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J-PARC IAC 2018

Neutrino Beam to Kamioka

Material and Life Science Facility

Hadron Hall

Currently 0.525 MW

Currently 0.485 MW(FX) 
and 0.051 MW (SX)
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D'où venons-nous ? Que sommes-nous ? 
Où allons-nous ?

P. Gauguin 1897, Boston Museum 

Where we came from?  What are we?  Where we go? 



Hi-power Beams
for the Next Stage of Our Life

Our view is limited by
“what we can feel and touch”

To elucidate the truth in the nature, we need
”better eyes to investigate more fine structure
more precisely with more sensitivity”

Why no anti-matter?
�matter and “anti-matter” are twin�

How a life emerged on the earth ?
�Anthropology�

How the diversity of the matter and life emerged?
�What a beautiful world!�
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Science at J-PARC

• Elucidate Origin of Matter and Universe
– Neutrino Oscillation and its CPV search

– Charged Lepton and Quark Flavor studies and 
CPV search

– Strong Interaction studies

• Explore Origin of Diversity in Matter and Life
– Neutron as penetrating and hydrogen sensitive 

probe 

• Energy materials (e.g.bettery), Life and soft matter 
(e.g. proteins, polymer), Hard matter (e.g. super 
conductor)

– Muon as a micro magnetic probe

• µSR, X-ray from muonic atom, muon microscope

• Fundamental physics

– Create core of innovation with multi-probe

– Industrial Application

• Synergetic use of SPring-8/PF and J-PARC, Super
Computer “Kei”

• R&D for Nuclear Transmutation

neutron

atom

nuclei

muon

positron
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Industrial Applications for …

[Charge] [Discharge]
Li脱離時のみに
出現する相が存在

共存する3L相
Scientific Reports (2016)

Acceleration of Future Technologies!
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Industrial Application and 
Academic Research are
Two important wheels to 
accelerate the society for 
future!

Industrial Use

Academ
ic Research



Jie Wei /  Y. Yamazaki

1 MW

A Quest for High Intensity
High Intensity

High Statistics

• More Precision
• More Rare Searches
• More Materials

Discovery!
PKU  2018



Main Injector, FNAL
120-GeV Synchrotron, 700 kW 

HIPA, PSI
590 MeV/u cyclotron, 1.4 MW

J-PARC,  KEK&JAEA
3-GeV RCS, 1 MW 
30-GeV MR , 750 kW

SPS, CERN
450-GeV Synchrotron 

World Hi-Intensity Proton Driver for Particle & 
Nuclear Physics

FAIR@GSI
（under construction）



Accelerator Based Neutron Source in the World

1MW

MLF, J-PARC
�������

2008~

ISIS, RAL
(UK)

0.16MW 0.3MW

2nd target station
2008~

1.4MW

SNS, ORNL
(USA)

2006~

IPNS, ANL
@Illinois, USA
0.01MW

LANSCE, LANL
@Los Alamos, USA

0.06MW

5MW
ESS

(Sweden)

2019~

CSNS
(China),500kW

2019~
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Muon Facilities around the World

J-PARC

Pulsed
(50 Hz)

CW

Pulsed (25 Hz) and
Bunched SlowX

BNL (g-2)

FNAL

CW

Pulsed and
Bunched SlowX There are plans at RAON (Korea) 

and CSNS(China).PKU  2018



Earthquake

300 kW

Accident at 
Hadron Facility

as of July 3, 2018 �10 months interruption 
due to the earthquake

1 MW eq. pulse

�1 month interruption 
due to the fire in MLF

Interruption due to 
troubles of Hg-target

500 kW

1 MW 
Test

Availability 
> 93%

Beam Power History at MLF



FX

SX
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Beam Power History of Main Ring
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Particle and Nuclear Physics



Higgs Particle Discovery

Completion of the Standard Model

Why 3 generations?
Why CP violates? (particle-anti-particle 
asymmetry)
Why mass distributed this way?
Baryon number, Lepton number, Lepton 
flavor violated?
What is Dark Matter (non-baryonic)?
What is Dark Energy?
How we should understand the gravity? 
Why our Universe is matter-dominant? 
Is super-symmetry real?

x~100 heavier

CP 
Violation



Hi-Energy Frontier
New phenomena may exist in the 
unprecedented energy region 

Hi-Intensity Frontier
Ultra-precision measurements may 
provide a hint for New Physics!

àLHC, ILC and future 
colliders

àHi-Luminosity lepton colliders, 
Hi-Intensity Proton Drivers 

Astrophysics



Enigma of Missing Anti-Particle�CP Violation
CP Violation beyond CKMRole of Muon

Matter = Remnant of 1/109 Asymmetry

Origin of 

Matter

Our Stable World

�

PKU  2018

+
Particle Anti-Particle

… …

2x109 photons � �
��� ���	��
�
����

Origin of Matter

+
Particle Anti-Particle

109��

… … Exact symmetry btw 
Particle and Anti-P

CPV !

Can be created at J-PARC for Precision Meas.

Formation of Matter by 
Strong Interaction

�

109��

109�2 109



Particle-Nuclear Physics explored at J-PARC
Search for CPV beyond CKM theory

KOTO@Hadron Hall

Neutrino Mixing thru PMNS matrix 

CPV in neutrino 
sector?

T2K Exp.
Charged Lepton Flavor violated?

Explore role of strangeness in neutron stars

LL-Hyper Nuclei

Strange quark may play an 
important roles in an extreme high 
density matter, aka neutron star.

COMET

CPV in Charged Lepton?

gµ-2/µEDMPKU  2018



Goal of T2K
Neutrino and anti-neutrino behave same?

Search for CP 
Violation beyond 
CKM

Origin of Matter PKU  2018



Strangeness 
Nuclear Physics

Hadron Physics K Rare Decay 
(CP violation�

Hadron Mass Shift

mu-e Conversion Search 

Hadron Experiment Facility

PKU  2018
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Slides by S. Sawada



COMET J-PARC E21
Search for LFV process, !-e 
conversion with a sensitivity of 10-16

Utilize J-PARC Hi- Intensity proton 
beam

8GeV, 7!A

Innovative apparatus 

Pion collection

Muon Transport

Electron Spectrometer

Proton Beam

Pion production 
target

Muon stopping target

Electron 
Spectrometer

Pion collection

M
uo

n 
tr

an
sp

or
t
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Resonant Laser Ionization of 
Muonium (~106 μ+/s)

3 GeV proton beam
( 333 uA)

Surface muon beam 
(28 MeV/c, 4x108/s)

Muonium Production 
(300 K ~ 25 meV) Super Precision Magnetic Field

(3T, ~1ppm local precision)

Silicon Tracker

66 cm diameter
g-2

EDM

See talk by G. Marshall
PKU  2018



��

µ+ (~3MeV)

5.6 keV

90 keV

Mu- production

RFQ

D-plate

World First Muon Acceleration

PKU  2018
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Material and Life Science
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The first neutron in May, 2008
23 Neutron Beam Ports
From Fundamental Physics to 
Industrial Uses
Operation: 20
Construction/Commissioning:1
Constructed by
-KEK
-JAEA
-Ibaraki Prefecture
-Universities, Institutes & 
Government organizations... 
Yearly Operation Days
-~180
Yearly Guest Number
-~1,000
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Operation

Operation

Operation
Operation

Operation

Operation

Operation
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Construction

OperationOperation

Operation

Operation

Operation

Operation

Operation
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Construction

Neutron Instruments at MLF

Operation

Operation

Operation
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D2

D1

U1A

U1B

S1

S2

S4

H1

D-Line
U-Line

S-Line

H-Line

Muon target

3 GeV Proton beam
to Neutron
Source

Superconducting
Axial Focusing
Magnet

Superconducting
Curved Transport
Solenoid Magnet

MIC Solenoid Magnet

Superconducting
Decay Solenoid
Magnet

Superconducting
Transport 
Solenoid
Magnet

D-Line 

�����������������������
���������������

U-Line 
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S-Line 
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Muon Facility MUSE @ MLF
H-Line 

Fundamental Science 
with a large scale 
international coll.

PKU  2018



Magnetism, Strongly-correlated electron systems (S=1/2!

Linear motor car

Electric wire

Instruments in MLF
 high intensity and wide dynamics range!

Figure  Covered E-Q space of inelastic 
neutron scattering instruments in MLF.

Fe-based superconducting 
material LaFeAsO1-xHx

Fe

|m| ~ 0.36 μB |m| ~ 1.4 μB

FeFe
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Electron doping effect on high-energy magnetic 
excitations in high-Tc cupurate

Nature Comm. (2014) Nature Physics,(2014)

Weyl Fermions and Spin Dynamics of 
Metallic Ferromagnet SrRuO3

Nature Comm. (2016)

Superconducting 
motor

Applications
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High Pressure Science

Neptune

High Tc superconductors under high pressure

Large press “ATSUHIME” Low-T cell, MITO System 

Applications

PLANET (BL11) in MLF, 
and high pressure cells

Hydrogen in Fe lattice under high 
pressure and high temperature condition

Nature Comm (2014). Scientific Reports (2016)

Partially ordered state of ice XV 

Nature Comm 8 (2017)

Hydrogenation of iron in the early 
stage of Earth’s evolution

Ice VII from aqueous salt solutions

Normal ice

Strange ice

Scientific Reports (2016)

Character
�Cooling only around the sample 
�30K, 5GPa

Merit
�P is changeable even at low-T.
�Quick cooling at 20 K /min

Earth 
science

outcomes

PKU  2018



The world's 1st demonstration of visualizing magnetic field of a working motor.

Magnetic Imaging @ RADEN

Collaboration with Hitachi Ltd.

����
57%


�
14%

����
10%

���
19%

���	������1�kwh)

Motors consume more than 50% of total electric power in Japan

2005

Power Consumption in Japan

Motors

Lightings

Heaters

OthersRADEN results are used to 
improve simulation technology 
to design higher performance 
motors. 

Supported by Photon and Quantum Basic Research 
Coordinated Development Program by MEXT (2013-2018)

PKU  2018



Japan Science Council Master Plan 2017

PKU  2018

g-2/EDM

• JSC selected 28 important 
projects from 166 proposals

• Two J-PARC related proposals are 
selected as important projects:
– Elucidation of the origin of matter 

with an upgrade of the J-PARC 
experimental facility 

– Nucleon Decay and Neutrino 
Oscillation Experiment with a Large 
Advanced Detector (aka Hyper-K)

• One J-PARC proposal not 
selected
– MLF the 2nd target station for both 

neutron and neutron

• MEXT roadmap now selected 
Hyper-K

MLF the 2nd target station for 

neutron x 10+muon x 50 

Hyper-K and relevant J-PARC 

upgrade



J-PARC near Future Projects

• Neutrino future plan 
• Hadron Hall extension
• COMET phase-2
• Muon g-2/EDM@J-PARC
• The 2nd target station at MLF
• Nuclear Transmutation Project
• Irradiation and Examination 

facility
• Heavy Ion Acceleration
• Muon microscope
• Stretcher ring for Slow EX.

The 26th J-PARC PAC



The 26th J-PARC PAC



Collaboration with Academia & Industry

Collaboration with ANSTO
For improving user environment, sample 
environment, e.g. deuterization lab, and 
exchange program for researchers.

University branches at J-PARC 
Education and training of students and young researchers at the very front of J-
PARC operation, especially to raise the next generation who can create a future 
cutting edge facilities

New Graduate Course 
Established to include 
J-PARC science

Domestic University

Industrial Sector

J-PARC/Sumitomo 
rubber Inc. Fellowship
is been enlarged

Collaboration with TRIUMF
Experimental Collaboration and exchange program 

of researchers; share the know-how on facility and 
safety management  

Oversea Institutions

PKU  2018

Collaboration with ESS
Contribute to the newly constructed major 

facility based on the experience of J-PARC 
construction.

Osaka U@J-PARC Kyoto U@J-PARC
Kyushu U@J-PARC



Now a member of RaDIATE September, 2017

PKU  2018
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Summary
• J-PARC is improving operation efficiencies!
• High power frontier is further explored
–MLF reaches 500 kW operation; 1 MW test likely to be 

done. 
–MR-FX reached 475 kW! SX is pushed to 50 kW. 
– Targetry activities will be strengthened further (cf. 

RaDIATE)
• Whole purpose of J-PARC is to produce exciting 

scientific results with world-wide users: both 
academia and industries. We invite YOUNG 
SCIENTISTS to work with us for more excitements 
to share world-wide! 

PKU  2018 Including Young at Heart!
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J-PARC: Next 5 Years

�Achieve Design Intensity

�More Science Outputs

�Explore Intensity Frontier

Accelerator

�RCS:1 MW achieved

�MR 0.75 MWà 1.3 MW

�Explore Multi-MW Possibility 

MLF

�Neutron and Muon:  Diverse 

Material and Life Science

�Enhance Industrial Usage

�New beam lines to extend 

Science Frontier (g-

2/EDM/HFS/DeeMe)

ADS (Acc. Driven System)

Staged R&D approach from 

ADS Target Test Facility to

Transmutation Exp. Facility 

Neutrino

�Established non-zero θ
13

�Constrain CPV.  Hierachy?

�Prepare next gen. of Exp.

Hadron

�Physics Production  

: Hyper-nucl/hadron physics, 

K-rare decays

�Complete new beam line for

COMET/Hi-p BL and 1
st

results 

Stability and Intensity

PKU  2018



Characteristic Features of Neutron
• Neutrons can investigate structure and 

dynamics of atoms and molecules

• Neutron has spin=1/2
à Magnetism, Electric properties

• Neutron can distinguish isotopes
(H, D)

à Soft Matter Researches

• Neutron is sensitive to light elements (H, 
Li, ,,,)

à Energy Material  (battery, hydrogen 
absorbing materials)

• Neutron has deep penetration property
à Engineering Material

��
�

��

��
�

��
�

��

��
�
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Accelerator and Targetry



Join Us!
PKU  2018
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More Power at MR

More Rapid Cycle:
2.48 s à 1.28 s à 1.16 s
• Main Power Supply to be re-

newed
• 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

��
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Readiness for the new Power Supply at MR

MA: FT3L

R&D of Hi-Gradient RF Core is Complete 

MA: FT3M

Ferrite

New Septum for Injection

	��� ��������������������

��������������������������
����

49!"# ������ ����2018

D1 
D2 

D3 

D4 

D5 

D6 

Capacitor 
banks�



Projected Schedule of MR new Power Supply
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Now a member of RaDIATE September, 2017

J-PARC IAC 2018
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Material and Life Science Facility �MLF�
World Highest Intensity of 
Neutron Pulse Beam!

Unit� 1012 n/(sr�pulse)
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a slide by Hitoshi Murayama



Uncertainty Principle
Position and Momentum cannot be 
determined simultaneously

Measurement of position would disturb the 

quantum state so that momentum 
measurement would become inaccurate 

Time and Energy cannot be 
determined simultaneously

Energy conservation 
can be violated if in a 
short time interval



Examples
Beta decay of neutron to proton

mediated by W boson

muon mass ~ 0.1 GeV/c2

W boson mass ~ 80 GeV/c2

Muon g-2 (anomalous magnetic moment)

measured value  > the SM theory by 3 
standard deviation --> possible explanation 
is NEW PHYSICS

neutron mass ~ 1 GeV/c2

possible new physics scale ~ 1 TeV/c2


