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Abstract 2 DESIGN OF THE TRIM COIL SYSTEM

A superconducting ring cyclotron proposed as a boostergfgure 1 shows the isochronous fields and fields from

the existing RIKEN Ring Cyclotron (RRC), is composedthe sector magnets of SRC-6, in Which the fields are az-
of six superconducting sector magnets. In each sector md thally averaged. Three representative cases have been

net, the pole pieces are placed at 4 K to be used as a s ed in designing the trim coil systen;, covering the major
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netic forces and also to enhance magnetic flux efficiently:00 MeV/U requires a maximum correction by the super-

The field trimming system suitable for such a cyclotron i&onductlng trim coils.

thought to be a combination of superconducting and nor-—. 15000 L
. . L e e . . .o —— Sector
mal trim coils. Considering their differing properties, opti- © ., .| soch N
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A superconducting ring cyclotron with six sectors (SRC'B.):igure 1: Isochronous fields and fields from the six sector

is under design at RIKEN as the final booster of the p”r_'nagnets of SRC-6.

mary beam in a cyclotron complex of the Radio Isotope . . . -

(RI) Beam Factory [1]. Heavy ions such Z8U+ wil The locations of the trim coils are shown in Figure 2. The
be accelerated from 58 MeV/u to 150 MeV/u. and Iighlsuperconducting trim coils are enclosed with an indepen-
ions such as607™* from 126 MeV/u to 400 MeV;u for ef. dentliquid helium vessel from the main coil vessel [4]. The

ficient RI beam production using a projectile fragmentatio acuum jacket of the resistive trim c'0|Is is separated from
method. the beam chamber, and they comprise a room-temperature

) o penetration through the midplane.
Variable energy cyclotrons need an efficient magnetic

field trimming system, which requires optimization of its ‘ Yoke
location, current, and so on. Regarding to the location,
room temperature ring cyclotrons usually have their trim
coils placed on the pole faces. However, in a supercon-
ducting ring cyclotron the location of resistive trim coils is
restricted to either near the beam chamber or near the yoke Cold Pole 463 cn
due to the presence of a cryostat [2]. In both cases, the trim-
ming capability solely by resistive trim coils is poor, partly
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also due to pole saturation. The SRC-6 will utilize both su- ) XSS\ Superconducting Trin Coils
perconducting and normal trim coils. A major portion of rsen
Normal Trim Coils “—Beam Chamker

field trimming is carried out with five sets of superconduct- .
ing trim coils. Normal trim coils are then used for fine field
tuning, keeping their power dissipation relatively low.

There have been design attempts to reduce the contribu-
tion from the' trim coils by modifying the magnetic fleldsz_1 Superconducting Trim Coils
from the main sector magnet [3]. In our case, however,
the superconducting trim coils easily make most of the coffhe superconducting trim coils are accommodated on the
rection, leaving the error fields less th&i5 gauss with a cold pole faces so that some vertical support is provided.
vertical space occupation of 2 cm. However, fastening the trim coil vessel onto the pole will

Figure 2: A schematic view of trim coil locations.
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be limited to along the pole center line in order to reduce » 1w©
the thermal stress generated from thermal contraction dif- o
ference between iron of the pole and stainless steel of the> 41
coil vessel. 2]

aus

Trim

Figure 3 shows a configuration of the superconducting _
trim coils. This is not the final shape, but it shows the main
features such as no negative curvature. The number of inde-§ ~104
pendent excitation is five in the present design, and further 1000
details on this number are given in section 2.3. "o’ 800+ -
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q Figure 4: Upper Graph: field distributions of twenty nor-
1 mal trim coils at 500 A when the sector field is 3.8 T, and
Lower Graph: field distributions of five superconducting
trim coils when the sector field is 4.5 T

LY-2000

2.2 Normal Trim Coils

Figure 3: Configuration of the superconducting trim coils. . . . o
g g P 9 The structure of the normal trim coils will be similar to that

of the present RRC [6]. Figure 5 shows a layout. Arcs of

Among five sets three sets are wound around the nog@pper plates insulated with aluminum oxide coating are
of the sector, and two around the back of the sector. Thighclosed with an auxiliary vacuum jacket. At the ends of
configuration appears to be effective in field trimming inarcs the copper tubes are welded as both leads and cooling
view of the shape of pure sector and isochronous fields @fannel.
shown in Figure 1; the separation point of coil winding di-
rection roughly matches with the intersection of the sector
and isochronous fields d#O"+. The field distributions of
the five-set trim coil system are given in the lower graph of e
Figure 4 when the sector field is 4.5 T.

Depending on the maximum current required on each
set, the total number or the size of each coil has to be var- s . o | Qoo oo
ied. Figure 3 shows the case of using a large number of ‘
coils in each set. The size of each coil is2233 cm, in
which 24 turns can be wound. The coil will be cryogeni-
cally stabilized, and high-Tmaterial current leads will be
used.

LY-1000

LY-2000

Superconductor is manufactured by Furukawa wire com-
pany with the maximum operation current of 500 A. Soméigure 5: Configuration of the normal trim coils. Trim coils
parameters of the wire are listed in Table 1. Performance 8f only inner radii are plotted here.
the trim coils will be tested with the model sector magnet

under construction [5]. The upper graph of Figure 4 shows the azimuthal average

fields of the normal trim coils at the current of 500 A when
the sector field is 3.8 T. Since the normal trim coils are
Table 1: Parameters of the superconducting trim coil located distant from the pole, the field shapes are not much

Juve 4100 Alcn? different from those of the air core fields.
lop 500 A
Superconducting 2.9x 3.6 mm 2.3 Optimization of the Trim Coil system
Wire Al/(Cu/NbTi)> 10 The criterion of optimization is not well defined as two dif-
RRR> 400 ferent kinds of trim coils are involved. The condition of
1.=1200Aat6 T 43K minimum power dissipation which is often adopted for the

resistive trim coil optimization is not equally applicable to
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the superconducting trim coil. Figure 4 in fact implies that 0.14
it may be advantageous to use a large number of supercon-  0.12 1 — -
ducting trim coils since the field profile of the normal trim 0.10 1 O -
coil is not so optimal as a correction coil due to the cance-yo 008 — — “°U™" -
lation effect on adjacent coils. However, the number of the 5" 0.06 - -
superconducting trim coils is limited by available space for >~ 0.04 1 =
the current leads with a vertical space of 2 cm. 3 002 _ It
S e <l \ _
The program used in optimization is the same as used 0.00 7 N N/

. . ey ~ o 7 7
for the design of previous RIKEN cyclotrons [7], utilizing —0.021 -
a least square fitting routine. The design ion first used is  —0.04 w w \
16Q7+ inq[he energ)g range of 58-400 I\%eV/u because of 90 00 490 =00 20

Radius (cm)

the maximum correction field required. As a function of

the superconducting trim coil number, the error fields argigyre 7: Orbital frequency error after fitting with normal
calculated and shown in Figure 6. With use of 5 sets, thgim coils

error field reduced withint 15 gauss, ot:0.13% of the

isochronous field. The case of 6 trim coils didn’t improveyjith active shielding employed. To compensate for this
the fitting so much in the present calculation. _ rather strong stray field, it seems that the innermost and
Twenty sets of normal coils were then tested with unithe outermost radius sets of the superconducting trim coils
form spacing of 10 cm at radii between 365 cm and 55ge¢( to be harmonic coils.
cm. Figure 7 shows the leftover error fields after fitting. e first harmonic field is often used for orbit centering
The orbital frequency error calculated with the EO code igng for off-centering acceleration to increase the extraction
less thant-0.02%. This error will produce the phase ex- efficiency. The estimated off-centering is 0.2 mm/gauss for
cursion of about 19 allowing a low beam energy spread.1607+, which means the first harmonic of about 10 gauss

Fitting was also performed for the case'60™" acceler- may be needed to move the orbit center. Resistive harmonic
ating to 200 MeV/u. The orbital frequency error could b&.iis can handle this magnitude.

kept within +£0.025%, with which the phase excursion is
also about 19because of smaller number of turns. 3 CONCLUSION

80 For the SRC-6 five sets of superconducting trim coils can

601 i effectively correct most of the error fields. The leftover
- fields can be easily corrected with twenty normal trim coils
- in the present calculation. The power loss on the normal
= N trim coils is estimated to be around 100 kW for 400 MeV/u
\ 1607+, The cryo-stability of the superconducting trim coils
will be tested with the model sector magnet under construc-
tion.

fields (gauss)

—407]—— 3 sets
— — — 4 sets
— — 5 sets
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