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SUMMARY

To increase the rate of neutrino interaction data-recording, the
CERN Heavy-Liquid Bubble Chamber has been enlarged to a volume of more
than 1.1 m®. The new characteristics of the magnetic field are des-
cribed, together with some technical details of the magnet. (This is
a re-issue of a note made following the modifications done in 1964.)
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INTRODUCTION

In order to increase the rate of data collection in the CERN neutrino
experiment and to save PS machine time, the 500 litre heavy-liquid bubble
chamber!»2) has been enlarged to a volume of more than 1.1 m®. Many of
the main components had to be replaced or modified. This report describes
the new characteristics and some constructional details of the magnet.

The modification of the magnet involved both the addition of new windings
and the extension of the steel parts of the magnetic circuit, as well as

a few minor changes found useful after some years of practical experience.
As a result of careful following-up, the modification could be completed
according to a very tight time-schedule, and the magnet was out of service
for less than 5 months. In all, it took only 12 months from the final
decision to start the project until tracks were photographed in a 2.7 Wb/m?
field in the new chamber. The complete chamber assembly and the magnet

are shown in Figs. 1 and 2, respectively.

THE MAGNETIC FIELD

2.1 Coordinates and definitions

The coordinates used for defining the magnetic field direction at any
point are shown in Fig. 3. The symbols used in the text and graphs have

the following meaning:
i) Ty, Ro, Zo: coordinates, see Fig. 3;

ii) BOZ: z-component of the magnetic flux density at the origin;

Br : radial field component;
i1ii) I : excitation current.

2.2 Measuring methods

Preliminary field maps were obtained from measurements on analogue
models assuming infinite permeability of the steel. The lower part of the
magnetization curve was measured with a nuclear resonance magnetometer.

At higher fields the measurements were made with a Hall-effect magneto-
meter, since the field uniformity was insufficient for obtaining a good
resonance signal. The field mapping throughout the volume of the chamber
was also made with the same Hall-effect magnetometer, accurately calibrated
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against a nuclear resonance reference before and after the measurements.
The Hall current and Hall voltage were measured with a precise digital
voltmeter (five digits), while the magnet current was measured with the
shunt and digital voltmeter (three digits only) used under normal service

conditions.

2.3 The magnetization curve

The magnetic flux density in the middle of the chamber as a function
of current is shown in Fig. 5. It is noted that a 50% increase in power
consumption from 3 to 4.5 megawatt gives an increase of nearly 20% in the

magnetic flux density.

The magnetization curve as well as the spatial distribution may pos-
sibly be affected by large quantities of steel placed close to the magnet

(e.g. for cosmic-ray shielding).

2.4 The magnetic field distribution

The magnetic field distribution throughout the chamber volume is
shown in Fig. 6. At the front end (the camera side of the chamber) the
magnet is open except for the steel parts of the safety tank, and the
field distribution is similar to that of an air core magnet. At flux
densities higher than 2.0 T this tends to become the case also for other

regions of the field.

A somewhat better field could possibly be achieved by modifying the

rear plate.

The field direction is fairly parallel with the chamber axis except
at larger radii near the glass window. The worst deviation inside the
chamber volume is about 250 milliradians, and considerably less inside

the fiducial volume.

CONSTRUCTION DETAILS AND TESTING

3.1 The excitation coils

The windings are divided into two groups separated by a space of
about 20 cm so as to leave a free passage for particles entering the
chamber through the beam window as shown in Figs. 1, 2, and 3.
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The axial layers each having 14 turns are assembled in pairs or double
pancakes by brazing together the ends of the two inner turns of each pair.
Each double pancake is insulated and impregnated as a separate unit. There
are 17 of these coil elements and all are connected in series electrically.
Each double pancake has two parallel cooling water circuits, one for each
layer. The water enters at the outer turn of each spiral and leaves at

the inner junction of each double pancake.

The conductor is made of copper of rectangular cross-section with a
circular cooling water channel in the middle.

Further data are listed in Table 3.

The insulation both of individual conductors and of each double
pancake assembly consists of several layers of fibre-glass reinforced
mica tape. Each double pancake is vacuum impregnated with a low viscosity
epoxy compound. This is the standard type of insulation adopted in our
specifications since many years, and the quality is tested by 5000 volts
under water after immersion for 24 hours, as described later in this

section.

3.2 The magnetic circuit

The geometry of the steel parts of the magnetic circuit is shown in
Figs. 1, 2, and 3. Two thick end plates are bolted together with the
return circuit consisting of two side plates, a top plate, and a thin
base plate. The central region of the rear plate is an integral part of
the chamber, and is detachable from the magnet together with the chamber
assembly.

The steel parts of the safety tank have a small but noticeable

effect on the magnetic field inside the chamber.
The chemical composition of the steel parts is given in Table 4.

3.3 Tests and inspections

High reliability is required for ensuring safe operation, especially
when the chamber is used with liquids that may form inflammable mixtures
with air. Detailed tests were therefore specified for the various com-
ponents and production processes of the magnet, and frequent inspections
were made to verify the standards of workmanship maintained as well as

the rate of progress.
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The more important tests and checks are summarized in the following

Dimensional checks of the copper conductors. A 15 mm diameter
steel ball was blown through the water channel of each length
of conductor.

Measurements of mechanical properties and resistivity of the copper

conductor material.

X-ray radiographic checks of some of the brazed joints of the con-
ductor. Before insulating the conductor, each brazed joint was
bent and straightened again in two mutually perpendicular planes,
and then subjected to a tensile force of 5 tons and a pressure test.

Dimensional checks of each impregnated double pancake. Flatness
and uniformity of thickness combined was required to be better than

+0.5 mm.
Measurement of water flow as a function of pressure difference.

Thermal cycling test, 10 cycles of a temperature variation of 75°C
of the outlet water.

Leak test, 80 kg/cm? for 24 hours after purging thoroughly with

hot water.

Insulation to ground of each double pancake. After immersion in
tap water for 24 hours, 5000 volts r.m.s. was applied between the
conductor and the water for 1 minute. Insulation resistance was

measured before and after each stage of the testing.

Inter-turn insulation was tested by 2400 volts r.m.s. applied
between the terminals of each double pancake for one minute.

Testing of assembled magnet at normal service condition for two
hours with cooling water adjusted for an outlet temperature of 70°C,
followed by an insulation test of 5000 volts r.m.s. for one minute
between the yoke and the coil terminals, and measurements of the

insulation resistance between the same points.
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PONERING AND COOLING, MONITORING AND PROTECTION

The original magnet current supply sets available for track chamber
magnets in the CPS experimental areas were composed of modules rated
600 V 2500 A, and the magnet parameters are matched to three of these
modules in parallel, 600 V 7500 A. The magnet current is measured with
a shunt and a digital voltmeter, and the reading can be recorded on each
particle track photo. The stability of the current should normally be

within 0.1% over a few hours.

Demineralized cooling water is supplied to the experimental area at
a pressure of 15-25 kg/cm?® and a temperature of 20-30°C. At normal service
condition, a waterflow of 100 m3/h corresponds to a temperature increase
of about 40°C of the cooling water. The water outlet temperatures of the
two parallel water circuits of each double pancake are measured with
resistance thermometers mounted at each outlet.

Bimetal switches are mounted directly on the copper conductor, both
at the outlet and the inlet end of each cooling circuit in order to pro-
vide protection against overheating. A waterflow switch is mounted in
each water circuit, and the contacts are interlocked with the regulator

of the magnet current supply.
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Table 1 : Magnetic field data

Magnetic flux density at 7500 A 2.65 Wb/m?
Magnetic flux density at 5000 A 1.95 Wb/m?
Field error along axis +3%  -27%
Integrated fringing field in beam window at 7500 A 0.7 Wb/m

Table 2 : Physical dimensions and weights

Height of magnet axis (beam height) 1.240 m
Total weight 96 ton
Weight of coils 17 ton
Weight of magnetic circuit 79 ton
External height 2.690 m
External width in beam direction 3.150 m
External length approx. 2.5m
External length without water manifolds, etc. 2.153
Free internal diameter 1.4 m
External coil diameter 2.4 m
Thickness of double pancake 64.2 £ 0.5 mm

Table 3 : Electrical parameters and coil data

Coil resistance at 20°C, R, 0.0743 Q
Excitation current (nominal), In 7500 A
Voltage drop, In Rj, 560 V
Power loss, In? Ry, 4.2 MW
Magnetic energy 10 MJ
Coil data

Total number of turns 476
Number of double pancakes 9 front + 8 rear = 17
Turns per double pancake 14 + 14 = 28

Conductor cross-section 30 x 30 mm - 18 mm diameter hole = 645 mm?
Water channel cross-section 18 mm diameter 245 mm?



Coil data (continued)

Water flow at 20°C and 6 kg/cm?® pressure drop
Test voltage between coil and yoke
Interturn test between terminals of each double pancake

Insulation test of each double pancake against water
after 10 thermal cycles and 24 hours immersion in water

Table 4 : Magnetic steel data
Element Percentage
Carbon 0.11
Silicon 0.42
Manganese 0.58
Phosphorus 0.013
Sulphur 0.020

Magnetic flux density at 3.10* A/m:

Table 5 : Parameters of available power supplies
Imax 3 x 2500 A

Vmax at ImaX

Imax Vﬁax 3 x1.5M

Vmax/lmax

Current stability over 24 hours, approx.
Cables 2 x 20 cables, each 240 mm?

Current measuring shunt

100 m®/hour
5000 V r.m.s.
2500 V r.m.s.

5000 V r.m.s.

2.05 Wb/m?

7500 A
600 V

4.5 MW
0.080
0.1%

2 x 4800 mm?
50 uf



Figure captions

Fig. 1 : The 1.1 m® chamber assembled in the magnet.

Fig. 2 : Photographic view of the 1.1 m® chamber.

Fig. 3 : Reference frame.

Fig. 4 Photographic views of the magnet.

Fig. 5 : Magnetization curve.

Fig. 6 : Axial flux density along the Z-axis.

Fig. 7 : Example of two-dimensional analogue measurement of field
distribution.

Fig. 8 : Magnetic flux density as function of Z.

Fig. 9 : Field direction as function of Z.

Fig. 10 : Axial flux density as function of Z.

Fig. 11 : Radial flux density as function of Z.

Fig. 12 : Magnetic flux density as function of R.

Fig. 13 : Field direction as function of R.

Fig. 14 : Axial flux density as function of R.

Fig. 15 : Radial flux density as function of R.

Fig. 16 : Magnetic flux density and field direction as functions

of T, R, = 310.

Fig. 17 : Magnetic flux density and field direction as functions
of T, Ry = 410.

Fig. 18 : Magnetic flux density and field direction as functions
of Ty Ry = 560.

Fig. 19 : Axial flux density and radial flux density as functions

of Ty Ro = 310.

Fig. 20 : Axial flux density and radial flux density as functions
of Ty Ro = 410.
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Axial flux density and radial flux density as functions
Of To Ro = 560.

Stray field in the beam window.

Power consumption.

X-ray photograph of brazed joint of coil conductor.
Electrical circuit diagram.

Cooling water flow as a function of pressure difference.
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PHOTOGRAPHIC VIEW OF THE 1,1 m3 CHAMBER

Fig. 2



2690

S

L L L L T 11

B

i

.

e — .
= — - — s —
.- I

e

AN

+Z

.o e

NORSRIRS!

N ~
N 3N

3030

e 2152 ——

REFERENCE FRAME
FIG.3



PHOTOGRAPHIC VIEWS OF THE MAGNET

Fig.4
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EXAMPLE OF TWO-DIMENSIONAL
ANALOGUE MEASUREMENT OF

FIELD DISTRIBUTION

Fig.7
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X—RAY PHOTOGRAPH OF BRAZED JOINT OF COIL CONDUCTOR
Fig. 24
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