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Brief History of KEK

200 MeV J-PARC Proton Linac was commissioned.
: Proton Synchrotron of KEK was shut down.

: J-PARC was approved.
: KEKB collider started beam collision.

: TRISTAN collider started beam collision.
: 2.5 GeV Photon Factory commissioned.
: 2.5 GeV Electron Linac of KEKstarted peration.

: 12 GeV Proton Synchrotron of KEK became op’l.
: KEK was founded.

: 1.3 GeV Electron Synchrotron of INS

became operational.

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



List of Domestic major accelerator facilities in Japan

(surveyed by Particle Accelerator Society of Japan in 2004)
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A List of Medium Energy (and lon) 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 lon) Accelerators in Japan
(continued)

_— New facility (GHMC) of
Cancer Therapy facilities Gunma-U. will be
PMRC @Tsukuba-U.: 250MeV (Proton) presented by Yamada-san

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 lon Beam Medical Center)
230MeV (Proton)

lon facilities

Cyric@Tohoku-U.: AVF (K 130MeV)
Tandem @JAEA: 40MeV (Proton), 280MeV (lodine)
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.



GeV Class Accelerators in Japan
e .
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Budget and manpower

Budget / year

units of 1M US$

Nurer of staff ,

IHEP (.
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Brief History of KEK

200 MeV J-PARC Proton Linac was commissioned.
: Proton Synchrotron of KEK was shut down.

: J-PARC was approved.
: KEKB collider started beam collision.

: TRISTAN collider started beam collision.
: 2.5 GeV Photon Factory commissioned.
: 2.5 GeV Electron Linac of KEKstarted peration.

: 12 GeV Proton Synchrotron of KEK became op’l.
: KEK was founded.

: 1.3 GeV Electron Synchrotron of INS

became operational.

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



KEK in 1971
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Brief History of KEK

200 MeV J-PARC Proton Linac was commissioned.
: Proton Synchrotron of KEK was shut down.

: J-PARC was approved.
: KEKB collider started beam collision.

: TRISTAN collider started beam collision.
: 2.5 GeV Photon Factory commissioned.
: 2.5 GeV Electron Linac of KEKstarted peration.

: 12 GeV Proton Synchrotron of KEK became op’l.
: KEK was founded.

: 1.3 GeV Electron Synchrotron of INS

became operational.

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



KEK 12 GeV Proton Synchrotron
j Cockcroft-Walton 40 MeV Proton Llnac‘







First Acceleration of PS up to 8 GeV
(March 1976)
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Three-Ring TRISTAN

(e_v et, p)
was proposed in 1973

LAYOUT

12GeV PS




Three Rings

RING I

RING III BENDING MAGNET

SUPERCONDUCTING
BENDING MAGNET

RING II
BENDING MAGNET

TRISTAN RING TUNNEL CROSS SECTION




Neutrino Oscillation

Confirmed by K2K exp. by using v s
generated by the Accelerator in 2004
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Brief History of KEK

200 MeV J-PARC Proton Linac was commissioned.
: Proton Synchrotron of KEK was shut down.

: J-PARC was approved.
: KEKB collider started beam collision.

: TRISTAN collider started beam collision.
2.5 GeV Photon Factory commissioned.
: 2.5 GeV Electron Linac of KEKstarted peration.

: 12 GeV Proton Synchrotron of KEK became op’l.
: KEK was founded.

: 1.3 GeV Electron Synchrotron of INS

became operational.

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



Photon Factory (PF)
E=2.5 GeV, C=180 m




LINAC (2.5 GeV)
full-energy injection to PF
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PF 2.5GeV, 450mA
PF-AR:6.5GeV, 50mA
: Single Bunch

India proposed to
construct one beamline
at PF in 2007
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Brief History of KEK

:06 : 200 MeV J-PARC Proton Linac was commissioned.

Proton Synchrotron of KEK was shut down.
J-PARC was approved.

KEKB collider started beam collision.

P 86 : TRISTAN collider started beam collision.
: 2.5 GeV Photon Factory commissioned.

: 2.5 GeV Electron Linac of KEKstarted peration.

: 12 GeV Proton Synchrotron of KEK became op’l.
: KEK was founded.

: 1.3 GeV Electron Synchrotron of INS

became operational.

: Institute of Nuclear Studies (INS) was founded.

Univ. Tokyo



Three-Ring TRISTAN

(e_v et, p)
was proposed in 1973

LAYOUT

12GeV PS




Three Rings

RING I

RING III BENDING MAGNET

SUPERCONDUCTING
BENDING MAGNET

RING II
BENDING MAGNET

TRISTAN RING TUNNEL CROSS SECTION




TRISTAN 30 x 30 GeV e+e- collider

W) > 2 e
R=480m

Construction
1981-86
The highest
energy e+e-
collider at that
time

] 100 200 300 m




Tunnels of KEKB and PEP-II
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TRISTAN dipole magnets in store




O)
=
Y
Z
<C
—
2
nd
—

i

=

H ..-.Mv—pu-v-" - _""'"




BANZAI!

LN 728 % . - % % -~
;é; FIEIRNCAR 5 Tl U0 MNRCAL TIF  F S e
- W% 7y ‘é » rm*i*& ¥z f»/’;;' \“f ‘;{;@’? \]%’;\\ {)i\/ %3 N == R % § Ny £
o \ﬂ/ ty ¥yt \@%@g@. g L [j/,ﬁi“‘Zf ' .
‘E" i N
(%‘ 7\,1\ [ ’/X/;\%%\ ¢ ‘46 J//QWJ —A/fj' gg’
2 :

- B
k’b}& /‘, (7 A Fy s Wb ~F b 4z, o N
) P % 4z, = X 3
oS o7 B eiein g g s e j
A N W B A N e DR AL J
o GV y/( . 8w %0 Y 2 ﬁ%\:ﬁf ¥ / é/l‘yar “
W, S W T YR BT o ST () S e
~ \31/\'\/& *'W'd" )Ls&.g” 34 ’* ] V)lﬁ R % 0342 % 7/? ?‘?_\ A g
/ ® 6‘_ (N ¥ % ‘f}@ " ;«‘Q% J ¥t b -
X § T »\«\‘wfv*‘“}/ %iﬂi&' . %%, 29F Y L« Y N
T = L'E\* NC) N Y ’\:\’\e‘% \%r‘\‘ \é\o/\/& \, 93‘”‘ Q/ A ‘-’Q Thﬁ{lqv’ @ o
Ba | 2 gk Huy > TR % né\ o L kel ﬂ’f,”y SR ) o8
RS EE R T AN \JM NGy . TR B waler
$F - mae AN X By ‘mx"* ~“€“'§7 LD ¥ ¢
AN * o Ve WXy Buega”
vl g e, Ay » !
?.‘: %7 e 5 Bw :’G:E:: /‘l s
Ty A s D0 Syl m , 4
e ol 5
Ry ISR T IR e V + /i-— P B ! 37
> s >= N 3 > U
P sy 250 GeV o eet 1 h -
MW A \g X 79 iﬁ» 7*«3&1@“,{ Vg
BF R e E - ¢ s 4 2
¥F ey ¥ Y":a % ' l 86 ‘1 H , win v/ 2
@ 2oz LW\ uy e ® 0 AN &%k DM Y i %
AR DR A S SR S Pl B REAL s g
> Rahe e AT N et dﬂi:ﬁ[ka@ X799 Vews BaRgeL ft ?}’é' Jw,?@zx &
¢ L 1o T s, s 8 P g W LR DM T :
% N 20 ey Tel s ean et MEARc ﬁf?‘j 1! PR ¥
T, % N AN A/aqﬁ%mw@ T R ﬁﬂlk/‘ ; 4117» oy
\\” §»?‘@‘ A\Wé’@;‘i ({"\i@\ %s Fhd-fa 3 )S%ﬁa-v LHA ¥ 0/ 3\ ;*\Qr & ! 1‘;(\
& SN P ¥ & - d;ﬁ Bz, CN é’&}% LN &-.:;w,.# %}c 4 \';‘ S =4 i, v’ 3 *\)i/"‘wt M 2*1’1,5\
T:‘;’ iﬁ\ag 5}'; 2 6%\”; ﬁA*%LTDc)\f; Q’Uffi .«%;’,;%N s & ;\ Brispoce /Libo%r . Zy ’fo* /L\,‘f*,‘?;@.-* o ok
G SV I & N wHIe #® A% / . ‘; e B - g N FESR L2
D ISR T R T s g et hn g et BTN T S
égo %%0 \()/A %.\$;“¢\§7Q & “Sf;( 3z ’*‘ﬂﬂ’ Eﬁﬁ ?*2 T} " Blst t”l‘* k5 ‘%"rﬁ ”]’1&;'7\ \&%%@Mfg é
~ v e e N 5 .
g )g/\ \(}\ T p oK \J\Qmﬂ @5‘; zsam. T wE’ Yot e /? /ﬁ P X/,Sf.y"ﬂ 4‘1@% Ti\jy"%%&, )
% v ew»”’ 4 Fritk bﬁms S Fhok LR B {% :ﬂ €t fi W\“ - { ;]/ gmv ps ﬁ m;m %//
= ¢ . 17 _ 29 %1 > pe 49 T By F <
ann ! f¥ /\X‘_'“ I/ﬁ‘ﬁfﬂm% b ﬂ\’-ﬁui .xnuey 5/%% /& PAREN )r/‘m") %Jg Kfﬁ ﬁ ﬁ LRSS {‘Cw:]{ \‘{(n



Superconducting RF cavities of
TRISTAN

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




History of Energy Increase of e+e- Collider

A B LEP

SLAC
TRIS]
PETRA

[AN

Linacs




Scientific American
January 1980, by Robert Wilson)

The 1mpression 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, 1s planned.

KB (I 2GeV M TRIS TAN I B T
[T S0GEVUHIIIIIITITIIIIIIIIT350Ge V ...1980.2...
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Brief History of KEK

:06 : 200 MeV J-PARC Proton Linac was commissioned.

‘05 :
"9@0‘01 :

‘08 :

Proton Synchrotron of KEK was shut down.
J-PARC was approved.

KEKB collider started beam collision.

«— 86 : TRISTAN collider started beam collision.
: 2.5 GeV Photon Factory commissioned.

: 2.5 GeV Electron Linac of KEKstarted peration.

: 12 GeV Proton Synchrotron of KEK became op’l.
: KEK was founded.

: 1.3 GeV Electron Synchrotron of INS

became operational.

: Institute of Nuclear Studies (INS) was founded.

Univ. Tokyo



KEKB = Asymmetric Double-Ring Collider for B-Physics
8 GeV Electron + 3.5 GeV Positron

Superconducting
cavities (HER)

Belle detector

ARES copper
cavities (HER)

ARES copper

3.5GeV e+
Linac

KEKB is an upgrade of
TRISTAN
and
the world highest
luminosity collider

e+ target



Mt. Tsukuba




Finite crossing angle at IP (22 mrad):

Easier beam separation with super/normal special final
quadrupoles.

Superconducting cavities: Achieve high
accel. voltage efficiently

Accumulaed world's highest‘> 1A Achieved world’s smallest beam size as

a ring collider (2.3 um x 100 um).

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

Realized 2-bunch injection of positrons
ARES Cavities: Stabilize the high current by the huge
stored energy

Bunch-by-bunch feedback suppresses other instabilities

2.5rncell lattice: Flexibility and small 4

nonlinearity.

Access the half-integer
resonance by < 0.01.



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.

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.
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KEKB Collaboration : Belle

countries, 57 institutes, ~400 collaborators

~
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Events / ps (good tags)

Observation of CPV

)

in the £ meson system




Belle Detector

Aerogel Cherenkov cnt.

SC solenoid n=1.015~1.030

1.5T

Csl(TI) 16X,

TOF counter

= Tracking + dE/dx
- _small cell + He/C,H,

i/ K, detection

O 14/15 lyr. RPC+Fe

3 lyr. DSSD




PEP-II e*e- Collider

® Use the SLAC linac as

upgraded for the SLC for the
injector.

Electron
SLAC/LBL/LLNL '

SLAC-Based B Factory:
PEP-Il and BABAR

Electrons

High Energy Ring
(upgrade of existing ring)

et |
Both Rings Housed in Current PEP Tunnel lﬂﬁ

C=2200 m

BaBar
Detector

HER RF
Collimators

LER Tune
Wiggler

HER Injection X Detector

LER Tune
RF, Feedback

R Feedback,
Dégoupling

HER Tune,
LER Wigglef, DCCT, BCM

CT, BCM, Decgupling

HER
RF
476 MHz

LER
RF
476 MHz

Feedbacks
Diagnostics

3.1 GeV positrons x 9 GeV electrons



The PEP-Il e*e-asymmetric collider




Tunnels of KEKB and PEP-II
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KEKB PEPII

-4 10 - Increase of Peak Luminosity il 034 S
= . .
= 10.567 /nb/s on 2003/5/13 (KEKDB)

B
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Luminosity of KEKB C/‘aé
Oct. 1999 - Dec. 2006
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The world first application of crab kexs

- . . LER 3.5 GeV
cavities in an accelerator in 2007 ., 0 oy
RF freq. 508.9 MHz,

Cross. Ang. 2x 11 m rad.

Collision Point

Nikko
8 SC-Cavities




Finally two crab cavity was installed in KEKB
one for each ring in Janvary 2007

-

HER (e- 8 GeV) LER (e*, 3.9 GeV)



Crab Crossing @ KEKB

®Crab Crossing can boot the beam-beam parameter higher than 0.15 ! K. Ohmi
z | | | —4—Head-on (crab)
'14:ﬁ e (Strong-strong simulation)
12 =
o )
T 08 4 7~ Crossing angle 22 mrad
“J .06 / e T
04 ///"/ F ®Crab cavities were successfully
02~ « . produced and beam study has started
A A I I :
0 E 1 i 5 in Feb. 2007.
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Crab Cavity & Coaxial Coupler in Cryomodule

K. Hosoyama et al

Support Rod
Jacket Type Main He
RF Absorber |
(Becite) vessel(SUS316L)
P
' k Jacket Type Sub He vessel
/
\a’k / Support Pipe
\\V ' Pl
Input Coupler '1’* -
- N ) S : / Notch Filter
Crab Cavity Cell N = : / /
/ ~_ ' RF Absorber
| _

: > , NI / (Ferrite)
Coaxial Beam Pipe (Nb) & ~Y
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Extract TM,,,, TE,;, Mode / Nl N

Frequency Tuning &

/
Bellows Stub Support



Beams has indeed tilted!

- Observation with Streak Cameras (H. Ikeda et al, FRPMN033)

longitudinal

LER

horizontal

The streak camera
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Brief History of KEK

t‘ﬂﬁ : 200 MeV J-PARC Proton Linac was commissioned.

Proton Synchrotron of KEK was shut down.
J-PARC was approved.

KEKB collider started beam collision.

«— 86 : TRISTAN collider started beam collision.
: 2.5 GeV Photon Factory commissioned.

: 2.5 GeV Electron Linac of KEKstarted peration.

: 12 GeV Proton Synchrotron of KEK became op’l.
: KEK was founded.

: 1.3 GeV Electron Synchrotron of INS

became operational.

: Institute of Nuclear Studies (INS) was founded.

Univ. Tokyo



J- PARC FaC|I|ty

. " . "_ Hadron Beam Facmty
e Materlals and Life Smence e
Experlmental Facility

Nuclear
Transmutation

= Neutrino to
@t Kamiokande @

=1

Linac ® 3 GeV Synchrotron @& 50 GeV Synchrotron [§
(330m) (25 Hz, 1MW) (0.75 MW)

- J-PARC = Japan Proton Accelerator Research Complex

Joint Project between KEK and JAEA




Goals at J-PARC

© Muon (u)
Pion (r)

o @=wn
| 0 Neutrin
a0 Kaon (K)

~ Anti Proton (p)

b Neutron (n)
Need to have high-power

proton beams Materials & Life Sciences at 3 GeV
Nuclear & Particle Physics at 50 GeV —

— MW-class proton accelerator L R&D toward Transmutation at 0.6 GeV
(current frontier is about 0.1 MW)

Target Nucleus

Proton (p)
Neutron (n)

O -

Proton (p)
3 GeV, 50 GeV
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Materials and Life
Experimental Facility

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




Materials & Life Experimental Facility

Number of Users: about 3,000

Neutron Beam Lines %

(23 total)
\

Scattered
Neutrons

Proton Beam




Tentatively Approved
Instrumen

Versatile powder : ey

i diffractometer
Llf_e — JAEA
Science

IBARAKI Biological Crystal
Diffractometer
— |baraki Prefecture

Super High Resolution
L Powder Diffractometer
DT =(SHRPD) — KEK

Protein Dynamics
Analysis Instrument

Diffractometer for
Biological X'tallography

(DIANA) (BIX-PN) — JAEA
. JAEA
Industrial 4d Space Access Neutron
. Spectrometer(4SEASONS)
Consortlum ~Grant-in—Aid for Specially
—Promoted Research, MEXT,

was formed

High—intensity Versatile
Neutron Total Diffractometer
— KEK

Materials
Science

IBARAKI Materials
Design Diffractometer
— |baraki Prefecture

High—intensity SANS (HI-
SANS) — JAEA

. Neutron Resonance Spin Echo
Neutron Reflectometer with spectrometers

Horizontal-Sample Geometry ~ KUR, Kyoto University
- KEK '
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Neutrino Experimental
Facility

Number of Users: about 400

(about 1/4 from Japan)

. . 50000k KkF L7
Experiments with Intense

. 2042 FPMT#1120004&
Neutrino Beams

1996~



Location of J-PARC at Tokai

KAMIOKA .-
0« -




Neutrino Oscillation (T2K)
Experiment

T2KIEXp.

J-PARC

(296K

Mu Neutrino

Electron Neutrino
Kamiokande

Forexample

100 times sensitivity as 100 neutrinos <+— 150 neutrinos
compared with K2K

Dissapearance of neutrionsll<——I[Finite Mass

(I
(T
@ Electron neutrinos D Mu neutrinos
Kamoka,
,\K,,2|,|§bs 913D ——I[IMixing between the 1st and 3rd generation

KamLAND, SNO  CP violation experiment later by increasing intensity

11111
(o) mm Competition with FNAL and CERN !










| (1 ; i
il |
{l \Hl'\HWHU!“.




World Centers

e Materials and Life Science: One of three world neutron centers.
e Nuclear and Particle Physics: World unique Kaon Factory. One of

three world neutrino centers. For antiprotons, GSI will form a center.
e For transmutation, a world unique center.

230
FN
x>
O About 1 year
& before the
@ Center for neutrinos J-PARC

@ Center for neutrons @ Antiptorons completion.
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Tungsten(Carbon
Fast feedback kicker for beam position stab|!|zat|on V\gre Sc{anner )
Optical diffraction beam size monitor

Stripline beam position monitor \
onbe‘i;\\
The ATF2 plan: \.

E'.el;t'
realization of the nanobeam

&
&
Cavity beam position monitor §
Focus point (37nm beam size) ;3
o

Modulator

Klystron

80MeV Preinjector

r lest Facility

Cavity beam position monitor

Laser wire
7

The diagnostic line for the extracted

/ low emittance beam

Double kicker System for
able beam extraction

| e

=

e TR




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

® achieved

O planned
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1 10
Horizontal Emittance [prad-m]




Two Types of Superconducting Cavities

TESLA type & LL type
Phase | : 4 units each

_‘-I— fee

7 LL\
wg’% .L‘A ’ "/3’




- Olb Phase—| | f/fjg»_%@/\

ml. - First test at KEK of cryomodule
e assembling of all components

2 cryomodules (connected each other)
& aaaaa. contain 4 cavities of
TESLA-type and LL-type

35MV/m TESLA cavity

45MV/m KEK ty N

pe “b%?










Thank you
for your attention



