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Radiation and 
Accelerator 
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Radiation

γ R ay:  Moving straight
in the magnetic field

Hot Topic in
the Early 20th

α R ay:  Bending left
in the magnetic field

β R ay:  Bending  right
in the magnetic field



4

Origin of Radiation

α particle 　

Electron 
= β particle

Excited nucleus decays
into the ground state
by the emission of γ rays.

Nucleus
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What is Atom?

原 子 核
（ 正 の 電 荷 ）

Discovered the nucleus                Discovered electron  

Unstable by classical theory 　　          Stable by classical theory

Walter Melon
Model for Atom

Nucleus
(positive charge)

Electron
(negative charge)

Rutherford                                            Thomson
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Rutherford and Thomson

ラザフォード
( R u t h e r f o r d )

トムソン
( T h o m s o n )

電子の発見者 原子核の発見者
ラザフォードの先生

気体の電気伝導に
関する研究で
ノーベル賞

Proposed walter melon
model for atoms Thomson      Rutherford
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Radiation and Rutherford

 Strength of radiation is 
proportional to the 

number of the sample 

dN/dt  ∝ N

N = N0 exp(-αt)

Rutherford received Nobel Prize in Chemistry by the discovery
of this decay curve (and not by the discovery of the nucleus) .

Yield for the 
daughter nucleus

Yield for the 
parent nucleus
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Rutherford and New Zealand

Mother of Rutherford was the first woman teacher 
in elementary school in New Zealand.
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Device to Create Radiation Artificially (1932)

Accelerate particle and
bombard the nucleus

Production of new nuclide

Radiation from a new nuclide
（ Artificially created radiation ！）

Actual 
Cockcroft 
-Walton 
accelerator
(from London 
Science Musiam)

J. D. Cockcroft (1897-1967)
E. Walton (1903-1995)

1932 年： First Accelerator
1951 年： Nobel Prize

雑誌｢ニュートン｣より転載
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Discovery of Cyclotron (1930)

E. O. Lawrence (1901-1958) right
M. S. Livingston (1905-1986)  left

1931 年： First Cyclotron
1939 年： Nobel Prize to Lawrence

Student 
of

Lawrence

雑誌｢ニュートン｣より転載

Magnetic
field
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Usage of Cyclotron in 1030’s

Ernest O. Lawrence (1901-1958) 
1928 ： From Yale to Berkeley
1930 ： Construction of Cyclotron
1939 年： Nobel Prize

John H. Lawrence (1903-1991) 
1936 ： From Yale to Berkeley
    Pioneer for Radiation Therapy
    (Neutron therapy, usage of isotopes ）
1983 ： E. Fermi Prize
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Why Accelerator?
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Wave and Particle (Two Predictions and Experiment)

Measurement for Electrons

100 electrons                3,000 electrons              70,000 electrons 

Fundamental rule in Quantum TheoryParticle is Wave
Wave is particle

Wavelenfth     Slit separation
Diffraction is observed !

∼

Slit

Incoming 
Wave

Diffraction
Pattern

Slit

Incoming 
Particle

How do
You think ?
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(Particle) Energy and (Wave) Length

1924: PhD Thesis
　

Louis de Broglie 
 (1892-1987)

h
pλ =

Wavelength 　 Momentum 　

Planck Constant

Higher the Energy  Higher the Momentum
 Shorter the Wavelength  Microscopic object

Referee: A. Einstein

　

(1927: Davidson-Germer Electron Scattering Exp ）

1929: Nobel Prize

Wave 　      Particle
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AcceleratorTo study micro object

eV: Electron Volt (energy with 1 Volt)
k = 1,000, M = 1,000,000
G = 1,000,000,000

Electron
(-e)

Atom

Proton (+e) or 
Nucleus (+Ze)

Heater

Plasma

High Voltage (-V)

10 keV

100 MeV

1 GeV

> 100 GeV  

Walter 
Molecule

Oxygen
Atom

Proton

Nucleus

Quark
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Linear Accelerator (Linac)

陽子などのイオン

ー

ー＋

＋

1 MV

時刻  1

ー

ー＋

＋
時刻  2

E = 1 GeV
1000 段加速するとー

ー＋

＋ー

ー

＋

＋
時刻  3

Time 1

Time 2

Time 3
Acceleration with 1,000 stages

E = 1 GeV

Proton or  
Nucleus

Voltage is changed 
according to the 
position of protons

時刻  1

時刻  2

時刻  3

各電極には交流
電場をかける ！

Time 2

Time 3

Alternating
field at each

electrode

Time 1
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Inside of Linac for J-PARC
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Entire Linac for J-PARC
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Synchrotron

Apply rf field to
coherently accelerate

particles ！

One turn acceleration is

100 kV  100, 000 turns

E  = 10 GeV

Longer length for higher energy acceleration 

Can we use one electrode many times?

Moving ion is bent by the magnetic field.
Higher the energy, less bent

Magnetic
field H Movement 

of Ion (current) I

Force F

Lenz law

磁石

Ｎ極

Ｓ極

H

エネルギーの低いときは弱い磁場
エネルギーの高いときは強い磁場

常に同じ円周を描くように
磁場の強さを同期調整
（シンクロナイズ）

イ オ ン

ー

ー＋

＋

1 0 0 Ｋ V磁石

Magnet

Magnet   Ion 
 

Lower the energy, weaker the field.
Higher the energy, stronger the field.

To circulate the same ring,
to apply synchronized

magnetic field.
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50 GeV Synchrotron for J-PARC 

About 100,000 turns
to reach the 
maxi mum energy
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B-Factory

Electron-Positron
Collider

・ CP Violation

・New Particles

J-PARC
50 GeV

・ Kaonic Nuclei, Hyper 
nuclei, Rare Decays

・ Neutrino Mass + Mixing

Kaon
   Beam
NeutrinosRI Beam 

Factory
RI

Beam

・ Nuclei far from the 
Stability Line

・ Nuclear Synthesis

RCNP Ring 
Cyclotron

Proton
Beam

・ Precise Measurements 
on Nuclear Structure

Accelerators in Japan (Particles & Nuclei)
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J-PARC
3 GeV

・Magnetism  ・ Hydrogen in matter

・Biology  ・ Industrial usage, etc.

Neutrons
Muons

X-Rays

・ Nano sciences

・Materials 
structure

・Biology

・Laser Compton 
Gamma Rays

・Industrial 
usage

・etc., etc.

SPring-8

HIMAC Heavy Ions

・Cancer therapy

・Biology, etc.

X-RaysKEK PF

・Largest until the completion 
of SPring-8.  Still working.

Accelerators in Japan (Applications)
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J-PARC Facility
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Nuclear 
Transmutation

(Phase 2)

Joint Project between KEK and JAEA 2

Materials and Life Science
Experimental Facility

Hadron Beam Facility

５００ｍ

Linac
(330m)

Neutrino to 
Kamiokande

J-PARC Facility

3 GeV Synchrotron
(25 Hz, 1MW) 50 GeV Synchrotron

(0.75 MW)

J-PARC = Japan Proton Accelerator Research Complex
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 ■ １９９９．４：International Review

 ■ ２０００．８：評価部会報告（約１０ヶ月）[Domestic Review for 10 months]

 ■ ２０００．12 ： Approval of the Project

Start of the Joint Project

協力協定覚書調印式
JAEA                              KEK
村上理事長（当時）　　菅原機構長（当時）

 ■ ２００１．５：Formation of the Project Team

 ■ ２００２．６：
Ground Breaking Ceremony
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Major Event During the Past One Year

 Injection, RF capture and extraction with 3 GeV beams at MR (5/22)

Acceleration of Beams to 30 GeV at the 50 GeV MR (12/23)
Neutrons + Muons:  Beam Usage for General Users (12/23)

Production of Neutrons (5/30)

2

3

4

5

6

7

8

9

10

11

12

1

2

3

4

2008

2009

Beam power of 5 kW/pulse (130 kW equiv.), 50 kW extracted at 3 GeV

 Beam power of 12 kW/pulse (300 kW equiv.), 210 kW extracted at 3 GeV
 Production of Muons (9/26)

Extraction of the 30 GeV beams to the Hadron Experimental Hall (1/27) 

Production of Neutrinos (4/23)

(2009/7/6: Inauguration Ceremony in Tokyo Kudan-Kaikan)

Open House (8/10)

Production of Kaons (Feb.)
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Goals at J-PARC

Need to have high-power
proton beams

→ MW-class proton accelerator
    (current frontier is about 0.1 MW) 

R&D toward Transmutation at 0.6 GeV
Nuclear & Particle Physics at 50 GeV
Materials & Life Sciences at 3 GeV



28

Number of Beam Particles 

# of particles 
per one proton

# of particles 
per second

Typical number of 
particles at one 

beamline*)

Neutron 80 10 17 10 8 

Muon 10 -4 10 11 10 7

Kaon 10 -4 10 10 10 6

Neutrino 6 10 15 3 x 10 7

*) Number listed here is at Super Kamiokande.

Beam Flux at the Full Power Proton Beams
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J-PARC Open House

Last year, about 2,600 people came!

We had the open house this year 
On August 1 with Tokai JAEA 
Campus

We had 4,600 people this year
Among them the tour of J-PARC 
 were 3,700
(+ staff members of  600 ）
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Inauguration Ceremony (1)

Okazaki (JAEA), Nagamiya (J-PARC Center ） , Suzuki (KEK) Minister Shionoya

Shionoya (MEXT), Kanazawa (SCJ),
   Imai (Economical Society), Arima
        Hashimoto (Governor)

Important Guests from the Government
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Inauguration Ceremony (2)

Koshiba    Kobayashi

Important Guests from Abroad
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Neutrino Facility
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Neutrino Oscillation (T2K) Experiment

４０ｍ

４１
．４
ｍ

神 岡 町
（岐 阜 県 ）

東 海 村
（茨 城 県 ）

タ ウ ニ ュ ー トリ ノ ミュ ー ニ ュ ー トリ ノ

(295km)

J-PARC
大 強 度 陽 子 加 速 器

神 岡 町
（岐 阜 県 ）

東 海 村
（茨 城 県 ）

タ ウ ニ ュ ー トリ ノ ミュ ー ニ ュ ー トリ ノ

(295km)

J-PARC
大 強 度 陽 子 加 速 器J-PARC

      Mu NeutrinoSuper
Kamiokande

Electron Neutrino

T2K Exp.

Fi rst measurements of  mi xi ng angl es 
between 1st and 3rd neutri nos  

350 N on-Japanes e M embers
（60 Japanes es ）

Si gnal  of  
neutri no

producti on
(Apri l  23.  2009)
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Detection of Neutrino

μ-particle μ-neutrino

Nucleus
Cerenkov light

Walter

Photon count

Super
Kamiokande

Walter

μ-particle 
(with charge) μ neutrino

Nucleus
vacuum
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Neutrino beamline
G ra p h i t e  ta r g e t

P r im a r y  p r o to n  b e a m  lin e  
c o m p le te d

E le c t r o m a g n e t ic  h o r n
N e u t r in o  m o n it o r  b u i ld .

U A 1  m a g n e t d o n a t e d  
f r o m  C E R N  in s t a l le d  in  
A p r-J u n , 2 0 0 8  o n  
s c h e d u le

D e c a y  v o lu m e  c o m p le t e d

B e a m  d u m p  c o m p le t e d

3 5

Target station completed

Proton Beams

Production of πFocusing

π -> µ + ν 

Confirmation of
ν production

On-site detector

http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG
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Neutrino Detection with On-Site Detector

Neutrino Beam

On November 22
it was succeeded to
detect a neutrino
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How Many Neutrinos Can You Detect?

４０ｍ

４０
ｍ

Su p e r  Kami o k a n d e

3x 1 07/s  (30 mi l l i o n /s ) 、
A f e w x  1 08/d a y

Ne u t r i n o s  a r e  p e n e t r a t i n g
Th r o u g h  t h e  d e t e c t o r  

De t e c t e d  a r e  o n l y
1 0-20/d a y

On -s i t e  d e t e c t o r
(p h o t o : :  u n d e r  
c o n s t r u c t i o n )

50, 000 t o n  wa l t e r ,  o v e r  1 0, 000 p h o t o t u b e s
F r o m t o p  o f  o n -s i t e  d e t e c t o r

Ne u t r i n o  b e am
（ F r om To k a i  t o  Kami o k a :

a b o u t  1  ms )

Ab o u t  1 015 /s  
n e u t r i o n o s  a r e  
p r o c d u c e d  f r o m 

J -PARC
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Neutron Facility
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Experimental 
Devices

Muon Experimental Area

Neutron Scattering Area

Materials & Life Experimental Facility

Neutron Beam Lines
 (23 total)

Neutron Beam Lines
 (23 total)

Target Station

Scattered
Neutrons

Proton Beam

Proton 
Beam



40

Diffraction Pattern for Neutrons

Slit

Incoming 
Particle

How do
You think ?

Neutron carries wave nature  !    
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Neutron Scattering

ある特定の角度に
反射されやすい

結晶面

Cr y s t a l
 Su r f a c e

Ne u t r o n  i s  
p a r t i c l e
a n d  wa v e

I f   t h e  p a t h  d i f f e r e n c e  i s  
n -t i me s  t h e  wa v e l e n g t h ,  
t h e n ,  wa v e  i s  e h n a n c e d  

Ne u t r o n Ne u t r o n

Neutron will be 
reflected to a 
specific angle

Crystal
Surface
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Neutron DiffractionResearch on Magnetism !

Para 
Magnetic
Phase
(no 
magnetism)

Antiferromagnetic
Phase

中性子

スピン 1/2
電荷 　0

・ Neutron is a microscopic
  magnet

Neutron

Spin ½
Charge 0

　 Bragg Diffraction
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HRCNOP

1s t E xperimenta l Ha ll (E as t H a ll)

NOBORU
S-HRPD

NNRI 4SEASONS

7 Feb., 2008

iBIX

Beam
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Incoming  Wave

Penetration Probe
　  → Penetrate through the 
       matter

Wave Nature
 → Determination of the structure

→ Sensitive to hydrogen atom

Nature of Neutron & Neutron Scattering

Magnetic 
Scattering

Neutron 
-Microscopic 
Magnet

Movement can be
detected

Neutron

Proton

Probing Magnetic Structure

Sensitive to the Movement of Atoms

Diffraction Pattern
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缶の中に噴水の玩具をセットしてＸ線と熱中性子ラジオグラフィの結果
Ｘ線では、玩具内のモータなど金属部分が鮮明に見えるが、噴水の状況はわからない。一方、中性子では、玩具の樹脂で内部のモーターなどが見えにくくなるが噴水の状況が鮮明に見える。（ X 線は管電圧を下げても噴水は見えにくい）。

Ｘ Rays
カメラシャッター： 1 /500

Neutrons
カメラシャッター： 1 /500

Neutron Beams as a Probe of Hydrogen 　　
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Example of Neutron Scattering

X-rays interact with electrons.
 → X-rays see high-Z atoms.

Neutrons interact with nuclei.

 → Neutrons see low-Z atoms.

Li

O

Mn

Li

O

X-Ray
Measurement

Li battery

Hen Egg-White
Lysozyme

Neutron
Measurement

H2O
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Glass 

Micro Macro
Spacial Scale

T
im

e 
S

ca
le

(e
ne

rg
y 

sc
al

e)
S

lo
w

R
ap

id

Crystal  Structure
Plant

Protein

DNA

High TC Superconductor

ウイルス

ミセル

Polymers
Nano Tube

Nano  Crystal

  Engine   Inddustrials

Drugs

Quantum Spin

Wide areas in time and space
Atomic size ～ Human size

Fento second ～ year

Battery

Spin Dynamics

Building    Earth

Broad Application of Neutrons

Magneto resistance
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Transmutation



49

Hi gh-Level
Waste

Atomi c Power Stati on

Takes 10,000 yrs to
reach negl i gi bl e l evel

Wi thout transmutati on ･･･

群分離

  Long- l i ved

 Short- l i ved

核変換処理

Accel erator

neutron

Protpm
Trarget

Short- l i ved

takes 500 years to reach 
negl i gi bl e l evel

Wi th transmutati on･･･

Radi ati on Level
（about １/200 ）

Phase 2 
Project

Accelerator-Driven Transmutation
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Facility Image of TEF 1st Phase

Critical 
Assembly

 TEF-P can include subcritical and critical experiments for both ADS and FBR.  

 Beam dump is necessary to introduce a proton beam into TEF-P.  The beam dump can be 
utilized for various experiments concerning radiation engineering. 

 By combining these facilities, wide range of experimental study for nuclear science 
and engineering can be conducted. 

Beam Dump

TEF-P

133kW Beam line10W Beam line

Critical Assembly

400MeV p 600M
eV p
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Current status of facility site

LINAC Building

“Earthwork” for future beam line connection
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World Center

 Materials and Life:  One of three world centers, in particular, in Asia.
 Hadron physics 　 A unique kaon factory in the world.
 Neutrino physics: As a world leader among the three world centers.

J-PARC

GSI

Hadron (antiprotons)
ISIS ：英国ラザフォード研究所の中性子源、 SNS ：米国オークリッジ国立研究所の中性子源
CERN ：欧州合同原子核研究機構、 FNAL ：米国フェルミ国立研究所、 GSI ：ドイツ重イオン研究所

ISIS

SNS

Center in neutrons 
ISIS ：英国ラザフォード研究所の中性子源、 SNS ：米国オークリッジ国立研究所の中性子源
CERN ：欧州合同原子核研究機構、 FNAL ：米国フェルミ国立研究所、 GSI ：ドイツ重イオン研究所

FNAL

CERN

Center in neutrino

ISIS ：英国ラザフォード研究所の中性子源、 SNS ：米国オークリッジ国立研究所の中性子源
CERN ：欧州合同原子核研究機構、 FNAL ：米国フェルミ国立研究所

Hadron (Kaons) 

ISIS ：英国ラザフォード研究所の中性子源、 SNS ：米国オークリッジ国立研究所の中性子源
CERN ：欧州合同原子核研究機構、 FNAL ：米国フェルミ国立研究所、 GSI ：ドイツ重イオン研究所

Users Office 
is working 
very hard on 
this issue !
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Summary

 Unique Accelerator Project 　 Multi-purpose facility
– World class proton facility → Variety of secondary beams � Multipurpose 
– Broad fields in Science (materials and Life, Nuclear and Particle, Nuclear 

Industrial, etc.) → Interdisciplinary facility
– Big facility with small users (over 1000 user groups)

 Open the Facility to International Scientific Communities 
and Domestic Industries

– Internationalization is still not sufficient. Need to improve this aspect.
– Open to industries in the area of neutron sciences.

 Future Issues: Production of Top-Level Scientific Results
– Production of world leading results.
– Operation of the facility as the “User Facility”.
– International facility.  Open to any countries in the world.
– Easier access by the industries.
– Operational funds for KEK and JAEA

JAEA adopted a new scheme controlled by the Government (but protected)
Still some work is needed for KEK”s portion of the operational fund.
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Why Accelerator?
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When the Book Was Discovered (2007)
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Persons who Helped Me (2007)

Prof. CSÖRG  Tamás (left), Ő
Mr. OZSVÁR András (middle) 
and myself (right)

Mr. MOLDOVÁN István

Prof. ZIMÁNYI József and 
Mrs. ZIMÁNYI Magdolna
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Gift Given to me in 2007

Certificate  of Honorary Master (left)
given to me and the black belt. (top).
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Book in 1907
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Photo in Budapest in 1906

This photo was taken on 
July 14th of 1906, the 
birthday of his second 

daughter named Tokuko.
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Evidence to teach Judo to German Prince

German translation discovered at Kodo-Kan Library with a hand-written 
cover page (left) and a sheet of paper inserted in the book (right).  These 

show the evidenced that this book is dedicated to German Prince 
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Photos Discovered in Hungarian Sports Museum

SASAKI Kichisaburo playing with
Mr. NEIDENBACH Emil (1884-1957).
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Mr. Szemere and his recent family 

Mr. SZEMERE Miklós (1856-1919)

Ms. MAGYAR Fruzsina 
A family member of 
Mr. SZEMERE Miklós.
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Newspaper and  Magazine in 1906
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Sasaki Kichisaburo Cup in 2007 (1)

Judo team from Japan (in front of Sasaki Dojo)

Competition among boys 
and girls in the afternoon
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Sasaki Kichisaburo Cup in 2007 (2)

Important Sports persons.  From left to right, TÓTH László (President of 
Hungarian Judo Association), VIZER Marius (President of International 

Judo Federation), SCHMITT Pál (Chair of Hungarian Olympic 
Committee; he received gold medals twice for fencing), myself and 

OZSVÁR András
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Sasaki Kichisaburo Cup in 2007 (3)

Mr. SPEIDL Zoltán (2nd from the 
left) who is a nephew of
Mr. SPEIDL Zoltán (1880- 1917)

Sasaki 
Kichisaburo Cup

Mr. NÉMETH Sándor who took a 
responsibility for music in Sasaki 
Cup.  He composed Judo anthem 
for the Sasaki cup. He is a 
professional wrestler.
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Sasaki Kichisaburo Cup in 2007 (4)

Athletic Club for Budapest 
Univ., where Kichisaburo-san 
taught Judo.

A lot of suveniors
on the occasion of 
Sasaki Cup.
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Sasaki Kichisaburo in Berlin in 1908

SASAKI Kichisaburo (right) with his guest, 
and the owners mother and daughter.
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House in Tokyo for Sasaki Family

House that he built when hearing the visit 
of German Prince.  In the middle is 

SASAKI Kichisaburo.
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Sasaki Family

Sasaki Family (the infant in the middle is my mother).
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Sasaki Kichisaburo from My Album

SASAKI Kichisaburo from 
my album. This photo was 
used in my trip report in 
2005, so that I saw this 
picture in many places in 
Hungary.  The year when 
the photo was taken is 
unknown
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Why Accelerator?
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医療への応用 ( 放医研の重粒子線 )

276

64

6

31

329

164

25

175

222

85

25

24

22

0 200 400

頭頚部

脳

涙腺

食道

肺

肝臓

膵臓

骨･軟部

前立腺

子宮

直腸

眼

その他

永宮、坂井：
自然、 1976 年 6 月号

重粒子線 ( 重イオン ) による局部損傷効果を利用し
た治療
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世界のガン治療用加速器

放医研・辻井博彦先生の本より転載

20081954
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Neutrino Oscillation (T2K) Experiment
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神 岡 町
（岐 阜 県 ）

東 海 村
（茨 城 県 ）

タ ウ ニ ュ ー トリ ノ ミュ ー ニ ュ ー トリ ノ

(295km)

J-PARC
大 強 度 陽 子 加 速 器

神 岡 町
（岐 阜 県 ）

東 海 村
（茨 城 県 ）

タ ウ ニ ュ ー トリ ノ ミュ ー ニ ュ ー トリ ノ

(295km)

J-PARC
大 強 度 陽 子 加 速 器J-PARC

      Mu NeutrinoSuper
Kamiokande

Electron Neutrino

100 times sensitivity as 
compared with K2K

T2K Exp.

  Electron neutrinos  Mu neutrinos

θ13 　          Mixing between the 1st and 3rd generation

          100 neutrinos 150 neutrinos
For example

Disappearance of neutrinos           Finite Mass      

nent

nm

T2K

大気ニュートリノ
加速器ニュートリノ

太陽ニュートリノ
原子炉ニュートリノ

KamLAND, SNO 

Kamioka,
K2K,
MINOS,
etc.

Competition with DiyaBay, FNAL, etc.

CP violation experiment later by increasing intensity
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Neutrino beamline
G ra p h i t e  ta r g e t

P r im a r y  p r o to n  b e a m  lin e  
c o m p le te d

E le c t r o m a g n e t ic  h o r n
N e u t r in o  m o n it o r  b u i ld .

U A 1  m a g n e t d o n a t e d  
f r o m  C E R N  in s t a l le d  in  
A p r-J u n , 2 0 0 8  o n  
s c h e d u le

D e c a y  v o lu m e  c o m p le t e d

B e a m  d u m p  c o m p le t e d

7 7

Target station completed

Proton Beams

Production of πFocusing

π -> µ + ν 

Confirmation of
ν production

On-site detector

http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG
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T 2 K  n e a r  d e te c t o r s

• S ig n i f ic a n t p r o g r e s s  s in c e  la s t P A C  m e e t in g

• O n -a x is  IN G R ID  m o d u le s  
b e in g  in s t a l le d  a n d  o p e r a t e d

• O f f-a x is  d e te c t o r  b a s k e t 
in s t a l le d

• P r e p a r in g  to  e x c i t e  m a g n e t 
in  m id -A u g u s t

• in s t a l l in g  p o w e r , c o o l in g , 
c o n t r o l s y s t e m s
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Layout for Neutrino Experiment

 Muon monitors @ ~140m
– spill-by-spill monitoring of 

p-beam direction/intensity
 First Front detector  @280m

– 0 degree definition
– High stat. neutrino inter. studies

 Second Front Detector @ ~2km
–  Ultimate systematics
– Now fixing the site 

 Far detector @ 295km
– Super-Kamiokande (50kt)

1.5km

295km

0.28km

Neutrino spectra at diff. dist

p p n

140 m0 m 280 m 2 km 295 km
Included in
the budget

Future
negotiation

2.5 o
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Asian Map

A

T2KK under Discussion
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World Center

 Materials and Life:  One of three world centers, in particular, in Asia.
 Hadron physics 　 A unique kaon factory in the world.
 Neutrino physics: As a world leader among the three world centers.

J-PARC

GSI

Hadron (antiprotons)
ISIS ：英国ラザフォード研究所の中性子源、 SNS ：米国オークリッジ国立研究所の中性子源
CERN ：欧州合同原子核研究機構、 FNAL ：米国フェルミ国立研究所、 GSI ：ドイツ重イオン研究所

ISIS

SNS

Center in neutrons 
ISIS ：英国ラザフォード研究所の中性子源、 SNS ：米国オークリッジ国立研究所の中性子源
CERN ：欧州合同原子核研究機構、 FNAL ：米国フェルミ国立研究所、 GSI ：ドイツ重イオン研究所

FNAL

CERN

Center in neutrino

ISIS ：英国ラザフォード研究所の中性子源、 SNS ：米国オークリッジ国立研究所の中性子源
CERN ：欧州合同原子核研究機構、 FNAL ：米国フェルミ国立研究所

Hadron (Kaons) 

ISIS ：英国ラザフォード研究所の中性子源、 SNS ：米国オークリッジ国立研究所の中性子源
CERN ：欧州合同原子核研究機構、 FNAL ：米国フェルミ国立研究所、 GSI ：ドイツ重イオン研究所

Users Office 
is working 
very hard on 
this issue !
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Ibaraki Quantum Beam Research Center

1st Floor 　 Users Office, etc.
2nd Floor  Meeting Rooms
3-4 Floors Offices for Users

Users Office
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Users Office

Office 
Support

・ Radiation and general Safety
  education
・ Office for Users

Life 
Support

・ Arrangement of Lodging
・ Rental Car
・ Map, local transportation, 
etc. 

　　 Total ： 10,165 人
　（ Non-Japanese: 4,195 ）
　

      Half a year for 
      2008.12 ～ 2009.6

ＭＬＦ

Hadron
Neutrino

Others

A handful people are handling all jobs for users!       

Daily 
Consultation

・ Research Topics 
・ Technical Details

MLF Research
scientists

Experimental Programs

・ Application for Proposals
・ Handling research 
  highlights

Progra
m

Adv.
Comm.

At the Window

・ Issue of ID Card
・ Portal Site
・ Renting Office Materials

Users Office
（ Can be used in English ）
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Discovery of Electron (1897)

J. J. Thomson (1856-1940)
1897: Discovery of Electron

First Accelerator

雑誌｢ニュートン｣より転載

cathode anode

Voltage 



85

Broun Tube and Electron Accelerator

From Toshiba Home Page
Electron Accelerator

ブラウン管
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高温超伝導体などの磁性研究

ISIS ( 英国 ) における新井正敏氏の
中性子散乱のデータ

q ( 運動量移行 )

ε 
(
エネ
ルギ
ー移
行

)

古典的スピン

量子的揺らぎの
効果

フォノン ( 光子振動）

CuGeO3

ISIS 実験の約１００倍の
感度の測定を J-PARC で

仕様仕様

フォノン分散 スピン波励起

特徴特徴

多くのカウンターを用いて、同時に広い空間を覆う検出器を準備した多くのカウンターを用いて、同時に広い空間を覆う検出器を準備した

四季分光器四季分光器

すでに、この英文論文は J. Phys. Soc. Japan
に掲載。今年の Editor’s Choice に選定された
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1 0 2

1 0 3

1 0 4

1 0 5

1 0 6

1 0 7

1 0 8

1 0 9

1 0 1 0

 A cti+F.P　導入前　

0.1 00*M A +1 .03(FP-L ongFP)

0.0050*M A +1 .03(FP-L ongFP)

0.0000*M A +1 .03(FP-L ongFP)

1 .03(FP)

Geological Disposal
Engineering Barrier Natural Barrier

分離変換せず

人工バリア

分離変換効率 :100%
（対象： MA,LLFP ）

新燃料 ( ウラン１トン )( ウラン５トン )

影　響　度（相対置）

天然バリア

地層処分

再処理後経過時間（年）

1 1 0 1 0 0 1 0 0 0 1 万 1 0 万 1 0 0 万 1 0 0 0 万 年

目標：
分離変換効率 :99.5%
（対象： MA,LLFP ）

分離変換効率 99.5 ％で、
500 年後に新燃料程度になる。

MA : マイナーアクチノイド (Np, Am, Cm)
LLFP : 長寿命核分裂生成物 (Tc-99, I-129)

長寿命放射性核種の処分は、原子力利用にとって最も重要な課題！長寿命放射性核種の処分は、原子力利用にとって最も重要な課題！

分離変換による長寿命放射性廃棄物減少


