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Abstract The proton acceleratorilivbe operated in pulse as a
The high-intensity proton accelerator with an energfjrst stage for the spallation neutron source and upgraded
of 1.5GeV and a beam power of 8MW has been proposBCW for engineering test as a second stage. These two
for the Neutron Science Project (NSP) at JAERI. Theperational modes, pulse and CW operation, will be
objective of the NSP is to explore technologies for nucledgalized with time sharing manner, not simultaneously,
waste transmutation based on proton induced spallatigftd is the most challenging technical issues for the
neutrons and various basic research fields such @gcelerator development. In the case of a high intensity
material sciences in combination with a high intensitccelerator, it is important toaintain good beam quality
proton storage ring. The accelerator is required to oper&8d minimize beam losses to avoid damage and
both with pulse and CW mode. The R&D work has beefctivation of acelerator structures.
carried out for the Components of the low energy Several R&D items are studied for the hlgh intensity
accelerator parts; natjve ion source, RFQ, DTL/SDTL accelerator development; 1) the beam dynamic
and RF source. For the high energy portion abov&lculation including the low energgaelerator parts and
100MeV, superconducting (SC)ceelerator linac has the high B linac. 2) the negative ion source and the
been designed as a major option for the I“Bgﬁnacl A fabrication of hlgh power test models for CW-RFQ and
single cell cavity of the SC linac has been fabricated arfeMV-DTL. 3) the SC cavities, 4) the high intensity proton
tested. The conceptual design study for storage ring is $frage ring and 5) the high power RF sources.
progress. The paper will present the summary on the A Specification for theNSP LINAC is given in inlet
development plan to build the accelerator and the resufsFig.1. Because neutron scattering facility will require

of conceptual design study and the R&D work. strict pulse time structure, the beam chopping capability
with about us intermediate pulse length will be needed
1 INTRODUCTION to compress the beam width by the storage ring.

Japan Atomic Energy Research Institute, JAERI, has
been proposing the Neutron Science Project (NSP) whicd LOW ENERGY ACCELERATOR PART
is composed of research facilities based on a proton Because the beam quality and maximum current are
accelerator with an energy of 1.5GeV and an averagieainly determined by the low energy portion of the
current of 5.3mA[1]. The conceptual layout of theaccelerator, the R&D work for these portions has been
accelerator for the NSP is shown in Fig. 1. made as a first step in the development. In order to realize
the short pulse with the proton storage ring and the final
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Fig. 1 A Schematic Layout and Requirement of the NSP Accelerator
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CW operation, R&D’s are carried out including negativdrom the beam dynamics and mechanical consideration of
ion source ,CW-RFQ, CW-DTL and SDTL (separatedhe SC linac.

type of DTL) at the high energy part of DTL. Table 1 The beam dynamics study is conducted to obtain the
summarizes the basic parameters for the low energptimized parameters for eachcalerator structure. An
accelerator parts. equipartitioned design approach is taken for the

DTL/SDTL to maintain the good beam quality and to
Table 1. Parameters of Low Energy Accelerator Part

prevent emittance growth causing beam losses[3].

'E":efgo;rce —— 3 HIGH ENERGY ACCELERATOR PART
Current 50mA The SC linacs have several favorable characteristics
as follows; the large bore radius results in low beam loss,

CW-RFQ the length of the linac can be reduced, and high duty and

Pulse Cw CW operation can be made for engineering purposes. The
Energy 2Mev 2MeV possibility to inexpensive operation cost may be also
Current 20 - 40mA | 7TmA expected in comparison with normal conducting (NC)
Frequency 200MHz 200MHz option. Table 2 gives the basic parameters for the high
Peak field 1.65Ek 1.5Ek energy accelerator part.
Length 3.45m 3.57m
Pulse width 6ms CwW 3.1 The layout of the superconducting linac
CW-DTL/SDTL In the SC linac part, the proton velocitiggradually

DTL SDTL change from 0.43 to 0.92 corresponding to the energies
Energy SOMeV 100MeV for 100MeV and 1.5GeV. Accordingly, the length of the
Current 30mA 30mA cavity is also changed. Main concern is the strength of the
Frequency 200MHz 200MHz cavity under the vacuum load for the Idv (3<0.7)
Accel. gradient 1.5MV/m 1.5MV/m region. The mechanical structure calculations with the
Number of cells 179 85 ABAQUS code have been made to determine the cavity
Length 58m 64m shape parameters as well as electromagnetic ones with

the SUPERFISH code.
2.1 lon Source o - In order to determine the layout of the SC
The beam extractor of the existing positive ion Sourcgeceleating structure, the case of the SC linac, which is
used for previous beam experiment was modified tgomposed of 8 differert sections has been studied. The
produce negative ion beams. The characteristics of tgyjties in eact section will be made with identical 5
negative ion beam have been examined with th&s and designed at the specific beam energy but also

maximum observed beam current of 21mA at an aiGn pe operated at slightly different beam energy with

discharge power of 35kW with 5% duty factor andower efficiency. The structure of the cryomodule,
Cesium seeded|[2]. input/HOM couplers and tuning devices etc. are being
. designed based on the KEK-TRISTAN (high energy e+,
2.2 RFQ for Pulse and CW operation e- colliding machine) experiences. Using these
The low energy part should be capable for the C\darameters, calculations for the beam dynamics have
mode operation with a current of 5.3mA as well as theeen made with the modified PARMILA code. The

pulse mode with 30mA The scheme to prepare twequipartitioned design approach is also taken for the SC
independent RFQs together with ion sources for pulse anflac[3,5].

CW operation is considered to meet these two different _
operational conditions|3]. Table 2 Parameters for SC Linac

2.3 CW-DTL/SDTL Energy ;.OSG:V
The parameters for the CW-DTL are also re- Furrent 60(r)nMH
evaluated to match the CW operation for the SC linac Erequency ) 4MV/Z 8 OMV/
design concept. The SDTL concept[4] has been adopted Naccb ¢ caviti 254 m-c. m
to obtain smooth transverse matching to the following SC| - roer Of cavities
Length 690m

linac. Relatively low acelerator gradient of 1.5MV/m is
taken in order to reduce the RF power consumption a
the RF heating. The expected maximum magnetic fie ) )
gradient for the focusing magnet is about 50T/m using ~ Superconductingavity

the hollow conductor type Q-magnet. The end point Two sets of single SC test cavities have been
energy for the SDTL is 100MeV which is determinedabricated for(3=0.5 which corresponds to the proton

.2 Fabrication and test of a
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energy of 145MeV. Fabrication process such as cold 6 SUMMARY

rolling and press of pure Niobium metallic sheet, electron The R&D work for the prototype linac structures has
beam Welding, surface treatment (barrel pO“Shin%een performed_ The good performances of the
electro-polishing and high pressure water rinsing, etcebmponents such as ion source, 2MeV-RFQ, RF-source
have been performed based on the KEK experiences fgave been achieved. The test stand for the SC cavities was
500MHz TRISTAN cavity. Vertical tests have beenconstructed. The vertical SC cavity test has been
conducted to examine the RF and mechanical propertiggiccessfully conducted resulting in the satisfactory
The maximum surface peak field strength of 24MV/m afnaximum surface electric field strength for SC proton
4.2K and 44MV/m at 2.1K have been successfullgccelerator. The design work on the RFQ and DTL/SDTL
obtained for the first time as proton SEcelerator as well as SC cavities for the CW operation is performed.

cavity[6]. This test result has satisfied the specificatiomhe preliminary design study for the high intensity
for the conceptual layout of the superconducting linac. storage ring is carried out.
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