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Preface

Succeeding aworkshop on “Research and Development of Acceleratorsin Atomic
Energy Field” held in August 7-8, 2001, so-called the second workshop was held in
August 10-11, 2004 to discuss present status and future plan in the R & D on
accelerator itself and their applications.

The accelerator was invented in first period of the 20 century to provide a
powerful tool for investigating the elementary particle and nuclear physics. Thereafter,
remarkable improvements on accelerator technology have widely enlarged its
applicability to a variety of fields on science, medicine and industry. In present days,
the developments on the accelerator have steadily been going on and new accelerator
projects in many laboratories have been in progress. The JAERI-KEK Joint Project on
High-Intensity Proton Accelerator and the RIKEN RI-Beam Factory have been
progressed. And also in Research Reactor Institute (RRI), Kyoto University, an
anticipated project on accelerator-driven non-critical reactor has been approved and
started.

Under the stimulus of these noticeable progresses in accelerator related fields,
the present workshop has been held. Over 50 participants from 26 research laboratories
in Japan were joined in RRI, Kyoto University. New data of all the participated
facilities were reported and hot discussions have been performed. The information on
recent status of facilities and problems to be resolved has become a consensus of the
participants.

Here, the proceedings of the workshop is presented. We hope that the present
issue may be of use for works in various laboratories. The next workshop on this field
was desired by many participants to discuss on some focused topics in the present
theme.

This workshop was supported by RRI, Kyoto University, Science Council of
Japan, Accelerator Society of Japan and Atomic Energy Society of Japan and its
division of Accelerator and Beam Applications. Here, we are grateful to these
organizations and support staffs to the opening this nice meeting.

December, 2004
M. Matoba (Faculty of Engineering, Kyushu Sangyo University)
Y. Kawase (Research Reactor Institute, Kyoto University)
Editors
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M. Mizumoto (Tokai Research Establishment, JAERI)
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Table 1. Specifications of the fRC, IRC and SRC.

fRC IRC SRC
K-value (MeV) 570 980 2,500
No. of sector magnets 4 4 6
Sector angle (deg) 58 53 25
Mean injection radius (m) 1.55 2.77 3.56
Mean extraction radius (m) 3.30 4,15 5.36
Maximum magnetic field (T) 1.68 19 3.8
Total weight of magnets (t) 1,480 2,720 8,100
No. of RF resonators
Main 2 2 4
Flattop 1 1
RF frequency (MHz) 55 18-38 18-38
Acceleration harmonics 12 7 6
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Fig. 1. Bird's-eye view of the RIKEN RI Beam Factory
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Fig. 4. Photograph of the IRC.

Fig. 5.

Photograph of the SRC.
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Fig. 1; TopUp Operation. The beam current of the SPring-8 storage ring during 4 days are shown with twice
injections per day before the top-up operation-mode (left) and the top-up injection (right). In the scaled-up
window of the right figure, the stored-beam current is kept to be a constant value within 0.1 %. A bunch is
occupied by 1.5% 10'° electrons and the beam lifetime of 33 hours mainly depends on the Touschek effect.
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Fig.2; Photon Flux Density of 10-T SCW Synchrotron Radiation. The synchrotron radiations generated by the
SPring-8 8-GeV electron beam of 1 mA are shown with broken lines and the solid line shows that of the 10-T
SCW.
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Table 1; Parameters of SPring-8 Accelerators

SPring-8 linac Repetition time 1 sec
Beam parameter Natural emittance (8 GeV) 230 nm rad
Pulse width 40 nsec 1 nsec Momentum spread (8 GeV) 1.26x 107
Peak current 140 mA 2A Number of cells periodicity 40 2
Beam energy (maximum) 1.2 GeV Nominal tune (yy/yy) 11.71/8.81
Energy spread +09% +03% Natural chromaticity (£x/&y) -14.4/-11.5
Emittance x (90%) 65 nm rad 31 nm rad Radio frequency 508.58 MHz
Emittance y (90%) 43 nm rad 587 nm rad Harmonic number 672
Pre-buncher Radiation loss (8 GeV) 12.27 MeV/turn
Type Standing wave
Operation frequency 2,856 MHz SPring-8 Storage Ring
Shunt impedance 24 M(/m HHLV _ Optics Low-Emittance
Unloaded Q 6,400 Optics
Input power (usual operation) 7 kW Energy [GeV] 8 8
Buncher Circumference[m] 1,436 1,436
Type Standing wave Harmonic number 2,436 2,436
Operation frequency 2,856 MHz Tunes(yx /vy) 40.15/18.35 40.15/18.35
Number of cells 13 Current[mA]:
Shunt impedance 103 MQ/m single bunch 13 10
Unloaded Q 13,400 multi bunch 100(120) 100
Input power (usual operation) 3 MW Bunch Length 32 34
Accelerating structure (FWHM)[psec]
Type Travelling wave Emittance[nm rad]:
Electric field distribution Constant gradient Horizontal 6.3/6.6 3.1
Total number 25 Vertical 16.9x 107 8.7/39 x 107
Operation frequency 2,856 MHz Coupling[%] 0.26 0.28/0.13
Phase shift/cell 2 3 Chromaticity (¢x/gy) (Operation);
Number of cells 81 +7/+6 (+2/+2) +8/+8
Shunt impedance 54 MQ/m Lifetime[hr]:
Unloaded Q 13,500 100mA(multi) 150 97
Effective length 2.88m ImA(single) 24 9
Filling time 610 ns Dispersion distortion[mm]
Input power (usual operation) 35 MW Horizontal(rms) 4 9.3
Vertical(rms) 1.1 1.1
SPring-8 Booster Synchrotron Orbit stability(tune harmonics)[m]:
Injection energy 1 GeV Horizontal(rms) 0.7 1.3
Maximum energy 8 GeV Vertical(rms) 0.35 0.35
Circumference 396.124 m
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H. Matuzaki and T. Iwai (RCNST, The Univ. of Tokyo)
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3.75MV HVE KN-3750

1.0Mv GIC

1.7Mv HVE4117-HC

5_0MV NEC Pelletron 5UD

HIT = High Fluence Irradiation Facility, The University of Tokyo
60

RBS PIXE RAPID
Rutherford Backscattering Spectroscopic Analyzer with Particle Induced X-ray Emission and
lon Implantation Devices 3
MALT =
Micro Analysis Laboratory, Tandem accelerator, The University of Tokyo
AMS PIXE NRA

HIT
HIT RF PIG H", He", C", O, D',
N+



4
1
5
HIT
4vMeV  Ni* 3veV  Cu* Zr* 2.8MeV  Fe* 1MeV H'
1
HIT
2
3
1.7mv RAPID
RAPID Rutherford Backscattering Spectroscopic Analyzer with Particle Induced X-ray Emission
and lon Implantation Devices RBS PIXE
3
PIXE
5.0MV
(MALT=Micro Analysis Laboratory, Tandem accelerator, The University
of Tokyo) 5.0MV
( ) 1991 ( 3 )
1993 ( 5 ) NEC 5UD

SMv 40 Cs 2



(AMS=Accelerator Mass

Spectrometry) MALT 7 AMS
MALT AMS 1c ge Al ¥Cl 2
AMS 40

1 C-AMS

2 YC-AMS

3 Meteoric 19Be

4 insitu AMS  °Be-AMS  ZAI-AMS

5 *CI-AMS '1-AMS

“e AMS
6 H(™N, ay ) NRA (Nuclear Reaction Analysis)
PIXE (Particle Induced X-ra  Emission) PIXE
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17



HIT HIT RAPID

[MV] 02 375 10 0. 17 10 50
HVE KN-3750 GIC Tandetron HVE Tandetron4117-HC NEC Pelletron 5UD
1984 1993 1993
HIT
lonex 860A lonex 358A MC-SNICS
RF PIG
1
lonex 860A MC-SNICS
2
H+, He+, C+, O+, D+, N+, H+, 15N2+, C4+, Be3+’ A|3+, C|7+,

Ni3+, CU2+, ZI’2+, Fe2+’ H+ H+, Hez+, Si2+, Au2+

|7+

1
AMS
RBS
10Be, 1C, %A| ¥C), 12|
PIXE PIXE
NRA (®N (p, ay) *C)
1 1 2 1 1 1
H12 774 869 963 3,686
H13 882 719 872 3,338
H14 756 566 605 4,363
H15 745 635 873 5,600
PIXE AMS

PIXE %CI-AMS ®|-AMS
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Table2 Performance and Application of Accelerator in PMRC
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T. Hori (Hiroshima Synchrotron Radiation Center, Hiroshima Univ.)
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K.Ishibashi(Graduate School of Engineering, Kyushu Univ.)
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2004

e 45 MeV 60 y A 1974

p,d,a 0.7- 4.5 W 3 mA 1974

p,d,a 0.08-0.6 MV 1 mA 1965

e 30-300 MeV 10p A(220MeV) 1966

e 0.62-1.2 GeV 20 mA( ) 1999

RI AVF p,d,a ,HI 10- 90 MeV 50p A(p)300u A(H-) 1998
AVF p,d 12 MeV 50 p A(p) 1998
AVF p,d 18 MeV 70 p A(p) 2003
p,a 1- 2.5 W 150 p A(p) 1981

p,a ,HI 0.1-1.7 WV 1-10 p A(a ) 1990

p,d,a ,HI 11 mv 3 M A(p) 1976

p,a ,HI, 1M 3 uA(p) 1998

p 70-250 MeV 7 nA 2001

e 35 MeV 200 mA(1u s,peak) 1977

e 18 MeV 1 kA(1ps, peak) 1987

p,d,a ,HI, 3.75 W 1984

p,HI 1w 1984

p,d,Hl 5 MV 1995

p,a ,HI 1.7 MV 1995

p,a ,HI 4.75 WV 1978

p,d,a 3.2 W 1976

p,HI 1.6 MV 1983

p,HI 0.24-2.4MeV/u 1984

p,HI 2.4-3.4 MeV/u 1985

(1H) p 1.7 MeV 1995

(1HQ) p,HI 2.2 MeV 1998

(RFQ) p,HI 0.22-44 MeV 1993

(APF-1H) p,HI 0.085-1.3 MeV 2000




2004

e 125 MeV 200 mA(20u S) 1998
IR FEL e 40 MeV 200 mA(5u s) 2000
p,d,a ,e 3.75 MV 0.1-100 p A 1967
p,a 2.0 W 20 u A 1981
p,HI 20-200 kv 10 mA 1980
C 2.5 W 30 u A(©) 1996
Be( ) 1.8 MV 1.5 y A(BeD) 1980
p,a ,HI 7.5 W
p,a ,HI 1.7 MV 50 P Amax 1988
p,a ,HI 2.5 W 50 u A 1967
e 2 W 250 p A 1967
p,HI 0.25 MV 100 p A 1978
(RFQ) p 7 MeV 100 p A 1991
e 100 MeV 2 uA 1995
e 300 MeV 100 mA( ) 1999
HI 1.7 MV
(SE) a 1 MV
e 46 MeV 500 mA(4p s) 1965
d 300 kV 5 mA 1976
e 570 MeV 300 mA( ) 1995
e 150 MeV 3 mA 1995
e 50MeV max 750 mA( ) 2000 FEL
e 20 MeV 30 mA, 100Hz 1998
Synchrotron Light e 6 MeV 2.5 A( ) 2003
Life Science Center e 6 MeV 100 mA, 400 Hz 2003




2004

d 300 kV 20 mA 1981
e 165 MeV 80 A(24p s)
e 20 MeV 40 A(11.2p s)
p,d,a ,HI 400 MeV(p) 1991
e 38 MeV| 91nC( )
e 122 MeV 400 mA(2u s)
p,d,3He,a 4.8 MeV(p) 200 y A 1965
e 18 MeV 1 mA 1962
e 600 keV 3 uA 1969
p,a 3 MeV(a ) 50 nA 1997
d 150 kv 1962
p,a ,HI 1.7 MV 1LuA 1997
p,HI 0.4 W 20 kA(60ns) 1980
e 16 MeV
e 1.5 GeV 500 mA ) 1998
p,a ,HI 0.2-2.5 W 150u A(p) 1983
e 700 MeV 350 mA ) 1996
e 150 MeV 10 mA 1996
e 150 MeV 2 mA 1996
p,d,a 0.2-3.0 WV 1 mA 1993
d 500 kV 5 mA 1962
p,d,a ,HI 10 MV 1 pA(p) 1980
p,a ,HI 1 MV 1 u A(p) 1991
D, 8.3MeV,16.9MeV 50 y A 1990




2004

p 12 GeV 0.6 pA 1976

p 500 MeV 6 uA 1975

p 40 MeV 30 pA 1974

(RFQ) p 4 MeV 600 p A 2001
e 8 GeV 0.5 pA 1982

e, e 8 Gev,3.5 GeV 800 mA(e),1A(e") 1999

e, e 3 GeV 450 mA ) 1982

e 6.5 GeV 100 mA ) 1987

e 46 MeV 20 pA 2001

e 1.5 GeV 2 nA 1993

e 1.5 GeV 2 nA 1996

p,a ,HI 18 MV 3 uA(p) 1982

e 20 MeVv 4 mA 1993

d 450 kV 25 mA 1981

p,d 4 W 50u A 2000

AVF p,a ,HI 5- 90 MeV((p) 30 u A(p) 1993
p,HI 3 MV 5 u A(p) 1993

p,d,a ,e 3 MV 100 u A(p) 1993

HI 400 kV 30 u A(P) 1993

e 150MeV 2000

HI 3MV 1997

a ,HI 800 MeV/u 2x10° pps 1994

p,d,HI 70 MevV( ) 50 p A(p) 1974

p,d 3.4 MeV 5 u A(p) 1999

e 350 MeV| 100 mA ) 1980

(TERAS) e 300-800 MeV 300 mA ) 1981
(NILJI-11) e 150-600 MeV 200 mA ) 1989
(NIJI-1V) e 250-500 MeV 250 mA ) 1990
p,d,a ,HI 4 MeV 50 u A(p) 1982

p,d,a ,HI 0.3 MeV 1 mA(p) 1986




2004

p,HI 540 MeV 1986
e 750 MeV 350 mA ) 1983
p,a ,HI 5MV 100 A(p) 2000
p,a ,HI 200 MeV 10 nA(p) 2000
SPring-8
e 8 GeV 100 mA ) 1996
SL
e 1.4 GeV 300 mA )
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