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The First Workshop of Neutron Science Research Program
March 12 -and 13, 1996, JAERI, Tokai, JAPAN

(Bds. ) Hideshi YASUDA, Tatsuzo TONE® and Motoharu MIZUMOTO

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received August.1, 1996)

Aiming at the expansions of wide basic science and nuclear power technologies such as
radicactive nuclide transmutation, the Japan Atomic Emergy Research Institute(JAERI) has
been planning a program to utilize strong spallation neutron source. The JABRL is
developing a high intensity proton accelerator and studying various concepts for beam
utilization experimental facilities. In 1995, the first workshop on utilization of high
intensity proton accelerator was held at the JAERI Tokai establishment and a Proton
Bngineering Center Plan was discussed. After the workshop, the plan has been renamed to
a Neutron Science Research Program in order to show clearly the broadness of research
fields.

In March 1996, the first workshop on neutron science research program was held at the
JAERI Tokai establishment. The workshop program consisted of eight-fields sessions, 1)
Accelerators. 2) Neutron scattering, 3) Targets, 4) Material irradiation, 5) Muon and
Meson, 6) Spallation RI, 7) Nuclear physics by neutrons, and 8) Transmutation. The

number of participants was 213 including 26 oral presenters. This Proceedings contains

all papers presented at the workshop.

Keywords: Proton Linac, Neutron Science, Scatfering, Target, Material Irradiation,

Muon-meson, Nuclear Physics, TRU, Transmutation, Spallation RI

+ $pecial Task Force for Neutron Science Initiative



p—

=

JAERI-Conf 96-014

H R

ik F R A E OB E
IAREER

kAT, EHE -, BRSNS, BEbA, PREER, FR 2
A ®, FEES

50Ge VIE F- 155 22t @ oD L8

B OEA
chEF-HGEL « [T _
41 LPSNS (E/SVR) /SPSNS (g VR) O & DA
FFHEHE
42 SSSNS (E¥) omitLTORM
FHE—
4.3 dHFHEILIL—-ThoDEE
I E
4 4 ERFHE TS O 2otk FERELIT
- z0ik, BE. ®RHK-
EHRE
¥ =y b

51 F Iy F OB LY BEERDBEEE e e e

EH  8h RAER
5.2 Z—4v MEEIRAOHES
ABFEAAS, B, Bz, SH sA. Bk®ER
ZERERth

FHERS. Kl%EXR

6.2 L ATHEFIRE A FIOFoRERHITZE  orerveernemr e s i e

Baprakcigzli
ZAEL—avRI

71 :wE_Am4fyﬁ@%%&m%m% R R T

i)l &E—
7.2 AEEEGE—LEHOI L
=2

i



JAERI-Conf 96-014

7.3 RETHDDEFRESEE T 2EA A L RIG
a4 i
8. IaAd.dfElF
81 JHP-—M7 L&t
BRI
82 MBEEI oA YE—L0ORASHM ; TR EIFRETHE
ZERE

83 HMF-—RAL I oA VHERCHET I ad VAEHRAER o

WMSIETHER, GHBSEE, hht . MBI, FIRARE. A,
BIRET MEESE, BAME. KEHRD

8 4 TI%. LaRSRBEEEIT 5T BHMEHRFHTOD LT SR s

FERINHE, feAg -, e E. EMES. AEETE, $i 8.
A EEFE
9., rhiETHE
9.1 ik ER R R ORE
FEREL
9.2 TR RIS BT B L A
TE &
9.3 HFERAVAIERAEAHAOTRLESE
A B
9. 4 BBFRUHEFERNLER
AR, EI=EE
10. THEAE
10. 1 JHEMFEOIREE & PR
EREg=gil
10, 2 NBLTERBRRE S — 7y MRBRORE

FEEHEE, 0 82, mEEm. BH A B H—R, HEFREAR

10. 3 IESEFAE T R UHBAE M3 2R iR
ZHEE

11, 23R

11. 1 FEPtomiE TR & 5 <Z
EO R

iz T FRSERASE) KT 37— ay T 0T A

- 101

-« 109

-~ 114

121

129

-+ 138

- 145

- 180

- 160

-+ 170

- 191

-+ 204

- 219

- 233



JAERI-Conf 96-014

Contents

1_ Outline Of Neutron Science Research Program T L AL T TR PR P PR

Yasuo Suzuki

9 Present Status of the Development of a High Intensity Proton Accelerator -
Motoharu Mizumoto. Joichi Kusano, Kazuo Hasegawa, Nobuo [to,
Hidetomo Oguri, Yutaka Touchi, Ken Mukugi, Hiroshi Ino

3. The 50 GeV High-intensity Proton Synchrotron Complex of

Japanese Hadron Project Moo was arE wed AR HB4 BiE e ea PaE PTa may i FA NS EYReus A Try An AR BTl ReE SR AT AL AsE SRR EE v e

Yoshiharu Mori
4. Neutron Scattering and Diffraction

4.1 Study of LPSNS(Long Pulse) and SPSNS(Short Pulse) and their Applications
Nobuo Niimura

4 2 Study of SSSNS(Steady State) and its Application
Kazuya Aizawa

4. 3 Requests from Neutron Scattering Group
Yasusada Yamada

4.4 Neutron Scattering Research in Universities by Using

the JAERI Neutron Source

Yasuhiko Fujii

5. Target

5 1 Benchmark Calculations of Target Heat Deposition and Bulk Shielding -----------

Hiroshi Takada, Yukio Sakamoto

Ryutaro Hino, Katsuhiro Haga, Kazuyuki Takase, Hiroshi Takada,
Yukio Sudo
6. Material Irradiation
6.1 Outline of an Expected Material Irradiation Facility
Kenji Noda, Yukio Oyama
6.2 Material Research by Pulse Neutronm Irradiation
Tetsuro Tanabe

7. Spallation RI
7.1 Developments of Ion Source for Secondary Beam and Experimental Facility

Shin-ichi Ichikawa

17

28

33

40

42

49

a7

66

76




JAERIL-Conf - 96-014

7.9  Nuclear Spectroscopy by Using Radivactive [on Beam -ro-ceesserercssressenesmmees 94
Yasuyuki Gono
7.3 Heavy-ion Reactions for Unstable and Neutron Rich Beams «--rereo-ommsereesseneseeers 101
Akira Iwamoto
8. Muon and Meson
8_ 1 JHP_M Arena Program T LI R R T R e L] 109
Kanetada Nagamine
8 2 Production of Ultra-Iow Speed Muon Beam and its Application;
PI"ESEIIt Status a.nd Future Plan T LT R LR R R R R R 114
Yasuhiro Miyake - '
8 3 Muon-catalyzed Fusion Bxperiments at RIKEN-RAL Muon Facility crreererroereeeeeees 121
Teiichire Matsuzaki, Katsuhiko Ishida, Satoshi Nakamura, Isao Watanabe,
Naritoshi Kawamura, Masakazu Tanase, Kivoyuki Kurosawa, Mineo Kato,
Masashi Hashimoto, Kanetada Nagamine
8 4 u'SR in the Magnetic Ordered Phases of Tl and La Series
High Temperature Super Conducting MALErialg «rrereerererserrmnrsnsnssnennms s sransas 129
Isao Watanabe, Ken-ichi Kumagai, Makoto Nakajima, Kenzo Nagase,
Teiichiro Matsuzaki, Satoshi Nakamura, Kanetada Nagamine
G. Nuclear Physics by Neutrons
9.1 Outline of an Experimental Facility for Nuclear Physics Research
Wlth NeUtl"On Sﬂurce T L LT e 138

Yasuyuki Kikuchi

9. 9 Neutron Pulse Conditions for Nuclear Physics Research Facility -eoeoroverrmeeeee 145
Satoshi Chiba
9.3 (Current Situations and Perspective of Fission Research Using Neutroms ------ 150

Yoshihiro Nakagome
9. 4 Experiments by Means of Protons and 7 -mes@ns «rcerwwrrerremrrvesssesmmersnemeriiees 160
Kenji Ishibashi, Yukinobu Watanabe
10, Transmutation
10, 1 Technical Issues of Accelerator-driven Transmutation and
Takakazu Takizuka
10. 2 Conceptual Study of Target Irradiation Test Facility for Transmutation - 191
Takahiko Nishida, Toshinobu Sasa, Takakazu Takizuka, Hiroshi Takada,
Shin-ichiro Meigo, Ryutaro Hino
10. 3 Reactor Physics RED for Accelerator-based TRU Transmutation ----oreeovoomeeeeneee 204
Hideshi Yasuda

Vi



JAERI-Conf 96-014

11. Plenary Discussions

11. 1 How Should the JAERI Neutron Source be Designed] eree-ecrererrmermirmommmnenee 219
Noboru Watanabe

Appendix Program of the First Workshop on Neutron Science Research Program - 233

The titles except for 3 are originally expressed in Japanese and are translated here into English by

the editors.

L sl o a——



JAERI-Conf 06-0i4

1. PHFHERRAEORER

A BEX
BEREFOHER
Abstract
The present study of Neutroen Science Research Program is overviewed . Since

a study group was founded about one and half vears ago, it has actively studied
the content of research program, design work, R & D, 1ts realizing schedule and

the promoting organization, which are reported in this paper.

KEYWORD: Powerful accelerator, Creaticn of new science, Why JAERI does, W¥hy now,

¥hat new, How to realise.
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FLWEEMEHIT S, flad, £HRERrEEE
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Thermal/Cold Neutron
(10-4ev~ 10eV_Neutron)

Neutron Physics
“{neV-GeV Neutron)

Neutron Scattering Research
Polymer Material Science
BioPhysics

Nuclear Physics and Applications

Neuiron,

with
Proton and Meson Beams

Elementary Particle Physic

Industrial Application Beam
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2. REEBFMERREDCRERK

KA. BEE—. EANFHE. BEMK, NERE, FRE. AR, GERER
HART RN B FIREHRE

A research plan has been proposed in JAERI aiming at exploring new basic
researches and nuciear energy sciences based on a high intensity proton linac with
about 1GeV and several mA. The research complex will be composed of facilities
such as the Neutron Facility for condensed matter physics, the Irradiation Facility
for material science, the Nuclear Energy Related Facility for engineering test of
nuclear waste transmutation etc. The R&D has been carried out for the components
of the low energy part of the accelerator; ion source, RFQ, DTL and RF source, For
the high energy portion above 100MeV, the conceptual design work on a
superconducting accelerating cavity has been performed as a major option. The
paper will present the summary on a long term development plan to build the
accelerator and the results of conceptual design study and the R&D work.
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3. 50 GeVIBFIEFRHEORE

The 50-GeV high-intensity proton synchrotron complex
of Japanese Hadron Project

Yoshiharu Mori
Insitutue for Nuclear Study, University of Tokyo
Midori-cho 3-2-1, Tanashi-shi, Tokyo 188

abstract
The outline of the 50-GeV proton synchrotron(50-GeV PS) design of the Japa-

nese Hadron Project(JHP) is described.

1.Introduction
The Japanese Hadron Project (JHP) has been proposed to aims at an interdisci-

plinary facility based on a very high intensity proton accelerator complex. The accel-
erator system comprises a 50-GeV proron sysnchrotron, a 30GeV booster synchrotron.
and a 200-MeV linac. There are four research facilities called arenas; K-arena for
intermediate energy nuclear and particle physics, E-arena for low energy nuclear
physics and its application with unstable nuclei beams, N-arena for high intensity
spallation neutron source for material sciences and neutron physics and M-arena for
muen physics and its application to material science. The facility will be constructed
at the north site of KEK by using as much as possible of the exciting infrastructure of

the present KEK 12-GeV PS.

2. Outiline of accelerator design
The Japanese Hadron Project (JHP) consists of the following three accelerators:

(1) injector: 200-MeV proton linear accelerator
(2) booster: 3-GeV proton synchrotron
(3) main ring: 50-GeV proton synchrotron
The accelerators will be constructed at the north end of the KEK site;the entire
plan view of the accelerator complex is shown in Fig.1. An outline of the JHP accel-
erator complex is presented in ref.[1].
The first stage of beam acceleration is provided by the Injecotr linac, which ac-
celerates H- ions up to 200MeV. The expected peak beam current in the linac is at
least 20mA, and the pulse duration and repetition rate of the beam is more than

400psec and 25Hz, respecitvely.

1)  3GeV booster

The H- beam is injected into the booster by charge-exchange multi-turn injection
and accelerated to 3 GeV.  The 3 GeV booster will be constructed in the existing
tunnel for the present KEK-PS main ring.  All of the components of the KEK-PS
main ring, such as the dipole magnets, quadrupole magnets, vacuum chambers and
others, will be removed.  The booster is a rapid-cycling proton synchrotron with a
repetition rate of 25Hz. This repetition rate will be increased up to 50 Hz in the
future by adding more cavityies to the rf acceleration system. In order to accomplish
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Fig.1

200 500 m

The entire plan view of the accelerator complex of JHP.
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Table 1. Parameters of the 3-GeV Booster and the 50-GeV Main Ring.

Injection enegy 0.2 GeV Injection enegy 3 GeV
Maximum energy 3 GeV Maximum energy 50 GeV
Beam intensity 5 x 10" ppp Beam intensity 2 x 10“ ppp
Repetition rate 25Hz Repetition rate ~1/3 Hz
Circumference 33336 m Circumference 1442 m
Magnetic rigidity 2.15-12.76 Tm Average radius 229.5m
Lattice configuration FODO Magnetic rigidity 12.76 - 170 Tm
Tune (7.34.3) Lattice configuration 3 - cell DOFO
Transition energy:yt 7 x 6 module
Total number of cells 24 +4 . strajght cell
Number of B-magnets 48 Tune (24.25,20.7)
Number of Q-magnets 48 Transition energy:yt 27 i (imaginary )
B-magnet length 1.75m Total number of celis 88
Q-magnet length G.5m Number of B-magnets 96
Maximum magnetic field Number of Q-magnets 176
Strength of B-magnet 0.85T B-magnet length 6.2m
Maximum magnetic field Q-magnet length 15m&2m
gradient of Q-magnet 5.4 Tim Maximum magnetic field
Natural chromaticity -6.77,-5.84 Strength of B-magnet 1.8T
Harmonic number 4 Maximum magnetic field
RF frequency 1.99 - 3.43 MHz Gradient of Q-magnet 20 T/m
RF voltage 389 kV Harmonic number 34
Beam emittance (injection} 320 wmm.nrad RF freguency 34-35MHz
Bearn emittance (extraction) 53,9 tmm.mrad RF voltage 270 kV
Beam emittance (injection) 53.% mmm.mrad
Beam emittance (extraction) 4.1 nmm.mrad

this high repetition rate, the maximum magnetic field strength of the dipole magnets
must be less than 1T . The power supply for each group of magnets is operated with
an independent resonance circuit system. The booster ring comprises 48 bending
magnets and 48 quadrupole magnets. The parameters of the booster ring are pre-
sented in Table 1. Since the ring should be placed in the present KEK-PS tunnel, the
superperiodicity of the ring was chosen to be four. There is no transition energy
during beam acceleration. The lattice design of the booster is presented in ref.(2].
Under 50-Hz operation, about an 800KV rf voltage is needed for beam acceleration.
Thus, a large number of straight sections are necessary for the rf cavity stations.[3]
In the present design, there are 24 straight sections; the length of each one is 6.57m.
The requested apertures for each component of the 3-GeV booster are summarized in
Table 2. In this estimate, a beam emittance of 320 n.mm.mrad at the beam injec-
tion for both the horizontal and vertical directions, and a momentum spread of +-0.5%
and 2 COD of 5mm are assumed. The expected beam intensity in the boester is
5x1013 ppp (protons per pulse); therefere, the average beam current becomes 2001LA.
The total power of the extracted beam from the booster reaches 0.6MW. The mag-
nets are divided into three groups: bending, focusing and defocusing. FEach group is
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excited using an independent resonant circuit. The designs of the magnets and their
power supplies are summarized in ref.[5]

Table 2. Apertures of the 3-GeV booster.

horizontal vertical
Bending magnet 92.9 mm 95.3 mm
quadrupole magnet 106.0 mm 106.6 mm

2y 50-GeV main ring

Protons from the booster are injected into the main ring and accelerated to 50
GeV. The expected beam intensity in the main ring is 2x1014ppp and the repetition
rate is about 1/3Hz. Thus, the average accelerated beam current reaches 10gA in the
50-GeV main ring. The 50-GeV protons are extracted by slow- and fast-extraction
schemes into two experimental areas.

There are several design constraints for the 50-GeV main ring, as shown below:

(1)The circumference of the ring is almost four times-larger than that of the

KEK-PS ring, and is limited by the site size.

(2) Max. field of bending magnets :<1.8 T ( for normal conducting magnet)

(3) Max. field gradient of the quadrupole magnets:< 20 T/m

(4) No transition energy: less than a 1% beam loss during beam acceleration

(5) Small beam size: eminence at beam injection ~ 54 n.mm.mrad

(6) Number and length of the long straight section: 4, >40m

In an ordinary FODO lattice, the % roughly equals the horizontal fune. Thus,
using an ordinary FODOQ lattice, it is inevitable to have a transition energy is inevi-
table during beam acceleration up to 50 GeV. One of the features in the main-ring
design is that an imaginary ¥ lattice is employed.[2] Therefore, no transition-energy
crossing exists during beam acceleration. When the total integral of the dispersion
function in the bending magnets is negative, the momentum compaction factor is
negative and % becomes imaginary. In order to realize an imaginary ¥ the arc
section of the ring comprises a series of cell units. Each cell unit consists of three
DOFO normal cells, where the central cell has no bending magnets. To accommodate
the dispersion free straight sections, the total horizontal phase advance(yyye,) in the
arc is set to an integer times 2n. In this design, we set ygre=5x2n. With this optics,
% becomes 27i. In order to avoid a serious radioactivation problem in high-intensity
mode acceleration, the beam loss should be kept small,and therefore a small beam
size is desired; Bmax should be made as small and flat as possible. A high intensity-
mode lattice was also designed from this peint of view.

The requested apertures of the 50 GeV ring are summarized in Table 3. Inthis
estimate, a beam emittance of 54 Tmmmrad at the beam injection for both the hori-
zontal and vertical directions, a momentum spread of +-0.5% and a COD of 5mm are
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assumed, respectively.[4]
Table 3. Apertures of the 50-GeV booster.

horizontal vertical
Bending magnet 46.1 mm 43.8 mm
Quadrupole magnet 52.6 mm 44.5 mm

3. Lattice design

3-1 3-GeV booster

The 3-GeV booster is operated in a very high repetition rate 25 Hz which needs
high rf acceleration voltage of 400 kV. Thus the ring needs to have enough drift space
for the rf cavities. In this ring, 24 straight sections each of which length is 6.57 m
gives enough space for the rf cavities and the injection and extraction systems. Mag-
netic field of the bending magnets is rather weak (B=0.95 T) so that the rapid cycle
operation is possible.[5] The requirement that the ring is fitted into the KEK-PS

tunnel makes the superperiodicity of the ring 4. The overview of the ring is shown in

Fig.2, and the betatron functions are shown in Fig.3.

Figure 2: Layout of the 3-GeV booster
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Figure 3: Beam optics functions of the JHP 3-GeV booster.
P, :solid line,
B, :dashed line,
7,:dash-dotted line.

The nominal tune are selected as (vx,vy)=(7.3,4.8). The gamma_t is 7.13 which is
substantially larger than gamma=4.20 at the top energy.

3-2 50-GeV main ring

Protons are accelerated from 3 GeV to 50 GeV in the main ring. At the top
energy, gamma is 54.3. In a conventional way of designing a lattice by using regular
FODO cell, y, approximately equals to the horizontal tune v . It is difficult to avoid
transition energy in the regular FODO lattice, because v_is about 20 - 30 in a machine
of this scale. Therefore, a imaginary-y, lattice 1s employed to eliminate the transition

energy. The momentum compaction factor is given by

NERSYE
yi Clcp
where 71 is the dispersion function, pis the radius at the orbit position of s in the ring

and C is the circumference of the ring. A highy, i.e. alow alpha can be obtained
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when the dispersion at the bending magnet are small. In order to get this optics, we
use a unit cell as shown in Figd. This unit cell consists of three DOFO normal cells;
the central cell has no bending magnets. In this configuration, the dispersion at the
bending magnets are small. If the integration of n/p is negative, v, becomes imagi-
nary. Hence the beam never encounters transition in this ring. The benefit of using
this lattice is that one can obtain imaginary-y, keeping the optics stable. In the arc
of the main ring there are two types of focusing quadrupole magnets QF and QFX,
and two types of defocusing quadrupole magnets QD and QDX. The ¥, is optimized so
that its absolute value is less than 100 by using these quadrupole magnets.

The circumference of this ring is 1442m which corresponds to the harmonic
number h=17. Since we need at least four straight sections, we take superperiodicity
of 4. The 90 degree arc consists of six unit cells mentioned above. A bending angle of
each bending magnets is 3.75 degree. There are four straight sections for the injec-
tion and the extraction systems, rf cavities and devices to prepare the polarized beam.
We are also investigating the possibility of employing superferric magnets, but here
we report the feasibility of the ring using normal conducting magnets. In this
scheme, there are strong constraints in designing the lattice: magnetic field of the
bending magnets should be less than 1.8 T, and field gradient of the quadrupole mag-
nets should be less than 25 T/m. Therefore length of the bending magnets is 6.2m;
relatively strong quadrupole magnets which are in the insertions and the missing
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Figure 4: Beam optics functions of the imaginary-y, lattice for the 50-GeV main ring.




JAERI-Conf 96-014

bend cells have the length of 2m;the length of the remaining quadrupoles are 1.5m.
Length of the arc and the straight sections are 300m and 60.5m respectively. There
are four normal cells in each straight section. Each cell has 5.56m drift space in which
one can locate the extraction septa and kickers.

Two operating modes are considered with the same the lattice:a dispersion free
mode and a high intensity mode. In the dispersion free mode, the dispersion in the
straight sections are zero for the polarized beam experiments. But for the high inten-
sity mode, we require minimum B instead of dispersion free straight sections in
order to reduce beam loss.

To provide the dispersion free straight sections, we set the horizontal phase ad-
vance in the arc to integer; y(arc)=5 x 2. Vertical tune is changed by using the all
quadrupole magnets in the ring. On the other hand, horizontal tune is adjusted by
varying the quadrupole magnets only in the straight sections. Therefore, it is feared
+hat the maximum value of the betatron functions become large when the horizontal
tune is changed widely.

A tunability of this operation mode is tested on several operating points at which
the tunes in the arc are (vx,vy)=(5.0,4.8), (5.0,4.6), (5.0,4.4), (5.0,4.2). Fig.5 shows
the betatron functions at the operating point (vx,vy)z(24.25,20.70). With this optics,
¥=27i, B,"*=32m and B *=37m. Even if we change the v and v 23.25-24.75 and
20.70 - 23.06 respectively,p’s do not exceed 40m. Also the dynamic aperture at each
operating point is caleulated respectively after the chromaticity correction is per-
formed, and is found to be larger than the acceptance. Thus substantial tunability 1s
obtained with this operation mode.

To keep the beam loss small in the high intensity mode, the beam size is desired
to be small. Then we need to make beta as small as possiblei.e. to make §_ ™ flat all
over the ring. To do this, we sacrifice the benefit of the dispersion free straight
sections;but we still require the imaginary-y,. Fig.6 shows the optics of this mode.
One can find that no beta modulations.

The dispersion function in the straight sections take non zero values; but these
values are not so high that the injection and the extraction can be done in these sec-
tions. A tunability of this mode is tested as well as the dispersion free mode. We vary
the tune v =22 - 24, v =21 - 24, and find that beta’s are less than 32m. Dynamic
aperture is examined in several operating points and found to be larger than the
acceptance.

Since the natural chromaticities are high, the tune spread due to the momentum
spread is not negligible; chromaticity correction is essential. The correction is per-
formed by two family sextupole magnets SF and SD. SF’s are placed on both side of
QFX’s, and SD’s are placed closed to the QD’s in the missing bend straight sections.
The necessary field strength of these sextupole magnets to correct the chromaticity as
zero are not so high (SF:29T/m?, SD:59T/m?) because of the high dispersion in the

R



23:02:49 Tuesday 23-Apr-96

JAERI-Conf 96-014

@
o]
jw]
o o — [ ._. m
FTT ujun.«!rl_ T 1 | SR AR T7 -‘.J % %
Plﬂ“ﬂﬁ _ nH w_l
- — ettt o &
=== gl it .w n_._
[ T T == m ]
| =TT == ] W oy
lllll == ] Rz ¥
| h=m =T B aw} El
T - L ® &
- = =t \H”uu m W
| — —= e m =4
hlsﬂbhilwlnhd..lll |..|.i1|,.u.n oY} %
- J.f.l‘[“.“I]H. i :l. fffffffff ‘m
T T T = \-\\.\Il. e
llll.,1|| = —T - .mm
e H
i .AHIH!HIHIH == i-.flnmw W
T T o~ P 1
L T e e - g
ippler =N 1
e E T == ®
— - =
ll..fl e
T ¥s
lllll w
=
o
=
. g
>
- £
w0
g
b S N [N rm
— =
:
[sa]
Ul £ (X % ui %Q .xmﬂ
(wip) “gr=gn 5 (wp) “gr-gp
3

Figure 6: Beam optics functions of the 50 GeV main ring in the high intensity mode.
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missing bend sections, With these non-linear elements, we obtain enough dynamic

aperture.[4]

4, Summary

The outline of the 50-GeV proton synchrotron(50-GeV PS) design of the Japa-
nese Hadron Project(JHP) was described. One of the features in the 50-GeV
main-ring design is that an imaginary % lattice is employed. Therefore, no transi-
tion-energy crossing exists during beam acceleration, which helps to reduce the beam
loss during beam acceleration. The 3-GeV booster is constructed in the existing
tunnel for the present KEK-PS main ring by removing all of the components of the
KEK-PS main ring, such as the dipole magnets, quadrupole magnets, vacuum cham-
bers and others. The expected beam intensity for the booster and the main ring

are 5x10%ppp and 2x10*ppp, respectively.
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Abstract
The possibility of the short pulse spallation neuiron source {SPSNS) and

the long pulse spallation neutron source (LPSNS) for cold and therma! neutron

scattering experiment were discussed. The comparison between the SPSNS and the
LPSNS was carried out after discussing how to make a TOF experiment under the

SPSNS or the LPSNS and the SPSNS of a several MW class was proposed.

KEYWORD : short pulse spallation neutron source, long pulse spallation
neutron source, cold and therma! neutron scattering experiment,

TOF experiment
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Comparison of spallation and reactor neutron sources
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abstract
We have been examined three kinds of next-generation spallation neutron sources in JAERI
superconducting proton linac accelerator project (1-1.5GeV, 25-16mA in peak current). The first
source type is short-pulse spallation neutron source (SPSNS) and the second source type is
long-pulse spallation source (LPSNS). This report presents the third type spallation source,
steady-state spallation neutron source (SSSNS), which is based on continuous wave mode of linac.
If we can construct SMW SSSNS, the performance of the SSSNS is complementary to SMW

SPSNS in cold neutron scattering experiment.
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Compariscn of spallation and reacter neutron sources
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This article has reported a brief history and the current status of neutron
scattering research based on the research reactors of JAER], in particular, the
university activities by the use of JRR-3M. From a univeristy user's point of
view on the future neutron source, we have discussed the JAERI-planned
accelerator-based neutron source project in comjunction with the KEK-
proposed JHP.
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ABSTRACT:
As a first step of a design study of the neutron science research center using an intense

proton accelerator of 1.5 GeV with a current of 1 mA, a benchmark calculation was carried out
with the NMTC/JAERI-MCNP-4A code system for the heat deposition in thick targets of Cu, Pb
and U bombarded with 1.2 GeV protons. The thickness of bulk shielding around a spallation
target was also estimated with the Moyer model and Sn calculation. It was found from these
calculations that the code system reproduced well the experimental heat distribution around the
beam axis. However, the code gave rather lower heat deposition at peripheral region of the target.
As for the bulk shielding, it was estimated that the shielding made of iron having the thickness of
4 m surrounded by ordinary concrete with the thickness of 1 m was required for the 1.5 GeV
proton incidence on a stopping-length Ta target with the diameter of 15cm.
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Our target group which was organized for developing neutron facilities with a high-
intensity proton accelerator of 1.5GeV and 1mA/10mA has made a developing plan
including R&D of key components, out-of-pile test of the system, conceptual and
detailed design activities. Along the plan, we have investigated heat removal
performance of a solid and a liquid-metal targets, which is one of key issues in the
target system. In this paper, we introduce the developing plan, calculation results to
comprehend thermal and hydraulic performance needed to the target, and problems
obtained through calculation results. Coolant velocity range required to be below 200
C of plate temperature was showed using a model of conventional transverse cooled
plate as the solid target, water and helium gas coolant and tantalum plate.
Temperature rise in the liquid-metal target of Hg under 10mA proten beam injection

and pressure loss in a pipe line were also showed.
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6. M
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FE . R ER
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A materials irradiation facility has been conceived in the Neutron Science Research Center
Program at JAERI. The neutron irradiation field of the facility is characterized by high flux of
spallation neutrons with very wide energy range up to several MeV, good accessibility to the
irradiation field, good controliability of irradiation conditions, etc. Extensive use of such a
materials irradiation facility is expected for various kinds of materials irradiation researches in
wide materials research fields from basic materials science to materials research and development
for nuclear energy systems. In this paper, outline concept of the materials irradiation facility,
characteristics of the irradiation field and materials researches expected for the facility are described.
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Neutron Irradiation Facility
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7. ARL—3 R
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A fission-product ion beam facility at the JAERI-proton-linac facility is proposed. This proposed
facility is composed of an on-line isotope separator (ISOL) front-end coupled to a tandem
accelerator which is combined by a superconducting linear accelerator to raise the energy of a
fission-product ion beam up to 10 MeV/u. To jonize the fission products produced by proton
spallation and/or neutron-induced fission of uranium, a negative surface ion source and the FEBIAD
ion source are chosen. In this paper, the general concept of the facility, the ion-source development
work necessary for the ISOL and the calculations of expected yields for selected examples are given.
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Table 1 Estimated fission-product ion beam intensities.

Nuclides | Half-life Cross section| Target Production | Transport Ion-source | Delay Charge Beam 1
fmb] material rate in target |efficiency [%] |efficiency [%6] |efficiency [%] |exchange intensity
[atoms/s] efficiency[%a] |after ISOL
90Br 1.96 5 4.0 235-U 3.8 E+I11 3 B+ 1 E+2 2.5E-3 28 E+S
29Br 4.37s 82 235-U 7.7 E+11 3E+] 1 E+2 8.6 E-1 2 E+9
| 88Rr 1665 9 235-U B4 Et1l 3 E+1 1 E+2 2.8 E+] 72 E+10
87Br 5573 5.4 235-U 6 E+l11 3 B+l 1 E+2 6.9 E+| 25E+10
86RBr 55 14 235-U 1.2 E+]1 3 E+H 1 E+2 6.9 B+ 4 5E+10
885e 153s 232 235-U 22 Et+ll 3 E+1 16 E+] { E+0 1.3 E+9
87Se 5845 4.26 235-U 4 E+il 2 E+] 1.6 E+1 3 E+l 3.7E+10
86Se 1533 5935 235-U 5.6 E+11 3 E+] 1.6 E+1 6.4 E+1 1 E+1}
855e 31s 24 235-U 2.2 E+11 3 E+] 1.6 E+1 8 E+i 5 E+10
848e 3.2 min 265 235-U 2.5 E+ll 3 E+] 16E+] 9.6 E+] 7 E+10
83Ge 1.9s 0.46 235-U 43 E+10 JE+I 4 E+l 26 E+0 2 E+] 2.7 E+7
82Ge 46s 0.7 235-U 6.5 E+10 3 E+i 4 E+1 2.2E+1 2E+1 3.5E+8
81Ge 10s 0.7 235-U 65 E+10 3 E+1 4 E+1 5 E+l 2 B+l 7.8 E+8
1391 2.29s 1.45 238-U 3.8 E+1I JE+] 1 Et+2 2.6 E40 3 EW
{387 645 8.1 235-U 7.6 E+1I 3 E+l 1 E+2 2.7 E+1 6 E+10
1371 2412s 152 235-U 1.4 E+12 3 E+1 1 E+2 7 E+1 3 E+1I
136ml 455 8.1 235-U 7.6 E+11 3 E+] 1 E+2 8.3 E+] 19 E+11
136gl 84 s 3.1 235-U 76 E+11 3 E+] 1 E+2 9 E+] 2 E+11
1351 661 h 14 235-U 1.3 E+12 3 E+] 1 E+2 1 E+2 4 E+11
1338n 1425 36 235-U 3.3 E+ll 3 E+1 5 E+l 7.6 E-1 2E+1 7.5 E+7
1325n 40 s 74 235-U 6.8 E+1] 3 E+i 5 Etl] 8.4 E+1 2 E+1 1.7E+10
131gSn 39s 5.8 235-U 53 E+11 3 E+ 5 E+l 8 4 E+1 2 E+1 1.3 E+10
13ImSn 3.7 min 14 235-U 1.3 E+11 3 E+! 5 E+1 9.7 E+1 2E+! 38 E+9
12CAg 1.17s 0.08 235-U 6.1 E+9 3 E+] 5 E+1 2.7E-1 2E+] 5 E+5
115 Ag 21s 0.09 235-U 8.4 E+§ JE+1 5 E+ 37EHD 2E+] 9 E+6
Al
Recoil Mass |-
[Separator |}
[ o .
"LCrystaI B@ 7
positive ions
(charge exchange) B
Chemical : |
| Separation | -
: LAppara!us :

Fig. 1. Schematic diagram of the Fission-Product lon Beam Facility (FPIBF)

discussed as a possible realization of the JAERI-Proton-Linac facility
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[1] A proposal of Radioactive Nuclear Beam Project at KEK-Booster (Tsukuba-RNB-1)

written by Working Group of Advisary Committee for Nuclear Physics Research Division
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[2] RIBEAM FACTORY = Basic Science =
Written by the planning group of the RI Beams Factory at RIKEN Accelerator Research
Facility, August 1994.

[3] The Isospin Laboratory, Research Opportunities with Radioactive Nuclear Beams,
Written by the North American Steering Committee for the IsoSpin Laboratory,
LALP 91-51.

[4] J.D.Garrett, Exotic Nuclear Shapes and Configurations that can be studied at High Spin
Using Radioactive lon Beams, March, 19G2.

[5] The SPIRAL Radioactive Ion Beam Facility, ed. M.Bex, March 1994, GANIL R9402.
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8. TaA - hfF
8.1 JHP—M7LFEtE

A HRE
HRAZEFHPETFHNEREL Yy — (UT-MSL)

Preliminary design of the M-Arena of Japanese Hadron Project is described along
with the science motivations of the project. Utilizing the world strongest 3 GeV
proton synchroton, 4 fold intense pulsed muons will be produced in the following
three schemes: a) eV - 10 keV ultraslow positive muons by laser-ionization of
thermal muonium: b) MeV positive muons by surface muon method; c) MeV - 100 HeV
positive and negative muons by decay-in-flight through superconducting sclenoid.
Scientific research subjects will cover the following subjects; condensed matter
research including surface science by SR, muon catalized nuclear fusion, non-
destructive element analysis by muonic X-ray as well as functional imaging of wSR
method both for bio-medical research, etc.

1. B
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Abstract

At UT-MSL/KEK we have been proceeding a project, the so-called Ultra

Slow Muon project, in which thermal Muonium (designated as Mu;

- consisting u” and €') atoms are generated from the surface of the hot tungsten
placed at the primary 500 MeV proton beam line and ionized by intense
lasers synchronized with the emission of Mu. By developing OPO and TiS
Jaser systems to generate Ly man-ct photons and employing a 6N-tungsten
target, we have succeeded in the generation of the ultra slow muons which
has thermal energy of 2000 K.

We have also shown whole the hydrogen isotopes of H, D and T which
are generated by the nuclear reactions of 500 MeV proton can be resonantly
ionized after thermarization and evaporated into vacuum like Mu atoms.
Therefore, any hydrogen isotope (Mu, H, D and T) can be extracted without
changingany experimental condition but the Lyman-ct wavelength.
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