NPA/Int, 69-5
9.5.69

MAGNETIC FIELD DISTRIBUTION MEASUREMENTS IN THE GARGAMELLE

BUBBLE CHAMBER MAGNET

Re Griib and J.M., Maugain

PS/7196



CONTENTS
I) INTRODUCTION
II) GENERAL DESCRIPTION

III)

Iv)

V)

VI)

VII)

VIII)

IX)

X)

PS/7196

II.1) Magnetic Measurement Method
II1.2) Mechanical Support
II.3) Recording of Measurements

MECHANICS

ELECTRONICS

IV.1l) Hall Plate Equipment Electronics

IV.2) Data Acquigition Electronics
DATA REDUCTION

RESULTS

ACCURACY OF THE MEASUREMENTS
MODIFICATIONS FOR FINAL MEASUREMENTS
ACKNOWLEDGEMENTS

REFERENCES



'FIGURE CAPTIONS

Figure i‘f;ﬁ Block dlagram of Set—up ’:”:_ S R e
Figggév2 ,m\ Mechanlcal support (schemaflc) |
Fighre'B"t- Reference frame -

Fiéﬁ?e 4‘ai :Plcture of mechanlcal support

Figure 4 b Plcture of probe holder :1

se

Figure 8 Picture of control and display racks
Figure 6 ¢ Computer print-out

“Figure 7- 3 Magnetisation: curve

Figure 8 ¢ BX along X axis

Figﬁre 9 g, BY along X qk£%  T“

Figure 10 ¢ BZ along X axis-

"V

Figure 11 ¢ BZ along circle R =85 ct; X =120 emat I = 9000 A

Figures 12 - 23 12 typlcal plots of BZ nade by ‘the Calcomp plotter
9000 A- ' ' R X

PS/7196



I) INTRODUCTION

The magnetic field distribution of the Gargamelle bubble chamber
magnet has been measured (without the chamber body) as an engineering
and manufacturing quality test. For this purpose a few thousand
points in the downstream half of the magnet need to be measured. ‘
These measurements also permltted the testing and commissioning of‘H
the whole measuring and recording equipment and the data reduction.
instrumentation., This experience enabled us to decide on necessary:
or ugeful modifications for the final measurements to be performed

later with the chamber body mounted 1nto the magnet.

II) GENERAL DESCRIPTION

The aim is to measure 11000 points throughout the 10 ms'chamber

with a good accuracy in position and flux density but also without
any fixation inside the magnet and with llttle space avallable.

between the magnet coils to introduce the measurlng probe. With the
great number of points to be measured and the relatively short time

available (a;few,daya)y"a.certain degree of automation was,required,

To avoid making the system too complicated and expensive, we

have chosen the following measurement method and set up.

I.1 ngnetic Measurement Method

The three components BX, BY, BZ are measured independently

using three Hall probes for the X, Y, Z plane respectively.

Initially the BX field plot is made, then the BX probe is
replaced by the 3Y probe and the BY field plot made similarly for
BZ, The reason for this procedure is that it was thought important

to measure the three components exactly at the same points in space.
Each Hall plate has its own Hall generator.

A fixed Hall plate sensitive to the main component BZ gives a
flux density BI which nmust be a constant signal all through the
measurements and which permits, if necessary, to apply during
computation a correction to the X, Y, Z Hall voltages, to adjust- !

them to the nominal magnet current for which the mapping is being made.
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All the probes are thermally stabilized by a heating element
controlled by a thermistor. A second temperature calibrated thermistor

ingide the probe gives a 3iree£'8heCKihg”and.reading of the temperature.

1.2 MéchAhic51”sﬁppaff“

The reference frame attached to the magnet is shown in Fige. 3.
The support has been deS1gned accordlng to the principle shown in Fig. 2.
The probe descrlbes a clrcle around the X axis taking precise angular

p051t10ng To w1th p0351b1e 1ncreases of 7. 59 15 or 30

Having described a circle, the longltudlnal X p031t10n is varled
enanually to a new p01nt, minimum increase ©f 10,0 cm, Sso it is p0551b1e

to descrlbe a whole cyllnder around the X axis.

Then one displaces manually,the.radial position of;the pfobe Ro
(increase 9.75 cm)e. This is the only case where one needs to enter
the chamber. The RO, Xo, To positions are precisely reproducible
since all are mechanically locked. The mechanical assembly is made

to measure one half of the chamber (along X axis).

1.3 ¢Recording'of Measurements

As soon as the probe is locked in a position, the“Hall.voltages
(probe and reference) and the position voltages (X ’ To,-RO obtained
with potentiometers for X ’ To and w1th a chain of resistances for R )
are measured by a digital voltmeter and 31nultaneously printed out

and punched out on a paper tape according to Fig. 1.

ITI) MECHANICS

Fig. 5 shows a picture of the meehanical support. Ref, 1 reports
in detail about the mechanical design and construction, The pdrticular
solution here is that the probe cone?itutes a pendulum becausc one
wanted tp record directly the BX, BY;vBZ components and not the
BX, BR;BT‘components.

The Hall probe positions are locked with a precision of t 0.5 mm

(taking into account all the alignment and mechanical errors).
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IV) ELECTRONICS

IV.i' Hall lete Equlpnent Electronlcs

The Hall- plates selected for the neaeuremente are the FC 33

Siemens type having a low temperature coefflclent.

The lOO mA constant Hall current is glven by the Siemens K 11
supply w1th a stablllty of - 5 10 é. The Hall plate is located
next to two thermlstore in a copper bar around which is wound a -
heating wire 0011. The whole is contained in a box having a good

thermal insulation.

) The temperature regulatlon (ref. 2) controlled by one: thermistor
and which can be checked with thé ‘second one (10 nv/°c) is * 0.2° c.

The tenmperature error of the Hall constant RH is

COARH Aw
e = At

B being the temperaiuredeeefficient for the open circuit Hall voltage.
We do not take into‘éccouht'the femperature coefficient for the
Hall voltage circuit inner resgistance since the load has a very high

resistance (digital voltmeter).

B = 0.0l}. % /OC

ORH -« -4
ru -~ 0

A switching unit permits sclection and read out on a digital
voltmeter H.P. 5284 L + 5265 A of the Hall current and the temperature

for the measuring and reference probes.

IV.2 Data Acquisition Electronics

The NPA Electronic Workshop has designed and constructed
(ref. 3) a special Data Acquisition and Measuring Equipment (D.A.M.E.)
The D.A.M.E. system scans the input information routing each in
turn to an integrating digital voltmeter D.M. 2022 which sends
by meéans of a buffer memory and under control of a Control Unit the
outputs sequentially to the Print and Punch Units (Fig. l‘and 5)
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with the required format programming facilities., Ref., L reﬁarts in
detail about the D,A.M.E. system. In the present case,7aS“Sbon as
the prop?ﬂis locked in a position, the following information are

automatically punched on the paper tape in BCD 8421 characters.

(% vivavsve P orirorsTe Trirz,  fTxixe,  friro)
Hall .voltage of "Hall voltage of ~ Radial " Axial Angular
measuring probe reference probe position position position
in 0,1 mV in: 0.1 mV. . . in mV in mV in mVv

V) DATA REDUCTION

The paper tape is punched in BCD 8421 characters and is ‘donverted
to external BCD information on a half-inch magnetic tape via the IBM
1401 using the standard BCD conversion program 3.25.

Those characters can then be read directly by the 6000 series

Loy
N

computers in: an AUformat."

A program has been developed which, afféf éﬂéﬁkihg,.cthertsJ
each A format charaéter in an I' format ¢haracter enabling then ‘comp=~ -
utation. It calculates the flux density from the Hall voltages by
reading the calibration curves of the Hall plates. The measured points
of the calibration curve have been interpolatedgby a 6th order

polynomial least squares fit (library program F 202).,

The field map is then printed in a suitable form (Fig. 6) and
field plots are obtained by off-line plotting (library prograr J 502).

VI) RESULTS

Some typical plots of BZ are given in Fig. 12 - 23. A computer
output including all the measurements performed on the Gargamelle

magnet (without chamber body) is available in the NPA/PBT Group.

VII) ACCURACY OF THE MEASUREMENTS

The Hall plates have been calibrated with a nuclear resonance
flux-meter.

We summarize here all the errors of the measurement.
(relative errors when possible and absolute errors in the other cases).
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i+

- position error of Hall

0.5 mm in all directions
plate centre - '

- calibration error + 10~4 Tesla
- interpolation error of + -5
calibration curve - 5,10
- error due toc Hall + ’_4
current instability - 5,10
- error due to variation e
of RH (Hall constant) + L
with temperature -10
+ + ‘ '
- 0,0075 Tesla (~ 5 mr around Y)

ce

- error due to angular $for BX
position uncertainty
of Hall plate

I+

1for BY 0.0230 Tesla (¥ 14 mr around X)

107 (¥ 14 mr around X)

15

:for BZ
This error is a systematic one along a
dgenerating line.

The measurement of the main component BZ comes out to have the

following accuracy ¢

ZABZ

-3
BZ 10

(without taking into account the X 0.5 mm uncertainty on the position
of the Hall plate centre).

The measurement of the components BX and BY is unprecise (relatively

speaking) since those are very small but

ZiBX = & o/oo
ZBY =1n5%

BZ
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VIII) MODIFICATIONS FOR FINAL MEASUREMENTS

To speed up the measurements, the 3 components will be méasuréd

at once so reducing the total measurement time by 3.

A probe holder contaihing the X, Y, Z Hall plates fed in series
will be designed. Those will be located on an axis parallel. io thei
X axis, the centres being 15 mm apart. One will try also to minimize
the errérs 6n BY and BX due'%c the angular positioﬂ uncertainty of

the Hall plates.,
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