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Preface

The accelerator was invented in first period of the 20 century to provide a powerful tool to
investigate 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 projectsin many laboratories have been in progress.
In this year, the JAERI-KEK Joint Project on High-Intensity Proton Accelerator and the
RIKEN RI-Beam Factory have been approved by Japanese Government. In the Research
Reactor Ingtitute (RRI), Kyoto University, an anticipated project of accelerator-driven
subcritical reactor has been proposed as a next generation neutron source.

In order to discuss the present status and the future plan in the R & D on accelerator
itself and their applications, in accordance with these remarkable progresses in accelerator
related fields, a work-shop on “research and development of accelerators in atomic energy
field” was held on August 7-8, 2001, in hot summer days. Over 50 participants from 23
research laboratories in Japan joined together in the RRI, Kyoto University, and new data of all
the participated facilities were reported and hot discussions were performed. The information
on recent status of facilities and problems to be resolved have been made clear commonly in
participants.

Here, the proceedings of the work-shop are presented. We hope that this report will
contribute to the great progress in related research fields. The next work-shop on this field was
desired by many participants, in the session of panel-discussion, to be held again in near future
with new fruitful topics.

This work-shop was co-sponsored by the RRI, Kyoto University and Science Council of
Japan with supports of the Atomic Energy Society of Japan and its division of Accelerator and
Beam Applications. We would like to express many thanks to these organizations and
supporting staffs for holding this nice meeting.

December, 2001
M. Matoba (Faculty of Engineering, Kyushu University)
N. Ikeda (Faculty of Engineering, Kyushu University)
Y. Kawase (Research Reactor Institute, Kyoto University)
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Fig.1l Neutron spectra emitted from hydrogen
moderators, indicating superiority of para

hydrogen.
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Fig.2 Spatial distributions of neutron
beams focused and defocused by a
magnetic neutron lens.
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Table 1.

Accelerators at Tohoku University

AFV 10-90 MeV(H) | H.D,He,C\N, 50uA(H",D" He") 10 1998
(K=130MeV) 20-130 MeV(He") | O.Ne,S.Ar, 300pA(H,D)
(1998) Kr,Xe 1999
AVF 12 MeV(H) H,D 50uA(H,D)
(K=12MeV) (1998) 6 MeV(D)
300MeV 30-300 MeV 10pA( 220MeV) 3
(1966) 120uA( 65MeV)
0.62-1.2 GeV 20mA( ) 4
(1999) RI
0.7-4.5 MV H,D,He 3mA(H) 6
(SE) (1974) (Terminal)
80-600 kV H,D,He 1mA(H) 1
(SE) (1965) (Terminal)
1-2.5 MV H,He 150uA(H) 2
(SE) (1981) (Terminal) 25pA(He)
0.1-1.7 MV H,He,Li,C,0, 0.1uA(He) 3
(TANDEM) (1990) (Terminal) AlSi,Cl,Cu,Ag, | 1-10pA(He )
Au
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K. Hayakawa (Atomic Energy Research Institute, Nihon Univ.)
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Fig.1 A bird-eye view of LEBRA, in which 125MeV electron linac, FEL beam line and PXR beam

line have been installed.
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Fig.2 Layout of the FEL (left) and PXR (right) generators and beam lines.
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K. Soda, H. Yamamoto and Y. Yamane (Graduate School of Engineering, Nagoya Univ.),

T. Nakamura (Center for Chronologica Research, Nagoya Univ.)

Nagoya Universty Smal Synchrotron Radiation Center, NSSR
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Table 2. Peformance and Application of Nagoya University Small Synchrotron Radiation Facility

NSSR|[ 36m 015eV ]
1GeVv
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180 nmrad
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X
T @ ) 0.54nm X
@a ) 1 240 nm
6 ) 14nm
3 1 18
7T 30keV X
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UVSOR 3 X
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N. Imanishi (Graduate School of Engineering, Kyoto Univ.
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Table 2

Table 1. lon accelerators in Kyoto University
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Table 3

Table 2. Accelerator users

Table 3. Accelerator-related research programs
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(Research Reactor Institute, Kyoto University)
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H. Yamada Faculty of Science and Engineering, Ritsumeikan Univ.
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10 100u
25mrad ( 80mrad )

(Photon storage ring) AURORA

[1] H. Yamada ,“Present status of AURORA#1-Potential of compact SR-ring as a hard X-ray source”
(Synchrotron Radiation Facilities in ASIA, IONICS PUBLISHING)(1994).
;- ” 6(4) pp.421-436)(1991)

[2] ,

, 65(1) (1996) pp. 41-47

“ " (
11(2) )(1998) pp. 155-165
H. Yamada, “The smallest Electron Storage Ring for High Intensity Far-Infrared and Hard X-ray

Generation”(Journal of Synchrotron Radiation)(1998) pp. 1326-1331.(Invited paper for SRI97)
[3] H. Yamada, Y. Kitazawa!, Y. Kanai, |. Tohyama®, T. Ozaki, Y. Sakai, A.l.Kleev?, and G.D. Bogomolov?,
"Development of the Hard X-ray Source Based on a Tabletop Electron Storage Ring", Proc. 7th Int. Conf. on
Synchrotron Radiation Instrumentation, Berlin, August 20-25, 2000



Photon Storage Ring AURORA
One peace of cylindrical, weak L
Synchrotron focusiag, and ngrmal conducting f O_ne peace of cyllndrlcal_, week
magnet ocusing, and super conducting magnet
Injection scheme 2/3 resonance injection 1/2 resonance injection
Orbit radius 0.156 m 05m
RF source]  2.444 GHz, 1IKW CW Klystron 199 MHz, 30KW vacuum tube
harmonics 8 2
Max electron energy 50MeV 570MeV
Critical wavelength 8.1 um 1.3nm
Injector 21 MeV classical microtron 150 MeV racetrack microtron
frequency 2.444 GHz 2.8 GHz
pulse width 0.2 3us 0.2 3us
Peak current 8 mA 3mA
Repetition rate Max 30 Hz Max 10 Hz
Radiation scheme 1 Target Radiation Synchrotron radiation
Spectrum range Few lkevV 20MeV Few 100eV  10keV
Angular spread 25mrad 1mrad
Max radiation DOS 916R/S/30mA /152
Max Brilliance | -85+ 08photons’s mrad”/mm?/0.1% | 1E+13photons/A/s/mrad?/mm?/0.1%
A oa lkev 20MeV at 1keV
Radiation scheme 2 Photon storage ring laser
Spectrum range 3 to 100 um wavelength
Average power Few to 50W




S. Tagawa (The Institute of Scientific and Industrial Research, Osaka Univ.)
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Specification of L-band and S-band Linacsat ISIR, Osaka Univ.

L-band
Specification Single  Pulse | Transient Steady State S-band
Mode Mode Mode
(Performance)
Max energy [MeV] 18- 28 145
Pulse width 30 ps 3-100ns 0.1-2.0upus 2.0 us
Peak current 91 nC/ pulse 15A 600 mA 650 mA
Repetition [pps] 1-720 1-720 1-360 60
Energy spread AE/E [%0] 2 2 1 5
Beam diameter [mm] 3 3-5 3-5 5
(Injector)
A Thermionic

Electron gun Thermionic Cathode Y U156 or Y 646B Cathode Y796
Applied voltage [kV] 100 (DC) 90
(Sub-harmonic
pre-buncter)
Composition 108 MHz x 29 (12™), 216 MHz x1(6M -
(Pre-buncher &
Buncher)

" 2856MHz x1,
Composition 1300MHz x1, 1300MHz x1 2856MHz X1
Power of Klystron [MW] 5 35
(Accelerating
waveguide)

Number of waveguide 1 3
RF Freguency [MHZ] 1300 2856
Shunt Impedance 40 i
[MQ/m]
Q-value 19000 12600
2.8x1(79
o cavities),
Length [m] 3.0 (40 cavities) 1.9(52 cavi)ti es)
X2
21/ 3 mode
Mode 27 / 3 mode (Traveling Wave) (Traveling
Wave)
L . . 20.4,
[EI\I/Ie\(;t/rrlr?] field intensity 116 22 8(@Max
power)
Klystron Power [MW] 20 35
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A. Takahashi (Graduate School of Engineering, Osaka Univ.)

FBR ITER
Pu-239, U-233
MeV “ "
MeV OKTAVIAN-II
400keV
mA D+ 2ns 1kHz-2MHz
1x1012 n/s 200mAD+
5x1013 n/s
50-100mAD+

100mA 2Nns



OKTAVIAN-I11

400 kV DT n/s
: (n/s)
5 mA 1x1012
2 ns 5x105 n/s
1kHz-2MHz
200 mA 5x1013
n/s
50 mA
20 s — 1 ms D-D
1-100
kHz
100 mA
— FF D
FF
keff
U-238/Th-232 fissile Pu-239, U-233

fissile



alternative

FF fissile fissile “
1.0 MW/m?2 0.9 MW/m?2 1-2 MW/m?2 1-3 MW/m?2
Blanket Li/U/Pu/C Li/nat.U Li/nat.U/Th Be/U/Li
TBR 1.11 1.04 1.05 1.05
Fissile-BR 0.10-0.14 0.7-0.8 0.9 0.4-0.7
8 5 6 1.5-2
350 MWt 670 MWt 800 MWt 700-400MWt
2800 MWt 3400 MWt 4800 MWt 1000-3000
MWt
Fissile 1500 kgly 2500 kgly 1000-5000
kgly

1-30MeV

FF



FF

KURRI

KURRI

K.Sumita, A.Takahashi, T.lida, J.Yamamoto: Status of OKTAVIAN-I and
Proposal of OKTAVIAN-II, Nuclear Science and Engineering, 106, 249-265
(1990)



Y. Kondo (Atomic Energy Research Institute, Kinki Univ.)
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A. Kitamura (Department of Nuclear Engineering, Kobe University of Mercantile Marine)
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[1]

SOL
SOL
ERD RBS SOL
[2]
PIXE
[3]
(A2)
C 1nm 50
[4]
CR-39 AFM
[5]
[6]
(A3)
(p.y) Y
Y 13C(p,y)**N 9.17MeVy

[7]

(Ad)
4 1 Rutherford
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PIB
10ns 10-100GW
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(B2) XUV
X XUV ER-2

XUV CVI(2p-3d;18.2 nm)

[]



in-situ

[ ]
[1] e.g., N. Kubota, A. Taniike, Y. Furuyama & A. Kitamura; Nucl. Instrum. & Meth. in Phys.

Research, Vol.B149(1999)469].

[2] e.g., T. Nakajima, et a/.;J. Nucl. Mater. Vol.220-222(1995)361.

[3] e.g., H. Miyake, et al.; Nucl. Instrum. & Meth. in Phys. Res. Vol.B75(1993)282.

[4] , , : : ; 46 (2001)155.

[5] e.g., T. Yamauchi, T, Taniguchi & K. Oda; Radiation Measurements,31(1999)261.

[6] e.g., N. Kubota, A. Taniike & A. Kitamura; Conference Proceedings Vol.70 “ICCF8” (F.
Scaramuzzi (ed.), Italian Physical Society, 2001)311.

[7] e.g., K. Oda et al.; Reactor Dosimetry, ASTM STP 1398(2001)819.

[8] e.g., A. Kitamura, T. Asahina, Y. Furuyama & T. Nakajima; Laser & Particle Beams,
13(1995)135.

[9] e.g., T. Gotou, Y. Takahashi, H. Kobayashi, A. Taniike & A. Kitamura; Jpn. J. Appl. Phys.,
40(2001)995.
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Energy widening due to turbulence (microwave instability) (to be published in NIM-A)
Single bunch
Wide band impedance 0.27 0.3 Q Keil-Schnell Criterion

0.2 Q 0.1 Q

Linear Coupling Resonance

Negative Alpha-p Lattice
Alpha-p
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K. Ishibashi (Graduate School of Engineering, Kyushu Univ.)
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Fig.4 Mutation induction on chryvsanthemum plants through ion beam
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Table
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H. Toyokawa, H. Ohgaki, T.Mikado, K.Yamada, N. Sei, T.Ohdaira,
R. Suzuki, M. Yasumoto, H. Ogawa and T. Noguchi
(National Institute of Advanced Industrial Science and Technology (AlST-Tsukuba))

(Fig. 1)
NIJI-11 NLJI-1V
3.5cm

310 MeV
TERAS 11

TELL TERAS
DC 80 kv 8 cm
2.856 GHz
75 MeV 150 MeV
NIJI-11  NIJI-IV TERAS

TERAS

Table 1 Table 2

Table 1

TELL

NIJI-11

77 m
2856 MHz
2mx 4 3mx 16
25 MW x 8
350 MeV 100 mA
1 - 4 usec
0.5 - 300 pps

75 MeV
108
150 ps

150 MeV

1.4m

350 mA

150 - 600 MeV



1.3 m

NIJI-1V
310 MeV
1.2m
250 mA
250 - 500 MeV
6.3 m ETLOK-

TERAS
310 MeV
2.0m
300 mA
300 - 800 MeV
26.5 A @750 MeV

D5-A-023

TERAS

NIJI-IV

D4-A-122

D4-A-121

D4

NIJI-II

022

Fig. 1



Table 2 TERAS

(nm) (nm)
1A 2m Grasshopper 1-25 0.03 X
TOF

1B Seya-Namioka 50 - 300 0.1

2A 2 -8 0.01 X

2B Im 10 - 60 0.03

2C 0.3 m 110 - 300 0.05

Q2 30 - 40

3A 1m 10 - 60 0.03

3B 1m 30 - 600 0.03

4 white LIGA

B1 (1 - 20 MeV) >1%

L1 (1 - 40 MeV) >1%
2

FEL
2-1. NIJI-IV

NIJI-1V 1990 FEL 7.25m
6.3 m Optical Klystron, "ETLOK-11"
200 nm FEL
SQS(Sextupole-Quadrupole-Sextupole)
Head-tail instability RF
( 4 kW) 30 mA 200 ps (rms)
170 ps (rms)
75
optical klystron FEL
100 keV
2-2. TERAS
TERAS LIGA 3
X 10 eV

(Laser-Compton Scattering; LCS)



LCS

( )
LCS
10 cm
CT 100 um
Fig. 2 TERAS RF
TH571A
Fig. 2 Radiograph of the RF tube "TH571A".
3
TERAS NI1JI
NI1JI1
SPring-8
2001 4
(Super-TERAS)
keV X 1.5 GeV
20 nm rad 10 20 m
2
Xy Y

Table 3



Table 3 Machine parameters of AIST new storage ring "Super-TERAS".

Circumference: 144 6 m
Momenta Compaction: 0.0055
Energy: 0.3 - 1.5 GeV
Natural Emittance: 24 nm rad
Critical Radiation Wavelength: 0.09 keVv
Energy Spread: 0.58 %
Betatron Tune: Horinzontal 7.46

Vertical 1.36
Long Straight Section 20 m x 2
Short Straight Section 3mx6

1980
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Fig. 2 : Energy vs. mass performance of RIBF accelerator complex.
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Phase |l

:
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RILAL: Frequency-vanabée Heavy-on Linac, :
CSM: Charge State Mullipher, =

RARC: K540MeY Bing Cycloiran
ANE: KrOMel AVE Cyciairan,
RIPS: Projectde Fragment Separator

AIBF Phasa |

SRAC: K2500MeY Superconducting Ring Cyclotron
IRC: Keg0May Ring Cyclatran,

fRC. K520MeV Fixed-fraquancy Ring Cycietran
BigRiIPS: Projeciile Fragrment Separator

Si8F Bhazs I
ACR:. Accumulater Conler Ring,
a-Rl Codboer: Elwction-Al Baam Collider

Figure I: The lavout of the Rl Bearn Faciory (RIBF) The first phase of the RIBI building is preseniy
under canstruction and w il be compleed in 2003 The canstruction of the <acard - phase building. the & oul
of which is preliminarily depicted here. is planned to begin in 2002 and will be conpleted in 2005
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Table 1. Parameters of UVSOR Sorage Ring

Table 2. Parameters of UVSOR Injector

Circumference
Lattice

Straight Sections
Beam Energy
Bending Radius

RF Freguency
Harmonic Number
RF Voltage

Mom. Comp. Factor
Betatron Tunes
Natural Energy Spread
Natural Emittance
Natural Bunch Length
Max. Beam Current

53.2m

DBA x 4
3m x 4

750 MeV
22m

90.115 MHz
16

46 kV

0.026

(3.16, 1.44)
42x 10*
165 nm-rad
160 psec™
300mA (multi-bunch)
70 mA
(single bunch)

#1) About three times longer with harmonic cavity on

FEL Average Power (w)

c o o o =
N o o N A

o

Injection Linac
Energy

Length
Frequency
Acceleration
Klystron Power
Energy Spread
Repetition Rate

Booster Synchrotron

Energy

Lattice
Circumference
Beam Current
Bending Radius
Harmonic Number
RF Freguency
Renetition Rate

15 MeV
25m
2856 MHz
21t /3Traveling Wave
1.8 MW
1.6MeVv
26Hz

600 MeV

FODO x 8

26.6 m

32 mA (8-bunch filled)
18m

8

90.115 MHz

2.6Hz

. - . . . : e 600
K { 500
[ FEL POWER 1 w©
400 3
1 3
. 1 0
300 S
b @D
C =
Beam Current 1200 3
s 172
i { 100
[ . P TR SRR B P TSR N P L 0
0 20 40 60 80 100 120
Time (min)

Fig.2

Output Power of UVSOR-FEL
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Fig.
3 Fig. 4 UVSOR
New Optics (am:27.4nm-rad)
® FBE——88 B3 ——B8
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=
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Fig.3 Present (lower) and New (upper) & 15 T 100,
Lattice. One quadrant of the ring is 2 wl e
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Fig. 4 Present (lower) and New (upper) Optics
One quadrant of the ring is shown. The emittance
is 165 nm-rad and 27 nm-rad, respectively.

(1) M. Kamada et al.,J. Synchrotron Rad. 5, 1166 (1998)

(2) K. Tamura et al., Jpn. J. Appl. Phys. Vol. 33, L59 (1994)

(3) M. Hosaka et al., submitted to the 23th FEL Conference (Darmstadt, 2001)
(4) M. Katoh et al., Nucl. Instr. and Meth. A467-8, 68 (2001)

5) Vol.14, No.4, 27 (2001
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Table 2. Outline Parameters of Saga SL Research Center.
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Fig.1. Outward images of facility and outline of internal construction.
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e 45 MeV 60 p 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)300p ACH) 1998
AVF p,d 12 MeV 50 u A(p) 1998
p,a 1- 2.5 W 150 v A(p) 1981

p,a LHI 0.1-1.7 MV 1-10 p A(a ) 1990

p,d,Hl 11 MV 1976

p 250 MeV 4 nA 2001

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

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

p.d,a ,HI, 3.75 W 1984

p,HI 1M 1984

p,d,Hl 5 MV 1995

p,a ,HI 1.7 MV 1995

p,a ,HI 4.75 MV 1978

p,d,a 3.2 W 1976

p,HI 1.6 WV 1983

p,HI 0.24-2.4MeV/u 1984

p,HI 2.4-3.4 MeV/u 1985

(IH) p 1.7 Mev 1995
(1HQ) p,HI 2.2 MeV 1998
(RFQ) p,HI 0.22-44 MeV 1993
(APE-1H) p,HI 0.085-1.3 MeV 2000




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 p A 1981
p,HI 20-200 kv 10 mA 1980
C 2.5 W 30 p A(©) 1996
Be( ) 1.8 MV 1.5 u A(Be0D) 1980
p,a ,HI 7.5 W
p,a LHI 1.7 W 50 p Amax 1988
p,a ,HI 2.5 W 50 p A 1967
e 2 MV 250 p A 1967
p,HI 0.25 MV 100 p A 1978
(RFQ) p 7 MeV 100 p A 1991
e 100 MeV 2pA 1995
e 300 MeV 100 mA( ) 1999
HI 1.7 WV
(SE) a 1MV
e 46 MeV 500 mA(4p s) 1965
d 300 kv 5 mA 1976
e 570 MeV 300 mA( )
e 150 MeV 3 mA
e 50 MeV ( 15 cm) FEL
e 20 MeV 8 mA




d 300 kv 20 mA 1981
e 165 MeV 80 A(24p s)
e 20 MeV 40 A(11.2u s)
p,d,a ,HI 400 MeV(p) 1991
e 38 MeV 91nC( )
e 122 MeV 400 mA(2u s)
d 150 kv 1962
p,a LHI 1.7 W 1pA 1997
p,HI 0.4 MV 20 kA(60ns) 1980
e 1.0 GeV 100 mA ) 1998
p,a ,HI 0.2-2.5 WV 150p A(p) 1983
e 700 MeV 200 mA ) 1999
p,d,a 3 MeV 1 mA 1992
d 500 kv 5 mA 1962
p,d,a ,HI 10 MV 1y A(p) 1980
p,a ,Hl 1 MV 1 p A(p) 1991
p, 8.3MeV,16.9MeV 50 y A 1990




p 12 GeV 0.6 p A 1976

p 500 MeV 6 A 1975

p 40 MeV 30 pA 1974

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

e 1.5 GeV 2 nA 1993

e 1.5 GeV 2 nA 1996

p,a ,HI 18 MV 3 u AP 1982
e 20 MeVv 4 mA 1993

d 450 kv 25 mA 1981

p,d 4 W 50p A 2000

AVF p,a ,HI 5- 90 MeV((p) 30 p A(p) 1993
p,HI 3 MV 5 u A(p) 1993
p,d,a ,e 3w 100 p A(p) 1993
HI 400 kv 30 p A(P) 1993

a LHI 800 MeV/u 2x10° pps 1994
p,d,Hl 70 Mev( ) 50 u A(P) 1974
p,d 3.4 MeV 5 u A(p) 1999

e 350 MeV 100 mA ) 1980

e 300-800 MeV 300 mA ) 1981

e 150-600 MeV 200 mA ) 1989

e 250-500 MeV. 250 mA ) 1990




p,HIl 540 MeV 1986
e 750 MeV 300 mA ) 1983
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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