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Abstract

The high-intensity proton accderator facility in Japan
comprising a 600-MeV linac, a 3-GeV rapidcyding
synchrotron, and a50-GeV synchrotron, has beenofficialy
goproved for the construction of its Phase |I. The Phase |
includesthe 1-MW pulsed spall ati on neutron source, but the
50-GeV ring can be operated upto only 30 GeV. Thelinac
energy islimitedto 400 MeV, whichis not high enough for
the accd erator-driven nudear waste transmutation system.
The present status of theproject is presented, includingthe
result of the performance test of the dready constructed
components.

1INTRODUCTION

The phase | of high-intensity proton accd erator facility
project in Japan [1-4] was gpproved for the construction
starting from April, 2001. ThePhasel will becompleted by
March, 2007.

The facility comprises a 600-MeV linac, a 3-GeV rapicd
cyding synchrotron (RCS), and a50-GeV synchrotron. A
half of the400-MeV beamsfrom thelinac areinjectedto the
RCS, while the other haf are further accd erated up to 600
MeV by the superconducting (SC) linac. TheRCS provides
abeam power of 1 MW to the pulsed spdlaion neutron
experiment areawith arepetition rate of 25 Hz, while the
50-GeV synchrotron providesa beam current of 15 pA with
aperiodof 3 s to either thefundamental andnuclear physics
experimenta area or the neutrino production target. The
beams areslowly extracted to theformer, whilethey arefast
extracted to the latter.

The 600-MeV beamsfrom the SC linac aretransportedto
the expaimentd area for the accderaor-diiven nudear
waste transmutetion system (ADS), where the basic study
of the ADSwill beconducted. The pulsed spallation neutron
experiment area accommodates both the muon-production
target and the neutron-production target in a series. The 10
percent of the beam power will be used for the muon
production. The fundamentd and nudear physics
experimentd aea is used for the experiments of the
hypernucle, the Kaon rare decay or others. The neutrinos
produced herewill be sent to the SUPERKAMIONKANDE
Oetector |ocated 300-km far from the accd erator in order to
do the long-base line experiment.

Thefacility will be constructed as ajoint project of the
Japan Atomic Energy Research Institute (JAERI) and the
High Energy Accderator Research Organisation (KEK).
Thelocation of the fadility is the JAERI/Toka site The
project hasevolved fromthe Neutron Science Project (NSP)
[5, 6] of JAERI andthe Japan HadronFacility (JHF) Project
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[7-10] of KEK. TheJHF projectitself hasevolved fromthe
Japan Hadron Project (JHP) [ 11]. Now the Joint Project was
goproved, the detailed agreement was signed Under this
agreement the Project Teamwasformedin order to construct
the fecility. Approximatey 300 staffs were assigned from
the steff members of the two institutes to work as the
Project Team members under the single Project Director
(approximaey hdf of them have other duties in ther
institutes). The Project Director placed the teeam members
into the eight groups, includng the accd erator group. The
Project Team will do dl the works for the construction of
the facility and the research and devel opment necessary for
the project.

Since the number of accderator staffs (109 indudng 5
postdoctord fdlows, and 29 staffs with other duties) are
vey limited the accderaor team was organised for the
highest eficiency as the following mesh structure. One
grouping system is based upon the speciality: RF, vacuum,
magnet, and so on. For example, the RF group is
responsible for both the RF system of the 3-GeV ring and
that of the 50-GeV ring. The vacuum group is responsible
for al the vacuum system of the linac, the 3-GeV ringad
the 50-GeV ring. On the other hand, someworks shouldbe
done within a framework of each machine. Thus, the gtaffs
are also belonging to three accelerator groups.

In the Phase | the linac will be constructed only for the
RCS injection (400 MeV). For this resson only the
preliminary basic experimentis possiblefor theADS. The
50-GeV synchrotron will be operated with an energy of 30
GeV. The neutrino production target area will not be
constructed in the Phase |, either. However, the full power
system will be constructed for the pul sed spall ation neutron
source. The effort will be immedady stated for the
approval of the Phasell in order to start the experimentsfor
the long-base line neutrino experiment and the ADS.

2LINAC

The linac comprises a volume-production type of H™ ion
source, a50-keV low-energy beam transport (LEBT), a 3-
MeV, 324-MHz Radio-Frequency Quadrupole (RFQ) linac,
a50-MeV, 324-MHzDrift-Tube Linac (DTL), a200-MeV,
324-MHz Separated DTL (SDTL), and a 400-MeV, 972-
MHz high-energy linac [12, 13]. The construction of the
low-energy front 60-MeV linac [4] was dready stated in
KEK by the JFY (Japanese Fiscal Y ear starting from April)
1998 supplementary budget for the JHF. In addition, some
of the remaining components for the SDTL were funded by
the JFY2000 supplementary budget to JAERI. All the
contracts for the remaining components of the 200-MeV
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linac will becompleted by the end of JFY 2001 asfour-year
contacts. Thehigh-energy linacfrom 200 MeV to 400 MeV
will be funded by the JFY 2002 budget.

The commissioning of the 3-MeV RFQ linac has been
stated last March. At first we atempted the ion source
without caesium, tha is, purdy volume production, since
we prefer caesium-free ion source in order to avoid the
possible decresse in the dscharge limit of the following
RFQ. For thisreason the peak beam current islimitedto 16
mA so far. Further improvement of the caesium-free ion
source is under way. The beam transmission through the
RFQ was in agreement with the designed value.

The caesum-seeded ion source is also being developed as
aback up (of course, usdess, if the RFQ cannot dlow the
use of the caesium). After thearc dischargepower supply is
upgraded, the peak beam current wasincreasedin proportion
to the arc power up to 70 mA with an aperture size of 8
mmg@. Theimprovementinits emittanceisthe next step of
the devdopment, since the beam current has dready
exceaded the required value.

Theobtainablefieldgradientin the SCC hasbeenrecently
improved, manly owing to the state-of-at surface
electropolishing technique. Then, onecan decreasethelinac
length for the same energy. In addition, the higher fidd
gradent implies the larger longitudnd accepetance or the
stronger longitudinal focusing, being moreimmune against
the effect of the space charge. For these reasons we have
agan seriously evduated the fessiblity of the use of the
SCL from 200 MeV to 400 MeV.

The required phase and amplitude accuracy of eachcell and
each tank (0.1° and0.1 %to 1° and 1 %, respectively, being
dependent upon the kind of theerrors) is much severer for the
RCS injection thanrequiredjust for the ADS. Thedeviation
in Ap/p should bearound 0.1 percent. Therefore, the Lorentz
detuning which becomes dynamic under the pul se operation
should be accuratdy compensated The SCC has been
recently power-testedwith the same pulse mode asrequired.
The detuningis periodicfrom pulseto pulse. Theamount of
the static detuning was in agreement with the simulation
[14] within afew percent. The frequency component of the
dynamic detuning is mainly 50 Hz and 810 Hz with
amplitudes of 4° and 8", respectively. The later one was
aready predicted by the simulation as 765 Hz. Itsamplitude
in the phase variation can be much reduced by forming the
pulse shape properly.

This detuningwill beaccurately compensated, if oneuses
asystem of one SC cavity per one klystron. However, a
system of two SC cavities per one klystron is only
competitive in cost with the norma conducting(NC)
system, if one uses the SCL for the acce eration from 200
MeV to 400 MeV. Therefore the fessibility of the 400-
MeV SCL as an RCS injector is dependent upon how
similar the detunings of the two cavities areto each other.

It isrecently redizedthat thehigh fieldgradient imposes
further severe phase-amplitude control for the same
ceviation of the beam energy. For the samereason as the

larger acceptance, the random kick or wak and the
synchrotron oscillation during the course of the accleration
through the higher field gradient cavities becomeslarger in
the drection of the Ap/p in thelongitudnad phase space
Under the presenceof the Lorentz detuning the field control
of the SCL is obviously much harder thanthe NC linac. For
this reason, wehavefinally decided to usetheNC linac up to
400 MeV as we did for the reference design.

33-GEVRCS

The constructionwill bestarted by the JFY 2002 budget.
Since the Project Team is newly formed the further
optimisation of the lattice designis under way. The3-GeV
RCS has to play two roles: the injector to the 50-GeV
synchrotron and the high-power accderaor for the
spdlation neutron source. This is one of the reasons for
choosing the RCS rather than the full-energy linac and the
storage (compressor) ring. Another reason [15] is the lower
injection energy and the lower beam current of the RCS
with the samebeam power.. Both allow the larger beam | oss
during the injection process, since the radoactivity aising
from the beam loss is even less than the ratio of the
injection energy.

One of the most dfficult problems inherent to the high-
energy RCS was solved by the innovative devel opment of
the accderating cavity loaded with magnetic dloy(MA)
[16-18], one of which is FINEMET. This cavity can
generatethefiddgradient of over 50 kV/m (potentially over
100 kV/m) which is severd times as high as conventiond
ferrite-loaded cavities. For this reason the RF system
becomes a reasonébl e size even for the high-energy RCS.
Further power test and beamtest of the MA-loaded cavities
are being continued after severa successful experiments.

As an injector the 3-GeV RCS has to match its beam
longitudinally for theinjection to the 50-GeV synchrotron.
For this reasonthetransition gammashould bemuch higher
than 3 GeV, dthough the ring circumference becomes
longer than thelow transition gammalattice. Inadditionthe
beam should be dongated in order to avoid afast blow up
just after the injection. Study is under way to try severd
methods including the phase shaking during the acceleration
of the RCS.

The lattice optimisation study includesthe possibility of
the four-foldng symmetry lattice in order to separate the
scrgper/collimator section from theinjection section. The
latter section will be thus essier to mantain, since the
former sectionwhichwill bevery radioactive is not closeto
the latter. In order to keep the size of thering as that of the
reference design (three-foldng symmetry) the use of the
combined function magnetsis seriously being consdered.

450-GEV SYNCHROTRON

Asmentionedin theintroductionthe 50-GeV synchrotron
can acceleratethebeamto only 30 GeV in thePhasel. This
meens that dl the man |attice components are compétible
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with the beam energy of 50 GeV in order to keep the near-
future upgradability. The most costly component which is
missing inthe Phasel isafly-wheel system for the magnet
power supplies. This system is necessary for stabilising a
power linedownto theallowablelevel againstits big swing
dueto the ramping to the 50 GeV.

All the magnets will be contracted during JFY2001 as a
four-year contract. Therefore, wehave only onemonth from
this conference for the final decisionon the specification of
the magnets. The prototype of a full-size bendng magnet
has been recently produced The fidd dstribution
measurement is under way together with its exctaion
curves. Thenewly reinforcedteam isfurther optimising the
magnet design.

The RF system of the50-GeV ring will also usecavities
loaded with the same MA as that of the 3-GeV ring.
However, the Q vaue will be optimised for the 50-GeV
ring. The adustability of the Q vdue by cutting the MA
core, which is dso deveoped for this project, is another
important advantage of the MA-loaded cavity.

The slow extraction scheme is most dfficult issue to
solve for this kind of high-intensity, high-energy proton
synchrotron. Only the one percent beam loss is alowed
during the slow extraction process. An electrostatic septum
(80 pme tungsten wires with rhenium) is being deve oped
for this purpose The voltage of 230 kV, which is higher
than the necessary vaue of 170 kV, has been dready
supplied to the dectrodes. Although the beam simulation
results saisfy the above requirement, the further
improvement in thebeam|oss simulation will be necessary
for increasing the margin, which is needed for this kind of
the beam loss/radioactivity elimination.

5 CONCLUSION

The high-intensity proton accderator facility in Japan
was gpproved for the constructionat JAERI/Tokai site asa
joint project of JAERI and KEK. In the Phase |, however,
the linac energy is 400 MeV, while the operation energy of
the 50-GeV synchrotronis 30 GeV. Theofficially organised
accelerator team, being just reinforced by the official start of
the construction, continues the construction work & reedy
started, and began the further optimisation work of some
accelerator components, if they have not yet been ordered.
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