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2010

‘‘55 : Institute of Nuclear Studies (INS) was founded. 55 : Institute of Nuclear Studies (INS) was founded. 
Univ. TokyoUniv. Tokyo

‘‘61 : 1.3 61 : 1.3 GeVGeV Electron Synchrotron of INSElectron Synchrotron of INS
became operational.became operational.

‘‘71 : KEK was founded.71 : KEK was founded.
‘‘76 : 12 76 : 12 GeVGeV Proton Synchrotron of KEK became Proton Synchrotron of KEK became opop’’ll..

’’83 : 2.5 83 : 2.5 GeVGeV Photon Factory commissioned.Photon Factory commissioned.
‘‘82 : 2.5 82 : 2.5 GeVGeV Electron Electron LinacLinac of of KEKstartedKEKstarted perationperation..

‘‘86 : TRISTAN 86 : TRISTAN collidercollider started beam collision.started beam collision.

‘‘98 : KEKB 98 : KEKB collidercollider started beam collision.started beam collision.
‘‘01 : J01 : J--PARC was approved.PARC was approved.
‘‘05 : Proton Synchrotron of KEK was shut down.05 : Proton Synchrotron of KEK was shut down.
‘‘06 : 200 06 : 200 MeVMeV JJ--PARC Proton PARC Proton LinacLinac was commissioned.was commissioned.

Brief History of KEK



List of Domestic major accelerator facilities in Japan
(surveyed by Particle Accelerator Society of Japan in 2004)





A List of Medium Energy (and Ion) Accelerators in Japan
(extracted from PASJ survey)

SR facilities
ERL @JAEA:  20/38MeV 

FEL @Nihon-U.:  125MeV

FEL @Tokyo-U. of Science:  40MeV

FEL @Osaka-u.: 165MeV

TERAS @ ARIST:  0.8GeV   (Advanced Industrial Science and Technology) 

UVSOR @IMS:   0.75GeV   (Institute for Molecular Science)

AURORA @Ritsumeikan-U.: 0.6GeV

HiSOR @Hiroshima-U.: 0.7GeV

Not included in this list is XFEL (8GeV) project (RIKEN and JASRI)

(To be completed in 2010)



A List of Medium Energy (and Ion) Accelerators in Japan
(continued)

Cancer Therapy facilities
PMRC @Tsukuba-U.: 250MeV (Proton)
cyclotron @NCC: 235MeV (Proton)   (National Cancer Center)
HIMAC @NIRS: 800MeV/u (National Institute of Radiological Sciences)
synchrotron @SCC: 235MeV (Proton) (Shizuoka Cancer Center)
W-MAST @WERC: 230MeV (Wakasa Wan Energy Research Center)
PATRO @HIBMC: 320Mev/u (Cabon) (Hyogo Ion Beam Medical Center)

230MeV (Proton)

Ion facilities
Cyric@Tohoku-U.:  AVF (K 130MeV)
Tandem @JAEA:  40MeV (Proton), 280MeV (Iodine)
RRC @RIKEN: Ring Cyclotron (K 540MeV)
Ring Cyclotron @Osaka-U.: K 400MeV

The world biggest cyclotron (SRC@RIKEN) not listed here will be 
covered by Yano-san’s talk.

And FFAG will be presented by Mori-san.

Many small ion 
accelerators in 

Japan

New facility (GHMC) of 
Gunma-U. will be 

presented by Yamada-san



�

●

●

●

●

●

●
�

1.2 GeV ES, U-Tokyo
(shutdown)

12  GeV PS (shutdown)
2.5 GeV EL
→ 8 GeV

2.5 GeV ES
6.5 GeV ES
30  GeV e+ e- Collider
→ 3.5 x 8 GeV KEKB

1.3 GeV ES, ATF

1.2 GeV ES, U-Tohoku
1.2 GeV EL
8 GeV ES
SPring-8

1.5 GeV ES, 
newSubaru

1.4 GeV ES
Saga L.S.

3 GeV PS
50 GeV PSJ-PARC

KEK

GeVGeV Class Accelerators in JapanClass Accelerators in Japan
EL: Electron Linac

ES: Electron Synchrotron/Ring

PS: Proton Synchrotron



JJ--PARCPARC

BB--FactoryFactory

PhotonPhoton--FactoryFactory

LCLC--Test FacilityTest Facility TokyoTokyo

KEKKEK
Tsukuba CampusTsukuba Campus

KEKKEK
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12 GeV PS
2.5 GeV PF

8 GeV electron
LINAC

1.3 GeV ATF
STF

KEK

Tsukuba Campus

3.5 GeV x 8 GeV
KEKB collider

6.5 GeV PF
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KEK in 1971
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KEK 12 GeV Proton Synchrotron
Cockcroft-Walton 40 MeV Proton Linac



500 MeV Booster

12 GeV PS



First Acceleration of PS up to 8 GeV
(March 1976)



Three-Ring TRISTAN
(e-, e+, p)

was proposed in 1973



Three Rings



Neutrino Oscillation

Found by Kamiokande experiment in 1998

Confirmed by K2K exp. by using ν s 
generated by the Accelerator in 2004

Super-KamiokandeSuper-Kamiokande

KamiokaKamioka

JJ--PARCPARC

KEK
K2K exp.
250 km
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Photon Factory (PF)
E=2.5 GeV, C=180 m



LINAC (2.5 GeV)
full-energy injection to PF





12 GeV PS
2.5 GeV PF

8 GeV electron
LINAC

1.3 GeV ATF
STF

KEK

Tsukuba Campus

3.5 GeV x 8 GeV
KEKB collider

6.5 GeV PF



PF 2.5GeV, 450mA
PF-AR:6.5GeV, 50mA

: Single Bunch

6060 stations : active

India proposed to 
construct one beamline

at PF in 2007
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Three-Ring TRISTAN
(e-, e+, p)

was proposed in 1973



Three Rings



TRISTAN 30 x 30 GeV e+e- collider

Construction 
1981-86

The highest 
energy e+e-

collider at that 
time



Tunnels of KEKB and PEP-II

KEKB

PEPII

1 m



TRISTAN dipole magnets in store



TRISTAN Ring



BANZAI!



Superconducting RF cavities of 
TRISTAN

The first large-
scale 
application of 
SCRF cavities 
in the world



History of Energy Increase of e+e- Collider

TRISTAN



The impression should not be given that the only 
interesting high-energy-physics laboratories are in the 
U.S. and Western Europe. In Japan a 12-GeV proton 
synchrotron, KEK, has been operating for several years 
and a 200-GeV synchrotron, TRISTAN, is planned.

Scientific American
January 1980, by Robert Wilson)

���KEK ��12GeV�����������������������TRISTAN��������������������������3����������������������������������������������������������
������������������50GeV�������������������������������350GeV��������������� 1980 2
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KEKB = Asymmetric Double-Ring Collider for B-Physics
8 GeV Electron + 3.5 GeV Positron

Superconducting 
cavities (HER)

e-

e+

ARES copper 
cavities (LER)

8 GeV e-
3.5 GeV e+ 

Linac
e+ target

ARES copper 
cavities (HER)

Belle detector

KEKB B-Factory

TRISTAN 
tunnel

KEKB is an upgrade of 
TRISTAN

and
the world highest 
luminosity collider



Mt. TsukubaNikko

KEKB Rings Belle

Linac
KEK Site



Superconducting cavities: Achieve high 
accel. voltage efficiently

ARES Cavities:  Stabilize the high current by the huge 
stored energy

Finite crossing angle at IP (22 mrad):
Easier beam separation with super/normal special final 
quadrupoles.

2.5πcell lattice: Flexibility and  small 
nonlinearity. 

J-LINAC: Achieved direct injection energy in a limited 
space.

Accumulated world’s highest > 1.1 A

Access the half-integer 
resonance by < 0.01.

Realized 2-bunch injection of positrons

Achieved world’s smallest beam size as 
a ring collider (2.3 µm x 100 µm).

Solenoids suppress the electron cloud in LER

Bunch-by-bunch feedback suppresses other instabilities

Key Elements of 
KEKB

K.Oide



ARES Cavity

• Passive stabilization with huge stored energy.
• Eliminates unnecessary modes by a coupling of 3 

cavities.
• Higher order mode dampers and absorbers.
• No need for longitudinal bunch-by-bunch feedback.
• No transverse instability arises from the cavities.

Accel.Storage

Resonant

Superconducting Cavity

• World’s highest current, 1.2 A.
• Input coupler has been operated up to 380 kW.
• Ferrite HOM absorber working at 10 kW.





B0 J/ψKS

B0 J/ψKS

13 countries, 57 institutes, ~400 collaborators



Belle Detector



PEP-II e+e- Collider

• Use the SLAC linac as 
upgraded for the SLC for the 
injector.

BaBar
Detector

Feedbacks
Diagnostics

LER
RF
476 MHz

HER
RF
476 MHz

3.1 GeV positrons x 9 GeV electronsC = 2200 m



The PEP-II e+e- asymmetric collider



Tunnels of KEKB and PEP-II

KEKB

PEPII

1 m



KEKB PEPII
1034







The world first application of crab 
cavities in an accelerator in 2007

Collision Point

Tsukuba

Nikko

Oho

Fuji

8 SC-Cavities

KEKB
LER                     3.5 GeV
HER                     8.0 GeV
RF freq.           508.9 MHz
Cross. Ang.     2 x 11 m rad.

~ 1km

Mt. Tsukuba

Photon
Factory

2 Crab CavitiesHelium Ref.

Nikko
Tsukuba
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Nuclear 
Transmutation

J-PARC Facility

J-PARC = Japan Proton Accelerator Research Complex

Joint Project between KEK and JAEA

3 GeV Synchrotron
(25 Hz, 1MW)

Hadron Beam Facility
Materials and Life Science

Experimental Facility

Neutrino to 
Kamiokande

50 GeV Synchrotron
(0.75 MW)

500 m

Linac
(330m)



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



Materials and Life
Experimental Facility

Facility similar to SNS in the US
and to ISIS in the UK



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

Number of Users: about 3,000



Tentatively Approved 
Instruments

Proton beam

Life
Science

Materials
Science

Industrial
Consortium
was formed



Neutrino Experimental
Facility

Number of Users: about 400
(about 1/4 from Japan)

Experiments with Intense
Neutrino Beams

Super Kamiokande

295 km 
West



Location of J-PARC at Tokai

TOKYO

KEK

JAERI

NARITA

KAMIOKA

Tsukuba

Tokai
1 hour

295 km JAEA

J-PARC



Neutrino Oscillation (T2K) 
Experiment

���
��

J-PARCJ-PARC
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

Dissapearance of neutrions�←→�Finite Mass      

νeντ

νµ

T2K

��������
���������

��������
���������

KamLAND, SNO

Kamoka,
K2K,
MINOS,
etc.

Competition with FNAL and CERN !
CP violation experiment later by increasing intensity





3 GeV Magnets

Linac → 3 GeV
Injection area

3 GeV Extraction

To Exp. hall

To 50 GeV To the ring

RF for 3 GeV
(New material)





World Centers

J-PARC

Materials and Life Science:  One of three world neutron centers.
Nuclear and Particle Physics: World unique Kaon Factory. One of 
three world neutrino centers.   For antiprotons, GSI will form a center.
For transmutation, a world unique center.

ISIS

SNS

Center for neutrons

FNAL

CERN

Center for neutrinos

GSI

Antiptorons

About 1 year 
before the     
J-PARC 
completion





• Construction started in 1993

• Achieved world smallest emittance ~2pm rad

• World-wide collaboration going-on

Urakawa-san’s talk



The ATF demonstrated that the beam can be
squeezed beam down to the required size. 



LL type (Alternative)

Two Types of Superconducting Cavities

TESLA type & LL type 
Phase I : 4 units each

LL type (Alternative)

TESLA type (Baseline)



35MV/m TESLA cavity

45MV/m KEK type

–
- First test at KEK of cryomodule

assembling of all components

- 2 cryomodules (connected each other)
contain 4 cavities of

TESLA-type and LL-type
(LL: low-loss)



Cryo-module installed.



Cryo-module installed.



Thank you 
for your attention


