
Expected Spectrum & | W | it
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A Highlight of future nuclear physics at extended HD hall

Elucidation of YN interaction in nuclear matter
First high-resolution spectroscopy of the
heaviest A hypernucleus at HIHR

nuclear density at the A orbit

Pa f Effect of multi-body force to the

Measurement so far . A single-particle energies
04 |- 208 " + ++ r Simulation
APb (KEK-PS) > %0001 208ph R
§ osf  AE~2.2MeV + = 4000 AE =04MeV \ —_
g Ultra high-| S %
Toz2 ~ 3000 s
© g I_;
3 2000 °
o1 Resolution 400 keV O Pa £
e (5 times better 1000 & g
055 a0 —ies i i ieo e 5o ies than KEK-PS) C AA j WA =
DT . iz .o OO, 9% 25 45 10 5 0 5 10 L
3 25 20 5 _-10 5 0 5 -B, (MeV) [a1]
B, (MeV) : A < Present
Resoluti

—\\On‘\\\
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Clarify density-dependent A interaction and
multi-body force via the systematic measurements

for the understanding high-density matter and
neutron stars.




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

Radiation Damage In Accelerator Target Environments
RaDIATE collaboration meeting 2023 at BNL | | il\ HiRadMat60 @CERN, Nov. 2022
b & S Ty —

1

Target and beam window
survivability : |
Limiting beam power in =
recent major accelerators oy

Radiation damage studies
under RaDIATE collaboration:

Mutual utilization of accelerator || o py FnAL & STFC, 13 insitutions (~Dec. 2022) + 6 new insfitutions (Dec 2022
& post-irradiation exam. facilities | J-PARC joined with CERN in 2017,

Need for RaDIATE Highlight of achievements

~),

Center

"
g rensre

SSSSSSS » -
¥ older - %

' ® P+ jrradiation at Brookhaven N. lab.
J-PARC Mercury vessel: - ® Post irradiation exam. at Pacific N.W.N. lab.

Downstream

Cavitation damage Prototyping of next-generation Neutrino beam window

10°

. ) 5@\\ o :‘ @Jgrgr]otu
Be window 510tk \QQ: . p!S?Sﬁx :
i g [pus T -
embrittlement DRt g g fﬂ;
(FNAL, common & T el
with J-PARC, ) S S _
H ad ron ) Proton kinetic energy [GeV] Sample assembly

Experimental validation of DPA X-section

-40 -30 20 -10 0O 10 20 30 40

Thermal conductivity degrades

ulihelvmabiecped RaDIATE J-PARC for Next-gen. Target & B.W. [Hsiisiianhnnti




L
{,: J-PARC future plan

JPARC

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Accelerator
H0IR 25 it 5%

-- Design and Construction for New Facilities
. ([ [ [ [ [ |

NeutrinorExperiments

i .
ggﬂ%ﬁj@% R R Neutrino'Beam Upgrades ---
--- Hyper-K Experiment

Hadron Experiments

(] r _ S
ﬂ?g?é%ﬁﬁﬁ’ﬁ& COMET Experiment COMET High Power ,
--- HD-Hall Extension / Commissioning
MLF Neutron Experiments for Materials and Life Science

e - A ARl TS1 upgrade (“MLF-double”)

xis I

Muon' Experiments /. Improvements

Muon'Microscope U=Line = H=Line
D) f Irrad Facil
esign of Irradiation Eacility. Construction
ADS R&D I N ————I%|0n
fGFE—LEBSHEE Design of Hot=labo.

Construction




A future plan: J-PARC Heavy lon program

Explore the QCD phase diagram
T

LHC/

O Quark-Gluon

QGP O O Plasma

RHIC H

QCD Critical Point

HI Booster Ring
STAR-

, FAIR, NICA

Hadron () .
' IS"Ord 7 Color Super - :
Hadronic Phag., o conductor 12m

@

Phase

(o}
Up dary

,[l/:

Physics goals:
EOS of Neutron Star

hnEEAF oEN

J-PARCE 1 # »hNiE s

HILINAC

s0m
Hiboester
Cireumference: 160m
som

"
§ﬁeev RCS

¢ () X
%30.4 - 3GeV

L*a

%'Wq s 2

=1-12 AGeV — Yoy, (Au) = 1.9-49 GeV |

« New state of the matter Rl rsgbh
e Quark Phase
« Color Super conductivity

« Hadron physics in finite

density

« Staging approach

2RV N
/ AN M =
MR " ERIER
3->30 GeV (p)
MLF
BEfF D hnERR

1.

p+A experiment (E16) (Feb. 2020-)
| Baseline data and detector R&D for HIC 1
T 11T T

A
i '
| -PARC-HI sy 1 [T

spectrometer il |

0K fac

| i o
| /

2. J-PARC-HI Phase-|
Upgraded E16

BEA A EHRAOERMERE
HFBRHBROTy 7oL —F

radiation dose

Low-rate HIC (up to ~10° Hz Hl beams based on
estimation)

i
—— 37| 3. J-PARC-HI Phase-ll
Large acceptance high-rate spectrometer
{up to 10'* Hz HI beams

* Phasel:
« Beam Intensity: 108 Hz for Au
* New LINAC and reuse of KEK-PS
booster
 Phase 2
« Beam Intensity: 1011 Hz
« New booster and new spectrometer
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J-PARC Symposium 2024

* Discuss and appeal to the world

 Scientific output/achievements in the last 15
years

* (Attractive) Future projects for 20~30yrs or more

e Oct 14-17, 2024 @ Mito (new city culture
center)

]

https://j-parc.jp/symposium/j-parc2024/



Summary y

» J-PARC is the world leading intensity frontier proton accelerator
research complex

» 3GeV RCS/MLF: reached at 840kW stable operation

» 30GeV MR

» 760kW continuous operation succeeded
» Aim to realize 1.3MW for HyperK experiment

» J-PARC is unique facility covering wide range of research fields

» Particle, nuclear physics, material and life sciences and industrial
applications, Archeology, planetary science

» Many exciting future projects are being conducted/prepared

MLF muon microscope, MLF target station 2

COMET

Mu g-2

Hadron hall extension : KEK's highest priority in KEK-PIP 2022

12K = Hyper-Kamiokande

And more

We welcome your more participation for exciting
physics at J-PARC!

V. VYV
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