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The Japan Atomic Energy Research Institute (JAERI) has been proposing the Neutron Science
Research Program to explore a broad range of basic research and the nuclear technology including
actinide transmutation with use of powerful spallation neutron sources. For this purpose, the JAERI
is conducting the research and development of an inten:se proton linac, the development of targets, as
well as the conceptual design study of experimental facilities required for applications of spallation
neutrons and secondary particle beams. The Special Task Force for Neutron Science Initiative was
established in May 1996 to promote aggressively and systematically the Neutron Science Research
Program.

The second workshop on neutron science research program was held at the JAERI Tokat Research
Establishment on 13 and 14 March 1997 for the purpose of discussing the results obtained since the
first workshop in March 1996.

The workshop program consists of 34 presentations including two honorary invited lectures on the
European Spallation Source and the Japanese Hadron Project. The workshop was attended by 310
participants including 144 from the JAERI and 166 from the outside. This volume of proceedings

contains the invited and contributed papers which were submitted after the workshop.

Keywords: Neutron Science, Proton Linac, Neutron Scattering, Target, Transmutation, Spallation,

Nuclear Physics, Materials Irradiation, Muon Science
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The Concept of a European Spallation Neutron Source (ESS)’
G. S. Bauer

Paul Scherrer Institut, CH 5232 Villigen-PSI, Switzerland
e-mail; bauer@psi.ch

Abstract

The next generation neutron source in Europe, which was studied by a collaboration between twelve
laboratories, has been conceived as a SMW short pulse spallation source because of the superior
overall scientific potential attributed to such a facility refative to all other options considered. While the
accelerator side can use essentially established technology with some extensions in petformance, a
novel target concept based on the use of Mercury as a flowing liquid metaf target was developed,
which is not only expected to lead the way further into the future, but which was also found to give the
best neutranic performance of all known choices. Close permanent interaction with a large user
community yielded important input for the concept in general and for the upcoming R&D and design
phases in particular.

Introduction

In Europe, a study for a high power short pulse spallation neutron source was recommended in 1991
by an Advisory Panel appointed by the European Commission. After 3 preparatory workshops
sponsored by Forschungszentrum Jidlich, Paul Scherrer Institut and Rutherford-Appleton Laboratory,
funding for the work was requested in1993 and was approved in 1994. In a two years effort involving
12 laboratories from 5 European countries (Table 1), the concept of a 5 MW beam power facility was
developed and its technical feasibility and scientific potential were shown (7). The proposal features
the novel concept of a pumped liquid Mercury target which was evaluated as the most promising
option, a 1.334 GeV rf-linac with two pulse compressor rings and two target stations operating at 10
and 50 Hz respectively (Table 2). R&D work necessary to achieve the desired reliability and
availability was defined and is now actively persued in several international collaborations. The current
schedule for realisation of the project is shown in Table 3. As can be seen from Fig. 1, ESS, when
fully operational in 2010, would seem like a logical extension of the existing development in particle
driven spallation neutron sources and would clearly be a major step forward in its peak neutron flux,
while its average flux would practically mach that of the present most powerful reactor sources, whose
development seems to have levelled off since the mid-&Qies.

The technical concept

The general layout of the facility is shown in Fig. 2. A 77 m long drift tube finac precedes the main 663
m long side coupled cavity linac which feeds into 2 75 m long matching section. This is, in turn,
followed by a 180 degree-42.5 m radius achromatic bend to shape the beam in exactly the way which
is required for minimum loss injection into the two compressor rings located on top of one another ina
common tunnel (Fig. 4). Arranged along the achromat are seven beam scraping sections with waste
beam catchers (not shown in Fig. 2) to clean up the beam for low loss injection into the rings. The
fraction of the beam particles not fuily stripped in the stripper foil at injection is collected and forms a
60 pA beam which can be used, e.g. for a radicactive beam facility.

The design of the injection system is governed by the lack of an H source that can provide the
required beam current and duty cycle and by the need to chop the beam in a way suitable to keep a
gap in the compresscr rings open, during which the extraction kicker can be activated. As shown in
Fig. 3, this requires a funneling section with two 175 MHz RFQs in each leg, where the beam
choppers are located between the RFQs at an energy of 2 MeV to keep activation by the rejected

! Paper prepared for the Second JAERT Workshop on Neutron Science March 13-14, 1597
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beam low. After funneling there results a 350 MHz bunch sequence which, after acceleration to 150
MeV in the 350 MHz drift tube section, fills every other bucket in the main 700 MHz side coupled
cavity linac.

After extraction from the two rings, the beams must be funneled again into a common beam line (Fig.
5}, which results in a double pulse of 92 A current and with two bunches of 400 ns duraticn each,
separated by 200 ns to yield a total pulse length of 1 us. The individual pulses (or bunches) can be
directed onto either one of the two target stations in a switchyard, or alternatively, can be passed on to
a beam dump during set up periods of the accelerator/ring system to protect the targets from
excessive thermal cycling. Space has been provided in the transfer line to the 50 Hz target for a muen
facility, in which either one or both bunches of the ESS pulse can be used.

Although differing in their average power load, the two ESS target stations have to take the same
pulse power, which is the more demanding requirement. For this reason both targets were chosen as
of the same design, which should also simplify design and development efforts. Each target will be
placed slightly eccentrically in a massive shielding block of about 14 m diameter (Figs. 6 and 7) which
has experimental areas on both sides and a handling area completely separated from the
experimental halls above its top. Accessible from this handling area will be the moderator-reflector
system and the beam shutters which are of the disk design developed for the SNQ project, as well as
the proton beam window in front of the target. This area will also serve to bring equipment into and
out of the active handiing cells and storage pits located downstream of the target. Ventilation and
other auxiliary systems will be installed on both sides of the target top hall, while the main cooling
circuits will be located in the basement level below the handling cells.

A schematic of the ESS-mercury target system is shown in Fig 8. The system is located on a trolley
on which it can be moved between its operating position and the handling cells. The main
components are protected from direct radiation from the target area. Exposed to the proton beam and
intense neutron fiux wilt be the front ca. 1 m of the mercury containment which is designed to be
replaceable. For this procedure the target materia! will be drained from the circuit and will be stored in
a shielded volume under the circuit. The active target region is surrounded by a separate, water
cooled, shroud which would return any mercury back into the storage vessel if a leak developed in the
primary containment.

Some detail of the target design and its surroundings is shown in Fig. 9.The target volume is
subdivided into four chambers, three of which, namely the ones on the sides and the one on the
bottom carry the forward flow, while the return flow occurs in the main chamber where also the
interaction with the proton beam takes place (2). Apart from providing adequate cocling for the beam
window and minimising recirculation in the main volume, this design aiso moves the hot spot away
from the window, down into the pasition where the protons are ranged out. The calculated
temperature distribution in the vertical and horizontal planes containing the peak temperature is
shown in Fig. 10 (half of the horizontal plane only). While the peak temperature rise is about 135
degrees, the fluid in contact with the walls is much cooler everywhere. Nevertheless, the maximum
temperature in the 3 mm thick wall is found to be about 150 degrees higher than the forward flow
temperature of the fluid. Consequently, the wall thickness was reduced to 1.5 mm in the window
region. Detailed analyses have been started on the mechanical and temperature induced stress on
the walls (3) and will be continued during the R&D-phase of the project, as experimental verification of
some of the underlying assumptions becomes available.

Expected performance and scientific potential

In order to evaluate the expected performance characteristics and to give some guidance to the
detailed design of the facility, neutronic and nuclear modelling of the facility was performed. Although
there exists some uncertainty on the quality of nuclear data for mercury, results obtained so far are
considered sufficiently reliable to base performance predictions on. One important outcome of the
early calculations was that, despite its lower mass and density relative to the candidate solid target
materials tantalum and tungsten, mercury shows a significantly higher fast neutron leakage, especially
in a reflected system (Fig. 11). This is attributed to the high epithermal neutron absorption cross
section , especially of tantalum, and the need to have a sufficient amount of cooling water (Dz0) in the

_2_
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target. Not only the higher total yield, but also the wider axial distribution in Mercury favours the
coupling of more than cne moderator into the target. A parameter study, varying the positions relative
to the target head of two moderators with mutually fixed distance resulted in the data shown in Fig.
12. If ore moderator is placed to yield maximum intensity, the other one is down to about half of this
value. Altarnatively, different positions can be chosen, the symmetric one resulting in about 80% of
the possible maximum for both moderators. As a next step, the separation between the two
moderators will be optimised. '

Fig. 12 also shows the difference in peak intensities obtained for Lead and Beryllium as reflector
materials. Although the integrated (time average) intensity is higher for Be than for Pb, the figure
clearly shows that this is not true for the peak intensity. For this reason, Lead was chosen as reflector
material, since it yields a better puise shape for coupled and, by the same token, a higher intensity for
decoupled moderators because very little moderation takes place in the reflector. The pulse shape
obtained for a coupled ambient temperature H,O moderator in optimum position is shown in Fig. 13.
The full width at half maximum is 25 us and, due to a rapid long time effective decay constant of only
150 us, the pulse has a very short tail. (The dashed curve in the insert shows the pulse expected for a
decoupled and poisoned moderator.)

Throughout the whole study period close interaction was scught with potential future users of such a
source in particular, and with the interested scientific community in general. This was accomplished
by joint status meetings and by several workshops funded by the European Science Foundation
(ESF), the most prominent one being the one held at Autrans, France in January 1996 (4). It became
obvicus that ESS wouid not only enable major progress in ali scientific fields currently investigated
with neutrens, but would aiso open up new opportunities not accessible wit currently availabie neutron
SOUrces.

With a pulse flux some 25 to 30 times higher than what is presently available at ISIS, two target
stations specially adopted to their respective use and a time average flux at its most intense
moderator that is comparable to that on present high flux reactors, ESS has been predicted to have a
maijor impact on many fields of science and technological development, such as

— polymers and soft matter,

— disordered materials,

— structural material chemistry,

- chemical activity and molecuiar motion,

— biology and bictechnology,

— earth and environmental science,

— engineering,

~ condensed matter and fundamental physics,

The gain in intensity provided by ESS will manifest itself in improved experimental accuracy and detail
in several different ways:

~ faster and hence cheaper data taking in ,,conventional” experiments

— real time studies on catalytic and chemical processes

- investigations on inherently small systems, such as strain around a crack tip, thin layers etc.

- much increased sensitivity to subtle effects that often govern the behaviour of materials

~ much higher precision than previously achievable to study more complex systems

This superior performance on the source side will be complemented by advanced instrument designs
taking advantage of experience that has accrued on existing pulsed sources and incorporating novel
ideas at the same time.

One important feedback to the source design came from the result of an anailysis of proposed
instruments and their requirements to moderator characteristics shown in Table 4. The striking feature
is that there is not a single request for a coupled ambient temperature moderator, neither on the 50
Hz nor on the 10 Hz target. This may resuit from the fact that, at present, most of the research that
would use this kind of moderator can be carried out on existing high performarice reactors and hence
may change by the time ESS actually becomes available. (The relative ease of switching to a
moderator with different characteristics is one of the beauties of spallation neutron sources.)

_3_
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Nevertheless, the survey clearly underpins the urgent need for developing high performance
cryogenic moderators.

As a first approach supercritical hydrogen moderators {Fig. 14) have been incorporated in the concept
because they are considered the safest choice, using widely proven technology. Contrary to what is
shown in the figure, no decoupler will be required on the target side, due to the high thermal neutron
absarption cross section of Mercury. Currently the possibility is being investigated of making the water
coolant on the top side of the target shroud and water pockets in the reflector facing the cryogenic
moderators into premoderators, which would not only simplify the design but would also improve the
performance of the cryogenic moderators (5,6).Another novel concept pursued is a peilet bed
moderator in which the pellets are circulated through the moderator vessel and melted afterwards to
release polymerisation products and radiation damage. The scheme of such a system is shown in Fig.
15 (7). Gains of the order of a factor 2 to 3 are expected to result from the use of such a moderator
over liquid or supercritical hydrogen. Also, a requirement was set forth by the users for an
intermediate temperature (100K) moderator, which is another challenge for development. The
concept of circulating pellets in a cryogenic fluid might offer a sclution aiso for this problem.

R&D needs and activities

Although the study clearly showed that a short pulse 5 MW spallation source is feasible, essentially
with existing technology, research and development is needed in several fields to optimise the design
and substantiate several of the predictions made on theoretical grounds. The following is a list of R&D
topics to be pursued during the next several years:

H’ ion source and low energy beam transport

chopping for ring injection

RFQ and funnelling

high gradient quadrupoles for the drift tube linac (DTL)
coupled cavity linac prototype module

prototypes of high duty diagnostic elements

simulations and code improvements for particle dynamics

Accumulator Rings:

Carbon foil for H' stripping

special diagnostics devices
simulations of space charge effects
prototypes of injection components
prototyping for the extraction kicker

Liguid Metal Target
« evolution of materials properties under the effect of a spallation-typical radiation field at relevant

temperatures

target-wall interactions {liquid metal corrosion) under stress and irradiation

fluid mechanics code validation and effect of gas content in the coolant on heat transfer to the
walls.

effects of pulsed heat input on structure materials and strategies to mitigate these effects
control of heat removal to minimise thermal quenches

liquid metal technology to minimise corrosive and abrasive effects

neutronic data, especially for mercury

manufacturing techniques for the target container (prototype)

Moderators

» strategies to optimise peak flux over the whole energy range
» efficient cryogenic moderators {e. g. pellet concept)

» intermediate temperature {~100K) moderator
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While there is an established international accelerator community, who interact regularly on
development and use of accelerators, there is no such forum on the target side, except, perhaps, the
International Collaboration on Advanced Neutron Sources (ICANS) (8), who meet in intervals of
between two and three years to discuss progress on existing spallation sources and projects. In order
to make the best use of existing facilities and know-how world wide while pursuing the necessary
research, several new international collaborations were formed, involving, also projects of comparable
scale to ESS, in particular the Nationat Spallation Neutron Source (NSNS) project based at Oak
Ridge, USA and the Neutron Science Centre project of JAER, Japan. Large existing facilities such as
a nine ton liquid mercury loop at the Institute of Physics of the Latvian Academy of Sciences, the
Alternating Gradient Synchrotron (AGS) at Brookhaven and the newly operational spallation neutron
source SINQ at the Paul Scherrer Institut in Switzerland will be used in this context.

Conclusions and summary

The ESS-study clearly showed that the next generation neutron source can be a 5 MW beam power
short pulse spallation source, satisfying the manifested need of neutron scatterers for high resolution
instruments at intensities up to two orders of magnitude above what is currently available. The
accelerator system can use essentially proven technology with some need for development to
improve performance and reliability. On the target side new developments are required to cope with
the extreme conditions materials are exposed to in this situation. Suitable concepts have been put
forward and have been substantiated on theoretical grounds. Experimental verifications will be carried
out in the current R&D-phase, using existing facilities world-wide in several international
collaborations. The realisation of such a project will require approximately one decade of intense work
by a dedicated crew of scientists and engineers, but it has a potential to produce important
information also for other applications of the spailation technology currently discussed and studied at
many laboratories throughout the world.
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Table 1 Table 2
ESS- ESS Parameters
An International Collaboration
Towards a Next-Generation Baseline
Pulsed Spallation Neutron Source Power in the proton beam: 5 MW
. . Pulse repetition rate: 50 Hz
Technical Study: Proton pulse duration: <1pus
12 participating institutions Two target stations, pulses shared  4:1 ratio
from Reference Concept
5 European countries
Forschungszentrum Jilich Gemmany Accelerator system:
Rutherford Appleton Laboratory UK 1.35 GeV rl-linac
Paul Scherrer Institut Switzerland followed by two compressor rings
Hahn-Meitner-Institut Germmany Pulse of 2 m 400 ns (1 ps total) duration,
University of Frankfurt Gemmany 74 pAs (4.63 E14 protons, 100 kJ)
University of Wuppertal Gemany Beam on target:
Arhus University Denmark 2-dimensional parabolic,
Risag National Laboratory Denmark 6 cm x 20 cm base width
University of Naples ltaly )
Technical University Eindhoven  NL Target system:
The Svedberg Laboratory Sweden (T1L) 1 MW beam power, 10 Hz, 1 ps,
University of Birmingham UK horizontal injection,
non-spiit Mercury target
(T1H) 5 MW beam power, 50 Hz, 1 us,
horizontal injection,
non-split Mercury target
Table 3
ESS-Schedtile
z95388553238z:998388588¢8
SeUEIRR22IRIRIRRRERR
Initial Discussions i-l r E E i :\ i ‘1 : P E E i i E E E
Conceptual Design Study i i i ﬁ ; ir i 11 ! : : i t i\ i i
R&D-Phase Do mmeemnmt LG
EngineeringDesign | | | i 0 | WA G
PR e— ||
1 |Commissioning i E ! 3 : E i i \; i i i : i i : E :_
0 A N N VU VS U S O S N
Table 4
Instrument Requests to Moderators
50 Hz / 10 Hz
Ambient | Cryogenic
High intensity 0/0 0/8
High resolution /0 11/12
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2. JHP B OTR
Overview of the JHP Project

o OB & E
Hironobu Ikeda
T TR L - IR ARR FuAR
hikeda@kekvax. kek. jp

Abstract
The new Research Organization (High Energy Accelerator Research Organization ;KEK)
started its activity on 1 April, 1997. The new KEK is now responsible for JHP. The
present plan of JHP is overviewed.

KB R 38 (JHP) 1. #HARBEOBF I 7 a0 baroEVHT VLN SR E - A
P EEEWESE. BERE BLU, 2ARFEOLKERMECRHATIZERN Y T
%, ZOREOERCMTTEA LT EREKEEFEMETL. 199 7TH4ATEmT RN
¥ ESRFIEET L A L. B LW (B RV X — IEARET ) MR LT, T
RO L T, 1 99 8EFEELY JHP OEBRF BT 5 FE CHERIBEATVNS, ZOHHE
CEHINDIRBEPETE - LI LBWE A - RTHEOBE (N7 L) BT, 3 GeV
2000 ALVIHRThHoTROWKBEBFI Y7o bardAVcEEIEEL HiIET b
DTHD, ‘

1 9 9 5EHIT LHEIRE SN MESRESFICBT RGN aFAREICET 5#/E
KBS, 19964 4830RAIITRELDIZTY Lo, MEBHFHFOLER LR
B (BTSN, BEYEENE, DETRESE., PET - IR0 B, AE
FREASEF . 2o T) #BE X, RUEOHESHESEORAOSEORELZXY, 205
B2 BT HER OIS MM IO ST BT B DIl BT ARNY - MEFM R, RRKFRTH
BFERR R OV R SR E AT BRI TR R v ¥ — (UT-MSL) 2 0h - B3 LT, iz 7zm
FRAESFIIBT RSN RHRRELRET S L LR L, BITRLY —INEBN AR
oL LI OBIRE (BN TR TERER. DEEEEEMEN) SRESN. ERERHLLT
DETRNAXE AESHM LV EEETHRRE L AL, RROTESHSRECH
HLoo, MAMERET-H LWFREEDR L ARINEI S I LIZRD.

S OFHEEEOL LT, 01 0 BEROCRAEOMEE (FICPHTRERE) OFT
Bt P OEBEBRLND - 225, MERII200MVBT V=T v, 3GV
sukuy, 50GVHTFYr e burCHRER, 36V200u A (0.6 M, 25 Hz)
DE—Ait. NMED3TLFcaEh, 506eV 10 u ADE— AR, K7 LFEPHEF. 3
A DT RBF, =2— b SO RETFEPHEERCHAT ) cfishd, BRIZSHF
PELAE. 200 3FELE— A2 HTTFECRBAHEVTVS, BRIEL TIIHTRAX -
TS OE 1 2 GeVIB FL vy by, EROERS N - ZEE (k) RERLED,
AU TFRRFIFy —REABEATAIIRLATVS, M1 JHP O2EHMOME T,
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— BT IR ORI E T MBI R TEFNICE 2 MCEENE . 20 0B ET
BRZRMAE N OISR e D X A REAMEV TS, 0. 6 W OB FHAT/ LA PHET
B 3EAE & 4 B IR O OER Lich ) . RMERICAT TS 535 H#iF0%ED
LTS,

JHP 12334 B RHREE 3 GeV 7 — X ¥ — vy u huyZFIH Lk ERfiz: N7 7)
CRL. KENS TIivECRBI% LT & HHR T RaEM ORBIZ L o T, ISIS ([T BT T
645, BEMLT3 6HDOIRRBOFHTIREL/S L EARL TS, JHP BT 5/
Sz B TR BITED KENS ORET B — AMEIZH 2 0 O EL 22 0T, BEDHERES
R B, THICEE ., BRI R REBEICED B, BRSSO, B
BT =y B — AR RO LR AR O S 2T AOHRE, B LV RO
2 ¥ oW T DRI LTV S, FAV R TIRAR T, W, B BT R
. ERBIMETE — A EFAT S 2 ORBOANBIRBEND. NABE, BEREL
JERMEEIL . BRI, KRR, RUBBRDRFHRBEREAVCAGYRESTOHESR
DR UBIRGEEE ORIZ, R LW, HFH - ERYEYOMANRFASI LD,

21 BEED0. 6 M NER L#ICE, BEEEHEOS 0 2 c k1. 2 W TEET S TE
cHB. 1 M SEOPMHFRECIHERKY —Fy MERICEERE LS L TRASKTEY . BE
gk FzhlZ. AT a v LTOREERY —7y FORRBLHDEETTTH D,

B, SEOKEE T L L PR FHEE T IO EORRICR T RSN TE Y,
(1) N7 LI CRETAREY—F S IA—F - (2) FRFRY—F 77 —7, (3)
TN T — L TN PR EN TS,

C OREROEROMEICT. BNOKFERAFAERTHL 2 LITEBOILTHY, i, i
ﬂu%#ntmﬂkbrﬁﬁfé:&ﬁﬁﬁﬁ\%@Eﬁﬁﬁwowf%&ﬁﬁﬁwfwéo¢
METIREDOZHELEII L ->Th, ZhE CHEHEERMNIHR LT EAR 2O T & 72 ICANS X
S, FET AR Ty T RBER (38, Kb v Z—BFER (R Z) (IR
(7). AT ZEARFER K FLBEHLOTR2TVD,

&ﬁﬁ@bﬁ@@¢ﬁ%ﬂ%@%%meofmﬂkf\mo\Fﬁfﬁ%éﬁ@ﬁhﬁ&%
imw\:wﬁéﬁfnvmﬁﬁi\£U§<@¢ﬁ%ﬂ%%@ﬁ@m§muiofiﬁé%t
WEEZTND,
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Fig. 1 Total system structure of JHP facilities
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3. WMEFRFHSEE

Overview of Neutron Science Project

Ml R
Takehiko Mukaiyama

B A D RTIEET

Japan Atomic Energy Research Institute
e-mail; mukaiyama{@fca001.tokai jaeri.go.jp

Abstract

JAERI has launched the Neuvtron Science Project which aims at bringing scientific and
technological innovation for the 21st century in the fields of basicscience and nuclear technology
using a high power spallation neutron source. The Project is preparing the design for a high
intensity pulsed and cw spallation neutron sources for such basic science as neutron structural
biology, material science, and for accelerator-driven transmutation of long-lived radio-nuclides
which are associated with nuclear power generation. The major facilities to be constructed under
the Project are, 1) a super-conducting proton linac with the proton energy of 1.5GeV and the
maximum beam power of §MW, 2) a spallation target station with input beam power of SMW
allowing high intensity pulsed neutron beams for neutron scattering, and 3) research facility
complex for accelerator-driven transmutation experiments, neutron physics, material irradiation,

isotopes production, spallation produced R beam experiments for exotic nuclei investigation.
1. 2w

Tl 2 0 IR B DR T R H Y, WEOEERERE SOERPEREIIBWTKX
XAmE AR LTEL, WHOMERUEREDEZRT L LTOBNNELZEY 2 H
Tk, ST TE 0 THRRS 2R TEE S T, EaOTRSPYE - MR-
KA L7 b D ENATREE 2D, 3540, THFEAVAHERLE L) BFOF
BOAkEGBED D THEES VANV BEEYLROSELTRE I e bTREZ L,
TOLY HHEET RBRCARZER O BEO I, BT ARER T ®ES %
wmEr | AR OREN 2 RES HRAMNERESEORERFHEMMELHEEL T
TR AR E R T B

2. PETRANRETEOME
ik TRLERFSR I, WREA N DT INESR £ B L, MR R TR B O
PFV — 2 2 ik EYE, WEARSOERMFICRAL, 2. COBTNHSEER Y

THBRLBEEREERT ATV 7 M THY , BEHZELETFHREOMSHICT 2N
%o
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Effiz o CENODS  OMEE CTHF R LT E L, AFTEEPEAtEE &
f LTOEBO&E #EH%L., 2 l1EROBFICLEL KEFEOHHT - L 257 550
| BTy H 5,

L+ ahEERERICILEASNENRENOLOTHY, 2. SREFIHLTEDS
NAHEIT2 1R > THERIDTH A, BEFMERELIFy v F7 v 7HIH
BE,LHML., HoHMvEBRTIOTH, RFMHIZZ OB LS b LVEARER
WH—o b LT, ERNRETHES R b,

3. RETEHOBERERUVER

BERFCIE, 1970 FEALHRE p 5 B8 - IR 92 217 o T & 7245, 2O TR
FFEGE RIS AT AR BE LT Y D—2THh o, 1980 HEMHDHH & T THEIMLEE TN
2 THBREETE . BEVEHE U R AR, MEFREON., PHETEELR SRR
DI 2 8a L7z, 1988 EICE FHEREOT T, [HAHE - HiRABEAMETZE
P ERIEHE | GRFCE 2 VETE) ASERE L. HERLE AT LS KR BT RS D
BAOREEZOFEO T CEDT &7, FRIFICEMERTIMEZERLSE, K
i FEE o T B2 B E R ORI R BT EE T INE RO Y AT LS ORET E T T &
725

—%. JRR—3MEBI 2 BETEHWAHEAABMEIIASREREHTTETS
D B0, BT OEEmERIIEY vy —CBITAEORRELH Y. AL PHT
PG AR ERIC > T E . HRIICES &, PRTFEECBHIC L 2WER
2220 B BT B30 U IR RS R, MR AEE. U VT - ABOEBEO#E
e X BTSN, PETEFIET 2RO EE AT 2 HB#EATERE D 1994

//’—| World Neutron Source Projects " TN

Japan

Neutron Science Project
1.5GeV,5.3mA
1.5 MW-8MW Pulse/CW

2007

Europe

ESS
1.334GeV, 3.75mA
SMW Pulse

2008

NSNS
J ~1GeV, 43mA
A 4 3MW Pulse
2006

Fig.1 World Neutron Source Projects
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Azl - SRR RS FREF S LTE A bz, SO & ) RIRRITE D,
M EROBEIE FRCREQH LI DWW TOERIE T, KEICBVWTIZANS (5%
et FEREFIE) FIRTRE S iz,

TAFTEE L THETFEE L TEMRESEVS T E A, MRk, 7
ANSEHOBITICRONE L H I H - MRIFOBRFIIRNE R oTEZILdHY .
HREHZDETEOREPER SN (ma—b0y - Fy v ) | Kl ERERFETIE
WA EAERINL LI o T &7, 20X R YWERFEHEROEHB S
& LT, hAETIZ 2002 EICRERTEOR T F N F - IEf7E#E (KEK) @ 1]
HF —N7 L+ HEFiERE (06MW) |25, =0 v XTiZ [E S S & (European Spallation
Source. SMW) | ZS#EATH T, 2008 SEISERDFETH b, KETiZF —7 ) v VELLAF
FEHTAY, 4.4 MWOMBL RS HT-R % 2006 F£OEHR* EfEL 72 TN SN SFHHE (National
Spallation Neutron Source, 44MW) | #BEL T3, (Fig.l FH)

ERF O b T RERF st E (543MW) 1 2 S BRI TRET T & U AL B SEEREN W
FEAbEENETH ), AN -2 2bDTH S,

4. FERROMEE

rh i FRHERFERE E T, BT AV F—1.5GeV, B 5.3mA D REE G FINHEE 2
NEFET AR s BT A, BEHE% Fig. 2 1 0FRT, ThLREEANFEEIC
BManzbo, EAOEELMEZICOMBAERLOL L, FEFEHESOEREEC
BWTEHXE, S0y M TEAT V7. a2 ToTOMELy F - bl i %
Bfed, 3517, HBUEMEICB L TIEROMEL 7 - 252 L2 HET,

Supercanducting Proton Linear Accelerator
Pulse/CW 1.5GeV, 5.3 mA

Neutron Scattering Facility
Structural Biology
Materials Scief

Nugclear Transmutation Facility
Accelerator-Driven Transmutation
Al Spallation Rt Science

Materals frradiation Science

I Nuclear Physics Facility |

Fig. 2 Concept of Neutron Science Facility Complex

4— 1. KHUERTmiKes
BB & 5 P RS R RO T HEUR € - 2B ¥ 7 ~OABHEL 5
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BLT. BRIELANVE—i31.5GeV £+ 5, REHRZIET S Z &0 IEEAMERT
FHOREHMEIT D 2 H A E— A0 A RBHAI LETRIER S BV, ZOBRRPLET
PR L L. B ALE— IR Y= a8 THEE RE (T HEH K S BAENE ZE
% A2, BEEIMEOFREIR Y — 40293 VI & PHEERI G2 & DI,
SESERRORREICERB LA s b X b, 0, RHTHER O EEFRO D IS
13S0V AEEET B, —F., BRABEERSLHEBHEBRICIERE - 2PLEEL D,
ZrC, NV AR LY - 4 (CW) EIEO 2 0DEEE— FISHIE TS AL ¥
5,

BoMORL L SBOERSTAT LTFAAZ ENEINEDOT, VIV AREEFIZEIE
BAREAA Y ERECIET S, CO&E, 44V RE—2FR) V7 CHEREES
JUVAE LT RRELCEHWD, A4 VIZI VB ENOR/ VA E L THBMER ¥
Ay FEAMERS I HWD, Y ABNiRoO0 AEERIE, TETEELHIC SMW, £
DB IMW. AEF SMW LT 5, CW EBIRH 213 HIRMEER, R EECHHRBHSEOZ
BDIrE i 5T v I A LEE Y TE, HRLEY AT L ERIE2~5MW LETH D
ALy — 4y F THEERIIE MW LR RS,

T—Tv/SOE S SEUFKXREON SN SIZWERFEMENHN TS L b/ IV AEE O
ATHY . F—nliTiE MW # BRI LT b, JHICH LT, BOFETIE, 5
%kﬁﬁ%ﬂ%%@ﬁﬁﬁiﬁ%?%étb\watcw@ﬁ@ﬁﬁﬁﬂﬁfﬁbaé
Hit, V—AHDREREAL 25, Figd [ChiFiss A7 2AOBRERERT,

oyl CwW Beam

Target Area

: i B e P 1
High 3 Linac e
(Super Conducting Cavitiy)
00MeV 5GeV Pulse Beam
im ;Jm —BJOm

IS : High Brighiness H-, H*lon Source RFS : Radio Frequency Power Source

RFQ : Radio Frequency Quadrupole Linac SR : Storage Ring
DTL : Alvalez type Drift Tube Linac

Fig. 3 Conceptual Layout of High-intensity Super Conducting Proton Linac

4 — 2. BRREFR

R TR R RRE DR TV — A RESELLONEBETHY) | NERPSDE
l%»¥w\k%ﬁ@%?E—A%%?yVﬁX%V&E@EﬁE@?~?VFK%WL\
MR (ARL—vay) S E D KBOFURFIRET D XY VITAT VDY —
Py b OBEAE. 1 EOBERERE & o THETH20~30MRET %o

T ETIEORSBERET Y BENE ., BARTIRET L AVF—REW
@Tkﬁﬁ@%?ﬁk?%tbmﬁﬁﬂﬁ%b<&b\%ﬁ%t@@¢ﬁ%§$ﬁﬁ%“
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BB O SR AR e b, T, REEFETIERES L TOREFRILIS
B S VALE L LN, TS LBBHYED AFEHALROBRE» LSBT
LA CH D, oL S REMN, HEWLEHEIZLY., 4BOKBETEFEOE
RRETE MR TESE R E o Tnh,

g4y F VAT Lt Figd DR L) CTESEIOEERY — 7y b, R
S REME, EBETRHETEBRING, RFTHEICEBWTE, BT, BN 1L 5MWRIED
ety NUAFLERRBL, B - MRFERLT. RWT, SMWO Y —F v &R
2, B, HRCELSEIOY -y MIZIST S (57— F - To Sk IR
Zef. ) THHI, HTIZ160kWRETH Y, WETEEFOM 10EORAID Y =7 v T
PETHEETLILICRS,

Coupled L-H; Moderator {flat/grooved)
with Premoederator

Shielding

Proton Beam

Decoupled Cryogonic Mo
{C-CH, pellet+L-Hy) or {

Fig.4 Concept of Spallation Target System

4 — 3. W7k

el Y — AR HOBEIC L > TRELIHEIIST S, SEEE VA ZFIH
L TR R, T/ BB SV A R RV AT R, P R ERRR
FLTIVH/ VAT AECWE = A% BVABRLER LR (MERMERR, B
FIRERFEDE) PHEBEETH 5, SHICHRLAEEERRIBREZHVERVS —
oy b THRBR R RRICESR L, B A b RIRFIPRE S A M ak AR A R
REFETHEOWIE L ERFNITE 25,

5. TFZEETH

Tt

P RERIZE R O HE TR A F R, 1) PHEFHELC LA E#RE, 2) BLA
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RS BE R A R O B AL H & L T oSN EER B AN IR BB . 3) TR A
KEBER T-IMMEREM O, BLU4) HHTHDE, HREH, ARV -3 YRIH
¥, RIBEEDOHZE, TH 5.

5— 1. fEEwS. WERF - TIcIhRs, BT L, BT 42—

BEE LTOTHTIIMEOREETAN AL, FOREYRL I L5HKL, S5
DL EBPETFIIE AL TV AKERRES L GFEAEELIC I D A VF - R DY
FAEIEINL D ZOBEELIEAZ E MRS, ALEREOXET LR EPHTOL A
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4. pYETRFAIENE BT A R K UENE D

International and Interlaboratory Collaboration on Neutron Science Project

NI S
Yukio OYAMA
H AR TR ERT
oyama @ fnshp.tokai.jaeri.go.jp

Abstract
For effectiveness of facility development for Neutron Science Projects at JAERI, international
and interlaboratory collaborations have been extensively planned and promoted, especially in the
areas of accelerator and target technology. Here status of two collaborations relevant to a spatlation
neutron target development is highlited from those collaborations. The two collaborations are
experiments on BNL-AGS spallation target simulation and PSI materials irradiation. Both are

planned to start in spring of 1997.
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Table | Samples, supplier and investigator for SINQ irradiation
SINQ Irradiation Matrix
1

Materials Tensile | Bend fatigue | Tear test | Bend bar | Charpy | $.Punch| TEM ! Supplier
SA 316 30 6 5 | 5 48 10 ' KFA
CW 316 30 6 5 ] 48 10 KFA
316 EBW 20 6 57 16 KFA
315 EBW" 20 6 5 186 | OANL |
316 TIG 16 6 5 16 | OANL
316 monocrystal 12 g 8 OANL
JPCA g 6 57 8 JAER!
SAR 10 6 4 JAERI
9Cr-1Mo 35 S 15 4] 8 72 10 QOANL
gCr-1Mo EBW 20 6 57 3? 20 PS5/
9Cr-1Mo EBW~ 20 6 5 3 12 ORNL
aCcr-tMo TIG 24 9 5 12 ORNL
Optifer 35 9 15 g 16 72 14 KFA
Optifer EBW 24 6 5 3 16 KFA |
Gptimax 10 6 5 24 8 P51
F82H 30 6 5 6 8 24 22 PSi
13X13C2M2- 10 6 5 3 4 PSI |
Al 6061 8 6 8 CEA
Al 5754 24 6 5 6 8 CEA
Al 5754 LW 8 6 8 CEA
Zircaloy-4 10 6 5 8 CEA
Zircaloy-4 LW 10 6 8 CEA

Total
Total 436 144 S0 48 32 288 246 1284
investigatar P51 ORNL PS! KFA ORNL 1 KFA CEA ]

KFA
ORNL
Dosimetry 138 LANL
Note: |EBW: electron-beam weld from thick plates: EBW™: EB weld {rom 3mm thin plates;
TIG: TIG weld from 3 mm thin plates; LW: laser weld
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Fig. 1 BNL-AGS Accelerator and U-line course
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BNL—-AGS Target Tfest Experlment
Site plan T T

Fig, 2 Detail of target experiment site
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Fig. 3 Concept of mercury target system used for the experiment
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5. VAR ETREE VA RETIROMBILEL
A comparison between short pulse spallation source and long pulse
spallation source

FlE—th, PELH. Perenc Mezei'. HiAREM. FiTEH. RIFFLE, HEFE,
EREBRE., BERRR
Kazuya Aizawa, Noboru Watanabe, Ferenc Mezei', Jun-ichi Suzuki, Nobuo Niimura,
Yukio Morii, Susumu Katano, Toyotaka Osakabe and Makoto Teshigawara
H & B+ H#FZeH7, Hahn-Meitner-Institut’

aizawa@kotai3.tokai jaeri.go.jp

The performance for a SMW short pulse spallation source (SPSS) and a 4.5MW long pulse
spallation source (LPSS) in a JAERI program which is based on the availability of a 1.5GeV
superconducting linac with a 30mA peak current for both proton and H' beams is discussed.
We have examined the superiority of SPSS to LPSS. While a LPSS facility is a second option,
we propose an SPSS facility as a first option.

1. BLDI

ok OF N — T, EHPE TR EEIC Bt 500 AT T EEL MR = R
LT&7, coTid, SNEITUEBEOHE TR END TE A SVAPHTRE

(Short Pulse Spallation Source, SPSS) & EHMRELPHTREL LTRBESIA TS, Y
—TF v s eOmsSVARFOTEHVLE/ IV AHMETFIE (Long Pulse Spallation
Source. LPSS) I DOWTHRE L7z, BRfstE 2, BEE) =7 v 2 (1.5GeV, ¥—7&
#30mA) FEE LT, BERRCHESNTWS I— 1 v/IOESSETE (SMW. SPSS)
SeEA— 2 1 v SHFRFINSNSETE (SMW, SPSS) & &0 HEFHR AR DSMWKEAT/
VATHTFEEEHET OO TH 5,

2. FEMEHEICBVT S SPSS L LPSS

Tk & PSS L TV ASPSSTiE, BEHY 27 v 7 5D 1.5GeV, ¥— 7 Eiii30mA,
4138 LESOHzOH SV AR I ~2lDa» FLyH )y A Fav ¥y 7777506
T3ImsEAT B, T ¥ 7Ly HY VY FEINBLRLET/ IV R, ¥~ LB IsH T
Yhhy—Ay McHEENL, E— AR, SMWTH 5, LPSSOER L, 1.5GeV,
Ve 2 BHROmA. SV ATE2ms, # D E LES0HzH 5 Wik, /9 Afddms, # D E LT
SHzDB TSV A% & —4y b ICHERSF L, 4SMWHA 2182, WTIhoBSBT
Itk vy —ay FOMEREGTE CAEERST 2 RESET L — 5 TREBELPEF
BELERICFIRT 5,

SPSS X LPSSO B %475 » K1 ¢, SPSSELPSS KB 5 h T O R — &
A7 FS AL EBREATN THb, RO OUESHAEBICHEATIHEERLTD
%, SPSSOEEIL. EFL— ¥ p o shdAaETFIZ, S VAL LD, ET V-
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YREEEBLEENEAE TA LRURICEE L PETFORER, BRICKEHAT S,
Beo TREA FOERBOBWICHo-MBIES . BELF T O BT £ TOFE T
ZITFDWRELRETEL, ES PR TOER L BELAO BEP LR EOZEM B
BT AL BL I LN TED, SPSSOBE L, ROBHBNSVABEFEDF —
RS w TR CTOOEEENF s v~ lE o THRESh P ETFE2E TRATA
5, LPSSOBAIX, BohshHT/IUVAMEIE, V=T v 2 THOoRE AFBET /LA
MR EII RS, o TEFL— 7 HELTIE, msOETHBFETFIRHSINLD
TTOFE: % IV THELERE 4T 0103, G \VA{LFa v - UEEE B, H/S
NAEF g v i— 2 BATE 5FHTFO I 6, BREORVESE, EFV -5 REP L
BOBEICHE sh-bETThY, BEOEVEML, BURHICEE S hhET+
Thb, (o TLPSSOBEEIZ. BRELTMFO-MEFIBT LI LIk %,

SPSS TR 8
LN
Gl
AL Ao Az / ST
KA f/ L
HEENF g v

TFL—F

B m)

=V AR R V-4 1))

37 - BT T 3
30mA I_I FA4Fwrinb@H VA
B (ms)
xS T
E o
]
= A Ao A //ﬂﬁqﬂﬂ%
i o) @
2 BHRBYF 35 /0 4
4 FRNALF T 8-
0 EFL—F
30 mA S4F Y IHD
o bRV A
BFH (ms)

X1 SPSSELPSSOBSH—MEEEY AT 77 A

3. ERFEHECHF I s RTIMmE Y

ERE B R SN A T 8 L /. IMWEE Z 5 INSSEE RO & —
o bit. BABSEYBRHATLAZ EICELM, =4y FCE LTREREELEDOPME
TAEOHRE @ 2 BBINI, SPSSOEFL— ¥ DERNLEZ FiL, BETH/UVA
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T ot LCEERRSBRETED RO ERATLEILTH Y, UTOETFT V-7
PER T '

A BETFEFL— ¥ RS SRHO0EFT L -4

BB TFEFL—F CHA VY b +HEH,H 5 Vi, ZiH,+H$H,, FEFEE
BEMFEFL—% | TLEFL— S EHEH,EFL— 5, #HEE (R —EHED
LPSSDEF L— ¥ DERMLELHIT, BET L SNVAFETIF L THEHMBEDD O
ARATASE EENPHTFEFTL - 2RALZVWI ETHD, LTORATIEAR
BEFL—%EX,

BaHEFEFL—F | HEBEH0ET V-4
HhEFETFL—F EEEEAHET L5

JEURFETTE 12 351) % SPSS & LPSSD ik F-iREE 0 ffM 1, RE BT HEFHEEFAILL
BT (5TMW) L BT A2 EARYTH L, DAT IEAME T L — ¥ O RERMI
FILLEDQRE @ © RUBATT EABEFL— 5 LAY —EIMEF L — ¥ EOHE
@ %yt LT, £l ICILLOFEYHIHFEL 1 & LB EDSPSSELPSSD Y — 7 it
FHRO, o CFHFUEF R, 27T BIAET L. slowing down’ ERCHEL,
FEHHBEFRICD VTR D, TP HSMWE VA b RO FH & R TR,
ILL: A% TH 2 L2 5, $7-LPSSOFHH PHETHIL, ILLICEH-oTWAHZ &4
%, SPSSOEHBMbMTEIL. ILLOHI0TH A4, Thit, BHBREERBEORELS
FICE A BEOT TER TV RIEERET L —F KOV TRHIL LD TH Y,
B ICABE R BVWEAEEFL — ¥ 2 EAT L, LPSSE MR EOTEFRAFLN
B, BABHEFIE. SVARETFESERTWLI LML, RICE—7PHTRIZD
WD, SMWEE SV A pETF-iEIZ, LPSSOE — 7 BFEFHR LRV TILLICE T
—H7LL ERV . X 5 1ISPSSIE, LPSSICHRTHERMICE -7 i FRIFV I L L,
B SPSSO ¥ — 7 sl R, HEHTREMETH S,

#1 SPSSELPSSTHIEI N L hMTHEE

E |V=7v7| g7  HLELE FHE-L o o
(GeV) | Lpeas (MA) | 751V ATE (Hz) | d57(MW) peak W
golBETL-%
1 us 50 R 110 1
) EEERETL—¥
SPSS| 1.5 | 30(H) 5.0 Wz 260 | 000"
3.7 ms A%, (#E0. Inm TOE)
Fav ¥y HR06 #MsdT 56000 5.6
ETHEEGREFL—F
o | 4ms 25 wHHF 10 i
LPSS| 1.5 | 30(H) 4.5 A o
2 ms 50 #steter 50 5

*1: BB PIETFEF L — ¥ 79V 18 (us) = 70X A(nm)
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4. EEFRIEICBT 5 T REE RO MM ¢

SPSS L LPSS (234 8 & 1L 5 i HEL 518 O BBFE 13, M7 HE OFF Ml & MRS
ILLE KB A2 LR UTH L, E2ICILLOEEOHEER 1 & L7z EDSPSS ELPSS
DHEFME R T R2OZKEEBE IR, DEFHILOE TOFELERELTHEDITT
v, FEZSFRET ATV S, $ETEELEET, BIEEERE ., FFHEEEE
BT LN A, F2 OMEEED S HIBERR BN I ToMI, HEBEIEE
THY. B3, FHUHEEETH L, BEEIERIT, o5BEAqq HH10% L BT
B /NEBFELIE B S, oS B EEDIHI-5% DR FTEEN. BiERRE Ry o R
G356 B . &S HE B EICAYd < 1 X10°TER SWAB SRR K MITRE £ T2
L7 JEREMHFLEE L, ILLOINAD X 9 % 'direct geometry' E2E O P REB I F
M EGLER L INSD & R ESHRiEG T HELEE., ETICRETHRT &
BB EROGTRTFEEFML 2. BFEE AV APEFROLEY & ) EEIC
4570, ILLOGEEIRELIR - HEIRELLHEEEL (LT LIBREILLI
BEIATWERLTOHIRY) o $F/VAPHTFREILLERET 5, R200HLP%R
5 ISMWRR/ SV A B TR, PRTFREOCEELSFCILLL ) bEATWH T L
P B, BT — 2 T EAFEE LB EES R IR I TR B L, SPSSA*
ERT VD, T EHPE FRSEELSHMBSESRT OV PRSI ER TV 5
Z kit BERRIMZECFH B LTS EFFER 2—-F— b A5 —-Zil8V At
FEICBFTE A LERLTV5, RICSPSSELPSS 2T 5, ¥ — 7 HHTFHIE
B ) 2B Id, SPSSHEEMICAFITH B, FASPSSOBA, RILRT L ) THT#
SEn ok M3 EEE Rt T I B R R S IR LT RO 5 LT REL DI
LT (ZoiEgid, LI+ a8, 351IE%%) , LPSSTIR, INLOEED
BB LI LD ERTREATH b, RICEBE T LWnD, B EET-F
EiESPSSOME B TH A Lit, BHTH L, —F. GHHETE AV DAREEEL
MR BRI EEIT, S VEL (25Hz) EEOLPSSHEFTH %,

E2 REMLGEEOILL: OHERELE

eS| s | OB | EOME | G | R peET
m#r K I @T) | BRER) TAS
2.2 HO 1 i9~37
h<02nm |84 ~IXI07 4pp_ o
d>0.07nm
SPSS 4.4 20 fmmmmmmpesemmesb———m——
260 100 2.2
(SMW) | Ag/q ~10% | Ag/q ~3 - 5% 1 16 65~74
3.7 Add~1X10* | \pe 05,
A>0.2nm d<0.0Tnm
@26 x1818)? | (26 X1S185)™
pss | B(25HD) g ; ; ; 0 )
@.smwy | 4(50HZ) Agfq ~3-5% AE/E~2%
Aglq ~10%

% 1. INAEEL T A vy o— %8 L ESMMERBEENCER (SWVA~-10%) a1
#2:ILL & ) HISIS& DHBDHFERSH 5HE
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Ko 2 OFEMETEHIGRR S, 2OV APETFFROMEGI., ILLOPETFHREZO,,
EFHELUTOL)CERTE S,

G =D xAL/OAxa/Py,

T T, AMSME, TOFFIBTH Y., ald, TIRIBRNLME4 DEEFLFEMLBAEKTH
B SN ARFERFBEOEN L FHFHEOIT., B THEMELZE~ 7 P FRD, A
TERADEHICRT I EHFTE L,

D=gxfXD,,

T,

g = 8A/OM . ives
=1,  (BA=8A ey D)
<1, (8A <O pgieaP )

f= effecl.ive /M
=1, (Meﬁective = AAD H#)
<1 4 (Meffcctive <AAD E?)

Thb, git. TOHEBICERINLEEDHREN e ST T HEBDORRTRIEND I
Thb, fit, BEBENF 3 v A —THES N EHEEAMCH T A2EDY (LEELTH)
2 ERNEAA e P T H %6

HEOMELHETSICH2D, uTwﬁié%ﬁtto

(1) BOI»R—-% V1

B ADEBICLELIVE—FY M, AbpETEE, REE, T/ 70i-75,
AN R—F, TFIAF -G, REEYZE. Fa3 v -FOHREWY ANnd,

(2) #+nFhOKBEICRBILINKEBLEER S,
EBOIVR-FZ Y MIETAHREEZBRS,

1) PHTHE

LPSSTid, FiikFHEEERIC R U RS REE1S D 7201030~ 120mAR E O LB
Wb TR AVALENDL, BUPHTFEE LA VLB, PETFOEARS
RISHIZ 2 A2 BT RSO EERER0% & Lz, S OEEIR. BEOEWE & Hw
(SREAEHER) CDAR—X—3IF— R FHL., BRAIAESLEE ONRF BE THRK
FTHNY ATy 2 TFESFHAVAIEICLNHEEELLN D,

2) ¥—alUR, 8
EFFETOHRICLLFHFE — ANHOFE L SV ARETHE COFME FHEIZ &
BY — ABEOFIRIE, 1212 LWwE L, FORBEMEICRRL, KFHFTIE, N
VIFE/ZORXA—FIZ Lo THETF E— A0 RFHOREKES T BBICPUR S TER
B FEPELT I LT b b, ZOBEORAMNOY —LDHE SR, #2° T
HEH, RV MEI 7O A—FORERIT, —ETERL, BERVECRSEETT 5,
—H NN ABEFRETA— N~ I T — %A L UTFEEL VA L, KEFME
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Y — ADHESHER-E LI LR ETE, A= F7—OFATRTHAIRE
0.1nmT i, AESSL, #0.6° THY, 0.2nmPA ETiE, AESEHEZ, 2° LETH %,
PHoT, Ry ME/ /UL —F LpWFEE AT L RETRIE, BIZRAEEERLS
b,

3) tRiHg: :

EFIEL OV AmETEIR, & bICEELA IS L THoR MBS BiESE b bl
SIAMATELEIRE LY. ChiE, BoAF— FDHERVIENESELVWI L%
FEELTWS, BL, EFFTEBMUEBIHEERBETH M AV 7L~ OFH
DPERTIE, FRISGHLL TOVARRTFRTR, v/ 70 A M)y 7RESZEEH
2, FEHLRTNEFOF— 7 UEREITHETHICTI %,

4 ) TOFFEMMEELREE

‘direct geometry' Z10) JERM AL BICB VT, FFHF Tk, BIZIZINSOHED L)
2 F 4 AL Fa v 3—0 [HERH6000~20000rpm (100~333Hz)E THAT 55 E 0
it b, SR LTV ARETFE(S0H) Tk, BEEOREFOTA A7 Fa vii—
% {# H | C repetition rate multiplication' S RETH 5 & L7z,

5) ZEhEIS A

SOV ARBFRICBEORFFE CHEE ATV SHBS AR RELHEETEER
720 NNVAFBRTEOBE, TOFEC L VBREKOREILT A VI —FAREL I LRV
ERBMT Ny I VI FERETE AR EER L,

5. #Gam
IR PRTFEE LTONRNVAFRTROFF EAH L IC% 572, SPSS, LPSS
DEFRUMBESZFIEL TRRTHE IV,

SPSS
(1) BEICRVERELXRY,
(2) B ok UranFEFREICEL Twb,
(3) av7Ly¥) Y TFHBREDCOIA NEOEE»H L,
AXHTIE, Mg oo 72h5,
(4)UZTV?IU@E—?HE—AEEﬁﬁ&%ﬁwtb:VfbyﬁuVﬁ«
OHERRBASFSUIEE 2, ZOHNUFHREBATREZ D,
(5) BHELES—7 v TR, BFE—LAFICIZENROMEYNH Y, 4%
+453 % R&DPVETH 5,
BAEEMTIE, MEE V=T, 5=y bV —=7H RO OMBECT )AL D
Twi,
LPSS
(1) & - PoBEREICEL TV,
(2) avFLyHY Y FEREDHIA MRV, EL, PRTEHEZRER(TS
PVEREHLI-OBRICE IR R 5%V,
(3) S NALF a v - DEERTEOHEDHEND %,
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(4) WY AT 4 2 HhETEFOUREOERENS %,

(3) v (4) ORMEIZ, BERDL TV ALPSSHRSEVD, INLOFEMOR
UMESET SR TVRVEDTH 5, |

KA OV A PEFEOEE S BIRER R, PETHELOSTOSHTE VHEL R
FTHHFIEPBIRTAZ L TH B, SPSSIE, 2 1HILICERENS THAEIF L, R
BRI R BRI HIET 52 ETE B, FLVEZR, HTHFLVERICET CGHE
HEICE - THEThBRTTH S, LPSSIT, BHHFFAICHEV W2 REH Yk
¥EL T ERE LV, BT, LPSSHERK Tl Bk TSPSSHERR T REZ KR v,
o T, SMWE/ VAT FEL BT A IS o TEEHL LTSPSS2ERT LT
FABET L, oA MOEMRIES X ) SPSSHRER SR ELBEIE. UMLPSST
A&—hTHILbEZLNLLD,

SEW

1) F. Mezei, N. Watanabe, N. Niimura, Y. Morii, K. Aizawa and J. Suzuki, OPTIONS FOR A
NEXT GENERATION NEUTORN SOURCE FOR NEUTRON SCATTERING BASED ON
THE PROJECTED LINAC FACILITY AT JAERI, JAERI-Tech 97-019, 1997

2) EEIMEG. HiE-d. HAET. SHFEE, BIR, FHEK

3) P. D. Ferguson, G. J. Russell and E. J. Pitcher, Proceedings of the Meetings ICANS-XII
and ESS-PM4, Vol II, p. 510, 1995

4) E. J. Pitcher G. J. Russell, P. A. Seeger and P.D. Ferguson, Proceedings of the Meetings
ICANS-XIII and ESS-PM4, Vol I, p. 323, 1995

5) N. Watanabe and J. Suzuki, Private Communication
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6. /VILAEFR EPEFRIESRETF

Pulsed neutron source and instruments at neutron facility

BT L. MR . Sk ET, AR AL EE R
M. Teshigawara, K. Aizawa, I. Suzuki, Y. Morii and N. Watanabe
E-mail teshi@linac.tokai.jaeri.go.jp
EENES Sty Az k25
Japan Atomic Energy Research Institute

Abstract
We report the results of design studies on the optimal target shape, target - moderator cou-

pling, optimal layout of moderators, and neutron instruments for a next generation pulsed spal-
lation source in JAERI. The source utilizes a projected high -intensity proton accelerator (linac:
1.5 GeV, ~ 8MW in total beam power, compressor ring: ~ 5 MW). We discuss the target
neutronics, moderators and their layout. The sources is designed to have at least 30 beam lines

equipped with more than 40 instruments, which are selected tentatively to the present knowl-

edge.

1. LI

T L AR RS Y- A 2RI T ARG I ERIC BV T —
BETLL 5, L L oRATiE2PETREOBIRBIIRILTE ), 211k
WEICEHEOH /4TS b Twb,, 207285 0ECD Megascience Forum T,
mHTEOBRESR Y RELEEL L ERRIIC I ZOREMEZED L L & D
CAEORETEIE BT A UG TR O PII LTV 5,

XT. 2 R A JGRE TR TH 54, KEOBE T HIF(ANS)ET O
BRI NL I D IRPETEICL 2ET T ROERIZIIE A ERTRET,
DB & B T —D R FETHELEEZLNDL L )il o7,

47 5% . EU T ESS(European Spallation Source : 5 MW /XU A sp 1), KE
= % [§]4£1- NSNS(National Spallation Neutron Source : ~ 5 MW £2/%)L A rh IO ET E
AEINCHEHE S NDDH B, FAETH KRR AETHEE L T2 200 H T
HEHHED LN TWVAE, FO—DRILEEDOHED 2L JHFEIE DA KL — 2 2 ikt
(0.6 MW 455V Z T TH D . — ., BEICIR E S ICRMEDER T HHEL T
Rk H O 3RO — &5 K L AT RENE S S T 5,

JERFIC B B BT R R Tl BT AV F—1.5GeV, ABE— L H I 8
MW DORBRE) =7 v 2 HEZLNTHEY, 20 HLO#H 5 MW 2 Hw THRERHR
OV ABETIEOERZHE L TWA, Kimid, ZOMESHRFT DO DR Z
HIFORIFRIIOVWTEHETLILDTH S,
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2 . WiEFIRERROERER

BAFCBITA ARV = 3 VREEFRESTE TR, ROMRETHIET,

(1) PHHEDEZERTARD 5 MW

(2) WwHFEOFIHZEL BTS20, fl40 8L LohE T HlEROKE
(3) HREHROBEAINT + —<  ADEH '

Htk FR R OBE SR 2 B 1R T,

T3, FORBEZERTAO0EAMEREL LT, KDLIICER D,
(1) SWHEREZEL O SVAFETIREPSS) 2 E—&EE §5, 72720, kY
N AP FRLPSS)D F BN TWAEERRIZDWTIILPSS WHIH b £ 2 5,
(2) Bz —all AR SMWEZZ LN TBY GV R kDb a
Lyt—1J yZF(CRIFT—HTAY—MT 5,

(3) #—F Y PAT—La Y ICAFT2HFE— 2080 & LEKEIZS0H: &
B

(4) BFE—20%—4v b~DAFHIKFEHAET S (BEAFHIEIDE L O
HFE— AP Y BE 5 720EF) T 525, SMHIZAR),

(5) WHEFREY—7 vy b LTE, KRE, KMIBEORKREDD, HAE
SRAYRATAGEERETHRLIMRVIELHNZ 2720, KEEE—EHET 5).

(6) B3Rk X425 E(Cold), #(Thermal) & U B\ (Epithermal) 111 ¥ — 4 123 L T34&
HORELE N EF L —F 2T 5,

hET- ¥ — AEE R R RICT A720100F, ROBEEFERS L2 FE%R 520w,
(1) BFYE—200EELRRDBHOVERE YRV AE -7 &R

(2) #—7v b ENBEEROBMFEN VT X —F DREAL

(3) E@EAZETL—FHEL, BRoER
(4) #—7v b+ - EFL—FREGOREL
(5) mETHERFOREDREEL
DFTIE, NG ORFRRICEL TlEX5,

3. ¥—7rvkh
=7y " oBWRETRE Y
BE-DITIE, B RME L RHER
Ak, ~Hk, BEL R 5 0ENEDH
5. BETFES. BHE., SHEE
FARKEHME R TG EESE %
EBLT, By =4y FTIT 4
2y ¥ V(Ta)yed v 7 AT (W)
s,LWAEY -y P ELTIRAE
(Hg) R 8h - € A < A IERUE(Pb-Bi)SF
BEZENT WD, Bk —4v b 1 VAR TER RS

Cold
Thermal

Experiment hall
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W, EE Y — Ay FEERLE, N
BADHSHEEENIZEA LR W E
RHMEOHTHM THLEIE, &
7o, KREDGEREGHHEGT TRV

BT ¥— Ak

10 cm

WXV BRERTHREFELN S,
AT TIE AR Y — 7 v M OFER
W2l o TV ADE, N AR HETEIC X2 KBy —4 v FEIZART ST

HoTid ¥ — b AFHT L BRI WD V— ARG o DRI STV 3)
-0y PRGHBENTIETBIND
. FNERETAHTDORREIFEL > Twnb,

y =2y MBI BT E - AOBREEEASECOBNRIEN t BRFERL
FIoiz B0, BEATIEHA8 1 Alem? & LTVW5, ZOHIRD S & THEDET
Ve W FORLEEITIT7 7 A WTY =4y MIAFTREPPRMOMEL 2
Ao :

—F. RFEOS 7y MK SR YA TR T s A WIS TELT 525, R
B CIEE20 X 0 — 5 ORI SemBEEORE S N2 T b PIET A
EOEPL, CONEDESIZY =7y b - BEFL—FREAPRELZDLDTE S
FEE LA, S, BT E— AR Ey L OMEORELBITN T 5 REHEESES
L— ¥ OB A2 5720, ¥ =% v P SERT 5 RET. GRS T
WLEFHY, LLEWHEHFET L,

F7-. Ky —F v FiIowTid, BB I AEREFEIIED SN TS
b, BERHIFOBEL —#EHoTWBELOTH L, KET Ny 7 N7 ¥ BN
(BNL)? AGS MI#ES% BB HERTIR, BADI RN F—(1.5GeV ~ 24 GeV)D
TR & B RETFINE RO Y — 5 v PRETOERSAORAE, EHBEOWE,
MR ST VA, =a— hOSZ ACBWTIE, BIRME—/ OV E%is
92— F123 GeV LEOB TICH L OOBAROFMESF IS MFIFE 5N Tnbo 3
Fo BNV AL g s WTOBFE - 2OBEIC X VKSR S — 7y PRICEELLE
PRI VAR ERIGN S BD, ZO L) LEMITZ% (, AGS %
FIF L EBR TR T ISR b ¥ — 4y MEEH O GeVBEF RS X 230HFER
%%)]ﬂ%ﬂzxﬂk’@\%ﬂ%mﬂf—)b“/l‘3—5}1:9%}3)1"()2/{;{)&US;KUX?»};E_/—(
TREHT G TV, BB B Ci—HETORBRMEL ST T,

4. F=7rvr ETFL—¥  LEHEOEEK

T RELIFE O BRI X . HE T 2 BT T AL F— L OV A DS
AT A ERARAE LD EEDEF L -V EEL TS, CNODFEFAILICD
WTHELIZRT, £, TFL— M TH 55, AEDOETL— 53, KetED &
3 hEumE TSI H o TRELVHERIEEO 20, [EE 71 —% & L THEAK
£ BEEFFL—F L LTHEKIM—ORRE 2L, PHFEECHAPLET L
Y ORIRLBEELRTO—2I1% b, 2T T, FHETHEICRITTRIRORIRIL,
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#1 EFL—F¥OFEEHET

Cold neutron  Thermal neutron Eptithermal neutron
Number 2 1 i
Main moderator L-H2 (CHa4 pellet+L-H2) or (ZrH2+L-H2)  H20
Pre-moderator H20 non non
Coupling coupled decoupled decoupled
No. of viewed surface 2 2 2
Angular coverage 50°X2 50°X2 50°X2
Moderator temp. 20K 20K room temp.
Characteristics high intensity ~ high resolution high resolution

& high resolution

e D AFZE ST B DA,

LEHHTIOEFL— Y REEOSHEEH T OB, AV AHZ) O ERS
TREEASE AT 7 B £ D ITHRE S b 0T, PN LRI T RO — R
£ B L&V IEIASRIED TR E % 5 LB EO P T EIGERERI v &
720, AV T o—@EERFIN L BB REERICAVONG, LETOWREITI,
5 —7 F(Crooved)EF L — % L 79 v FEFTL— ¥ OfAGEDELRE S I,
FN—T FEFL— 2 IV —ABENETT T v MNIEFF]TH 5 (M3-Case Ao
R, BEICRET A L AE RS CHEE EREA S, T2 T, BT
WO F A L LCHAKRCI)EE L, ZNETLET V-5 (PM, ZROH0)T
B HEHMERICES SR (IEEAE L VI 2D LD DG & A S B
SR EY(Fh Y T LSRR SRE AT v 7T~ DS

fZirgmnh b el bz, L—HZ'C:‘@??’:E\TET T Premoderator(H20)
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AHEABDLRDICTREERY ¥~ o W |
Ay oS OREBHETHREDE VETIC  (Previous) P
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CDEEEDTLEFTL—F LA T  CaseB E:#>___ﬁ
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BWEIAI2DELBIFELHIIIE
L7zbDThb, TAHICEHLT, i
FU— AMERREKIZT 57200 %
SRS ERIITONT NS,

. REBTHOET L — F O
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v qﬂ‘fit?d,?’(’}iéi% L’CV‘ % Iﬁ'ﬂg){ 57 Cold mod.(high intensity & higy resolution)
VIIABATRERTEY, AEAY Y -
DOHSTHEEG BT 5720, BAE XS
v AT (R Tmm AR ) & L-H, DR AR
o V), NEBEBICIER S EEEA S
vOSR - R R LD B K HER,
Kiyanagi-Watanabe QM3 5 K@D L-
H +ZrH, (3UE L-H +TiH,) O ¥ & B€ 7
L= ORFIFERLTWA,

¥ 7, BRSO ETL—F TIEE
M T OB L FECE 2 HENIEE
FREEERTH Y, SOV ZAHRAR
Y B, FORORELREXD =38 o Epithe@al mod.(high resolution) I
HOWBM DA EZ T 5H(ZITH M4 77y b+ - 270 —yREN
3em B X Ao

EFL—FDULATY P LT GHEFOETL— 858 =7 v O EERICAL
AR UBESAEETOEFL—F s =y MO U TTRRCRT7Z2(H4). 1
S, EFL—FhOEONE PN - AEEEED L OIIIHERIRY ¥ — 7
AL OREEETREOY —ZICAEI RS, 2B, 7L — 5 ORMFEN LA
ORI L AERE IR A SAEOABIRRETRERYESIEL LT
B L. T, ¥y P EBCEESRAEF LS 2L -2 H LIZE
—FQREOEFL—F T2 E L, TEICEE S 1A JEHE &Rl (decoupled)?> 2 2D
FFL — & OUE I & Lz, 7SR T L) BT E— L AFRT Y —
oy RNy FY Y TAR—ADIEDIIEICDLELAELZERTHE, ETHOET
LoD — L8[ SHLICE Y U THNAELHEIFI00 L), Z6ETS003 D
L%, EFL—FpLORNTE S LAPHOERAE,SRTNEE, ¥ L
DRI UL AR B ¢ 4 B —TE 472 ) S0 251k, SOBEIRTRY EE R
LB RUPBMETOET L — & 2 /A i T2 8013 100mbL L DORATHE & &
FLT200bH5, EFEEOKE SRFRED L0, ENOE—HEICTE LD
LR -7,

BEFL—F ST EOAEGHIT, BROMROEEROLEILL - THROLN
2. BEEIIBWTIE, & - 8 - BAET-OMEREBIC L 2 RESRT T, AR
B4R Ui, SOOI LTEDONLY—F v - EFL—% - LFFEOLVA
7R ERSIIRT. ¥y MOSIRBET APEFROY — ARG RS S
Lh¥TRT, FHMEFL—FCELTE, -7y P ERII—omdtrE7
L — ¥ 2 e b RET L0, =7y F 2 LORAFETEEOR DTN E
CAIIRIIMESEL I EASHELDY, THESTLV—FIELTE, ThENET
L— I ERERINL D, MERFABIGEEORADHFICEET 4 2 L i
B, FOEBEGLEELELDEFL— FICHERRLEL 0L, ROBETHOIL

o

Target (Hg )

Proton

Thermal mod.(high resolution) 0 10cm
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Epithermal mod. _
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: Neutron distribution from target
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20em
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o 10 0 30 & 50 60 lbelow target
Axial distance z (cm) g

s ¥ —% v b5 ORERMETFHEL 7L~ ORHERE & %

FIZL - THEINLIRELDTHE, M5 TiE, FLDOETL—FIZHERRED
Y —y b OHEFHREOEVWE IAIIRBESEL I LEHATHRTH L2
NHEFL—F ORBEEEHT. MASICHT s REE, FHERTEREICL > T
MR TATETH D,

PllFo#kitz b o, #—% v b, EFL— % RURKSEOESEKIIF6 IImT &
3B, BHEBEETIIRSHME L U TH(Pb). «UU&A@@@%wim%®ﬁ&Ab
B FEZ T D0, EHAROME R TR T .
ERFEFL -7 OMEOFERIZL o TNV
2T OREIEDL SO T, & 5IZEMIC
BEBibE R 3Tl biv, KEF —
oy b SRETAREFANS PV, B
B - FTHoIzH, D L9 RIEREE
REHMADHHFHFREDETAMTHS:  proten
K. & EFerl — o HES
PEHECHIZ B 720 2iE, BeD X 9 s
BINGHED T AEF L WwEE, PEFERELS
DOETE 25 DM b BO TEETH b,

5. R lESRERE AR y
K, LOX TS RET S ’ S e
PITDOVTlND . AF R B NSNUTIE
BRI, B S TR E o b

6 ¥ —4 v MMEAKERN
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JAERI Neutron Scattering Facility
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ORI ENFRORERICRLBET A0 EEZ LMD DR, RELWAA
720 dgk. MESKLNSHEREICOVTIR, B, RHEfzL-—F-BLo17
BMEFLELEI LRV ETE AV, FAlEHE L0 L) KEEL, TR
DU L v F R 5D OV T OB IS ROMBETH S, T Tid, HHl
LREEY LTRI* TT. CORIRT &)1, &, BRTBRNFHHO P HAF -
LAEEHLEEBEINLBEFE—LT 4 VA730 L, i RERRIEETR T4 B
Pz b,

6. TLO
ERFCHEROAMEARL — L a v BOEEN RIS P BET LT
BHiIT. BFY— 20K, EFLV—FOME - 547 - M FESLLTIC, IR
bR ERENAEETFY—AS A Y ORBERE, FRAEFROEY - LAIERT 5
Fé?{ﬁﬂf“””d)ﬁﬂ%l%kowf@ LT R AT o 2 BHF Y- 2HETRRICT AT
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nrzborE2I6M5%,

KTt S T, 0B LoPRETRERISRETE. 2h50HITIERFEEIC
SHE SN TWVAESSICEEEANS LD L BESEMTFL DD LE I, ZOFTHED
EH AU R B AR P HEFEHER SO N5 2 L2 0, 21 R O ERRER
S IEEICRECHEMTESTHA ), '
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7. PHEFRFEEFEIC OV TOI X b
Comments on Neutron Science Research Program

ME i
Susumu fkeda
AR — AR SR AT
E-mail:Susumu@KEKUAX. KEK. JP

AAE - AT, AARO T THEMERBORTEY , PHTHETHIREFRPOUEL
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METBCELRFZE D IR & L CEIBIERTICH T A MRIREV L OB DS, L LB L, 200K
BT AHESSIE L, JoESIHBEEBL, FLOMESTLHEKBL, #HRE U —FLE
ARSI, HRERO P FETHALEILLORFFL N g a2 R4 o R,
D21 OBEEREE LVWRBESRS, BE, RETERLTWAISIS WA XA PHFHE LTI
B & FR IR OSSR ES 2 R T 2 PHTFIRE AATERT S Z LSRR
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2. BEASIPNBIEPHNELLNS, IO LITHEEL, TOLEMLRRE LY BRI
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BT, WhdY Vo U IRET DX 5 REES, FHTFTLERERDIETHD,
ORI, TOREDHEINDL, HHEW® T, demonstrationEEROEA LT
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ThH, TOWBEINEST S L) REBORELFIHBBEERT NETHS,

B, HEOBMRERIZOVWTOERFRAL Y, FHFHEMRIE, FdRETHEIRE
Bk, BT —HTFORERIUBSESORTEBITE 2 FRE LT, MICHE L&
ERETFHETHL, Wk, L—F—, BEEETH, ZNETLABLT, FHIIHERES
EEIOEHAEEL LN TEL D LN, BECHEREMEOERT, PHETHELDOAL LT
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8. BLANF—BFRUPHFICHDLFLIOWEA

Recent research on nuclear reaction using high-energy proton and neutron

LHEE
Tokushi Shibata
RRRERFEUTFR
tokushi.shibata@kek jp

Abstract
The presently available high-energy neutron beam facilities are introduced. Then
some interesting research on nuclear reaction using high-energy protons are reported such
as the intermediate mass fragments emission and neutron spectrum measurements on
various targets. As the important research using high-energy neutron. the (p.n) reactions on

Mn, Fe, and Ni, the elastic scattering of neutrons. and the shielding experiments are

discussed.

1 3L
BLANF—FHFE—LEHND I EOEEL MESHBRIIVLC, MHIIFRTE—LD
FATEAHRIC VL TN, BRTAVF—BTFLRTFERITICHEET 2578, BT fLF-F
HF & RSN BE T BRI DTN S,

9, i FE— LK
BLANF—RFAE-LAEHOTERINTOHABERIZ 20T, THET R ALF—-RTAD

SR TABHBITHLTE21IIFRLI,

F21 FEuPHFE— LR

MR PHEF T RILF—(MeV) P25
LLAMPF WNR 113~800 chopped beam plastic scintillator
TRIUMF ~500 recoil scintillator. wire chamber. MRS
FAURE 60~200 converter, wire chamber, AE+E
IUCF ~200 . AE+E(Nal)
UPPSALA 50~200 wire chamber, magnet
RIKEN 70~230 chopped beam NEZ213
TIARRA 40~90 chopped beam NE213
UC DAVIS 20~60 AE+E(Nal)

B 2.1 12 LAMPF WNR 38D 2 2D ¥ — 45w AT =Y a » AR Ui, K22 1lid8EfFoH
HFE—LT—REFR LT, BROBR TRBFE—LICHT 2P ETOREHESL, <7 2y
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> Control and Data Center

1
2 Proton Beam from LAMPF

3 Low-Current Target Area—Target 2
4 High-Current Target Area—Target 4
5 Experiment Support Building

6 TOF Experimental Area

K21 LANMPF WNR fiickitsttrE—4L3—2R

NN )
O

E4 Exparimental Room

shislding wall (concrete)
the 3rd
&ceelerator filler {iron ball and iron sand fillers) light-ion
room / roam

test shield 120

TLi target monitor 2 .:. demmrc
prS-1 . col xmamr Lo B =
NE e
moniter 1 \}“9'1"" b;:nm | movable sta.nd
Faruday cup \\:\\ = Q?imfs |5
20m 53Tm Tm Chrambes 3130
T, T 1 = = st i e
®2o BROEHFE-LI—X 923 BEHEEOHEFETE— LT

3. BIRNF-BFEREFRRIE

3.1 Intemediate mass fragment(IMF) DB H
BIRLF-BFEBEIEETHEINATEROR FRIMPZENT 52 &, BT 3L
FoLEHIIAMIORECEMTEIEPBASIA TS, BFEv T YORIETHE, K31
md LSBT I RILE—D3GeV NG 10CeV THIEEIN S Sc CAESHIARE (EIELT
WD ERAN B[], T ORIZASAENAE (EAT A0 BRICERILLL Tt &
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BN LN, BAEZ THERICOVTHSMNILINTOID, BHIH5EIMF QL4+
—Z S N VAERBE, TRLFE-DEVERTRA T ARHET I AT 2 VG HOMTREN
ZH. 10GeV U ETIRT 7 AT VR TET I ENEES2). T, LAREZNIFETHOR
CEBMOMEEAET S L. TRLF-DEO(10GeV B L) Tk, ARENEEE LD
mﬁ%uﬁ&b\Eiﬁ@%ﬁ%ﬁfiéﬂ%%ﬁﬁ%éhfwémn:@ﬁ%&@32ﬁﬁb
72s

TORIC. ARENHEINABEFHOBEROBEHEHTRINS I 06, YHEDET
MARRTZ Y5 AF—OERIVI— L -2 a VIE-THELEEIN TN S[2], ZDHWIZ
FERT AN HDEETOEHOY, BRIEETHRTA2DICROMEENEREL T SETH L,
MREEFNAEEZZDES. BTG THEDEE LA LI TRELTENNZ E%2ERT,
T ERBREISETFNEELS FTHBHOTEETH S, IMF OBMFERIIBIT KEK TTHh.
E— Azt UCERICHOE SR AR F RO AN S ZRThN (4. ORI
WIOEEEORVERTHASTORAMOE - NRETHLZ EPHONIZNTL. CDOL
5&%&%@0?&@&%%%6#ELTD<C&ME%T%5Q

L2k 0.8 Gev i { I ] ] J i
‘ .
1.op . -
8F .
L.2F .« * 30 GeV A 10
t

T TT11

T T TVTTITTm
L piiim

T T TTEIT
L)
1 11

[ E R

IR LLLL
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) 3’0 éo 9'0 |'zo 150 180 |04 1 l ] I I L
5 o 18 20 25 30

6, (degq) Ay
K31 p+U RKIGTHRE SIS Sc DAL/ B 3.2 p+Xe IGICB I ALEKB LM S5 5

32 BXxNF-BFEREFERIETRET HHHFANT MV
BIANE-—BTFEEFERICTRET SHFHT AR MLOMER., BRIEET IV ERIET
B DBEERF—F/THD., E51I. MEBHRORA. MERERBEAF clAEbET
FF-IEEE., MREEFAOESOEERYOMBLAEL E4FMICRE T4 467200
Fe# E LTEETHS, ChETIKHEINARIGII TR LR LTS
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£31 FHEFAXZ MILOHEIRE

BT xILF—-MeV) |7 —7 > b FEERIEFT 7 =4 bW
318 Pb, U LosAlamos Hy—47y b
597 C,AlLFe CdWPLU LosAlamos HAFy—7T v b
800 Be,B.C.N.O.ALFe,Cd, W.Pb.U|[LosAlamos _ [#lL s —% 5 b
800 C.AlLFe In Pb KEK By —45y b
1500 C.,Al Fe In Ph KEK BT =5y b
3000 C.ALFeInPb KEK AR A A A
113 Be,C.0.ALFe,W.Pb,U LosAlamos B =%y b
256 C, Al Fe U LosAlamos By —4%w b

BIE XN TET AR MVIE, BRI RS — FET VAR LT TANDEEI— T
HEe & AT X R, BOEFEICT U TIIEREFTEOEFIRE ) K331 Los
Alamos THIZE XN 72 800MeV p+C O F — 7 [5)% . £ 7o K 3.4 iICKEK THIE S 0172 3GeV p+le
DF—F (6} Lice MR TDANRY FVBIER DR OB THATEARRICET IV
AHESITAIEREBLNRETH S, 10*

T T T TTT7f T 1 T TP

3.0GeVponFe

LALERRL

10°
107
104 e
2 1k
5 O 30 deg x 1000 107 g,
10tk : 0 60 deg x 100 .
- A 120 deg x 10 100
¢ 150 deg 1

Cross Section {mb MeV"' sr

« Kyushu / JAERI 1,

J 10 E HETC
: ——NUCLEUS 0
OMDI . I| Lt lnl 1
_10-5 L oL Ll 1 L Lilli
10° 10’ 10° 10°

Neutron Energy [MeV]
H 3.3 p+C RIETHI SN 5 PHF B 3.4 p+Fe RIGTHRE SN ZPHF
ZR7 ML Ep=800MeV A7 bk Ep=3GeV

4. BRIV F—hHFEREFERIE
41 B ARNF—@ PRI

RETAHRTFE QO AWTHET S EASBEROBHTIINL O T AL=0.A1"=1"(Gamow-Teller
B ORRIERI 5, L THEOREURTIET S & AL=1.2.3 & EOREHEE
XNB. PRSI » THEINIREBORMERET S & AL DEZNENDOMITH LTHS
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FASETRDE Z EDHKS, ERTEONACKAFEIIMIZANRY MLV ETRVF-E LI
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DB D BHRREED S T XL E - B UEICAL=01. 23 ITHETAREIERDE L ENTE S,
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f2H DA 43 ITRT
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4.1 npRIETE NI AR MUEBITAEER AL OETHHELCK

SASDERMN S, #Mn, ¥Fe TIRFEEO—HIT LM NI THERELGFREOCTAD
RENT EHNRINTNS[Te 2R SDOERILTRIUMF TiTbh KRR THE0 ERELHE
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Neutron Nuclear Physics under the Neutron Science Project

THE K
Satoshi Chiba

B AR AR FERT
chiba@cracker.tokai.jaeri.go.jp

Abstract

The concept of fast neutron physics facility in the Neutron Science
Research project is described.  This facility makes use of an ultra-short proton
pulse ( width < 1ns) for fast neutron time-of-flight works. The current design
is based on an assumption of the maximum proton current of 100uA.
Available neutron fluence and energy resolution are ¢xplained. Some of the
research subjects to be performed at this facility are discussed.
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Neutron in Biology

PR

Nobuo Niimura

A AR FIHIFeaT e im AR 8~ & —

niimura@kotai3.tokai jaeri.go.jp

Abstract
Neutron in biology can provide an experimental method of dJrectly locating
relationship of proteins and DNA. However, there are relatively few
experimentat study of such objects since it takes alot of time to collect
a sufficient number of Bragg reflections and inelastic spectra due to the
low flux of neutron illuminating the sample. Since anext generation
neutron source of JAERI will be SMW spallation neutron source and its
effective neutron flux will be 102to 103 times higher than the one of
JTRR-3M, neutron in biology will open a completely new world for
structural biology.
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1) J.Smith & M Karplus; Proc. Nati Acad. Sci. USA 87, (1990) 1601

2) A.Kitao, F. Hirata & N.Go; Chem. Phys. 158, (1991) 447
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11. YEEET 5

The Future Research of Material Science

woH & B
Hironobu lkeda
B R L X — I AR SO
hikedakekvax. kek. jp

Abstract
High Energy Accelerator Research Organization (KEK), which was established on 1 April,
consists of two institutes. One of these is Institute of Materials Structure Science. New
research program in the new institute using synchrotron radiation, neutrons and muons are
discussed.
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12, %3 A KSR RE L REREAT
Structural Analysis with High Brilliance Synchrotron Radiation

REFIERE
Hideo Ohno
HAE T Oafgear - Bt seer

e-mail:0hno@sp8sun.spring8.or.jp

Abstract
The research subjects in diffraction and scattering of materials with. high brilliance synchrotron
radiation such as SPring-8 (Super Photon ring 8GeV) are summarized. The SPring-8 project is
going well and 10 public beamlines will be opened for all users in October,1997. Three JAERI
beamlines are also under construction for researches of heavy element science, physical and structural
properties under extreme conditions such as high temperature and high pressure.
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Table 1 ESRE,APS and SPring-8

REVRE G iEk
ESRF APS SPring-8
(European Synchrotron (Advanced Photon (Super Photon ring-
Radiation Facility) Source) 8GeV)
HEE 90y NEE RETALF - I - AT
RIBHIT PN —Th {752 | Ty X ESIEE R [EEE SRR
LA F— 6GeV 7GeV 8GeV
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AR 2048+ « 34K+ o I8 A+ a
V=074
#efis (1986~ 1987 1986~ 1988 1987~ 1989
AR K ETH| G 11988~1993 1989~1995 1990~ 1997
FIH 11994~ 1996~ 1997~
 ZRIEBEAP DY —AT AV
Table 2 Main parameters of the SPring-8
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Y—AhT4 U NG A I — 1GeV
FANFEE—LTA B R R b F — 8GeV
e A REGn) 344 |AE 396.1m
BV AKEGOm) 4 A& EEr A 1Hz
I3 v & ABGeV) 230nmrad
BEMEY—A54y 234 |REEEE 508.6MHz

(E) Pon 4 v iE L ACERY Y Z7HCESRT S (BS~80m) 4% PR (~300m)
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Table 3 Diffraction and scattering experiments with SPring-8
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Table 4 JAERI beamlines
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Fig.1 Overview of the SPring-8
SPring-8 &R HFE
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Fig.2 Brilliance spectrum of SPring-8
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Fig.3a Speckle pattern from Fe, Al Fig.3b Time dependence of intensity averaged
in the ordered phase(300K) over 8 speckles
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Fig.4 X-ray scaitering intensity function(left) and radial distribution function(right)
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14. 2RV —¥ a3~ RIFIAMH & BExEHILF
Spallation RI Beam Facility and Heavy Element Nuclear
Chemuistry

& H R
Yuichiro NAGAME
AAREFITEFR BREHES #&IEFER=E

E-mail address : nagame@popsvr.tokai.jaeri.go.jp

Abstract

An outline of the spallation RI (Radicactive fon) beam facility is presented. Neutron-rich
nuclides are produced in the reaction of high intensity (10-1000 gA) protons with energy of 1.5
GeV and an uranium carbide target. Produced nuclides are ionized in an isotope separater
on-line {ISOL) and accelerated by the JAERT tandem and the booster linac. Current progress
and a future project on the development of the RI beam facility are given. Studies of
transactinide elements, including the synthesis of superheavy elements, nuclear structure far
from stability, and RI-probed material science are plannned with RI beams. An outlook of
the transactinide nuelear chemistry studies using neutron-rich RI beams is described.

1 FUHIC

RENNEBE AT D MFRORETFEFREET, BEEA A (R : Radioactive Ion} E—4LD
BRI R I RBEARAEAITON T A, HETEERRHEIC BT AR L — 3 RIM
i, KEE (10-1000 pA) DHFIRVF— (1.5 GeV) BT — LI X 2R PR
(AR —Y a3 2) RIBTHRT 5P F R 2REERMAZINEL T RIE—A& UTHRYD H
L, ETEEROEDE - B{tEL LRI 27 a0—=7 & LETERRIKFIAT 270 0OHKRT
Ha.

E{RE I=104 28237 7F /4 N cBEETE, BTHRND L I ICHHEFRBERC
B EERHPEOEENRTEINT S, £/, Z=114, FEFHE N=178-184 FHBEICIIEE
TRBOGENATREINTWS. ZhoPETEHREFE - TROERE, HFOTEKRE — A4
TRERTEL VDT TAH R E—LDFRABRIREZS.

HEETIE, BERFCHEIN T2 RI E—LANEFTEORES, RIE—LEHwETE
T TORB{EFEHTRORBICDOVLTHRARS.

2 RIE— ANMETEOBE

RI E— A JEH EOMEA M 1 1RT. TITiE 1.5 GeV OREER T (10-1000 pA) TV F
YE =y b (7T LRI REAL, SRR LIRS T RIZEKT 5. £K
L7=KEDRIAE, 2254 ERFHRS (1ISOL) # - TENO RI ZBRPNCR Y LY. £D
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MRS VT MRS ST — RS — IR THEL, RIE—L& L T2 DERIZFA
T2, EROBMIIISUTRIE—AE, ISOL, ¥ 7 LM#ESE, 2oy — Ay —jLERLD
M HFNEN 2 keV/u, 2-5 MeV/u, £ 10 MeV/u DZFVEF-THO HFT T LHTE, B,
BEERE, BEEE,LENZN Y v T T A VEBEOBEIRE (1] R EINT 5.

INuclear H o l
St ructure] ITrans-actinide ‘

L Science

i:: i :: ’ Mata rial
-[Sclence ."LStudv
)

M1 HEHAFRL—Y3» RIE—ARKEROBE.

3 FMEFAFROER

i RSB B OB A A VEME T TERTES Y, F VY7 74 VEHDRET
HITET AR ARV ELNTYVE. LA LRETAREEKRE, E/4 BRICIKL28T
BITRGRT 79 / A K OBSERIGTULMEETER ), EREELRONRALED %
CEBINTWS, ST BRHERSRICAELRERE A=100 DAd0EFEF AR, 7
TF AN OBFRRGTERIVERTI2ZLMNTES. ZOkd), AFHETRELLTITZF
J AR OSSR L 2 PEFBREEOERZHEL T2,

2%, 1.5 GeV BF TS VIR(ILMERH L2 BEOEREESMERT [2]. I TE
FH(N) T, REIBTH(Z), BROESNSHEREERT. FEL03XERE, BFLE
BIIEESERL QB TETRMBEARERY A 7=30-60 OMB TEKI 1, FILIHE
FBEZOSn T ASS F 10 ECH LR L 10 EREDBEARAD S [2).

4 RIOEDHUENRE

™S L EETICER LI RI G, BB L »TY—7 v bR, ISOL 4
AFEALEMINS. RIBA4 HROBRBEFNIKELTE, X3 KELIBNONTWELD
T, TIZTEEBEHENTS.

RI DEIHILICiE, BEBBEOFEERITL T3, ARHBTOY— L8R 10pA BE
FTTOBSHTE, ¥F—7 v PHEBHEA L VFEEERTS. INEEONEFRHAICEREINT
3 ISOLDE &M 3 ISOL TEAINTE Y, EE7 —7 WEE D FEBIAD(Forced Elec-
tron Beam Induced Arc Discharge) £ & VIRE%EIL, KBOY —7 v MBEREETESLLIUR
LCH3. THBTERH 10uA ZEAD LI RERFEET TR, 77 v b BUSSBEHRE L
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BonAEEEETH 2]

B, EERIEI—7 v ErOAF VERETHAY 2y PRETHETHHETHS.
TOHAY Ty MESHISOL Rid, BES LT LAESRSEHRICHEEI N, RICEWAREE
HTV3 (B3 [5]). ¥ FAMER»LEBLNS 15-20 MeV BFE— L2 fAWTHU 7~y
N (R RBEL, ¥y MhORRTHTL ABREERIER/Y A (FTNVIHA) F
WHIBT S, FLTI7 OV ARSESE, B 1SOL 4 4 VA #8 . RERKERREH
WT, pi2¥U OB R TERT 3 RAFET AN T HEEBORFZT> T3, T4abbL, 1
A ALBRE RS N BNO RLZBRHBICE, NSRBI L > TRESIND. INETK
1667}, 165Gd, 1815 OFHMBERICKI LT3 [6, 7). ZOH AV zy M AREZAV55
&3, BEH AD—EHiA & VIENKAT B0, BEZETHEET 3 FEBIAD 4 3 VIRIIAZAT
Bernas-Nier B4 & L EDEREZ LT3 [3].

RIDIEICE L Tid, FXERENOLZHDLERNEVA 4 OM#E, E—AZFVFF—0T]
T LU RIFAE—ALI v I Y ARBA D, BEMHEEE U TRTFOY V7 LTES
REAT AEHETHE. LizA>TISOLASE1IMTHEB S IN/-RIZ, 77 LAMERK
BATRIHEA T ANERBERLZTNE 20k, ERHFCBEL TR, Na g3 MgH
Skl LT RES RV EBAIEZILICID, BFHAA1 VU LEOFEFIIHN LT 10%
U EDOBMESMEINT VS, RELAAFT I ~AERTED, MIETEE/4 CEIRESN
BIEiC/d. FEBIAD 4 A4 VIRTOA LR EHBERUEAMERT 2L, BOH - Bl
R SAE BT UL Ge, As, Sn, Sb, Te, Cu, Ag JTER®, Br, | ZE¥ONIT L RS+ HRERE%
FolBA4 ELTHRDIMTIEATEZEEZEZOND (3.

—FISOL S E#EEA 4 L L TRV HTAHEORIINTEY (4], SEORETH 3.
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