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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
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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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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.
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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
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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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mil -
HERRFHIMERNR 74V b—7H

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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DTFOANTIR., 2O TRENRE VEE) KBWT, eV 5100 MeVETD I 2 Z VERY
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8.2 BEZFEI 1AYE—LOBELHA ) RKLFXHE

= RE
WK TFREE T > Y —
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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BARETOBOWAMELZELSNSIaFd VA (Mu) 2RETED. Kz, A4 a (L
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An apparatus for muon catalyzed fusion experiment has been installed in the RIKEN-RAL muon
facility at Rutherford Appleton Laboratory and a test experiment using a small amount of tritium has
been performed. In the talk, the details of the experimental apparatus and a preliminary result of the

test experiment are reported.
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Magnetic phase diagrams of high-Tc oxides of La,  (Ba,Sr), CuQ, and TIBa,Y,, Ca Cu,O, were

studied by zero-field p*SR measurement. In both of the La-Sr and La-Ba systems, decrease of an
initial asymmetry of muon spin poralization and precession of the muon spin were observed at
around x=0.12 at which the high-Tc superconductivity was most suppressed. This indicates the
competition between the superconducting state and an antiferromagnetic ordered state of Cu spins.
In case of the Tl-system, two precession components of the muon spin were observed from x=0 to
0.5 indicating the existence of the antiferromagnetic ordered state. For x=(), saturated internal fields
at the muon sites were 170 Oe and 23 Oe respectively and the magnetic transition temperature was
expected to be about 400 K. Both of the internal fields and the transition temperature show no
x-dependence up to x=0.5.

1. Lo .

d— NV F— TRIEC S EREEANS (i, BaO—HzBoRTCERL., &
WOk —VEREbs €2, WHESKE (EETE2, LT, A—VEDFDPLRVE E
CHRREEANIELEVETRL, Cu AY VI L A SBERTIRESRET 5. &
NE A BN S5 IEEV BRI AR L., HAANLEE CBEE N
BIT B, BEEKEI BV TLRR AR EAEES BRI S Tnd s,
EEMEEORESE ., BEWAHBIFEETHLLELLNTVE, TOIHL, A
DREHFEF R —VEIL Lo TEDBIELL T 22 HERL Z ik, BRBEED
RIBEBELASLLETHEELRILTH S,

T OHIIT BV T, B S RREEA: L TREOICER SR, LaRB{EYE,
ZLT, TCH 100K M LETh2 I RELHIcB 2T uSR # H WEAARICHET
LSRRI OVTHET 5,

2, TaxEER

SEOEBCAVEI 2 VTR, EOBHEHEDL, IROAEVYERL TV A,
HEAICH BRI I oA viFik, BEMEERCE o TRFERT vy VD

— 129 —



JAERI-Conf 96-014

VL L., HEEHEERZTI. OB AEYHT12 TH D OITEANAH
EEFALPMIDT. BHROBBLZE L LT IVEVIFIRENH L, £/, BAE
$E IS 2n X 13.554 kHz/Oe LMD BEFH 70— 7 L B0, SERE OB 2K
Srn—7r L THEOREHEEOHREICAVL N TES, ENI aF VT,
Z ¥V HEATHIIC 100% BELTWL-01, SMELL0EBrE kv, YOS
MTORBEBRIITL L &) T LW, pPSRIFORADFHTH 5,

FEOERIT, I 24 UABETIEICRE SIS, BETERETAILIZL -
T bbb, T2t 22 usec DEGTHEFEFHRET 2B, TROLIZALEY
Hmcxt T 2 AESAE b o THRETERMT 5o

W (8) =1+PAcos () P=1, A~1/3

ToT. PRAVVRAE (100%) . ARHESMOREE (7Y A )) Thi,
%ﬁﬂ@ﬁﬁ?ibcfﬁﬁj%;%%kﬁ L. &= LI CHTFALHESNARETFD
MEEEH L, FRFRAN, (BIH) N, (BA) £¥5L,

Nyp = Noexp(t/ T )1 AG,(W)

L be &I T. Nyit =0 TOREE. ¢ 13 a4 VHFOHFR GO L REED
REMMEF OBAMBEE TH L. 2 2T,

(Ng - & Ng )/ (N; + o Ny ) = AG, (1)

PEXETILNTE, a4 YAV VOERLE, TV A EFORBEROK
e LCERT 2D LRI D, cOT YA ORMBEEBITTLI
WEoT, 32t A P TOMBRREHRANBTREELIILFTELNTH L,

ORISR, EECERSNEBF-RALI o4 vEEICBWT, Yo
EEDD ETIThL:, REERIL 18K 25 300K TH S,

3. La AEERBEERLY

3—1. F5

La BERALA) La, (Ba,Sr).Cu0,id, BR{LBRBEEAL LTRMCRER SN PET
55 (F1) %, La® #Ba" b L <2 S TEBBT LI LT, FROF—VEHNHE S
b, x=0 ThbEE, REEBREICL D, Cu AY VT L5 EEEHRFRENER
T2, COBOBAEBEIIHI0K Thb, x w5 1fEwv., RiTFERHYE
BERT LA LB, FoAEEERENSEICKLNL, EREREZEM
xgTw X, x=0.06 1T & W BEENEEH T 5, BEEEZ ST, LaBa R TES 30
KBE. LaStRT4OKEETH L,

SEOKEWDE LT 5105, La REML TR, & 55w x O TBIEENH

— 130 —



———

JAERI-Conf 96-014

ELTWD I EPHBEENT, LaBa R T, x=0.125fF B TY, LaSrR TR
x=0.115 f$iF CHRZE OERFSEITIZE 002 5%, X HEHTER? L, La-Bah T,
CORBEEIHEETL IO x OFEICE VT, KB TCHEEBRESF RS L ET
~NEEEA LI EAEHE RN BREEOE L IZROETREOR(LEBEEL D
SR I N T VS, LALEHS, & OFEEHEEEIE La-St R T BRI EE S
nE. I, EHRELEOMOMEFERS,S b, S OHE x DHEBUCE W TTOERA
THECEAEEL TVLIORYHELIICTEI LN TELP ol £IT, AR
USR MIE 4T, ROBMEN 2 HE 9 BEE L LI EORCELL T 207 2Nz,

3—-2. QIR UER

K247 LaBa % ® x=0.125 iIZ BT 5, ¥YOREE uSRAIEKBITAHT7 v A MY Dk
BRE*RT. R20KMHETHE., CuDBRFHAE /LI o THELNS, BEFERT ~
FARIBIC LD Ty A M) ORISR L L, MEEBOEILRE LWL v, BHIO
Fiz. I ad A+ TOREEIGSA A Gauss B TH 2 355 @ Kubo-Toyabe BIE TR
(FansM, 36 KA TiE, $BH DD Exponential Blich 2, o kid, CuDE
FAVYH I ad A4 MELAREEMEL C el Lo TS 5, BRI 2ARA 25
TR o TWAEI EERLTWS, TK T TFH L L. B O Exponental £
T 10 TCOFMBT A VIS THI LB SN, ChiE, S aF A
MCEER RS VAERIE N RE L TWD S EARL TV, EBIE, YO@GELT T
FhRTWBEDT, TN RVASEEFRELZC LR, BENT, CuAE Y
DS BERERENSEELTWE I EdRL TV, oY, BEEMTHETS L) 2R
BT, BEABEFRESEATVAZ EAERPLHL P IT ST,

W EW LaSr ROV TS ERSITo 7 M3 WWRT LI, I5S5KALTHE,
BAEBOKBIE AL VD, 75 KIHETIE, Cu AY Vi 2RNERGORL E &
KL 72 Exponential Bl O BFIMHEFRL ., 26 Ktk b &, P7 v ¥ x ) ORI
BRI, MERFEOREIHES NS, TOKERL Y, La-StR TH La-Ba RFERKK
BIFEANEET AEBRC B TRREARENRE T L L PIC SN,

LaBa AR U LaSt ROWZ KO WTT ¥ ¥4 b ) OBMREEOMM 0BT 2L
(RBE, M4CROND &SI, BEESVFEHE SN, COHERSIEI 24 Y A
VYR EREL TWBZ ERkRL, Tk — Ly e REREFRET DL ILICLoTH I
FoHA P EOWEHENE L TWE 2 RLTWA, EbERBRE% T,
Cuo AV VOB FGEARERNTHL -0, Z0Ie—L ¥ 2ESHKFT. i
MEBRERETHEI LD DR L, 2% )., KECTHA S W A-BEBRFRER, KK
WAREETH 5 E LM E NI,

x 2 L84, LaBa RR VP La-Sr R 2o TREOHE 21TV, W7 A MY
DBEEZHAETHIC LT, BREERAOBER{LeAE LIS, KIS,
GICRT LI, BFRBETELR - BRETONH7 v 2 P oBLHFERH SN/,
NOEDEREIEDLERTDE ) K% D, La-Ba A, LaSrARFKICBIRETKLHM CH
ALNLERE CTHAERASEEIIRL I L b o, LaBa RTIREREZ AT &K

— 131 —

R i A ————



JAERI-Conf 96-014

g 35 K ThHHH. LaStRTEM 15K Thb, BRBEBRIRIT 2 & HICEBE
SEAEE LT L B OT, FUSREIRE ELB{ZERESES LTS ERbNS, LD
FEEE L D, La-Ba RN La-Sr ki B Tid, x=0.12 FE BV TS »OENTH
SHHEIE Y, BABRFPRLET S tLibﬂﬁﬁ#ﬁﬂfw%tW9ut#
EEMICHL P I,

4. TIR&SiRBERR Y

4—1. Fis

T S R EEE . T2 100K BEo & — 0 ¥ — 7RISR REREGTH 2%
CoFZicE. TOE% 1 HHOEREED LD E 2EROLO, EiZ, £nfhilsw
T uo, MOFEHEFER o TwH V), HERETHLLDLOND 2, AEKERTIE,
T-OMAT 1 T2 CuO, T b 1 T TH Y . EHREFHHEEEH D TiBaY, Calul,
(TL1212 %) &V 3 R F|A L7, T-1212 %id, YBCO 5 Off RiEE TR T T
WZREEELAALTEY (K8) . YBCORLNEBII BWIERRERERET ST
YRR THDL L ELLND, T2, Y R G TEBRTLI LWL T, RADF
NEBERELDIENTED, x=1.0 ORE. T~86K BEDBRENLRT 2. x TR
B DITHEV, TdLﬁL\Lﬂ6ﬁﬁT%k®1wK&E%TTo%Lx%ﬁyéﬁ
e, Sk REEEELA, x=05 THRITPEAGELBEVERT I I DY,
x=Q I B b, RIZBBRECR S, LaF¥ YBCO R Y OEHER L, T-1212 5%
T BWT b AR, EREEIRIC BT Cu A E ViC & b JOaMBE REFHET 5
LA TE, Aok VIBERIRES I LIC ko THBAKEY b BEERE~NCE
FREDELFRESLEWURTH B, £ 2T, ROBEEBHEEE RSS20,
T1-1212 R OGS T B v T, pSR JIE 24T 726

4— 2. BERUER

MO x=0lCBTBT VY A+ OBBEROREE(LOEFERT . KRSV
Tit, 32aFYAYYOEEEERORVES L. BYES O 2 20 BERS T &
N, Chit, BRI — L v P 2 RERENBEFSRELTWE I LERLTY S,
AV VOEERERD,S I a4 v 4 FORBESSOEERD B & ARG T
NEN1T00e & 230 £ 5720 M1 0 ICHERIEND, x=0 0 & &2 TORERIL
. AEBETRTRT . BB, YKL ETHELTLE- TS O
= COHAFTIEE o TWIad v, SOKMETRBOF A FPEL LT
SEMETRLTVD,, BOEIERS . 100K Bl LA & RNERS R w50, mEE b
TRV R B, i, RIREBOICETSCZ LT, 324 A b
DINBHIEFBLTEILER LTV S, ZiRTTOHEIE L ), BIAEB AL 400K
THAIEPHLPII o7,

KREWC, x #BLEE, TORBERFREN - VLo TED LI ITEILL
TV D EFENT, 111, SKTO, FRETHT Y VA M) OEREEOETF%
Fdo x=05 W BVTH, x=0 EFMICI 24 VY AE Y DR VREEES LBV RIERRT

— 132 —



JAERI-Conf 96-014

rHERR S v, FOARMBFRESREL Twb I LERLTVS, FWHERED I,
¥ OKUETHELTWSE, HI1210, x=0 £ x=05 BT 53 244 DAL
RS OBERIL 2T T x=0 £ 05 KBV THZFIENE , BNRTRSERT, #BX
B AL TH AL I EPHL IR o7z, THIF. Y% Ca TESEHRL T,
S AOBRBICLY CuO, AROBFRE IR, RELRE(IE Ukdo L TiEYD
BT ERRLTW S,

D FoERL D, T-1212 OMBEHERICBY T, H1 30 L9 2#EFMHZE 2
TENTED, x=055 05 fE T Tk, BEREBLLT400 K BE T o 5 ORI
REENRELTBY., COREBEFIZ, CanBRELLKECERAEN 2V, x=06 {7
T, RIBEHICFEREARED S BEERE~BITLTTWLZ EPHFTE, RA
DEFREFKELEDLDZ LI AP ELTwETREMEZRL TV 5,

)k — v ¥ — SRR BIREA T, FOEEERFREBE R -V F-7iC Lo
TEBICE IR LPP, SR0EHE, IR, £0 L) ZRETHF ORELHKITERA <
Nhdrof, COH, TTY CCHDEBRICE - TEBICFA- VP F—-TENTw
IPEIDERARLILPEETH D, TF2I2 AT, YW QP ICEBRTAICED R
v, ZROBEENRBRL TS LI HEEN 2 IR TV LM, BRI, FHRNTEEA 4
Vit B, BEXEIBEMLTL S &, FRLIEWRAOF - L2HEER IR TL &,
bL, Ca DEBREBIIRES) BEOBRRREHIFET LI, 5 - VIZX BROEFIREC
TALIIAET DI BB EHXHETEE, LAL LS, BEXKERERZ, CadDF-—
T Lo TRET L EDNECEA2F— VEFETHEHET O TELREL TS
WM g4 XPSHEIEIRGNDL LS, Y LC OEBERICL o Th—VARAICF —
TENDEWVD T EPHESI R TVER, Fni. REROERETER T L0,
F— 7 Xk — VATERARIKEE T, RNDTLIC AL O EHL NPT LI EHFERT
HLrEbNL,

5. $&®

&=V F—7HERBEERTHS, La, (Ba,Sr),CuO, . TIBaY, Ca,Cu0 il 2T,
¥ Rl pSR JIE 247 o 720 La RIS BWTid, x=0.12 f i TEBREDT x DRV
1B Tk T 525 BEEOMELLHEIT, Cu A ¥ VICE 2 AR ERFRENHR T
B EDEERB,OCHERIN, FORMSAHRIEE SN, T, x=0.12 L TEHBE
BRAR & KTRREMERAE & A%, AL TV AT LRI N, TIRICBW T, #HEHK
SIRICBIT B, Cu A ¥ VI & A RBBERENAER L RS b, #BAEHETO
REMARSRE SN/, FHREEHEFERER., BRERERAN x WEFE T, H5ERELR
BT, BERFERED LBEEREANERPBEIBITL TV A TREIR S L

— 133 —



JAERI-Conf 96-014

ZEHER
[1] G. Shirane, Y. Endoh, R. J. Birgeneau, M. A. Kastner, Y. Hidaka, M. Oda, M. Suzuki

and T. Murakami, Phys. Rev. Lett. 59 (1987) 1613.

[2]]. G. Bedonorz, K. A. Muller, Z. Phys. B64 (1986) 189.

[3] T. Fujita, Y. Aoki, H. Ihshii, H. Eisaki, T. Yabe, S. Tajima and S. Tanaka,
Jpn. 1. Appl. Phys. 26 (1987) L440.

[4] K. Nagamine, T. Matsuzakd, K. Ishida, I. Watanabe, R. Kadono, G. H. Eaton, H. J. Jones,

G. Thomas and W. G. Williams, Hyperfine Interact. 87 (1994) 1091.

[5] 1. Watanabe, J. Phys. Soc. Jpn. 63 (1994) 1560.

[6] A. R. Moodenbaugh, Youwen Xu, M. Suenaba, T. J. Folkerts and R. N. Shelton,
Phys. Rev. B38 (1988) 4596.

[7] K. Kumagai, Y. Nakamura, 1. Watanabe, Y. Nakamichi and H. Nakajima,
J. Mag. Mag. Mater. 76&77 (1988) 601.

[8] K. Kumagai, K. Kawano, H. Kagami, G. Suzuki, Y. Matsuda, I. Watanabe, K. Nishiyama,

and K. Nagamine, Physica C235-240 (1994) 1715.

[9] ]. D. Axe, H. Moudden, D. Hohlwein, D. E. Cox, K. Mohanty, A. R. Moodenbaugh
and Y. Xu, Phys. Rev. Lett. 62 (1989) 2751.

[10] R. 8. Hayano, Y. J. Uemura, J. Imazato, N. Nishida, T. Yamazaki and R. Kubo,
Phys. Rev. B20 (1979) 850.

[11] S. Nakajima, M. Kikuchi, Y. Syono, T. Oku, D. Shindo, K. Hiraga, N. Kobayashi,
H. Iwasaki and Y. Muto, Physica C158 (1989) 471. '

[12] D. Shindo. K. Hiraga, S. Nakajima, M. Kikuchi, Y. Syono, N. Kobayashi, K. Hojou,
T. Soga, S. Furuno and H. Otsu, Physica C159 (1989) 794.

{13] N. Nishida, H. Miyatake, D. Shimada, S. Okuma, M. Ishikawa, T. Takabatake,
Y. Nakazawa, Y. Kuno, R. Keitel, J. H. Brewer, T. M. Riseman, D. Li, Williams,
Y. Watanabe, T. Yamazaki, K. Nishiyama, K. Nagamine, E. J. Ansaldo and E. Torikai,
Jpn. J. Appl. Phys. 26 (1987) L1856.

[14] S. Nakajima, M. Kikuchi, Y. Syono, T. Oku, K. Nagase, N. Kobayashi, D. Shindo

and K. Hiraga, Physica C182 (1991) 89.

— 134 —



]

JAERI-Conf 96-014

PLBOQY ZF 120K Bal23X
a4 T T T

o
—e-
ASTHXETHY (3--7)/(8eF)

7%

o

Bl 1. La,,(Sr,Ba)Cn0, DiEEH#E

H2. YO uSR B TB LN
7y vA M) ORAEEORERL
La-Ba %&. x=0.125

c.48 T T T PLBOOT IF 7K Bald X
T T

AATRNETRY (B-F) /(R e}

3. ¥oisusR AIETH LN R4, 772 M) OBERE

Ty b)) oRERROIEBERIL
La-SI’ T3 X=O.1 15

— 135 —



Reduced Asymmelry

T A Eaasy m
- F-3
<
10+ Ao -
i [=]
g i °
qf
r e o x=Ql
I e L L
] —~
[ N = 'l-" ] Q12
05 A ——x o3
_A‘—--_ . -
[ oo ——me 0135
o raraal yootr eyl P
100
T K

5. u«Ba%a)%i&ﬁ&:mw b
MPAT v ALY OREEL

Corrected Ayyraetry

Ty (XK)

JAERI-Conf 96-014

40 ] T T

- O La-Ba -
30 | ®LaSr + ]
20 - —

ol NTl

TIHE lalcrosecy

Ha., 72 ) OEM
T-1212 %, x=0

BE

— 136 —

T (K

10, 32444 TONTBEE
oEEE it T-1212 %, x=0

T T T I | | T T 1
" x N
2 OL0 Ak ao o
e [ efF.° §
> L= La 2-x SI'X CUO4 1
%1 | % _
< 0.5 %= B x=009 e x=01125_]
= R T . 01 © 0.115
= L x o 0.105 = 012 |
5 x o .
0 L I | 1 | I | | | 1 ]
0 10 20 30 40 50
T &)
6. La-Ba BRDEJEICT D
MET VAN ORER
1212
l o7}
+ B
-’r':..:l‘-. | E @BG
sl é
© t~ eCa
~
l Cu
o
0.3850nm
8. T-1212 RO REE
i T F;I\llo o; ;OC;DII\;'[ T T_

0.3 - ° ?W%O — 40
= 5 % -
A s 1 %

- o —
'é 0‘2 | z ] 3.0 .5
g [ ° ] 8
bl -y A ¢£,\ A T o
[ — A fal - [
T o1 - aﬁ% 20 5
g [ 1 8

- X=0 .

0 i 1 | ll\illl ) i lILIH! ] 1 |_ 10
1 100



JAERI-Conf 96-014

T i Illl'll] k] I]||T1| T T T

R S AT
Tk é ¢ © 2
4 »
— B p ¢ + +% 7]
- i % ]
 uf :
0.2 I ; _-
c i
4 i
O N LW &
g % ]
& ootk 8 ]
5 s oy PN _
E = L oax=0 "
:E I e4& 05 :l
0— L+ v aganl Lorv gt Lo
1 10 100
T (K}
E12., 3ad¥¥q4 TOREES
DEEEAL, x=0 BT x=0.5
1T r v r 1 17 1 1T T ]
| - 3 450
; e
a . b—g-d-be 3 400
i 0 ¢ (sed) 10 is E j % E Wz
E Z_ 4350
T Z T
M11l. SKTOTF7Y>A MY OBEH 100 +,.?g |
BROBELA T i oa
x [ Z i
e L Z 1
O s 2 .
0 _l L1 ‘l too1 b l—
1 05 N 0

K1 3. T-1212 ROBESAHEK

— 137 —

L0

30

20

1.0

(MHz)

Fast Precession



JAERI-Conf 96-014

9. hTHME
0.1 hEFIRMEFEEBORE

F oM B Z
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Feasibility study of the Neutron Physics Research Facility has been made
since last year. First various research themes have been discussed and the beam conditions
required for each experiment have been examined, As it is not feasible to treat various types of
the beam at one facility, it was decided to concentrate to the medium energy neuiron
experiments up to 1.5 GeV in this facility. The expected beam conditions are 200 ps of pulse
width, repetition of 2 , s and beam current of 10 ,, A for the Phase 1. The beam current is
expected to increase to 100 , s at the Phase 2 ﬁth CW operation. Seven TOF spectrometers
will be equipped. The low energy neutron experiments, which require high intensity but longer
pulse will be done in the Neutron Diffraction Facility. Discussion is in progress for the proton

or pion induced reactions.
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Pulse conditions reguired for experiments at the Neutron
Physics Facility of JAERI Neutron Science Reseach Center
- are described. The experiments at this facility are
mostly based on ~ the time-of-flight method for
determination of energies of fast neutrons of ~0.1 MeV to
1 GeV region. Accordingly, proton pulses of very short -
time width (< 1ms) are inevitable in this facility. A
conceptual layout of the accelerator system to realize
this pulse condition in conjunction with requests from

other facilities (such as neutron scattering) is proposed.
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9.3 PHFERVIRLSRFROBRREESE

oA R OK
REMARERFIF LB

More than fifty years have passed after the discovery of fission phenomena, and
many experimental and theoretical studies have been done. The usage of huge released
energy in fission has been progressed actually. However, the fission mechanism has not
been resolved vet by now. Nuclear fission is caused by injection of neutrons, charged
particles including heavy ions or gamma ray to heavy nucleus, and by itself. Nuclear
fission gives us many information such as fission cross section, fragment mass and kinetic
energy distributions, fragment charge distribution, number of prompt neutrons, fission
neutron energy spectra, etc. In this paper, current situation of neutron-induced fission

research is introduced by focusing topical experiments, and personal?erspecﬁve 15 described.
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Experiments by the use of protons and pions are useful for detailed investigation of
nuclear reactions at intermediate energies. The reactions give complimentary information for
those of neutron incidence. In the future of 10 to 20 years later, neutron nuclear physics will goin
the stage where the comparison between the experimental and calculation results will be made in
detail on the basis of the direct linear scale, instead of that in the compressed logarithmic scale. The
use of precise experimental data by charged particles is expected to make clearer the basic process

such as nuciear in-medium effects in a wide meanin g, and will take an important role for advance

of neutron nuclear physics.
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In the late 1980s, Japan launched an ambitious long-lerm program on partltmnmg and transmutation
(P-T), called OMEGA, aiming at development of the technology to improve efficiency and safety in
the final disposal of high-level waste (HLW) and to recover useful elements from HLW. This paper
describes the concept of double stratum nuclear fuel cycle and the concept of accelerator-driven
transmutation systems, which are proposed by JAERI as the most efficient strategy and system for the
deployment of P-T. Technical issues of accelerator-driven fransmutation and a research facility plan
under reviewing are summarized. More detail descriptions of technical issues and research facility
plan are presented in the successive two companion papers. National and international R&D activities
on accelerator-based transmutation are overviewed with emphasis placed on engineering experiment

and demonstration test parl of programs.
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1000 MW DB SS o b3EA 5 L, BICEIME - BRLEEAR ST U-RENTE., &
FER B AR — b d D REFIE A 7L E IR LTI DN b SREEWITHT 51 o8
7R RECBOLETFEL T A .

SEEIT £ 2 MEBAME T, MA SERBOMREILETRSH 20, HITKBLAE AT L%
BT B U TEAI, JAUTHNT, L 2T LA TREHMREDLHILBKAEA. BR. MR
PELANETHAD, 2. IERED L 27 L TR ABESFINESIEFICERTARKE &
55,
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5. MABHBLEY X7 LEE"
KEGFERR T2 (~1.5 GeV, ¥ 10mA &) %A 7oMEFEHHBEAE > X7 L OBESRF &7 -
T he IOVATLTE, BIANF-OBFEERBESI—7 v MIAHL, -7 v M ROEK
RIS TE U3 ABOTHTE MA ABRERS &35 RERFOITHA L. MA BEOMABRIL
D& A e AR LTS R R - T D, RBRBERREEAEDEL I EILL - T,
MR IR RO AEFET A LT, BFIESRORBREIEFITNECTHIENT
&, FRNEBROERILELENLERT DI EEFEILN S,

INETIC, FVTRFUE—4y FEMAEE (HE0OREY) BEERCCEERS—5 v b
SRy AT ARU NaCl & MA LMD EREE RO cEsiE sy — 7y b AFL Y AT LOBLERET
AT -7,

351 Bf& 2T 4

ks —4 v b ROV A7 L& TIE. Na A EHEEEF & 2IZEEO MA ERBFIEEF L
B LTS, FLNEFig 2 ITRTE DI, PORODS »FRATF 7 —45y MR EEDR Ol
MA BREMEE D ORI N TS, F—47 v MEMOE FITR YT oic E—LAHBEBLT LS
GeV DB FE—LMERTHIICSI—4 v MIAFENG, 7 v NIRRT HEFIEE LTEH
FLOMABEIZ TN, §0 72T 08—y b TR VTIRFE-LAAHBZILIRF M) VA
BEBO ERRTHEENS, FLOPETEMEEFRHIZI08 THY ., E—LEHR 39mA T 820
MW D# % e 5, ERIFI 250 kg O MA (REERKIFE 10 ) LHEAEST LI E8TES,
MRERRURBREABITOF MY Y LBHERFT SV MESOTW S, BBERZF MY
LB LR, 2GR RY NaK 2O R r BRI N5, REICZBFOEIS —
AR T 246 MW DEAERET 2,

Bky —7 w bRy AT LDOFEHETE Table3 [TRT,

52 BER s AT L _

BRME S —4 v b POV AT LS TR, BEPETRRETHHIIMA OBEBRENT2KE
WIAENSE D T v LTI R ORI (64NaCl-31MACI-SPuCh) # B T5, MAZE
DEBEIIBFE—LOs—%y MIETH A & E DI, REFRFLOBEL BEHOREIERIT,
IOt Fg 3ilm T LI, VAT LOMBEERIC Y VTINITEIENTES, =T v b/
FOEIROR D AN TES, ZOMIOEEIZ D /37 MEBTRBARE LTS, Z0
L UHIRICE » Ty SO 1 RRFEREZAEE L. MADA VRV MY ETELRY/PECLTH
G, BFE—LIZY—4 v M RO LBOAHEEABL TEETRIZICAT SRS, AHE, Bt
2, BEEVTRBEITRTEIRIE LTS, FLOOREFEDBB/REIZ092THD, 15
GeV-25mA OFFE— L% BT 1 F/ICH 250 kg O MADYHE L. 800 MW DM ERET 5,

BETHLERMEZH B I LITE T, BRSO FP B854 v 54 Y TEEIIT) 2 &0°7]
BEICIL B I OIS 5.

BRE Y —4y b FLY AT LADEEFETE Table 4 |2RT,
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6. MEBREHE L FRMRME

AT D R A L MRG0 ME R RE T B, TREFH
?mﬁﬂﬁjmﬁém%&ﬂ’ﬁfﬁ-&lih#*ﬁw—fj%%ﬁbto

“hE TIs. AEAITERMEO T ROREICE T MEBEY Y AT LORHREORE - &
st DR T 5E AN (LANL) RUEMNERETHHESE (CERN) $070V2 2 bOX
B . 92 - AR — AR UEEER - RS B OIRE] . v — L ORI TTOREETIT o 1o T 8
MERRIESIT T S - FIREE . E— ABERROHSREORMET. $122h50
g SR ORI AT - e ORFHERIZHESOT, BROFER. YER. BRRERT S &
Ebie. RO R R OMEKERS D AT 7, Table S BTN 6 1T R BALTE TR B 5 B B U
R £ T

B, FEIS FIAE O AR BT TP TP SRS OBAER ). WS
M HERR A B, LT B I OME AT B TH B,

7. FEOMERERLES OV 27 b

. TR - HEST LT ROBLITEE - TETLEEEBIT. W(20DET
ST EERFR O B OHEL S A F OREFEM LTS, —F NBEEE LHETIRIDHK
mw%éu;b,ﬁﬁ%-ﬁﬁﬂ@u%tﬁﬂ%ﬁﬁﬁﬁf%to:@&5&%&%%%&bf‘g
Fe b ANEOBHEAYA A AHEETICAR SN T, BCREBEICB LT I8 - EEAIE DA R R
AEUH L NRF L. FOFERE LED ETIWENTRICT->TETSE, JITE
ASEOB S - AHENLIE, FICMERYELEO Yo U2 7 FOBKIIOWTRET 5.

71 75 R

95 2T 1991 R T B T | AR L. OEERICE-SU T SPIN (Separation
and Incineration) ZHE & W41 5 BE M8 - AT RHR BIRENRE L. Z O EIRIENIC
K3EAE? $ T PURTEX (T%/¢— ;) & ACTINEX (BFZEBA%/ <— }) H 57 - Tind, ACTINEX
Ti3. Pu RUSMA. EEM FP OS MR NOMTE. REMERBILEE BE U ICHREIRRT 2RRT
b B F A REF R USRI L 2T L (R E RS L T L) 1Tk D4 Pu R
£ MA QA OIFENES oh TS, WS FIZ, 75 v ZFEFAT (CEA) (303 EEHBLE
W7 (ISAAC) HEAAMEGIZLE LI, Sl REMER MASURUKA (2L B RIBR (k=
0.98) [FMEEEAA Bis L. FH RN ESPHEEHIC SR 2 REE EORMENTONIL, Ak K
B, TR, PHLEASY POBESERNTY HETH S, FEENERORT
M. ~NO—BEOMWE. E—L4 - ¥+ 1y 7 AEHRFODO, 100 mA KEHA A LiREIEFESITH
T %. F7:. SATURNE (2B TLEAMEMRERTRE O~ FRIEEZED D & &bt BAME
Bt S 25 LA E LB Y 27 LA HE T EHEITHN T S, CEA OEITFEHHE
DOMEBTERFIT. BEGAEICEDHSNT LS,

72 KE
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FETE. DAT ST AEILFEFR (LANL) RUT Ly 7T VELFFEF (BNL) KE80T, £
N F 100 mA oK E B2 7 ATW (Accelerator Transmutation of Waste) HE4 % f
PHOENIX & DBEA4THN TV 5. |

LANL @ ATW 3 27 L@ oS (Fig. 4) 13, 800 MeV-130 mA OARMRRE F 1845 & #ik Pb
S —Hy h, BRI T Ay ML - THEEICEOHPHFR (~10" em®s) EF4 & ¥, MA RU
EHGFP ONEAEAR S D TH -7, MARUESHM FPIIKBSESHVRAT Y -—DORETEK

TS Uhy NADL— TAFREE S, MADQERSTHS Np-237 FBPHFERIX L THEEHD

21 0O Np-238 1275 B¢, MHEHTHOS & TRMET AMCHARET 5. T O/HIEIH
BTN TE L EEBID. 7Ty FHOMAEMBEIFFINE (TSI ENTREICE S, ik
PR BN D O TSR LIS S BB T & B0 1FA D MA R &L A S (12 B HEPRIEHT
H%ﬁﬁﬁTiéc%ﬁ¢ﬁ%mTﬁ\&—kaﬁ%ﬂﬁ@ﬁ%ﬁ%\ﬁmmmwﬁﬁﬁ‘PU%
W LR EORBHI RSN E U, BEDRE" TR, BE 7 v MBMED TS Vv MR
B L RTF LS (Fig 5) 12EH . B2 H T2 x 105 vem™s BE L2 > T 5, LANL DX
Sl & 2 Y2 — VROERT O/ S5 L& Fig. 6 RUTICRE T,

BNL > PHOENIX 4 (Fig.8) Tl3. FFTF (FastFlux Test Facility) &R UJcH b YU LSEIEEL
MBI L MO BERBRFOE Y 2 —E b B, JHh%E 16 GeV-104 mA DETE— LTH
G4BT Lt - THBREETS . E— AR E D BHEEEIE—F 0 7205 50, §—
5y R TCBE E— AR TAS LT B, ZORBRIPOE. P TREREN 09~
0.95 THIE AT 3600 MW 234 L. M 2600kg D MA L4300 kg @ 128 HERTE S L ANT

Wb

73 oisr

GUT TR BEAEEE Minatom) 2 EEBABEENOLOEFI AT LOBLEREL. £
WOFRSE TS  MEMEOMEBRIED SN T 5, IEEREN MM S 2T L0
T WL OPOHERM DX XFH AT LREOREIYTON TS, Minatom (3 —E) S B
FERHEOTEEH - T3, R L TV, KEFOFRI. ERREREE 5 —
(ISTC) 72 EABUIHED S DFBITEE LT 5,

I3 - SEAMEETIET (ITEP) Tld. LANL 0 ATW & EROERIETREFA L MESEHE
K 2T LOMEREDED S & & b1z, ISTRA MNESE & ERABFE R Lo HRLEEREFHE
LT a™, 20 THEHR TEWRR (MRTD TRARER FIMERORHEIT- T 5, HE -
B T2RZEPT (IPPE) 3 Pb RUFPL-Bi #— 4w b, Th ¥ —4y b ORSHEETE. PRIV F—#
F— SR EEED T B '

74 CERN

WHERALIE R = B0 & LS E TRV, BN EE LM (CERN) Tid, 1993 FFiZC
Rubbia 2258 U7z Th-U o 2 )biz & &5 (OB BHE 27 L [ TRV F 3RS (EA) | O
B%ATTH T 5. CERN OERT O/ 5 L1, 2EED 514D, FEAT (First EA Test) SR59 55
| By 3 ARRE OER AT 10dDOERT. 1994 EpSHsanis, H77 05 —7y M &
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Tk S LR BOKEGE TR R 0.9 OF OEFHEhETERRIC 06~2.75GeV DBFE—
LAEMNE L. FOROESEBMG . RBHAZNEL TS, HW2EMELT. VI rEMITA
A B A FORI A S BRI X s, JORETIRA ST O Cirene D FEFZUE L 1 GeV-
3.25 mA OIEESE AR LT BHJT 130 MW (GREH T 2MW) OSEFERITH T LAMRE S 170
Cirene FRLFEGE OIS, € — A A ovh AR O s Shy Fo Y 2T LS
S OB FEE (Fig 9) 5 ipHEdb i F4% (Fig.10) KEESNAI Lo, BETE,
100 MW 0558 Lk V¥ — g8 & 27 A EHEATHE SN TV 5, T ORBUEERIARICEIT 72
BIDAT v TELT, 199%- 1997 410 & ZF LEYEEHE., $oo— Vs Y RUBRZEOHEK. &
SHFFE. 5-15mA O T b 8§ A THEBOLERIRUASEHHARET S S LBFESNTL S,
CERN Q&R 7 0 7 5 L% Fig. 111TRF,

HIE. AT AREHIR. REFRIERUMISHOER, FLUKA %0 30— FER. MEERET
WEALH TS, MEEEEs7 - W70t UAEZTiND, T, HBLEEFIRA LA
E&HAHFP (Te, 1, Cs-137) A EESEE TARC 411996 4 A5 2 FEROFETHIEEN S,

13 A9 x—T v

EF A5 < BEIEH. HAMKREELLTE Y. BFARBREE. B OB WERE L OHR
NEEES ETAMENKRE L L TETOS, MERLEDEKFEREREORBAD T S
SOF T 2 v E LTHREEANTE Y. T BT B EE) Th-UBE S 27 LB T 5,
ETTRAE (RIT) EOAEARFOE LA ESERE v 25 LR 5 EROBEI/NRE TS 5 05
X% X3 EERAFEARENICED TS, 1996 1F 6 BT Kalmar TH 2 BI#E SR EHBRLELR

#i (ADTT) E#ETHET 2.

76 A1 2 :

£ - x5 —FFFF (PSD 2B T, M SRS ERESR Y 2T LEPLE LY R
= AP ARAT . BBV ENY 2 2 EGRICET 3RFFA 7Y 2 v EORBEHE, T 7 F
J 4 FOBTFRE S ATHENAY BRUE T R LF - RET VORIEVED 5N T D, KEEY
4rT ke (1GeV-10mA ) OTHIIEEHRHETHh, $70. SINQ D 1MW By —4
M (Hefk Pb & 7ciE Pb-Bi) BIREET-> T 5.

7.7 ZD{EOFEE :

FS5UE . A5 VT K4V, BEH. F23. K—F 2K FE. 4 ¥ F RINV—REEORE
L R EE A AT T A N T O S T AR S, H AV EBRMEEE LI EREN T
OB mL TS,

8. ERBATST L

A BT T 48R (OECD/NEA) | ERE A (LAEA) | BMHERR (EC) I8
14 Z IR IRV (S Y S EERG S AT EREBL OEBRSESREIND LI
TETD, Fio. EERSEH#E L s — (STC) AEUT. < Db InE 25 B E i 2 B2
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Liz7 ol FEHLNTINNS,

8.1 OECD/NEA
OECD/NEA FFAMREERSL (NDC) Tid. BROIPEICLY 98I FNET 7 F+4 P& FP DR

B . RN IT RS A EIREHASR T O/ S AN . JE TIC3 MOFRKBEEERTE
PERSH, T—0 e v TERMT I EEDBIL. WD LE . —BREFBEZRITLTV 5. Fio.
1994 f£700 SEE P « TSI OFT ShTE AR D /osd. TR - MDD O 2T LIRFFRICET S E
MEH AT T 0 7 F LG ICIC B E .

BESHE - MENIEE LT — 2. AR O- P FEERRE LEEFARERZRS

(NSC) O F 075 L T, M SSERE AL Bl L 7o B 7 L F — IO 7 — 5 U - 53
fil, SFEZFARARUHE T FOXRUF -7 TN T 5,

82 IAEA

IAEA T3 1991 FIZE 8 - MERITICEEd M@ M XN TLR., BEEMEREVHENM

NTU S, 1994 Fhn s, B - BILEED %4 1 R UBHE O I 84 5 B 0FFEs B (CRP)

DEEE NI,

B K%/XTAIOLT@,H%¢Q%3MJQ CBLTHNES SO s S L [ TrF+q K

Mﬁkﬂ&u%%«®m1$»#—mL%®ﬁﬁfm%%énfu% BEHFEEESHAIN. T
PREREN AT AT —F A LR~ b BAER LI 1996 i S NESRE) o 7 LK 5 CRP R

%ﬁéﬂtmo

83 EC :

EC Tid. 1990 0 &R SN DI 2R TR /7400 LT, VAT LD
B SOBTEEIRAALIT A B AR DR EHE ST - NI BT B IR IFIE R 1T - T B ™,

A5 DIFEIL EC @ Karlsruhe B 2F Petten @KL v 7 —iiH0 Ty £ EUBEONAERKE LD
MHDE EIT#D LN TIND, I, B 5 VAKEWER (TU) T, 75 AD SPIN 5l & B:E

LT, TRU#kL 7 —4 o M OMPESORBIITEL®S SN TS,

MEBEIE A IO Tid, HRAWR L7 —RUME 7ﬁ@@Hn? REFE 17
LT EBF AR ROZAREE TN 2 HEFM (ABAT) (M7 3 3EMOTo Y7 b
91996 EEM SIS XN S, SO, L RT LR, MERl. #Ey -« 7 VOWE., %74
BUMEBF D4 208 A7 0575 - Tl b,

84 ISTC

NESERT L 27 AICET 20 (O0DISTC o U 7 M HEH LN TED . 8B OHL
VIEEMNE RTINS, KE (LANL) | @& (JAERD) | EU (RIT, 2%z —F ) PEEE LT3,

9. B
B UV R AR 2T REB A ST A a5 Z &id. FAFHFAORSEEZE OIC
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MEEEETEEEBIT. SRETHOME - HAEEH T HAT, MO TEEURETH 5o
SRS TN & 2 AT O T T R A A B OB AL R L SR TR I
F g LASZ LD ATHA S, B, EAEREOTOINESHEEBAEIHT S0
REFTEFTEE - TOE TS, ILEREN S 27 ADOHHR. TOREEENTILITL-T, H
IS 1 T { R MR S O L 3 LF RO S EIC G R T & DR E L,

RSB DR E TIoid. £ O TNEORRLLETH SN RIFOPHTFRFENRA

5l

T T ILEREE TR L R T AD A FE X FATFERMUOETLRARET I I LITLD,

FRRERESED 5ND LD EMFEN D,
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Table 1 7 A A WIS E 12 I LI DHPPERRE A7 ¥ 2 — b

I (~10865)

BEMAEENTENTIARTHY, BER  HFEEY 21 b0 s I~ FORRETD
FEBIC, HEULETS U OERBTEERT S,

Fh =4y FROFATELT. BEDY I 2 b—2 50— FIC & 2EBERERET RIOEIES
WL ESHERITT 2. BRUYS VERERAOCEPRIRPYEXRBEERT 3.

1R (1997 ~2000 &)

TEHMEERUEETTAERTHY, B3 BERH O- FORBEEDHSZ L& HIT, HEL
MBSy FOBERERTERET S,

Fio EHANETS Y ORBEBSEFASEORIEEENS LT, 75 RRERLLXER
FiEEREERET S, I, BEBIT R F—5E (MeV~CGeV) O¥F—F ORERTVREIIC
BHd,

2000 F LI :

EEUEQBTUAFLAORIMEETT 2BMTHY . HRLEY 3 FORBLETZED.

BEERSHEDEH. TRLF—1SUZ2EEHET5 0 PR ERLEAEETS.

Tt S UNLEELTEREINE Y5y MEMSHRZ /0 0y FREBOSEETL. TRU
B O TR OB R N D R T AT B Q@O (F 4. BEISHE, B - ARSI
OIEMHRBT—F2IET D,

LEpISsaicEsnr. EB8YS 0 rREOEBRIEY S v bORMEIIEIC DO TG
T3,

Table 2 J# 38T o 27 Ao EDT &

KERTORE

BRETEMORL, REteEEOBEBEOLR
BFE—LICLEZHEA

BE. BEEE. ERaEAMEREL
ABMHhEOPEF R

FMFAS I AOBL

mBFOIX b
MEROBLRSEGICANADAIZFOEK
BIXILF-HFOEE
FEAHEE. &R
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Table3 [&k&—4 w b /PGy AT LAQFERZET

Fuel Metai Alloy
Np-15Pu-307Zr
AmCm-35Pu-10Y

Target Solid Tungsten
Coolant Liguid Sodium
Actinide Inventory 3160 kg
Neutron Multiplication Factor 0.89
Spallation Neutrons per Preton 40 n/p
Proten Beam 15 Gav- 39 mA
Thermal Power 820 MW
Burnup 250 kg/y (8.0 %/y)
Power Density
Max. 930 MW/m®
Avg. 400 MW/m?®
Coolant Temperature
Core Inlet 330°C
Core Qutlet 430°C
Coolant Maximum Velocity 8 mfs

Table 4 EBUE S —47 v ALY AT LDITREET

Fuel Chloride Salt
64NaCI-5PuC! 3-31MACI;
(MA: Np, Am, Cm)

Target Chloride Salt
Cooclant Chlecride Salt
Actinide Inventory 5430 kg
Neutron Multiplication Factor 0.92
Spallation Neutrons per Proton 38 n/p
Proton Beam 1.5 GeV- 25 mA
Thermal Power 800 MW :
Burnup 250 kgly (4.6 %/y)
Power Density

Max. 1860 MW/m®

Avg. 310 Mwim®
Coolant Temperature

Core Inlet 650°C

Core Qutlet 750°C
Coolant Maximum Velocity 3.6 mfs
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Table 5 135 23 AL AT 72 B JE R

E—LAME
fitERATIE, HMBORE. SEHMETE. REBBE. SR
FERE e a]

BBy -7y b

TiERattt, HmpiasE. SIMEEN. RBEE. S

i FINE, ABF IR b, PEFR. REERY
FERF LD

PEFZIAY Fb, PHFR, BOBREIGE, RREE,

CHEAS., MMERCE. SRR

BRElRlE - EALIRE i, B AHR S,
B

EEEESE, STxILF—HEE
FEHR

EE - REhigiE, PREER
s

FR RS, E—LAAHE - BEEEERE, E-LAHR
HEHE

FEEREER, ©— AR - Fid

Table 6 AL ELHFFE Mo A AL

RN (B4
Bery — 7y KB
BB TIRE - XA Y L, EIREERNE, BTEE,
RIES7. PHIEAH. RASE. RSt BHESR
IEREFAERFLOER
FRERE. REFES R VA, PRF AR b RICEREE
RICES ., PHFRAME. BESH, Bl
EEwmR - 25
e, HEIELR
F—AASTENR - B8 SHNEHERE - R
BEEER - 25 FRBEHER 2R
HRABTH¥RESBEER (F18)
S AR i A KRR
s —~ o b SRERPOBESHERR
ETI—5 o b SREREOREBEERR
MAEEEES
B St g B
T EET I EER R
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R (800 MeV, 13C mA) ¥
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10.2 HRLERBZERSE—7 v FEEBOKRE

FMMEE, 4 iE. BEEM, BEA*. PIFH—R*, BEFREAR*

A &R B 5Eer
WUALEL S A F LA TEMER, xR FRAANEZ. * x REKNHARE

Abstract

In the R&D project for the Neutron Science Center at JAERI, the construction of the
target irradiation facility is being planned for the accelerator transmutation system developed
based on the npational ~program OMEGA on partitioning and transmutation. The facility
consists of two target equipments, which are irradiated by proton beam with the medium
power (< 1 kW) and the high power (< 15 MW) respectively, to examine the technological
feasibility of the spallation target, using the intense proton linac developed as a main machine
in this Center. In this report the experimental and analytical items, the general view of the
target irradiation facilitics and building and the preliminary nuclear calculations for some
high power targets arc given.
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10.3 MERFATRUBRLECET IFNEREFRRE

LHFHE
W BRI REE

Various researches and developments are required for the realization of a minor actinide
transmutation plant. This report describes the concept of a zero power experimental facility
taking account of the necessary R&D items from the view point of reactor physics. A concept
of a 40 MW experimental reactor is also shortly described for a possible option of constructing
it in JAERI-Tokai site. The related reactor physics activities so far at JAERI are briefly
reviewed. This covers integral spallation reaction experiments and intermediate energy

radiation shielding experiments.
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Abstract

The importance of a next-generation neutron source in JAERI is discussed. The feasibility
and the performances of three types of neutron sources, namely continuous wave spallation
source (CWSS) , long-pulse spallation source (LPSS) and short-puise spallation source
(SPSS) , are compared based on a proposed JAERI acceleator, a superconducting (SC) proton
linac (1-1.5 GeV, 25-16 mA in peak current, finally CW). How to realize one of the world's
best neutron source using such a linac with a modest beam-current and what type of neutron
source is the best for such a linac are the most important current problems. Since the
acceleator is not favorable for LPSS due to a lower peak current and there exist serious
technical problems for a CWSS target, a short-pulse spaliation source would be the best
candidate to realize a 5 MW-class SPSS like ESS, provided that the H'-injection to a

compressor ring over a long pulse duration (>2 ms) is feasible.

1. iFlwic

FEH O PR E R RIS T FEAOCAERLMHRS TSRS TS, 22
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e SOty s YOBMNTHB2EEEICH T 2EHOY - PHHILNERENTH S,
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2O&H D KHEMBIZIZEOMNHEATLE ). €D L) UEREN 5. OECD
Megascience Forum T3 B2 B HOREE B SLE S, TOMRE - BERENEL
X2 & LTid,
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Table 1 Spallation Ncutron Sources in the World

In Operation
MeV uA kW
KENS-I* 500 5 2.5
IPNS* 450 18 8
LANSCE* 800 70 56
ISIS* 800 200 160
Under Construction
MceV mA MW
SINQ(CW) 590 1.2 0.7
MMF-0.6/Moscow* 600 0.5 0.3
Under Planning
GeV mA MW
AUSTRON* 1.6 0.125 02
JHP* 3 0.2 0.6
IPNS upgrade* 2 0.5 1
LANSCE(LPSS) ) 0.8 1.25 1
ESS* 1.334 3.75 5
BNL” 3.6 14 5
ORNL* 5
JAERTI* 1-1.5 5-4 5
JAERI(LPSS) % 15-1 1.5
JAERI(CW) % 3.3-10 5-10

*Short Pulse Spallation Source (SPSS)
LPSS : Long Pulse Spallation Source

CW : Continuous Spallation Source
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BOHELERFELBEAMUTH S,

5P s A FIEIETOAR Y — Y 5 VHHFET BB AE L= 5 v/

ABHFETH D, RiZii~Slong pulse & [X 8I| |, T Short-Pulse Spallation Source

(SPSS) &TE3:, MARIFOEL L RKE — LD
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NAMEE SHEETHD

(3) 3D YA FEWEBH LEFH LI e PT BFIZT v 7 oB 5N 5471
msDw Yy OV RAEFDEE Y —F y MIST TR FERESE D, INE
SPSS & [X 51 L T Long-Pulsu Spallation Source (LPSS) &MESs, D& D EHDILL
SO Z T T, IS AT P RATER (TOF) 2510 X B HELERTA 5
TN T Ry MEIERIEA TS, B OFEHTFI—F -l —FHL LSO
PISOHEFETH S '

Table 2 KEEE T & — LEAM®ELS & IR

IniEEs DFEA

Ring cyclotron
P/H linac

H'linac+CR**

SCC linac***

E— LADRERNE T F RO TR E— L0E (Smo LR
CwW CWSS ~10MW=
long pulse LPSS ~10MW
(~1ms)
short pulse SPSS ~ SMW
(<us)
CcwW CWSS ~20MW*

* —IENMEO LR, 7=y MERRRR
* x CR : Compressor ring
ok ok BEEYZT w7
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B S+ L¥t v 7 - BEEBT TRGFEED TELBRK (EOZDT—-7 397
OEET) oEMmEE. ETAEFEINEBEEOEF ) =7 v 7 (1.5 GeV, B FaEHR
10mA) Thotre E—27 E—ATHIZI0mALEZ . 2L AL ms, #1958 L100 Hz
(duty eycle 0.1) T, IREEUHSED T BESSFENIIEITAH )27 v 7 (1.334 GeV, -
7 EHIB mA, OV ZIFL2ms, #oR LS0Hz) &L {UTH S,

ZDRIFEHBETAIIR D BREF v EF7 1 (SCO) %high-8t7 &z B 7CBEREY
=T w7 DRI AR HTED T E,, RO TERA (IR L 53 BALEER - HETE )
DI=HDRKEBEBTF E— L5 REICEDZICE. SV AR E—-L8METE) =T v 7 DI
A (CW) E—LAMETESHO0HPFAEOHMIZEEDTHA D SRUINE
ZATIOARBEE) —7 v 7131-15GeV (nAxVF—FTTE, IZAMILORE) ( V=7
2516 mA, duty cycleDE# HEZL FHHDBCWEREL T 5,

Table 3  Neutron source performance expected with ESS/JAER] type accelerators

Source type P-beam power(MW) ® (% 10¥n/em’s) D (¥ 10%n/ems)
CW (D, O reactor type) 8.64%/10%* 1.7/2 . —
L.PSS (Ims % 60 Hz) 8.64*/1.5%** 1.7/0.3 29/5 .
SPSS ((<1 z25) x 50 Hz) 5/5* v 500/500%
* 107 mA % 1.2msx 50 Hz % 1.334 GeV
x* assumed max. acceptable power
=% 25 mAX 1 msx60Hzx1GeV
# assuming 3 compressor ring (CR)'s
25 mA % 0.6 {chopping factor} x 2.2 ms (<assumed space charge limit) x 50 Hz x 1 GeV x
3CR's
#4 assuming average moderator pulse width (40 ys)in the thermal neutron region

ETA®ESSY =7 » 7iTt~, ZO LY -7 BHEETAMIBZZ (Ho00 |
20D NLAEZN S TEELTELEVHIV T v 7EANTED & S E b EFEN
EZ ONBEIERTTEETb3IDLE HIZUNE, £TF—F v MIENKTOE—-L D%
BABIENBELEN F LT ED LD LT ERPET R ORI — 7 Bl k751 Do
DESNBMNIDOTRLESDT, S EE5O LCHBHIESD LS HE—7 HADFERD
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R CIE— DRR &1 %, TEEEZ SN T/ PoBIARIEIIBIO B AR AR U
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Table 4 Target materials

General requirements for CWSS, LPSS and SPSS ;

1. High Z

2. High number density

3. High mechanical properties (solid components)

4. High thermal properties

5. Low residual radioactivities

6. Low melting point (liquid metal)

7. Low vapor pressure (liquid metal)

8. High resistance for radiation damage (proton beam entry window,
target plates)

9. High resistance for corrosion (solid target, container for liquid metal
target)

©10. Very low thermal neutron absorption cross section for CWSS (and for LPSS)

Realistic candidates for target materials

CWSS : Liquid Pb
LPSS :Liquid Pb(P>1 MW)

clad solid (Ta or W)rod assembly cooled by D20 or H2O (P<1 MW)
SPSS : Hg (P>1 MW)

clad solid (Ta or W)rod assembly cooled by D20 or H20 (P<1 MW)

1B L CWSSOT[ gt it SCCU =7 v ZIZRBBLAPHFRTHDERFORS LD
TERELLDDOTHH D, & UIBKILLERE CEB L. FHHEDFRLE LT - 72ANS L35
EH BT EATES I THERS N BANT OO THETART TITC S &R L &
IERbEL. o

LPSSiZ 5T ids IREFTHR~RBSPSSD 7 —4 v Mt~ 7YV KT — LB TE
4 % shockwave A& B 5 4 v FERICRITTEEE., OV RAGRFLERGRO 120 EA
AR &3 S LA, CWSSEIRATH TR EROR SV HgDEHIFEE T, KB

(>1MW) TIRHEAEPYEZZ XZ5BFE L, [>Ty —7 v PERORERZK S,
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6. SPSSOFMAYRIRE S
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—HRIZIZRD LS ITH B,

space charge limit o< 8%y
BL. = oicf=vie, y=me¥mych CHREE. mEBFOMEEE. mEBITERTH
By TOIEDNSMREMNO AR I RAF-FENEEL . 1GeVEDIZLSGeVD ALY
— BRI L THENCRE A ADE SN D, BAREEIILT. & LESSE[E UL
51 CRESA L &, SMWAERTADIT, 16V 536, 15GeVA S OCRIMLELS
5 T eI DS TH B, 1GeVALS GeVIZ L@ U 27 v 7 BRI X Rtk | CRED
BALIBIITBEHOIZ MEE EBOHBRNTHENEZLLENH %,

L EOWME AT S ETableSD K D275,
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SPSSTIT 7 — 4w b DB AR EL LD T, A5 D — AR R EL
LB L — Ay MHEE UTHEAEATE 20 BFE— L/ VARG s T SEL 20D,
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Table 5 Comparison of spallation neutron sources

Source type CWSS LPSS SPSS

~ Performance* + + o+ + oo

Technical difficulties** — _ L

Costs** —— _ - - ——
H’ source*** No No Yes
CR*** No : No Yes
No. of target station 1 1 2
Repetition rate — ~60 50(40),710
Pulse width of fast neutrons ~CWwW ~1ms <1us

" Moderator large D20 tank coupled decoupled,” coupled

moderators moderators

CWSS : Continuous (steady) spallation neutron source
LPSS :Long pulse spallation neutron source

SPSS : Short pulse spallation neutron source

* + :Better performance

** — . More difficult or more expensive
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PEIEDHE SN A A, EMAEIEFE I LTS L7 —fi & 7R g & L Table 6D
Hithi2d, ShoO#RE7 oy FLODTFiglTH S,
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Table 6 Comparison of spectrometer performance for spallation
(LPSS, SPSS) and reactor (ILL) neutron sources
Spectrometer Type Equivalent ILL | 1.5MW LPSS S5MW SPSS
Instrument performance | performance
Small Angle Scattering D22 0.9 XL 2.5-3 XILL
Reflectometer D17 6.2 XILL 58 X ILL
Powder Diffraction
l.ow Resolution D7 0.9 X ILL 4.2 XILL
Medium Resolution D16 9 X ILL 216 X ILL
High Resolution D2B 7.5 XILL 300 X ILL
Amorphous Material Diffraction D4 0.9 XILL 102 XILL
Single Crystal Laue Diffraction 2.3 XILL
Diffuse Scattering D7 4.5 XILL
High Resolution Inelastic Scattering
Multi-Chopper Spectrometer IN5 3-6 XILL 150 XILL
Time Focussed TOF Spectrometer ING 2.4 XILL 150 XILL
Backscattering (1peV resolution) IN10 0.38-6 XILL 10-50 X ILL
Backscattering (MUSICAL) 6 XILL
Neutron Spin Echo IN15 1.5 XILL 10-50 X ILL
S(Q,E) Spectroscopy (2% resolution) IN4C 1.3-3.8 X ILL
S(Q,E) Spectroscopy (20% resolution) IN4C 1.2-4.8 X ILL
Conventional Three Axis Machines
Cold Neutron TAS IN14 0.6 XILL
Thermal/Hot Neutron TAS INB/INT 0.3 XILL
Augmented Three Axis Machines
Multi-Analyser TAS (RITA) 1.5-5.3 X ILL
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