
IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

BUBBLE DETECTORS AS A TOOL OF THE DOSIMETRY AND
MICRODOSIMETRY IN NEUTRON FIELDS

_ CZ9928587
F. Spumy , B. Vlcek and A. Rannou

Nuclear Physics Institute-Department of Dosimetry, Academy of Sciences of Czech Republic, Na Truhldfce
39/64, 18086 Praha 8, Czech Republic

Institut de Protection et de Surete Nucleaire, Departement de Protection de la Sante de L 'homme et de
Dosimetrie, Service de Dosimetrie, IPSN, BP n°6, 92265 Fontenay-aux-Roses Cedex, France (temporary

address also for FS)

1. Introduction

ICRP 60 publication [1] recommends to decrease limits of exposure both for occupationally exposed
persons as well as the members of public. As a consequence, the lowest detection limit for an individ-
ual dosimeter is decreased to the level of about 0.1 mSv. While the existing photon individual do-
simeters are able to fulfil this requirement, only passive neutron individual dosimeters able to do so are
bubble detectors. Besides, the principle of their response permits also to contribute to the microdo-
simetric description of a neutron field. The bubble detectors have been studied from both these points
of view, i.e. as a tool of the dosimetry and microdosimetry in neutron fields. The studies have been re-
alized in several different neutron fields and beams, the results obtained are presented, analyzed and
discussed from both mentioned points of view.

2. Experimental

Bubble detectors studied

Two types of bubble detectors have been studied in this work:

* Bubble damage neutron detectors (BDND's)

BDND's are available from Bubble Technology Industries, Chalk River [2]. Two types of this devices
have been studied in this work: BD 100R and PND. The neutron energy threshold for both should situ-
ate about 100 keV, the response of PND is compensated for the temperature dependence. Both types
are reusable, following our experience up to about one year. The nominal sensitivity of both types of
BDND's tested has been 1.0 bubble per 1 uSv of H*(10) of AmBe neutrons.

They were irradiated in groups of at least three samples, the level of exposure has been chosen in such
a way that the number of bubbles visually counted was between 20 and 30 in a single detector.

* Superheated drop detectors (SDD's)

SDD's are available from Apfel Enterpr. [3]. The detectors with three declared thresholds in neutron
energy have been used : 100 keV (SDD 100), 1 MeV (SDD 1000) and 6 MeV ( SDD 6000).

The ASM reader based on the acoustic effect was used for the detector's evaluation. The nominal sen-
sitivity of the SDD 100 samples ought to be about 3 counts per 1 uSv of H*(10) of AmBe neutrons.

The responses of all BDND's and SDD's to AmBe neutrons have been regularly checked, allways in
free-in air irradiation geometry and in terms of H (10).

Neutron beams and fields

Bubble detectors have been tested in the neutron beams and fields caracterized in Table 1. They were
irradiated generally in free-in-air irradiation geometry. BDND's were in some cases exposed also on
the plexiglass phantom 30x30x15 cm3, the differences were comparable with relative uncertainties [8].
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Table 1. Basic characteristics of neutron fields and beams (ICRP 21 factors)

Neutron field

SIGMA [4]
AmLi

SILENE [5]
SILENE/Pb [5]
SILENE/PE [51

EN

MeV

0.083
0.6
0.68
0.49

?

H'(10)/O
pSv.cm2

22.9
300
135
126
142

Neutron field

Cf/D2O/Cd
AmBe

CERN-iron [6]
CERN-concr[6]
CANEL + [71

EN

MeV

0.6
4.2
1.9

49.8
0.196

H*(10)/<£
pSv.cm2

91
380
160
280
72.6

3. Results and discussion

Neutron dosimetry - energy dependence of the response

The responses of BDND's studied expressed relatively to AmBe neutrons are presented in Figure 1.
One can see there that their behaviour correspond well to the declared threshold of 100 keV.One can
see also that their response to high energy neutrons represents about 50 % of the response to AmBe
neutrons. This fact has to be taken into account when using these dosimeters for air crew dosimetry.

Figure 1. Relative dose equivalent responses of Figure 2. Relative dose equivalent responses of
BDND's; relative uncertainties ~± 10 % SDD's; relative uncertainties ~± 15 %
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The responses of SDD's studied expressed relatively to SDD 100 and AmBe neutrons are presented in
Figure 2.One can see there that the relative responses vary for these detectors with the average neutron
energy of a beam or field in more complex way:
* The response of SDD 100 starts to decrease at higher energies than for BDND's, at 100 keV it is only
about lA of the response to AmBe neutrons;
* The responses of SDD 1000 and SDD 6000 decrease with average neutron energy in rather similar
way. Starting from the AmLi source they represents less than 0.1 of the response to AmBe neutrons.
On the other hand, their response to high energy neutrons (CERN-concrete) is practically the same as
to AmBe neutrons. This behaviour could be very interesting for air crew individual dosimetry on board
of aircraft, when neutron spectra seem to be similar to these at CERN-concrete [9].

Neutron dosimetry - air crew individual monitoring

The neutron dose equivalent rates at the altitudes of subsonic air transport are of the order of few |aSv
per hour [9,10]. Bubble detectors are therefore only passive dosimeters available at the moment to ap-
preciate so low exposure levels directly. We have tried to verify this possibility and compare their
readings with the results obtained with the reference instrument [9], a tissue equivalent proportional
counter. Some of the results obtained are presented in the Table 2. One can see there, that the results
obtained correspond reasonably to the energy dependencies mentioned above. While the value directly
measured with BDND's, expressed in terms of H*(10) of AmBe neutrons, is roughly two times lower
than the value determined with TEPC, the value established by means of SDD 6000 agree with TEPC
data. Other tests have started to verify this behaviour in larger extent.
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Table 2. Exposure level measured on board avion during some subsonic flights

Flight route

Prague-Montreal
Montreal-Prague

Prague-Abu Dhabi
Prague-Moscow

BD 100R
12.812.2
6.711.4
4.210.9
2.310.4

HN*(10), uSv

PND

12.3+2.0
10.311.8
3.610.8
2.510.4

read by means of

SDD 6000
28.23.3
20.43.0

i

5.210.8

TEPC
27.3+3.1
17.011.7
8.411.0

not measured

Neutron dosimetry - some practical aspects

1. Handling of bubble detectors is a delicate task. BDND's are sensitive to shocks and temperature,
particularly below about 17°C and above 28°C. It could be recommended to read the bubbles not be-
fore V-i hour after the exposure. The AMS device used to read SDD's is based on the acoustic effect.
The membrane producing the sound should be cleaned rather frequently, also in the dependence on the
exposure rate. The saturation above few hundred \iSv per hour has been observed.

2.We have found that the bubble appearance and acoustic shock countings follows a normal distribu-
tion, i.e. the statistical reliability of counting follows the law *J~N/N .

3. Individual differences in sensitivities of detectors from the same lot of delivery can differ up ±20 %,
the reproducibility of single detector reading is better than +15 %.

4. Long term stability of sensitivity and their reproducibility of reading mentioned seem to be for
BDND's constant at least during the 9 months of using. The sensitivity of SDD's is immediately after
the first opening a little (~ 20 %) higher. At integral dose equivalent above 1.5 mSv it decreases.

5. At the nominal sensitivity 1 bubble (count) per 1 uSv, 10 p.Sv could be measured with the relative
uncertainty of 30 % with single detector

Microdosimetry in neutron fields with bubble detectors

As already mentioned the bubble appearance is a processes initiated only if local density of energy
deposition is sufficiently high. It is estimated that the critical volume for bubble appearance has the
dimensions of the order of 20 nm [11]. The bubble appearance give therefore an information on the
importance of local density deposition events at the level of 20 nm. The different neutron energy
thresholds are therefore only deduced values related to the change of energy deposition spectra with
neutron energy. The comparison of bubble detectors with different thresholds can therefore give an in-
formation on the energy deposition spectra, i.e. on the microdosimetric characteristics of a neutron
beam and field. It would be particularly interesting, because other microdosimetry methods are char-
acterized by different critical volumes: of the order of um for TEPC [9], of the order of nm in the case
of track etch detectors [12]. We have started to compare these approaches of experimental microdo-
simetry. One can see in the Figure 2 that the relative responses of SDD's with different neutron energy
thresholds for AmLi neutrons are quite different as compared with AmBe neutrons. We have analyzed
this behaviour taking into account the LET spectra established in the same fields with PADC LET
spectrometer [13]. We have really observed that the contribution of events with the threshold in LET
higher than 900 MeV.cm2.g"' (proton edge) to the absorbed dose is twice higher for AmBe than for
AmLi neutrons. However the differences in SDD's relative responses (SDD 100 as compared to SDD
1000 or 6000) are much higher (see Figure 2). Further studies, both experimental (comparison of bub-
ble detector and PADC LET spectrometer data's with event size spectra established by means of a
TEPC) as theoretical (influence of site dimension on the energy deposition spectra) are necessary to
appreciate more profoundly the possibilities of bubble detectors in experimental microdosimetry.
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