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Neutrino Beam to Kamioka

Currently 0.525 MW

Material and Life Science Facilit

Currently 0.485 MW(FX)
and 0.051 MW (SX)

Hadron Hall

J-PARC IAC 2018



D'ou venons-nous ? Que sommes-nous ?

Ou allons-nous ?

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

P. Gauguin 1897, Boston Museum

PKU 2018



Hi-power Beams

for the Next Stage of Our Life

Why no anti-matter? Our view is limited by
(matter and “anti-matter” are twin) “what we can feel and touch”
How a life emerged on the earth ? To elucidate the truth in the nature, we need

(Anthropology) "better eyes to investigate more fine structure
How the diversity of the matter and life emerged? more precisely with more sensitivity”
(What a beautiful world!)

PKU 2018



* Elucidate Origin of Matter and Universe

* Explore Origin of Diversity in Matter and Life

— Neutrino Oscillation and its CPV search

— Charged Lepton and Quark Flavor studies and

CPV search
— Strong Interaction studies

— 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

neutron

* USR, 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

muon

positron

atom

nuclei
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Acceleration of Future Technologies!
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A Quest for High Intensity
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World Hi-Intensity Proton Driver for Particle &
Nuclear Physics



Accelerator Based Neutron Source in the World

PKU 2018

IPNS, ANL

@Illlinois, USA
0.01MW

(@
/'
LANSCE, LANL

@Los Alamos, USA
0.06MW



Muon Facilities around the World

Pulsed

(50 Hz)
J-PARC

/O |
\ Pulsed (25 Hz) and
ENAL Bunched SlowX
PU'SEd and There are plans at RAON (Korea)
Bunched SlowX gsjNB (g-2) PKU 2018 and CSNS(China).




Beam Power History at MLF

1MW
1 MW eq. pulse
Test
500 kW
Accident at
Hadron Facility

300 kW

Earthquake ‘1' Availability
v > 93%

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

as of July 3, 2018
due to the earthquake



Beam Power History of Main Ring
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Particle and Nuclear Physics



Completion of the Standard Model

x~100 heavier

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 Mutter (hon-baryonic)?
What is Dark Energy?

How we sliould uaderstand the gravity?
Why ot Universcdsanatesaominant?
Is super-symmetry real?






Matter = Remnant of 1/10° Asymmetry

Origin of Enigma of Missing Anti-Particle : CP Violation
IVI atter CP Violation beyond CKM*Role of Muon

Particle Anti-Particle
Particle and Anti-P
10°+1 10°+ 1

Particle Anti-Particle
CPV ! A

10942 10°

2x10° photons
Formation of Matter by
~+ :
Strong Interaction
Can be created at J-PARC for Precision Meas.
Our Stable World

PKU 2018




Particle-Nuclear Physics explored at J-PARC

Search for CPV beyond CKM theory

e - -
o
i

CPV in neutrin
sector?

= VU . ‘
1 & Charged Lepton FIavor V|oIated?

NOvVA and more at (@ -
1

& Fermllab 2 "“ e /Q

Explore role of strangeness in neutron stars
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Goal of T2K

Neutrino and anti-neutrino behave same?

Search for CP
Violation beyond

Origin of Matter



Hadron Experiment Facility
.
K1.8BR Nuclear Physics
Hadron Physics

High Momentum
Beamline

Hadron Mass Shift

COMET Beamline

PKU 2018
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Pion collection

Proton Beam

Search for LFV process, u-e

conversion with a sensitivity of 10-1¢ /
- Utilize J-PARC Hi- Intensity proton
beam Pion production

target
Muon stopping target

- Innovative apparatus \

>
# Pion collection
# Muon Transport
# Electron Spectrometer

Electron
Spectrometer

# 8GeV, 7uA

Muon transport
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Super Precision Magnetic Field
3T, ~1ppm local precision

EDM

23
PKU 2018

talk by G. Marshall
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Material and Life Science
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Material and Life Science with

The Synergetic Use of Neutron, Muon, Photon, and
Positron

Neutron

Interact with Nuclei

Photon .
- Positron
Sensitive to electrons o
Sensitive to surface

Muon
Sensitive to Magnetism

Neutron * Mjuon Photon ¢ Positron
(J-PARC) Sl (KEK * SPring-8)




Neutron Instruments at MLF

Operation Operation P—
eration
NOBORU (JAEA) i
ANNRI
T Tech. U,
SHRPD(KEK) VIN_ROSE S:g‘o °
(KEK, Kyoto Univ.) Hokkaido U.)
SPICA .
Operation (NEDO, KEK) Operation f
' Operation
iBIX
NOP(KE (Ibraki Pref.)
PLANET (JAEA, U. of Tokyo)
Q
HRC (KEK) | Operation Operation
/ DNA (JAEA)
Operation
Operation 4SEASONS
- e (JAEA)
AMATERAS
(JAEA) — e  Construction
POLANO
II:Operation \. (Tohoku Univ,, KEK)
/ (FTQ\DE%I Operation
TAIKAN Operation
(JAEA) NOVA
Operation (NEDO, KEK)
- Operation Operation
Operation Operation
SOFIA (KEK) SHARAKU PKU 2018MATERIA
(JAEA) SENJU (JAEA)  TAKUMI (JAEA) (Ibraki Pref..)

E The first neutron in May, 2008
B 23 Neutron Beam Ports

B From Fundamental Physics to
Industrial Uses

B Operation: 20
Construction/Commissioning:1
B Constructed by

-KEK

-JAEA

- |Ibaraki Prefecture
-Universities, Institutes &
Government organizations...

F Yearly Operation Days
-~180

F Yearly Guest Number
-~1,000



Muon Facility MUSE @ MLF

Solenoi

3 GeV Pmton beam A

MIC Solenoid Magnet $/ t
l _Line Superconducting
Curved Transport
Solenoid Magnet e d
]
uperconducting .
) ocusing &>
g 4

....
.....

Very unique Ultra—Slow | U-Line D2
Muon Beam ,, PKU 2018
B e e

to Neutron

~7 H-Line

sweonicing - Fyindamental Science

with a large scale
international coll.



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

s HRC ]
POLANO ]
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Applications
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Energy Transfer (meV)
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Instruments in MLF A WU R S —

(high intensity and wide dynamics range)

Momentum Transfer (A-1)

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

HRC (KEK &

Univ. Tokyo)
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Fe-based superconducting
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High Pressure Science

Applications

High Tc superconductors under high pressure

Neptune

PLANET (BL11) in MLF,
and high pressure cells

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

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

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

outcomes

Hydrogen in Fe lattice under high
pressure and high temperature condition

Nature Comm (2014).

Hydrogenation of iron in the early  Partially ordered state of ice XV Ice VIl from agueous salt solutions
stage of Earth’s evolution

Strange ice

Normal ice
PKU 2018
Nature Comm 8 (2017) Scientific Reports (2016) Scientific Reports (2016)



Magnetic Imaging @ RADEN

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

Collaboration with Hitachi Ltd. HITACH'

Inspire the Next Power Consumption in Japan

RADEN results are used to Others

improve simulation technology 19%

to design higher performance Hem& -

motors. 57%

Lightings
14% 2005

S rted by Phot d Quantum Basic R h
Clcj)g?c?ingtedyDev;g;magnt pl:ggr;m bjf\hcéx?rs(ez%r%_zmg) mgt%%%onsume more than 50% of total electric power in Japan




Japan Science Council Master Plan 2017

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 Hyper-K and relevant J-PARC
selected upgrade

— MLF the 2" target station for both
neutron and neutron

MEXT roadmap now selected
Hyper-K

MLF the 2"d target station for

neutron x 10+muon x 50



J-PARC near Future Projects

Neutrino future plan

Hadron Hall extension

COMET phase-2

Muon g-2/EDM@J-PARC

The 2" target station at MLF
Nuclear Transmutation Project

Irradiation and Examination
facility

Heavy lon Acceleration
Muon microscope
Stretcher ring for Slow EX.

The 26th J-PARC PAC



The 26th J-PARC PAC



Collaboration with Academia & Industry

Oversea Institutions

Collaboration with TRIUMF

Experimental Collaboration and exchange program
of researchers; share the know-how on facility and
safety management

Collaboration with ANSTO Collaboration with ESS

New Graduate Course For improving user environment, sample Contribute to the newly constructed major
Established to include environment, e.g. deuterization lab, and facility based on the experience of J-PARC

: exchange program for researchers. truction.
J-PARC science —

University branches at J-PARC J-PARC/Sumitomo
Education and training of students and young researchers at the very front of J- ru bber |nC, Fe”OWShIp

PARC operation, especially to raise the next generation who can create a future :
cutting edge facilities is been enlarged




Now a member of RaDIATE september, 2017
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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!

Including Young at Heart!
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J-PARC: Next 5 Years
 Achieve Design Intensity

*More Science Outputs
Explore Intensity Frontier

Stability and Intensity

PKU 2018



Characteristic Features of Neutron

* Neutrons can investigate structure and

dynamics of atoms and molecules

* Neutron has spin=1/2
- Magnetism, Electric properties

* Neutron can distinguish isotopes
(H, D)

- Soft Matter Researches

* Neutron is sensitive to light elements (H,
Lil III)

- Energy Material (battery, hydrogen
absorbing materials)

* Neutron has deep penetration property
- Engineering Material

PKU 2018
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Accelerator and Targetry
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More Power at MR

More Rapid Cycle:

2.485s > 1.28s 2> 1.16s
* Main Power Supply to be re-
newed
* High gradient RF Cavity
* Improve Collimator
* Rapid cycle pulse magnet for
injection/extraction

More Protons / Pulse:

* |mprove RF Power

* More RF Systems

 Stabilize the beam with
feedback

20747 RESXE EWETEM2018



Readiness for the new Power Supply at MR
B

R&D of Hi-Gradient RF Core is Complete

MA: FT3L

D6

. Capacitor \?E
MA: FT3M banks /

Ferrite



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

J-PARC IAC 2018



Material and Life Science Facility (MLF)

Hi-performance Moderato

World Highest Intensity of
18 Neutron Pulse Beam!

SNS, US ISIS — TS2, UK
5.9 !

4.2 1 4.0

1,000 kW (Design)

1,400 kW
(Design)

~
;ﬁ'
X 1n

|
S o
in &

J-PARC SNS ISIS ’
PKU 2018
Unit: 1012 n/(sr-pulse)



a slide by Hitoshi Murayama



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

Ax- A
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Beta decay of neutron to proton
mediated by W boson

neutron mass ~ 1 GeV/c?
W boson mass ~ 80 GeV /c?

Muon g-2 (anomalous magnetic moment)

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

muon mass ~ 0.1 GeV /¢?
possible new physics scale ~ 1 TeV/ ¢?



