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Introduction 
      Glaser [1] was the first to mention that superheated liquids are sensitive to 
ionizing radiation, being unstable and producing bubbles. Apfel [2] introduced the 
idea of using superheated drops in a host liquid, and Ing and Birmboim [3] proposed 
a neutron sensitive bubble detector, in which the superheated droplets were 
dispersed in an elastic solid polymer. 
      According to Griffith [4] the bubble or superheated drop detector is the most 
attractive neutron dosimetry technique. A typical Bubble Detector consists of a plastic 
tube in which liquid drops are dispersed in a holding polymer medium. When the 
pressure in the polymer is released by unscrewing the top, the liquid droplets 
become superheated, and  vaporize when exposed to high LET recoils from neutron 
interactions. The number of bubbles is proportional to the neutron dose equivalent. 
Re-pressurising the polymer transforms the bubbles back into droplets and the 
detector can be re-used. The manufacturer guarantees an optimum detector 
performance for three months after receipt. 
      The bubble detectors are very sensitive, having a detection limit of only a few 
µSv. The neutron energy threshold of the standard option is 100 keV. Furthermore, 
they need no electronics or power to operate and therefore cannot be disturbed by 
electromagnetic interference. The main disadvantages are the strong temperature 
dependence (change in sensitivity  of several percents per degree Celsius) and the 
severe shock sensitivity. 
     In this work we bring the results of some checks performed on bubble detectors, 
intended to present some of their basic characteristics and compare to results when 
using other neutron dosimeters. 
 
Materials and methods 
     We have used two types of BTI* manufactured bubble detectors: the BD-PND 
type, which measures fast neutrons, and the BDT type which measures slow 
neutrons. Both detectors are capable of measuring  low neutron doses (with a 
sensitivity of about 2 – 3 bubbles/µSv) and are useful for personal and environmental 
dosimetry. The irradiations were performed by  252Cf and Am-Be sources and the 
counting of the bubbles was performed manually. The results of the bubble detectors 
were compared to measurements by a PNR-4/NRD Portable Neutron rem Counter**.  
 
 
___________________ 
*   BTI – Bubble Technology Inc. 1995, Chalk River, Ontario, Canada 
** Manufactured by Eberline, P.O.B. 2108, Santa Fe, NM, USA 
Experimental results  



 
The temperature dependence 
     The number of the bubbles formed at different temperatures was measured. Each 
detector was irradiated for 20 minutes to a dose equivalent of 0.014 mSv, determined 
by the PNR proportional counter. In figure 1 we present the number of the bubbles 
for 2 different fast neutron detectors as a function of the temperature. 
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                Fig. 1.   The number of bubbles formed for 2 different fast neutron  
                             detectors as a function of temperature. 
 
      The number of bubbles formed is generally decreasing when the temperature is 
increased, but this characteristic seems to be significantly  dependant on the specific 
detector. Therefore, operating the detectors at constant temperatures is 
recommended. 
 
The time needed for resetting the detectors after use 
     After irradiating a bubble detector and counting the bubbles produced, the 
polymer should be pressurized for a certain time to disperse the bubbles and obtain a 
uniform medium again. According to the recommendations of the manufacturer, the 
resetting time should be about 30 minutes. We checked this parameter after 
irradiating some detectors to a dose equivalent of 0.01 mSv and 0.04 mSv. We found 
that at least 60 minutes were needed after the first irradiation and about 120 minutes 
after the second. Some measurements were performed for higher doses (0.12 mSV) 
and we received a higher resetting time (about 210 minutes). It seems that the time 
needed to reset the bubble detector increases with the increase of the dose. This 
parameter may be dependent on the age of the dosimeter, and lower values may be 
expected for new detectors. 
 
The linearity  
       The dose response of the bubble detectors was checked using 2 neutron 
sources (Am-Be and 252Cf) and irradiating the detectors to doses between 0.005 to 
0.12 mSv. As an example, in figure 2 we present the dose response of a fast neutron 
bubble detector irradiated by a 252Cf source. The dose was estimated at each point 



by employing the PNR-4/NRD  Portable Neutron rem Counter.  A good linearity was 
obtained for the range where the bubbles’ density was acceptable.  
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Figure 2: The dose response of a fast neutron bubble detector irradiated by a  
                252  Cf source.  
 
 
The response of the bubble detectors compared the PNR Counter 
      Some fast neutron bubble detectors were irradiated to different doses by a 252  Cf 
source, and the results were compared to the results of the PNR-4/NRD Portable 
Neutron rem Counter which measured the same doses. The results are given in 
Table 1.  
 
 
Table 1.  The number of bubbles and the dose evaluated by some bubble 
               detectors, compared with the response of the PNR Counter.  
                Irradiation by a 252  Cf source. 
 

Detector no. No. 
of bubbles 

The bubble 
detector dose 

(mSv) 

PNR-4/NRD dose 
 (mSv) 

1 14 0.017 0.02 
2 19 0.027 0.02 
3 19 0.022 0.02 
4 19 0.027 0.02 

 
 

 
 
The sensitivity of the bubble detectors to photons 
       The bubble detectors were irradiated by gamma rays, in order to check their 
photon sensitivity. The irradiation was performed by a Co-60 source, with a dose rate 
of 6.7 Gy/min. All detectors were irradiated during 10 sec. (to a dose of  about 1 Gy), 
and no bubbles have been observed. 



 
 
Conclusions  

The neutron and gamma response of the bubble detectors checked was found 
to be as expected. They are neutron-sensitive, linear and gamma insensitive devices.  

The time needed to reset the detectors between uses was found to be greater 
than expected. It is possible that this parameter depends on the age of the specific 
dosimeters. 

Some temperature dependance was detected, it is recommended to use the 
dosimeters at a temperature as constant as possible.  
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