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J-PARC Facility
(KEK/JAEA）

Bird’s eye photo in January of 2008

South to North

Neutrino Beams
(to Kamioka)

JFY2009 Beams

Hadron Exp. 
Facility

Materials and Life 
Experimental Facility

JFY2008 Beams

3 GeV  RCS

CY2007 Beams

181MeV Linac
400MeV
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Design intensity
RCS for MLF: 1MW
MR for PN     : 750kW

Japan Proton Accelerator 
Research Complex：J-
PARC
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Science at MLF w/ n/mu Neutrino experiment

Hadron experiments Development Accelerator Driven nuclear 
transmutation System: ADS

Material and life sciences Explore origin of matter in the universe



Current Physics Program at Hadron Hall
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Very stable operation of SX at 
64kW last months

Jun17 Jul 1
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New Magnet Power Supplies with Capacitor banks

BM3_A BM3_B
BM3_C

Choppers
+

Output filters

New PS for BM3

• Continuous operation with T=1.3 s for more than 50 hours without errors.
• The peak-to-peak variation of input power reduced from 14 MVA to 2 MVA.
• The current ripple decreased by 1/10 comparing to present PSs at low frequencies.

9A slide by Igarashi et al. 

ΔPout ~ 14 MVA
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new BMPS3’s Input/output power

Capacitor Banks for BM3

New PS tested 
successfully 
in 1.3 s cycle

• Installation of remaining 
power supplies in 2021. 

• All processes are on schedule
for beam test in Jun 2022.



Improvement of spill structure for SX 
experiments

Kinsho
A-TAC2021



Hadron Experimental Facility Extension (HEF-ex) project
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Present facility

1 new production target (T2) + 
4 new beamlines (HIHR, K1.1/K1.1BR, KL2, K10) +

2 modified beamlines (High-p (π20), Test-BL)

1 production target (T1) + 
2 charged beamlines (K1.8/1.8BR, High-p)

1 neutral beamline (KL)
1 muon beamline (COMET)



A Staging Plan
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HIHR

K1.1

KL2
T2

High-p (π20)

JPY150+15-Oku (~US$150M+15M)

K10

JPY40-Oku (~US$40M)

Phase I (FY2023-28) Phase II

K1.1BR

Test-BL



Toward realizing J-PARC upgrade 

HKPAC-01

• J-PARC upgrade for Hyper-Kamiokande approved and funding 
started from JFY2019 supplementally budget 

• J-PARC operation (9month) and upgrade project “Quest for the 
origin and evolution of universe and matters with high-
intensity proton beams” was selected as one of the 15 large 
projects in MEXT Roadmap 2020

• Hadron hall extension
• Mu g-2/EDM
• COMET phase-II
• 9 cycle operation

• “KEK Roadmap” is updated after year-long discussion in 
JFY2020

• J-PARC upgrade for Hyper-K remains to be a major priority
• Reviewed by KEK SAC

• Discussion on new KEK-PIP started aiming to reviewed again 
by SAC and finalized within FY2021





KEK Science Advisory Committee 2021
• KEK-SAC met on March 19, 20 and 

30, virtually. 

HKCM June 2021
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KEK Project Implementation plan (PIP)
• Prioritize projects requiring new funding (request)
• 1st KEK PIP (2016) 

https://www.kek.jp/ja/About/OrganizationOverview/Assessment/Roadmap/KEK-
PIP.pdf

1. J-PARC upgrade for Hyper-Kamiokande project
2. High Luminosity LHC
3. Muon g-2/EDM
4. Hadron hall extension

• HK and HL-LHC funding started, g-2 funding request started
• Discussion to update the PIP for next 6 years from FY2022 started to conclude 

within JFY2021
• Oct2021: PIP2022 outline
• Nov2021: PIP2022 draft
• Feb2022: SAC
• Mar2022: conclude PIP2022

• Propose ~ 8 projects to SAC and ask to prioritize 4 projects among those out of
• HD extension, SuperKEKB/Belle II upgrade, Additional contribution to HL-LHC, COMET phase-II, 

MLF TS2, Transmission Muon microscope, future light source, neutrino EDM, LiteBIRD, KAGRA 
upgrade, Slow positron facility, KISS II, Structural Biology Research Center, +??

Selected as a high priority project in KEK-PIP is a MUST (necessary condition) to be 
funded

https://www.kek.jp/ja/About/OrganizationOverview/Assessment/Roadmap/KEK-PIP.pdf


To realize HEF extension project
•Strong science
Purpose of this 
workshop

•Strong interest/passion 
of “young” researchers
•Who really want to/will 
do science at HEFex



Spare



東日本大震災

ハドロン施設の
事故

700 kW

1 MW 相当
パルス入射

中性子標的容器の
不具合による停止
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RCS beam history



For His Excellency Dr. Sanjay Kumar Verma

Science at MLF

リチウム電池



JSNS2 experiment : Search for sterile neutrinos

Detector @ 3rd floor
(24m from target) Hg target = Neutron

and Neutrino source 
(JSNS2)
17t GdLS fiducial (target) 
detector (4.6m dia. x 
4.0m height, 120 10” PMTs)

Searching for neutrino oscillation : νµ νe with
baseline of 24m

MLF building (bird’s view)

3GeV 
pulsed 
proton 
beam

JSNS2 :Started the first physics run on Jan 12, 2021

> 1.0 x 1022 POT
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(2020)

(2006)

J-PARC(2025-)

Same experimental 
method (1) Confirmed previous BNL result 

(2) Deviation from the SM became 
4.2σ (was 3.7σ)

Muon g-2/EDM

An independent evaluation 
with a novel experimental 

method at J-PARC

Anomalous magnetic moment of muon (g-2) 
(aµx109 -1165900)

New result from FNAL
on April 7, 2021

new physics
beyond SM?

Features of the J-PARC experiment
• Low emittance beam (1/1,000)
• Improvements

• High injection efficiency ( x10)
• Compact storage ring (1/20) 

Better field uniformity ( x10)
• High granularity tracking detector ( x10)

• Simultaneous measurement of EDM (x70 better)

J-PARC muon 
g-2/EDM

(1) Funding requested from KEK
(2) Aiming to start data taking 

from 2025.



Max. beam power :
Fast extraction ~ 515 kW (2.66 x1014 ppp), the world highest ppp in synchrotrons.
Slow extraction ~ 60 kW (6.5 x1013 ppp) in 5.20 s cycle for users with the extraction efficiency of 99.5 %.

Fast extraction 
~ 515 kW in 2.48 s cycle

Slow extraction
~ 60 kW in 5.20 s cycle

Beam stop due to
the earthquake

Beam stop due to
the radioactive material 
leak incident in HEF
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Beam power history of MR

2021/5/26 Yoichi Sato, WEXB02, IPAC2021

As of May 19, 2021

Year



Future (on-going) Main ring upgrade

More Rapid Cycle:
2.48 s 1.32 s  1.16 s

• Main Power Supply to be 
renewed

• High gradient RF Cavity
• Improve Collimator
• Rapid cycle pulse magnet 

for injection/extraction

More Protons / 
Pulse：

• Improve RF Power
• More RF Systems
• Stabilize the beam with 

feedback HKPAC-01
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Upgrades for RF, Injection and Extraction Devices

The 2nd harmonic RF cavities were installed in 2020.

Vcharge=47.5kV, Ipeak=2580A, P=5.20W

Matching resisters were developed for the 
faster cycling of the injection kickers.
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New extraction septum magnets were tested for 
magnetic fields and vibrations with the faster cycling.

< 150°C

RF Anode power supplies will be upgraded by 2025 
as they were done for RCS.

Original 15 units

Added 4 units

A slide by Igarashi et al. 



T2K experiment (2009~)



Hyper-Kamiokande project started!
29

 ~ 10 times larger detector
 Fiducial mass: SK22.5ktonHK 190kton 

 Beam power
 0.5MW  1.3MW

 Aim to discover CPV and n decay etc

Start operation in 2027



Hadron beam line and 
experimental facility

SX point

A-line (2009~)

Hadron experimental 
facility (HEF)

B-line (2020~)

E16

K1.8BR K1.8

KOTO

COMET
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Hadron Nuclear Experiments
to solve Hyperon Puzzle

Sπ K at HIHR & Λp scattering Exp. at K1.1

33



Ultra high resolution spectroscopy 
of Λ hypernuclei at HIHR

∆MFWHM∼1.64 MeV ∆MFWHM∼0.1MeV
~60 days with 3M/spill π+ beam ~30 days with 0.2G/spill π+ beam

SKS@KEK-PS HIHR@J-PARC

Precise determination of Λ single-particle energies in wide mass region
Detection of the effect of density-dependent Λ interaction, 3BRF
+ Λ p scattering data (ΛN int. in free space) 

Understanding of hadron interactions and 
high-density hadronic matters

Y PbCr LaAlC
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KOTO II in the extended hadron hall

KL→𝜋𝜋0𝜈𝜈𝜈𝜈 study at J-PARC
• CP violating process
• FCNC via loop diagrams

• BR in Standard Model (SM) 
=3×10-11

• ~2% theoretical uncertainty
• Good probe 

for new physics search

10-8

10-9

10-10

10-11

Branching ratio (BR)

In 5 years

KOTO

10-12
In 3-5 years

KOTO II

SM (3×10-11)

Aiming to observe 
O(100) SM events

2015 (<3×10-9)

2016-18
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ハドロン実験施設

物質・生命科学実験施設（中性子）

Neutrino

Hadron

MLF-n

ミュオン実験施設
MUSE

Neutrino Beam Upgrades

Neutrino Measurements

HD-Hall Extension / Commissioning

TS1 Improvements towards 1 MW

MeasurementsMuon g-2/EDM  construction

核変換実験施設
ADS-R&D

加速器施設

New PS for MR

Beam Power Upgrades

Commissioning towards Hi Power

Hyper-K Experiment

Hadron Experiments

Materials and Life Experiments / Improvements / New Beamlines 

Muon Experiments / Improvements 

ニュートリノ実験施設

Accelerator

TS2 construction / Operation

Upgrades

Muon Microscope U-Line  H-Line

Irradiation Facility Design / Construction Operation

SC low-beta LINAC prototyping/ beam controlling tech. development

Pb-Bi target development/ Irradiation tests@PSI/ Corrosion test w/ OLLOCHI

COMET Experiment  COMET Hi-Power 

HKPAC-01
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