
N U C L E A R  INSTRUMENTS AND METHODS 65 (1968) 353-357;  © N O RT H -H O L L A N D  P U B L I S H I N G  CO ° 

M E A S U R E M E N T  O F  T H E  L I M I T  O F  S E N S I T I V I T Y  O F  H Y D R O G E N  I N  A BUBBLE C H A M B E R  

A N D  C A L I B R A T I O N  O F  P R E S S U R E  G A U G E S  

G. HORLITZ and S. WOLFF 

Deutsches Elektronen-Synchrotron DESY, Hamburg 
and 

G. HARIGEL 

CERN, Geneva, Switzerland 

Received 10 June 1968 

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 a 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 p~, gives a straight line for every single b = const. The 

1. Introduction 

The knowledge  of  opera t ing  condi t ions  o f  bubble  
chambers  becomes more  and  more  impor t an t ,  bo th  
f rom theore t ica l  and  prac t ica l  po in ts  o f  view. One of  
the mos t  cri t ical  pa rame te r s  is the  dynamic  pressure  in 
the bubble  chamber .  U p  to now,  different  pressure  
gauges, such as s t ra in  gauges,  capaci t ive  and  induct ive  
devices have been used. 

Disagreements  o f  pressure  dependen t  exper imenta l  
results  o f  different  bubble  chambers  may  be expla ined 
by  errors  in the ca l ib ra t ion  me thods  of  these pressure  
indicators .  

In  the 85 cm hydrogen  bubble  chamber  opera ted  at  
DESY,  commerc ia l ly  avai lable  piezo-electr ic  quar tz  
t ransducers  are  used since two years.  Their  ca l ib ra t ion  
is descr ibed in the fol lowing sections.  

2. Theoret ical  considerations 

Star t ing f rom a s ta t ic  pressure  p~, the pressure  in the 
bubb le  chamber  l iquid is reduced  to  a value p ~ - A p  
(fig. 1). A n  electronic  measur ing  device (in our  case a 
quar tz  gauge with charge  amplif ier)  gives an electr ical  
vol tage  signal, which is p r o p o r t i o n a l  to  this  pressure  
d r o p :  

u = a. p. (1) 

The bubble  chamber  is expanded  to a cer ta in  value o f  
pressure p(b,T), which at  a given t empera tu re  T is 
associa ted  with  a cer tain bubble  densi ty  b. 

F o r  a given p~ =P~I, we find (fig. 1), 

dpl  = 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 p8 = 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  

U1 = a[ps , -p (b ,T)] .  (3) 

I f  we change the stat ic pressure f rom Ps, to Ps2, we also 
have a change Ap in o rder  to  get  the  same bubble  
dens i ty  b. This results  in ano the r  signal o f  the t rans-  
ducer.  

U2 = a [ p ~ -  p(b,T)]. (3a) 

us t 

p ¢b,r) 

!_i---! ¢ 

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 
o f  equal mass and momentum,  b depends only on the 
temperature o f  the liquid and on the instantaneous 
pressure at the momen t  of  the passage o f  the particle 
(an assumption which is in accordance with theory I -4). 

F r o m  

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

follows 

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

A plot o f  the voltage U as a function o f  the static 
plessure Ps 

g ( b , p s , r )  = a [ p s - p ( b , r ) ]  (5) 

gives, under the condit ions of  eq. (4), a straight line 
for each b = const.  

As long as T = const., the slope of  these lines 

a* = dg /dp~ ,  (6) 

is identical with the calibration factor  a. 
However,  the conditions of  eq. (4) can experimentally 

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) 
A T  = ( d r / d p ) d p .  (7) 
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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 d T / d p  can be cal- 
culated f rom the theory of  thermodynamics  

(dT/dp)aaiab. = ( l h z ) ( f l - - f l ' ) ,  (8a) 

(dT/dP),dl ,b.  = (flier) {1 --(1/)')}, (8b) 

o r  

with 

ct = V - I ( S V / S T ) p :  factor  o f  thermal expansion, 

fl = - V -  I (8V/Sp)T : isothermal compressibility, 

fl' = - V -  l(dV/dp)adiab. : adiabatic compressibility. 

fl and fl' are correlated by 

fl' = ill)', (9) 

)' = %/Cv: ratio o f  specific heats. 

In  a p - T  diagram (fig. 2) this influence o f  AT  is 
shown. For  obtaining the desired bubble density b at a 
lower temperature Ti = To - A T, one has to reduce the 
pressure by an addit ional amoun t  6p. I f  the curves of  
constant  bubble density p ( b , T )  are known,  one can 
calculate 

6p = { O p ( b , T ) / S T } A T  (10) 

and 

p ( b , T )  = p ( b , T o ) +  ( S p ( b , T ) / a T } A T .  (Ii) 

d T can be calculated f rom eq. (7). I f  one neglects, in a 
first approximation,  the pressure dependence o f  d T / d p  
within the operat ing limits o f p  one gets 
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A T = - (dT/dp) [Ps-  p(b,T)] (12) 

and with eq. (11) 

p(b,T) = [p(b,To)- ps{Op(b,T)/OT} (aT~alp)]. 

• [ 1 -  {Op(b,T)/OT}(dT/dp)]-1 (13) 

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

g = a {Ps- p(b,ro)} [ i  - {~p(b,r) / or} (dr/dp)]- 1, (14) 

U = a*[ps-P(b,To) ], (15) 
with 

a*=dU/dps=a[1-{Op(b,T)/OT}(dT/dp)] -1. (16) 

From eqs. (14), (15) and (16) one can see that in a 
plot U =f(Ps), b = const., we get straight parallel lines 
as in the case of T =  const., but now with a slope 
a* --/: a. 

Using eq. (16) one calculates 

a = a*[1 - {Op(b,r)/~r}(dr/dp)].  (17) 

An extrapolation of the lines U =f(Ps) to U = 0 inter- 
sects the p~-axis in ps =p(b, To); (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• 

3. Experimental arrangement 
The first measurements in the DESY 85 cm hydrogen 

bubble chamber were limited to the special case b = 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/~s. 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 
cameraS). 

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 2. 
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Fig. 4. Experimental arrangement. 
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Fig. 5. Cal ibrat ion o f  quartz pressure gauge at different temperatures. 
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Fig. 6. Limit of sensitivity in liquid H~. a. From pressure gauge 
calibration curves; b. From bubble counting• 

4. Experimental results 
Fig. 5 represents the measurements U=f(ps) in 

hydrogen between 25.0 and 28.0 ° K. 
From these curves we take the slope a* and the limit 

of  sensitivity p(b, To)b=o (curve A in fig. 6). 
Using ?p(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/cm2)].  

With a and dT/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 filmsa), 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 
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TABLE 1 
Thermodynamical parameters. 
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To ~x  102 fix 10 a fl '× 103 a* dp(b=O;To)/dT dT/dp a 
[°K] [°K]-t [kg/cm2] -1 [kg/cm2] -1 [mV/(kg/cm~)] [(kg/cm2)/°K] [°K/(kg/cm2)] [mV/(kg/cm2)] 

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 1.12 0.116 149.7 
Ref. 8) 6) 7) 

W.  Eschr ich t ,  H.  J. F ieb ig ,  U .  K n o p f ,  K.  D.  N o w a -  

kowsk i ,  O. Pe te r s  a n d  W. S t ah l s chmid t .  
F u r t h e r m o r e  we h a v e  to  t h a n k  the  D E S Y  m a c h i n e  

g r o u p  as wel l  as H.  M e y e r  and  the  b e a m  o p e r a t i n g  

c rew fo r  t he  exce l len t  p e r f o r m a n c e  o f  t he  s y n c h r o t r o n  

and the  beam.  
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