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A new method of calibrating pressure gauges in bubble chambers
under operating conditions is described.

Starting with different static pressures ps, greater than the
vapour pressure pv, the dynamic pressure in a2 bubble chamber is
reduced to an arbitrary, fixed value p(b,T). At a given temperature
T, the appearance of this pressure is indicated by a constant
bubble density b. A plot of the signal U of a pressure transducer
[corresponding to the pressure drop ps-p(b,T)] against the static
pressure ps, gives a straight line for every single b = const. The

1. Introduction

The knowledge of operating conditions of bubble
chambers becomes more and more important, both
from theoretical and practical points of view. One of
the most critical parameters is the dynamic pressure in
the bubble chamber. Up to now, different pressure
gauges, such as strain gauges, capacitive and inductive
devices have been used.

Disagreements of pressure dependent experimental
results of different bubble chambers may be explained
by errors in the calibration methods of these pressure
indicators.

In the 85 cm hydrogen bubble chamber operated at
DESY, commercially available piezo-electric quartz
transducers are used since two years. Their calibration
is described in the following sections.

2. Theoretical considerations

Starting from a static pressure p,, the pressure in the
bubble chamber liquid is reduced to a value p,—Ap
(fig. 1). An electronic measuring device (in our case a
quartz gauge with charge amplifier) gives an electrical
voltage signal, which is proportional to this pressure
drop:

U=a-Ap.

(1)
The bubble chamber is expanded to a certain value of
pressure p(b,T), which at a given temperature 7T is
associated with a certain bubble density 5.

For a given p, = p, , we find (fig. 1),

4p; = p,,—p(b,T) (2)

slope of these lines is equal to the sensitivity of the gauge. The
extrapolated experimental line intersects the axis U= 0 in the
point ps = p(b,T), which is independent of the calibration factor
of the transducer.

In a 85 cm bubble chamber, p(b,T) has been measured in the
temperature interval 24.5 < T < 28.0°K with b =0, which
represents the limit of sensitivity in a p-T diagram for relativistic
electrons.

and

U, = a[p,,— p(b,T)]. (3

It we change the static pressure from p,, to p,,, we also
have a change Ap in order to get the same bubble
density b. This results in another signal of the trans-
ducer.

U, = a[p,,— p(b,T)].

(3a)

p(bT)

Fig. 1. Pressure vs time curves (schematic).
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One can use the bubble density b as an indicator for the

pressure, provided that in a given liquid for particles

of equal mass and momentum, b depends only on the

temperature of the liquid and on the instantaneous

pressure at the moment of the passage of the particle

(an assumption which is in accordance with theory! ~#).
From

b(p,T) = const. at T = const.,

follows
p(b,T) = const. at T = const. 4

A plot of the voltage U as a function of the static
pressure p,

U(b,ps,T) = a[ps—p(b,T)] (5)

gives, under the conditions of eq. (4), a straight line
for each b = const.
As long as T = const., the slope of these lines

a* =dU/dp,, (6)

is identical with the calibration factor a.

However, the conditions of eq. (4) can experimentalily
be realized only in the case of an isothermal expansion.
Practically all bubble chamber expansions are so fast
that they have to be considered as being adiabatic. The
consequence of this adiabatic pressure reduction is a
temperature drop

p(b,T)
AT = (dT/dp)dp. @)
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Fig. 2. p-T diagram with p(b,T) curves (schematic).
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Fig. 3. U= f(ps) for different bubble densities b and T = const.
(schematic).

The adiabatic temperature change d7/dp can be cal-
culated from the theory of thermodynamics

(dT/dp)adiab. = (U“)(ﬂ—ﬁ')’
(dT/dp)agias. = (Ble) {L =(1/7)},

(8a)

(8b)

or
with
a=V"1(aV/[oT),:

B=—V"'(oV/[op):
B =—V"(dV/dp)aias.: adiabatic compressibility.

factor of thermal expansion,

isothermal compressibility,

B and B’ are correlated by
B = Bly, )

y = ¢,/c,: ratio of specific heats.

In a p-T diagram (fig. 2) this influence of AT is
shown. For obtaining the desired bubble density b at a
lower temperature 7; = T, — AT, one has to reduce the
pressure by an additional amount dp. If the curves of
constant bubble density p(b,T’) are known, one can
calculate

dp = {op(b,T)[oT}AT (10)
and
p(b,T) = p(b,T,)+ {0p(b,T)/ 8T} AT. (11)

AT can be calculated from eq. (7). If one neglects, in a
first approximation, the pressure dependence of d7/dp
within the operating limits of p one gets
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AT = —(dT/dp)[p,— p(b,T)] (12)

and with eq. (11)

p(b,T) = [p(b,T,)— p,{2p(b,T)/ 0T }(dT/dp)]-
-[1—{ep(b,T)/oT}(dT/dp)]~*. (13)

Inserting eq. (13) into eq. (5) for the transducer
signal, we get finally

U=a{p,—p(b,To)}[1 - {op(b,T)/oT}(dT/dp)]™", (14)

U = a*[p,—p(b,Ty)]. (15)
with

a*=dU/dp,=a[1—{op(b,T)/oT}(dT/dp)]*. (16)

From egs. (14), (15) and (16) one can see that in a
plot U =f(p;), b = const., we get straight parallel lines
as in the case of 7'=const.,, but now with a slope
a*#a.

Using eq. (16) one calculates

a = a*[1—{op(b,T)[eTH(AT/dp)]. (1)

An extrapolation of the lines U =f{(p,) to U =0 inter-
sects the p-axis in p, = p(b,T,); (fig. 3).

This gives a new method to measure the curves of
constant bubble density p(b,T) in the p-T diagram.
Knowledge of the calibration factor of the dynamic
pressure measuring device is not necessary for this
purpose. It will be sufficient if the overall response of
the measuring system is linear.
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3. Experimental arrangement

The first measurements in the DESY 85 cm hydrogen
bubble chamber were limited to the special case 5 = 0.
The main purpose was, to determine the calibration
factor of the quartz gauge and to test the method. The
experimental set-up is shown in fig. 4.

The bubble chamber was exposed to an electron
beam with a momentum of about 2 GeV/c and a pulse
length of about 5 us. The injection time of the electrons
was indicated by a trigger pulse from a scintillation
counter. This pulse was delayed; it fired the flashtubes
of the illumination system 2 ms after the injection of
the beam, so as to allow the bubbles to grow to a
visible size. The bubble tracks have been observed in
natural size on the monitor screen of a television
camera®).

The amplified signal of the pressure transducer was
displayed on one of the inputs of a dual trace oscillos-
cope; the second input was used to mark the beam
arrival by means of the pulse of a scintillation counter
placed in the beam. The start of the expansion system
was shifted with respect to the beam arrival until the
tracks appeared or disappeared on the monitor screen.
The voltage signal U, which corresponds to the in-
stantaneous pressure at the moment of beam injection,
was measured with an accuracy of 1%, using a com-
pensating amplifier. The pressure at which bubbles
appeared, was reproducible within less than =+ 0.1
kg/cm?.
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Fig. 4. Experimental arrangement.
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Fig. 5. Calibration of quartz pressure gauge at different temperatures.
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Fig. 6. Limit of sensitivity in liquid Hs. a. From pressure gauge
calibration curves; b. From bubble counting.

4. Experimental results

Fig. 5 represents the measurements U= f(p,) in
hydrogen between 25.0 and 28.0°K.

From these curves we take the slope a* and the limit
of sensitivity p(b,T,),=o (curve A in fig. 6).

Using op(b,T)/oT from this diagram and eq. (17) we
get the calibration factor a. The data used for these
calculations as well as the results are given in the
table 1.

The mean value of a for the applied quartz gauge
(type Kistler 410 A with charge amplifier type Kistler
566 set to a nominal sensitivity of 1 mV/pC) is

a=147+7 [mV/(kg/cm?)].

With @ and d7/dp known, from eq. (8a), we are able
to calculate for each single measuring point of fig. 5
the pressure and temperatures related to the limit of
sensitivity. Fig. 6 shows that all these points are very
well represented by curve A. This is a good check for
the consistency of the method.

The results of bubble density measurements, which
have been evaluated by bubble counting on films®), are
also indicated in this figure (curve B). The agreement
of the results found by these two methods is very
satisfying. ’

We are greatly indebted to Professor M. W. Teucher
and Dr. E. Lohrmann for their continued interest and
encouragement in the course of these investigations.
We also thank our bubble chamber team, especially



THE LIMIT OF SENSITIVITY OF HYDROGEN

357

TABLE 1
Thermodynamical parameters.

To ax 102 Bx108 B’ > 108 a* dp(b=0;To)/dT dT/dp a

K] K] [kg/em?}t  [kg/em?]~  [mV/(kg/cm?)] [(kg/cm?)/°K] [’K/(kg/cm®)] [mV/(kg/cm?)]
24.98 2.70 3.77 1.69 156.7 1.0 0.077 144.4
25.47 2.89 4.16 1.81 155.9 1.0 0.081 143.0
25.86 3.05 4.48 1.88 156.8 1.0 0.085 143.2
27.02 3.54 5.55 1.92 173.5 1.06 0.103 155.2
28.00 4.24 7.07 2.16 171.9 112 0.116 149.7
Ref. D) %) )

W. Eschricht, H. J. Fiebig, U. Knopf, K. D. Nowa-
kowski, O. Peters and W. Stahlschmidt.

Furthermore we have to thank the DESY machine
group as well as H. Meyer and the beam operating
crew for the excellent performance of the synchrotron
and the beam.
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