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HOW A BUBBLE
DETECTOR WORKS

TRAPPED
GAS
BUBBLES

Roma 17-18/4/15 Master Il livello “Sicurezza nel campo delle Radiazioni lonizzanti,  Dr Adolfo Esposito
Radiazioni Non lonizzanti e Risonanza Magnetica lonizzanti” adolfo.esposito@Inf.infn.it




Characteristics BDPND BD100R BDT BDS
Energy Range <200 keV -> <200 keV- >15 | Thermal ~1/V 6 distinct
15 MeV MeV for epithermals | thresholds:
10, 100, 600,
1000, 2500,
10000 keV
Dose Range 0.1 -500 mrem |0.1-500 mrem |0.1-10 mrem ~ 50 mrem
Sensitivity 0.33-33 0.33-33 ~ 30 bub/mrem |1 -2 bub/mrem
(Typical) bub/mrem bub/mrem 3.0 bub/fSv 0.1-0.2
0.033-3.3 .033 — 3.3 bub/ bub/fSv
bub/fSv fSv
Gamma None but None but None but None but
Sensitivit photon induced | photon induced | photon induced | photon induced
y effect effect effect effect
Tissue Yes Yes Yes Yes
Equivalenc
e
Temperature Yes No Yes No
Compensation
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Characteristics

Optimum
Temp. Range

BDPND

20 - 37°C

BD100R

10-35°C

BDT

20-37°C

BDS

20°C

Angular
Response

Isotropic

Isotropic

Isotropic

Isotropic

Size

145mm x
19mm dia

120mm x
16mm dia

145mm x1
9mm dia

S80mm x 16 mm
dia

Weight

S8¢g

33g

S8¢g

20¢g

Re-use

Yes

Yes

Yes

>10 cycles

Warranty

90 days

90 days

90 days

90 days

Other

T Response
Curve Provided

Thermal/fast
Sensitivity 10/1

Special
Recompression
Chamber
Available
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Durante 1’attacco chimico la velocita di ablazione delle aree colpite dalle radiazioni €’ maggiore
delle aree non irradiate e pertanto dopo un certo tempo ¢ possibile vedere a mezzo di un
microscopio dei buchi sulla superficie del materiale. Il numero dei buchi per unita di superficie
puo essere senz’altro messo in relazione con la dose da neutroni. Il meccanismo ¢ illustrato nella

figura. Vale la pena notare che una particella incidente ad un angolo maggiore di un certo angolo detto
angolo critico non viene rivelato poiché viene eliminato dall’attacco chimico.

L’angolo critico ¢ definito come

dove V; ¢ la velocita di oblazione della superficie danneggiata e V € quello della superficie integra.

Detto angolo critico varia da
504 15° Original surface
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Etched Track Detector Response
Characteristics
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| rivelatori a tracce sono ampiamente utilizzati
*Nelle misure di radon

*Nella dosimetria dei neutroni veloci

*Nella dosimetria dei neutroni termici

*Nella rivelazione dei raggi cosmici

*| piu’ diffusi sono

LR115
nitrate layer on a clear polyester base

CR-39
PADC- Poly allyl diglycol carbonate
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Activation detectors for measurements of neutron fluences

A sample of the material can be exposed to neutrons for a period of time, removed so that the induced radioactivity may
be measure with conventional methods HpGe, Nal etc.

The measured radiation is used to deduce information about the neutron field.
When a stable isotope B of a target material is exposed to a high energy particle beam it is
transmuted to a radioactive nuclide R which decays with its characteristic disintegration

constant 4,. The rate of accumulation of R, given by the rate of its formation minus the rate
of disintegration, may be expressed by the following differential equation:

dN, The induced activity build up
T=°B-R‘PNB_7‘RNR with time and approaches a

saturation activity. In fact for

where - -

@ is the particle fluence rate t59° A= O N

O, 18 the activation cross section

N, is the number of atoms of B present in the target material

N, is the number of radioactive atoms.

Through the integration of equation (1) the number of radioactive atoms present at the end The equation can be written
of the irradiation time t will be given by: A(t)=A..(1-e™)

N(t) =2 i‘PNB (1-e™™) @
R

and the number of disintegrations per second will be given by:

Ap() =Ny (A, = Ga,n(PNu(l - e_la‘)
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For an irradiation for a time t,
for a foil we obtain A0=A°°(1—e'7‘to)

After the exposure the activation of foil is tranferred to a appropriate counter for activity measurement. Because the
activity is continuously decaying careful must be made in order to take into account each time involved

If the counting is carried out between t, and t, the number of counts will be

C=¢ f Ae "™ dt+B=¢ % e (e -e*)+B
gl

€ is the efficiency
B is the background between t, an t;

A= Og g ONg
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TABLE 3.3. ACTIVATION THRESHOLD DETECTORS (after Holt [Ho 85]) TABLE 3.3. (cont.)

Half-life
of product

Energy of
gamma ray
(MeV)

Approximnl
threshold
energy
(MeV)

"Li(n,an’)*H
2C(n,2n)"'C
"3C(n,spall)'Be
“F(n,2n) *F
2‘Mg(n,p) 24N
2741 (n.p)”Mg
#TAl(n,c)**Na

2 Al(n,spall) ®Na
32S(n,p)”P
%Ti(n,p)¥Sc
“7'l‘i(n,p)"Sc
“®Ti(n,p)*Sc
OCr(n,2n)“Cr
nCr(n,Zn)s'Cr
**Fe(n,p)**Mn
5‘l'-‘e(n,Zn)”Fe
”Fe(n,p)”Mn
”Ni(n.p)”Co
**Ni(n,2n)*'Ni
$Co(n,a)**Mn
#Co(n,2n)**Co
®Cu(n,2n)%Cu
“Zn(n,p)*Cu
*Cu(n,p)*Ni
%Cu(n,2n)%Cu
DZr(n,2n)¥zeEm
”Nb(n,n’)”Nb"‘
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0.019 (8)
0.51

0.48

0.51

1.37, 2.75
0.84, 1.01
1.37, 2.75
0.51, 1.28
1.71 8
0.89, 1.12
0.16

0.98, 1.13
0.15

0.32

0.84

0.38

0.85

0.51, 0.81
0.51, 1.37
0.85

0.51, 0.81
0.51, 1.17
0.51, 1.35
1.12

1.35, 0.51, 1.35
0.91

0.019, 0.017

3.8
20
30

7.5
3.8
4.9
25
33
29
2.4
7.1

Reactions

Approximate
threshold
energy
MeV)

Energy of
gamma ray
(MeV)

Half-life
of product

93Nb(n,2n) 92me
maRh(n,n’) 103Rhm
nsln(n,['ll) lOSRhm
1271(11,21’1) 1261

197 Au(n,2n) *SAu
197 Au(n,4n) "*Au
197 Au(n, spall) “*Tb
199Hg(n,0’) ¥ Hg™
199Hg(n,spall) “*Tb

102 d 0.93
56.1 min 0.02
45 h 0.34
12.8 d 0.39, 0.67
6.2 d 0.36
395 h 0.33
41 h 0.17
426 m 0.16, 0.37
41 h 0.17

TABLE 3.2. THRESHOLD DETECTOR TECHNIQUES

Reaction

Sample material

Rg_3p

27 A]_rng
7Al-*Na
F1A1-*Na
21718
19p_18
2c_le

2c-"Be

Bi-fission

Sulphur powder or pellets
Aluminium discs or pellets
Aluminium discs or pellets
Aluminium discs or pellets
Aluminium discs or pellets
Teflon cyclinders

Polyethylene cylinders or
plastic scintillators

Polyethylene cylinders or
plastic scintillators

Fission chamber

Dr Adolfo Esposito
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TABLE 3.5. ACTIVATION REACTIONS COMMONLY USED IN THE DETERMINATION OF THERMAL NEUTRON FLUX
DENSITIES

Reaction Decay products Detector Sensitivity at saturation

Snn,y) "In™ 8- i v spectrometer Four foils 7.6 X 15.2 cm,
v: 0.47 MeV (36%) 8 particle detector total mass 46 g, have a sensitivity
1.09 MeV (53%) of 300 cpm/unit flux density
1.25 MeV (80%)

197 Au(n,y) "**Au g~ . B particle detector (a) (a) 2.54 cm dia. foil, mass
v: 0.42 MeV (95%) ~ spectrometer (b) 0.5 g, has a sensitivity of

1.8 cpm/unit flux density
(typical G-M counter
background: 10 cpm)
(b) 5.08 cm dia. foil, mass
2.0 g, has a sensitvity of
13.4 cpm/unit flux density.
[Nal(TI)] crystal background:
48 cpm

8- Used in form of Na,CO,
v: 1.37 MeV (100%) cylinder 4.5 cm dia. X 2 cm

2.75 MeV (100%) high, mass 12 g Na.
3.0 cpm/unit flux
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Au-197 100% 2.70d vy counters HpGe, Nal. 3 counters ZnS, GM
Dy-164 28% 2.33h B counters
In-115 96% 54 min vy Counters or 3 counters
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Gold Foil
Indium foil
Dysprosim foil

Passive BSS

Au-BSS exploits the reaction %’Au(n,y)*°®Au and the
beta and gamma emission from '%8Au (T, ,,=2.7 d;
Egms=0.96 MeV, Ey=0.41 MeV).

Indium foils are also used, exploiting the reaction
131n(n,y)temIn and the beta and gamma emission from
116m|n (T,,,=54 m; Egpy=0.6 MeV-1.0 MeV; Ey=0.4-1.3
MeV).

The counting rate is much higher than for gold foils, but
the very short half-life may constitute a serious limitation
for operational measurements.

Dysprosium foils probably provide the optimal compromise
for operational measurements. The exploited isotope is
164Dy (28.2 % abundance in natural dysprosium). 19Dy is a
beta and gamma emitter with g ,=1.3 MeV and
T,/,=2.334h
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Active BSS may be affected by
pile-up, saturation or dead

time effects or by noise due to
RF
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TLDs are more widely used in albedo dosimeters. TLD materials containing °Li or 1°B are used to detect
low-energy (slow) albedo neutrons backscattered from the wearer's body or a phantom. These materials
are much more sensitive to slow neutrons than to fast neutrons or photons, due to the large-cross-section
reactions °Li(n,a)3H and 1°B(n,a)’Li .

The sensitivity of a TL material to slow neutrons can be further enhanced by making it with materials
enriched in these isotopes.

The materials most often used for slow-neutron detection are enriched lithium fluoride (6LiF:Mg,Ti and
SLiF:Mg,Cu,P), natural lithium borate (°Li,'°B,0,:Mn) and enriched lithium borate (°Li,'°B,0,:Mn). Since
TLDs are sensitive to photons, there must be a means to determine the net signal due to neutrons in a
mixed field.

boron
lcaded
plastic

external
window
B ——
TLF-TID
BLiF-TLD =
albedo
0.01 window

10% 10" 10° 10" 10" 10" 10' 10° 10" 107 albedo '"°',°'°,“‘
EleV phantom dosimeter radiation
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