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Abstract Tabel 1: Required main parameters of the linac
) 1-1 Oho, Initial Final
A 200-MeV proton lineamacceleratofor the JHF has  Tgykuba-shi, stage stage

been designed [1][2]. A peak current of 30 mA with a 50Qparaki-ken, 305-
Hsec pulse duration will be accelerated at a repetii®  (go1, Japan

of 25 Hz. The designed average currefit be 200pA at  “paricles H H—

the beginningandnearly 1 mA in the future. The linac Output energy 200 400 MeV
consists of a3-MeV radio-frequency quadrupoléinac  peak current 30 60 mMA
(RFQ), a50-MeV drift tube linac(DTL) and a200-MeV  gagm width 500 500 psec
separated-type dritube linac (SDTL) [3]. Afrequency of Repetition rate 25 50 Hz
324 MHz has been chosen for all of the rf structures. '%\verage current 200 800 pA
future upgradeplan of up to 400 MeV is also being Length < 150 ~220 m
considered, in which annular-coupled structures (ACS)  qfjomentum pread 0.1 0.1 %

972 MHzare to be usedver an energy range @bove
150 or 200 MeV. Thdalancedbeam quality in both the . . o
transverseand longitudinal motions is one of the mainquadrupole magnets for the following DTL with sufficient

features of the design. It can be achiebeth by using an focusing forces; (4) a transitioenergy of 150 or 200
equipartitioning focusing schemand by adopting an MeV from the SDTL to the ACS haseenselected in the

SDTL structure for the medium-energy range. upgradeplan; (5) the equipartitioning focusing method is
applied; and (6) klystrons are usedfor all of the
1 REQUIREMENTS accelerating structures.

The requiredmain parameters fothe JHF protonlinac 2.2 lon source and RFQ
arelisted in Table 1. The construction plan of the linac . . L
consists of two stages. An output energy of 200 MeV and” Promising experimental result (a peak injection
a peak current of 30 mA with a pulse length of 5G@c current of 13.2 mA with a 90% emittance of 0.BHm-
at a repetitiorrate of 25 Hzarerequired inthe firststage Mradwas accelerated inthe RFQ with a transmission
of construction. Therequired momentum spread of the efficiency of 83%) waschieved inthe preinjector system
output beam i20.1%. In order to reduce any beam losses
afterinjection into the ringand toachievehigh-intensity =~ Table 2: Parameters dhe JHF 200-MeV protorinac
operation in the ring, a fast beam chopperthe low- (DTL and SDTL).
energy region is required. It is crucial for the fast
chopping system that the fraction of particles during the DTL  SDTL
rising and falling times of the chopping pulse igery

Frequency 324 324 MHz
small. Injection energy 50% 250%32 '\|<I/Ie\</
Output energy : - e
2 DESIGN OF THE LINAC Length (structure only) 26.7 656 m
) Lefith (includirg drift space) 27.1 91.1 m
2.1 Design features Number of tank 3 31
Thedesign is summarized in Table Phe features of Num_b(_ar of klystron 3 14
Rf driving power 3.3 166 MW

the designare asfollows: (1) afrequency of324 MHz

has been chosen for all of the rf structures up to 20q°t@! If power (30 mA) 47 2L1 MW

MeV, resulting in no longitudinal transition; (2) an lotallength 119.1 m
SDTL has been chosen in teeergy rangdrom 50 to Total power (30 mA) 25.8 MW
200 MeV, resulting in a highereffective shunt Feakcurrent 30 mA
impedance and a separatiortioé transversdransition at ~Seam Width 500 psec
50 MeV from the longitudinal one at 200 MeV; (3) a 3- rcpetition rate 25 Hz
Average current 200 pA

MeV RFQ has been chosen, resulting in the adoption oéhopping ratio ~0.56
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Table 3: Parameters of the DTL. Table 4: Parameters of the SDTL.

Tank number 1 2 3

Length of unit tank 1.48-261 m
Output energy 197 367 503 Mev o000 a1l
Length 9.9 94 7.3 m

Number of cell 155
Number of cell 76 43 27 o

o Rf driving power 0.34-0.71 MW

Rf driving power 1.06 117 1.06 MW

Total rf power (30 mA) 0.46 -0.86 MW
Total rf power (30 mA) 156 1.68 1.47 MW Accelerating field 3.75 MV/m
Accelerating field 25 2.7 2.9mMV/ Stable phase 26 degree

Bore diameter 30 mm
Stable phase -30 -26 -26 giee I
Bore diameter 13 22 26 mm 60 T T T T T T T T
(a volumeproduction negative-hydrogean sourceand a c 40k G '-.._ ° OOQACS 3
432-MHz RFQ) at KEK [4].Therefore, a peak current of a E DTL 98; ]
more than 30 mA from the iosourcewill be realized if € 30F ¥ E
some increases in the transverse emittameallowed. A ook ¢ OQ?% ]
four-vanetype 324-MHz RFQ habeendesigned[5]. It N
acceleratesons from 50 keV to 3 MeV. Theletailed 10f E
design is under development. o J] S N I B

0 0.2 0.4 0.6 0.8

2.3 DTL Soin

A 324-MHz DTL accelerates beams from 3 to 50 Mey.'9uré 1:Effective shuntimpedance usefbr the JHF
It consists of three post-stabilized tanks [6]. An proton linac.

accelerating field o2.5 MV/m is determinedfrom the N-Eeam qualityandthe accelerating efficiencyAlso, it was

ointed out that the ACS has more balanckaracteristics
oncerning both the shuntimpedanceand the field
symmetry [8]. Afrequency of972 MHz, three-times as
high as the fundamental frequeneyd atransition energy
of above 150 or 200 MeV were selected. Tinedamental
RF issuesconcerningthe ACS havealreadybeen solved,

viewpoints of satisfying the equipartitioning condition an
being sufficiently low for avoiding any discharge proble
All  drift tubes contain quadrupole magnets. Model
magnets of thehollow-conductortype with amagnetic-
field gradient of117 T/mwere designed anguccessfully
fabricated[7]. The parameters othe DTL are listed in

Table 3. and anumber of high-power RF tests using th296-
MHz prototype cavitiesnvere successfullyperformed|[9].
2.4 SDTL Therefore, a future extensiarsing a 972-MHZACS will
. . be possible with some modification efforts.
A 324-MHz SDTL is adopted for medium-energy The effectiveshuntimpedanceor the three kinds of

acceleratiorfrom 50 to 200 MeV Eachtank consists of f stryctures mentioned above is plotted in Fig. 1.
five unit cells. Since the focusing magnétioublet) are

placed betweentwo adjacentSDTL tanks, the shunt

impedance can be freelyoptimized without any 3 BEAM DYNAMICS
geometrical restriction from theguadrupole magnets,
which are placed inthe drift tubes in the conventional
DTL system. There aremany otheradvantages in the
SDTL system: the number a&quiredfocusing magnets
has beerreduced fabrication of drift tubes hasbecome
easier, stabilizingdevices arenot necessary,and the

A beam simulation wagerformed using the code
LINSAC [10]: the code includes an accurate field
distribution in anacceleratinggap, andtakes intoaccount
any space-charge effects tye particle-particlemethod. It
includes all space harmonics into the calculation. Both the

required alignmentaccuracy ofthe drift tubesand each emittance growthand halo formationduring acceleration

tank hasbeen reduced.The parameters othe SDTL are were carefully studiedsince theyare one of the main
listed in Table 4 ' issues in designing the high-intensity JHF proton linac.

2.5 ACS 3.1 DTL and SDTL

Both the transverse and longitudinal focugtagameters
jyere determined based orequipartitioning theory
combined with coupled envelope equations forliheched
beam [11][12][13]. The equipartitioning condition is
approximately satisfied during acceleration thre design.
Figure 2 shows both the transvees®l longitudinal phase

An extensivebeam-dynamicscalculation regarding an
upgrade of the output energy up to 400 MeV by using t
CCL-type structure waperformed[1]. It was concluded
that anacceleratocomplex of DTL, SDTLandthe ACS
is a good choicérom the viewpoints of both the output
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@g F &l')él L B Table 5: Parameters of the R&wer source.
> 50F E%O 3 Repetition rate 50 Hz
S 0 F (2% o ] Pulse width 620 psec
g 3 Xxxo%o . ] Number of Klystrons 19
S 30F (3 XXXXXO 005, E Peak output power 2.0 MW
] o b XXy ]
§ 20F (4)M+ > Ooooooooxx 3
g : e R0 ]
& 1of ERER R 4 RF POWER SOURCE
()] P E N I S A high-power rf system haseendesigned orthe basis
0 0.1 0.2 0.3 0.4 of accumulated knowledgend experience during the
Beta

construction and operation of the JHP tetsind[17]. The
main parameters are listed in Table 5.
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Figure 2: Phase advance in both trensverse ((1) 0 mA
and(2) 30 mA) and longitudinal ((3) 0 mA and (4) 30
mA) phase spaces along the DTL vs. beta (v/c).

advances inthe DTL. Two sets ofnormalized rms
emittances at thentrance ofthe DTL were used in the

simulation through the DTLland the SDTL (Type A:
0.187mmmm-mrad and 0.138MeV-deg and Type B0.375
mmm-mrad and 0.266 miMeV-deg). Comparedvith the
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Paramanovand V. A. Moiseev regarding valuable
comments and discussions.

transverse-focusing design with a constant pleasance
of 60 degrees, the calculated results with the
equipartitioning focusing design show bettdleam [1]
qualitiestotally, especially in both the emittangeowth 2]
andhalo formation in longitudinal phasgpace[2]. For

the type-A beam, the ratios of the emittance growf{B]
between two focusing methods (the equipartitioning
focusing and the constant phas#/anceone)are1.22 and [4]
0.62 in thetransverseand longitudinal rms emittances,
respectively. It has bedobundthat the ratio of halo-like
particles is about on the order of*1910* in a simulation 5]
with 48000 particles. The ratios of halo formatiori6]
betweenthese two focusing methodse nearly equal in

the transversemotion and 0.52 in the longitudinal (7
motion. Here, halo-like particles in the transvearsation
are defined by those outside 6.5 times as far astémelard 8]
deviation of theradial distribution of the output beam,
while halo-like particles in the longitudinal motion are
defined by those outside 12.5 times asr as the 9]
longitudinal output rms emittance.

3.2 MEBT

A beam-transportine, 2.7 m longbetweenthe RFQ
and the DTL (MEBT), has three purposes: achievinth
transverseandlongitudinal beam-matching, chopping th
beam for reducing beam losses after injection into the ring
andmeasuring the beam propertibsfore injection into

the DTL [14][15]. It consists of eight quadrupole magnet&?’]
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