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Abstract
Feasibility study on superconducting(sc) system igeqwre;_the larger gap Ie_ngth not to exceed _1 Kp..
. . . : Cavities of 60 mm inner conductor thickness are
carried out for an intense cw ion linac. The system ;
; . analyzed changing those gap length 50, 60 and 70 mm.
consists of sc cavities and sc quadrupole magnets, whi . . .
. ; a result, the cavity with 60 mm gap length is selected
are analyzed and optimized in the study. Moreover, an’r . ! ) . i
. o as an optimum configuration considering following
solid state amplifier and an rf control system aré o
; : . reasons. (1) The number of cavities to accelerate the
investigated. The results show that construction of ti‘Ba

roposed system is feasible by existing technology o from 8 MeV to 40 MeV is small. (2) The rf input
Propo: Y Y g te g)(jower is lower. It means that an antenna can be operated
while intensive R&D efforts are, of course, inevitable. ! ; . .
in relatively smaller loading. (3) Effective shunt

impedance(Rsheff) is relatively large at 18w
1 INTRODUCTION The schematic drawing of the optimized cavity is

Intense proton or deuterium cw beam has beeshown in Fig. 1. A Nb bellows is attached as a tuner on
required for irradiation tests of materials for futurehe top of the cavity. The resonant frequency is adjusted
fusion device8 and transmutation of nuclear waste. Foby changing the length of this bellows. The frequency
such cw machines, an sc system is considered to fuming rate is approximately 102 kHz/mm. Main
intrinsically suitable because of its superior temperatuspecifications are summarized in Table 1.
stability and absence of electric losses. Moreover, tt
influence of beam halo can be reduced due to its lar
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bore diameter. In this paper, an sc ICL(Independe! ! rﬂL
Cavity Linac) system with sc cavities and sc quac Tuner i
magnets is presented and the feasibility of the system (Ho bel lows) 4
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2 SUPERCONDUCTING MAIN LINAC

Main components of an sc linac system an
investigated, assuming in case that it accelerates i
beam from 8 MeV to 40 MeV.
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2.1 Optimization of Superconducting Cavity Fig. 1 Optimizéd sc cavity

In this system, an sc cavity is determined to be made
of niobium(Nb) and a\/2 coaxial type with two gaps
because of rather low frequency and IBwThe cavity

Table 1 SC cavity specifications
Material Nb

has a large bore radius in order to avoid a severe Frequency 175[MHz]
problem of beam spill. To achieve a high accelerating Maximum transit time factor 0.83(8t0.168)
efficiency at low region, configuration of the cavity is  Maximum accelerating field 2.9[MV/m]
optimized using the three-dimensional electromagnetic Unloaded Q* 7.510°
analysis code MAFIA. When the thickness of the inner Beam loading 43 ~ 91[kW]
conductor is smaller, the effective shunt impedance RE |oss on wall* 7.0[W]
becomes larger at lo@. However, electric field of the Maximum electric field 14.0[MV/m]
cavity with a thin inner conductor concentrates over 1 Maximum magnetic field 405[Gauss]

kp.(Kilpatrick's criterion, 14 MV/m at 175 MHz) on the

* The surface resistance of Nb is assumed astH0[n



2.2 Magnetic field Analysis of SC Quadrupole Table 2 SC quad. magnet specifications

Magnet Bore diameter 60 mm
, . . Magnet length 50 mm
The sc quad. magnet with a saturated iron core is Magnetic field gradient max 50T/m
analyzed using three-dimensional code TOSCA. An iron Good field region +16 mm at 50 T/m
core is employed to reduce the stray field. An excitation Average Jc of NbTi* 430 A/mbat 2.5 T

curve is shown in Fig. 2, which is nonlinear over 20
A/mm’ due to the magnetic saturation. The sc quad.
magnet can generate the field gradient of 50 T/m at 180
A/mm’, which is enough below the average critica ;
current density(Jc) of NbTi. However, the distribution o -3 Linac System
the field gradient is not so good that it should be A schematic drawing of one cryounit is shown in Fig.
included in the analyses of beam dynamics. Maif. An antenna has a coaxial structure and can move
specifications are summarized in Table 2. through stainless steel bellows to adjust its coupling
coefficient to the cavity. It should be so compact as to be
60 installed in narrow space and to reduce its heat leakage
_— as small as possible, while it should allow 100 kW
My " i power rating. The cryounit is cooled until 4.2 K by LHe
Wl e , ; and thermally shielded by LNThis LN, shield is also
used as a magnetic shield for the terrestrial magnetism.
oy ' ‘ The sc quad. magnets and the sc cavities are located
20 | alternately as shown in Fig. 3. The stray field of the
quad. magnet is shielded by a magnetic shield located
10 ' outside the cavity. The magnetic shield is located 70 mm
‘ ‘ ‘ . ‘ L apart from the magnet center, where the magnetic field
0 26 80 75 100 125 150 175 200 225 250 is 2.5 kGauss at 180 A/nfmTherefore it is possible to
Flux Density [A/mm’] shield the stray field by ordinary ferromagnetic
materials.
Table 3 shows main specifications of the sc linac
system which accelerate the ion beam from 8 MeV to 40

* The copper ratio is assumed as 6

Magnetic Field Gradient [T/m]

Fig.2 Excitation curve
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Fig.3 Schematic drawing of the cryounit



Table 3 SC linac system specifications

2.4 Cryogenic System

Outline of a cryogenic system is investigated based -- 100KW Solid State RF Amolifier
on the heat load. The total heat load is estimated a P

about 1.2 kW at 4.2 K. The refrigerator capacity of 1.2 Fig. 5 Schematic diagram of solid state rf amplifier
kW at 4.2 K is the same as that of a refrigerator for the

LCT(Large Coil Task) domestic test facility at JAERI 4 RF CONTROL SYSTEM

A block diagram of the system is shown in Fig. 4. The ) .

cryostat is cooled down from 300 K to 20 K using a A Schematic diagram of an rf feedback control
refrigeration line and then LHe is transferred to th&ySteém is shown in Fig. 6. A signal from a pickup probe

cryostat from a 20000 liter LHe dewar in order to coof® divided into two feedback loops for the phase conFroI
down the cryostat up to 4.2 K and to fill it with LHe. and the voltage control, as well as the frequency tuning.

LHe level is kept constant in a refrigeration mode durin§* System which uses the piezoelectric elements like sc
the steady state sc cavity operation. cavities in TRISTAN is one candidate for this fine

Required power is about 640 kW for 1.2 kwtuning.

refrigeration capacity and it means that efficiency i Interlocks RF amp.
= Phase _ Ph RF Volt:
1.2/640=1/530 at 4.2 K. reference Cont?:ﬁer Switch Co?\trzglfar

Number of cavities in a cryounit 4 géé;;ﬁ
Number of cryounits 13 TR
Number of sc cavities 52(=43) ANPLITUDE
Number of sc quad. magnets 65¢13)
Total length 32.5[m](=2.513) -
Beam loading 4.0[MW]
Total rf loss on wall 364[W](=7 %562) B

LL

Antenna
Compressor i
Phase Ca@
Cold box detector Voltage Probe
[ ] reference
%7Turbine
Purifier .
'L J-TRVﬂ'VE i Fig.6 Schematic diagram of rf control system
LHe dewar-— i ec:;ller'y lnti li
e transfter line
A -, 5 CONCLUSION
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ﬁ]‘iﬂjﬁ (—L—‘ H‘—H—H’—U—‘ The conceptual design of the sc linac system is

carried out for an intense cw ion linac. The configuration

SIC linac of the sc cavity is optimized to achieve the high
Fig.4 Block diagram of cryogenic system accelerating efficiency at lo region. Even at higif
region, since it has relatively high efficiency, the same
3 RF SOLID STATE AMPLIFIER cavity is applied. It is beneficial from the viewpoint of

] - _compatibility to use the same cavity. The total length of
~ There are two options for an rf amplifier. One is ghe system is about 32 m and the average accelerating
h|g.h power tetrodgl an_d the other is a solid st_ate. T*Eﬁadient is about 1 MeV/m. It is probably possible to
solid state rf amplifier is probably more expensive thapsqyce the total length through further system design in
the tetrode rf amplifier initially, but is very attractive for yetail. A 100 kW class solid state rf amplifier is
the sc ICL due to the following reasons. (1) A 100 kW ailable by the existing technology and is very

class solid state rf amplifier can be prepared by existingi,sctive especially for the sc ICL system.
technology which is commercially used for broadcasting

power supplies. (2) Easy operation and easy maintenance 6 REFERENCES

can be expected. (3) It is probably possible that the high ) )
initial cost can be compensated due to the long lifetime! KAZZQ?SGJAeItDA?\II"(lgg%) IFMIF-CDA Design  Integration

of the solid state amplifier. The schematic diagram qb] E.Tada et al. Cryog Eng (1984)19(2) p69(in Japanese)
100 kW solid state rf amplifier is shown in Fig. 5. [3] K.Akai et al. Particle Accelerators (1990)29 p11



