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1. Introduction

In this paper, the construction of a low
stored energy, high precision superconducting
beam transport quadrupole is reported. This quad­
rupole, named "CASTOR," although designed as a
prototype, is fully representative as an operation­
al superconducting beam transport element. The
construction was completed within 10 months and
testing had started by the end of August 1972.
The very successful quadrupole performance during
its first run is given in this report.

2. Magnet Characteristics

"CASTOR" has an annular cross section,
2 block constant current density winding per pole,
consisting of 6 X 7 conductors and 16 X 7 conduc-

tors respectively. The block ends are rounded off
and do not exceed the annular circumferential
shape. The space between the 2 blocks at the ends
is optimized with respect to the l2-pole component
of the integrated fields and to the maximum field
at the conductor.

The conductor supplied by 1M1, U.K. - is
a 1.3 X 1.8 mm2 rectangle, with 361 NbTi filaments
of 53 ~m diameter in a Cu matrix. The twist pitch
is 1 in. The short sample characteristic is
1000 A in a perpendicular magnetic induction of
5 T (p ~ 10- 14 Om).

The conductor is insulated by an 80 ~m thick
"Kapton" film. Each layer of conductors is im­
pregnated with an adhesive mixture of adequately
loaded epoxy resin, pressed into position with
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Fig. 1. The 4 poles are wound and assembled on the cold tube.
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preclslon and cured. The winding geometry is
checked for each layer. The resin thickness on
the external surfaces of the winding is below
0.1 mm.

Circumferential cooling channels are provided
on each side of the winding blocks and holes are
drilled in the copper pole for liquid helium circu­
lation.

An iron ring, split in two semi-annular parts,
surrounds the winding and a very efficient mechan­
ical clamping is obtained by an external stainless­
steel ring.

3. Cryostat Characteristics

The cryostat has a liquid N2 screen. The mag­
net and the helium tank form a complete mechanical
structure supported by the N2 tank via fibreglass
rings. The N2 tank is in return fixed to the cover
of the vacuum tank by similar rings. All the tanks
are made of stainless steel. This type of construc­
tion is very convenient for assembling the cryostat.
Due to the concentric structure of the cryostats,
the displacement of the magnetic centre is mini~

mized. The cooling of the magnet to liquid N2
temperature is realized by a liquid N2 circulation
in a concentric system located within the pressur­
ized helium tank.
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Fig. 2. The assembled magnet with its clamping
system. Fig. 3. The magnet during testing.

TABLE I. CASTOR Magnet Characteristics

The summary of the magnet characteristics is
given in Table I.

oThe integrated field error at r = 5 cm is
< 1 /00, as measured on a 1:1 copper model with­
out iron. With iron, the calculated errors at
r = 5 cm in function of the current density have a
maximum value of ~ 1 0/00, given mainly by a
l2-pole component due to saturation.

Radius of room temperature bore
Inner radius of the winding
Outer radius of the winding
Inner radius of the iron
Outer radius of the iron
Length of the straight part
Overall length of the winding
Gradient at 900 A
Current density in the winding

at 900 A
Filling factor in the winding
Stored energy at 900 A
Weight of the magnet
Length of the cryostat
Width of the cryostat

4.5 cm
6.5 cm
7.9 cm
8.5 cm
14.2 cm
0.80 m
0.90 m
50 T/m

3.15 x 108 A/m2

0.80
25 kJ
500 kg
1.35 m
0.63 m

A very low loss and automatic transfer line
system of 5.5 m length was designed as part of the
cryostat.

4. Results

During the first run, the current of 810 A
was obtained after some training. The experiment
was stopped at this stage in order to prepare
measuring equipment. The charging time at 810 A
was 6 minutes. The raising of the current was
easy and fast, so that we are confident to obtain
900 A at the next run.

We also made some preliminary field measure­
ments: at 500 A the integrated gradient error was
0.9 0/00 at r = 3 cm and the integrated gradient
was 25.5 T·m/m, corresponding to an equivalent
length of 0.88 m and a gradient of 28.9 T/m.

The total losses of the cryostat including
the transfer line were measured at 700 A and
amounted to 4.9 W. The autonomy of the cryostat
between two transfers is 6 hours and the helium
filling time is 30 minutes. The transfer line
losses are ~ 0.2 W/m.
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The cooling down to liquid N2 temperature
time constant is 38 hours and the cooling down to
4.2 K was achieved with an efficiency of 0.2
litres of liquid helium per kg.
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