


1. INTRODUCTION

The use of detectors based on the optically stimulated lu-
minescence (0OSL) for the dosimetry of fast neutrons has some
advantages over thermoluminescence (TL) detectors/1,2/, Espe-
cially the extremely low thermal stress during stimulation with
light allows the embedding of the luminophor in hydrogen con-
taining materials (principle of mixed radiators). That is why
there is no need for the separation of radiator and luminophor
before the evaluation as it is necessary, e.g., in the case of
TL detectors/3/,

This paper deals with a procedure for the calculation of the
neutron sensitivity of such OSL detectors; the calculated re-
sults are compared with experimentally determined sensitivities,

2. CALCULATION OF THE NEUTRON SENSITIVITY

In principle the procedure for the calculation of the neut-
ron sensitivity of OSL detectors is analogous to that for TL
detectors described in /4/. The neutron sensitivity is defined
as the ratio

m(E) - -ME) (1

]
with M(E) as the detector reading caused by neutrons of the
energy E and ¢ as the neutron fluence. m(E) is divided into
two independent components (valid for free-air conditions):

m(E) = mp (E) + m g (E). (2)

mp (E) is the sensitivity component caused by the interaction
of the primary neutrons with the phosphor atoms and mg(E) is
the component caused by charged particles which comes out from
the hydrogen containing radiators. As is shown in/4/, the cal-
culation is independent of the evaluation equipment by using
the gamma sensitivity m of the detectors:
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Calculation of fp (E)

This component is analogously calculated for TL phosphors.
This is justified because: first, no differences between TL
and OSL phosphors have to be expected and second, this compo-
nent makes only a small contribution to the sensitivity for
fast neutrons. For comparison with experimental results values
were taken from/S%/.

Calculation of fR(E)

The calculation of this sensitivity component was carried
out for a detector arrangement which is schematically repre-
sented in fig.l. The luminophor is embedded in a hydrogen con-
taining material and this detector is covered by a contact ra-
diator.
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Calculations for such a geometrical arrangement are very
complicated. Therefore some simplifications are used which
have no essential influence on the accuracy of the calcula-
tions:

- The naturally given disordered distribution of the phos-
phor grains is replaced by an ordered, homogeneous distribu-
tion (for easier mathematical formulation of the problem).

- It is supposed that phosphor grains are spheres with
a unit mean diameter.
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Table 1

Calculated neutron sensitivities of CaFg:Mn -polyethylene-
detectors for various luminophor containing. Calculation
parameters were: mass density of luminophor and radiator
3.15 g/cm3 and 0.93 g/cm3; mass part of luminophor

in the mixture: 30, 20 and 10%; luminophor grain size

35 ym; sensitive layer thickness 500 pm; contact

radiator thickness 2.5 mm.

I ? fR(E) FSD *
in MeV in Gy/cm_z for 20% )
- 207 - calculation
1 115.0 [4.28-11 | 4.37-11 | 4.47-11 0.03
2 14,7 (4.29-11 | 4.32-11 | 4.33-11 0.01
31 12,0 |4.06-11 | 4.24-11 | 4.29-11 0.01
4!10.0 {3.93-11 | 4.05-11 | 4.17-11 0.01
5{ 9.0 [3.79-11 | 3.97-11 | 4.02-11 0.01
6' 8.0 [3.56-111 3.74-11 | 3.79-11 0.01
[ {eU [ 3e34=11 5eJ4~11 3e0Z=11 U.0i
8, 6.0 12.88-11] 3.09-11 | 3.30-11 0.01
9| 5.5 |2.63-11] 2,77-11 | 3.02-11 0.01
10| 5.0 |2.38-11} 2.54-11 ] 2.65-11 0.01
11{ 4.0 11.87-11] 1.95-11 | 2.05-11 0.01
12| 3.211.39-11] 1.45-11 ] 1.43-11 0.01
13| 2.5 19.34-12] 9.76-12 | 1.03-11 0.02
14| 2.0 6.16-12] 6.81-12 | 6.97-12 0.02
15| 1.5 ! 3.37-12| 3.36-12| 3.42-12 0.03
16| 1.0]1.36-12| 1.32-12] 1.41-12 0.04
17| 0.612.91-13] 2.90-13] 3.15-13 0.06
18] 0.1 2.63-14{ 2.38-14] 1.87-14 0.13

*FSD - fractional standard derivation, remarks: the statis-
tics for 20Z is better than for 107 and a little worse than
for 30%.



- Phosphorus grains are placed space centred in cubic cells;
the detector itself consists of a dense packing of these space
cells, which are placed translation symmetrically (see fig.2).

- Using the neutron interaction only first collision ef-
fects are considered. This assumption is justified for the in-
vestigated detectors of thicknesses between 300 ym and 1 mm
because only about 1 of 100 neutrons interacts. Based on these
suppositions a Monte-Carlo programme MIXRAD/83/ (see/6/) was
developed which permits the calculation of the sensitivity com-
ponent fp (E).

The following input parameters are necessary:

— Cross sections for the elastic neutron-proton scattering
(calculated according to ref. /7/),

- stopping power and range of recoil protons (calculated
with the aid of the computer programme STOPOW/82 (see /8/ ),

- relative light conversion factors for protons (taken
from 79/ ).

The results for three different OSL-detector-radiator com-—
binations are given in table 1,

3. EXPERIMENTAL DETERMINATION OF THE NEUTRON SENSITIVITY

The neutron sensitivity was experimentally determined for
CaF, :Mn —polyethylene detectors. In order to eliminate the
intluence ot gamma radiation 1n the dlfferent radlation tleLas
at the same time CaF, :Mn-PTFE detectors were irradiated. The
detector reading for the detectors under investigation is

ME)=m D + M(E)® (4)
and
(. /p)*
MEy-m*—E "" D E)y*® 5
(E) my(uE/p y +m( (5)

for the CaFy:MnPTFE detectors (all quantities referring to this
are marked with®. pug/p 1s the mass—energy absorption coeffi-
cient and Dy the absorbed dose of gamma radiation measured
with the CaF2:Mn -polyethylene detector. By solving the equa-
tion systems (4) and (5) one gets the neutron sensitivity m(E),
m(E)* is calculated’/5/; the incorrectness of this quantity
has no essential influence on m(E).

The production of the CaFy :Mn —polyethylene detectors is
described in/1:10/, For the evaluation of the detectors a con-
venient equipment was developed /2/.

The experimental determination of the neutron sensitivity
was carried out at three different neutron sources:
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- (d,b) generator of Technical University Dresden ( E =
= 3.2 MeV),

- cyclotron U-200 of- ZfK Rossendorf (mean energy of fast
neutrons E = 5.7 MeV/11/),

- (4, T) —generator of Technical University Dresden (E =
= 14,7 MeV),

4, RESULTS AND DISCUSSION

The experimentally determined and calculated neutron sensi-—
tivities of the investigated detectors are given in table 2,

Table 2
Calculated and experimentally determined neutron
sensitivities of CaFy:Mn -polyethylene detectors
(marking of the detectors in column 2: phosphor
content in mass - % (thickness in gm).
E R (E) £,(E) m(E)eal  n(Edeyp
in MeV detectors >

in Gy/cm_2 in nc/em”

3.2 110/500 11.43 =11 6.14 -13| 0.53 =10 0.62 -10

30/500 1,39 -11 6.14 -13] 2.25 =10 2,25 -10

20/500 2.9 =11 3.13 =12 3.03 -10 2,92 -10
30/500 2,73 =11 3.13 =12 4.73 =10 4.17 =10

14,7 10/500 4,39 =11 6.71 =120 1.79 -10 1.88 -10
20/500 4,32 =11 6.71 =120 4.72 -10 4.50 =10

30/500 | 4.29 -11 6.71 =13 7.70 -10 6,64 -10

20/500 1,45 =11 6.14 -13] 1.43 -10 1.64 -10

Gamma-sensitivities m/
Detectors: 10/500:  3.54+0.15 nC/Gy
20/500:  9.45+0.43 nC/Gy
30/500: 15.53+0.85 nC/Gy
50/800: 43.8+4.1 nC/Gy



It can be seen that there is a good agreement between theoreti-
cal and experimental results. The maximum error in experimental
determination amounts to 20%, 127 of which results from the
error of the fluence determination.
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