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1. INTRODUCTION

The dosimetry in mixed neutron gamma fields with the aid
of the optically stimulated luminescence (0SL) has some ad-
vantages in comparison with the thermally stimulated lumines-
cence (TSL) because during the optical evaluation of the de-
tectors the thermal stress is very low 173/ For that reason
an embedding of the luminophor material in hydrogen contain-
ing matrix substances is possible without problems.

For the calibration of dosimeters based on the 0OSL in mixed
neutron gamma fields the knowledge of the neutron sensitivity
m(E) of different detectors is necessary. This sensitivity
is defined as the ratio between the detector reading Q(E)
caused by an irradiation with neutrons of the enerpy E and
the neutron fluence ¢ according to equation (1):

m(E) =%—‘§l- ’ (1

For the theoretic determination of m(E) it is favourable to
separate the neutron sensitivity in different, independent
items:

m(E):mD(E) +M (E) t mA(E) *rmR(E), (2)

n,y
mp(E) is the sensitivity component caused by the interaction
of the primary neutrons with the phosphor atoms, i, ,(E) is
the sensitivity part, which is caused by secondary gamma rays
from the human body, my(E) is the sensitivity component in
consequence of the interaction of albedo ncutrons with the
detector material, and mg(E) is the component caused by char-
ged particles which come from the hydrogen containing radia-
tors. By using the gamma sensitivity of the detector related
to the absorbed gamma dose m’y one gets the neutron sensiti-
vity according to equation (3)745%/:

m(E) =m’y HD(E) + fn, y (E) + fA(E) + fR(E') L (3)

The items of the second factor are calculable frcm the inves-
tigations of the radiation transport. In this paper the in-
fluence of different detector parameters on the reutron sen-
sitivity of CaFy :Mn -polyethylene-0SL detectors are investi-
gated systematically. The components f(E) ,f; (E) and f,(E)
are independent of the detector arrangement. f%e influence of

the detector configura - fo,(E) is essen-
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tial. This component determines the neutron sengitivity in
/
the neutron energy range from O.1 MeV to 15 MeV "%,

2. SOME REMARKS ON THE CALCULATION OF THE NEUTRON
SENSITIVITY COMPONENT

The calculation of the component fg(E) was carried out
for a detector-radiator combination which is shown schemati-
cally in fig.!. The luminophor is embedded in a mixed radiator
which consists of polyethylene, and this detector element 1is
covered by a polyethylene (PE) contact radiator. The lumines-
cent material is CaFp :Mn,
The calculations are
simplified by using the
Il !I I‘ following assumptions:

r;e'U:FEQS' . A homogeneous,ordered
i distribution of the lu-
- minophor in the mixed
PE contact radiator radiator is supposed.

° 0% ° J0 2. The luminophor grains
.0.:.0.00.‘ CQFZZMI'\ are sp}}eres with a unit

099, °® mean diameter.
] 3. The CaFg:Mn grains

. PE contact radiator are placed space-centred
L J 1n cybic cells.

PE mixed
radiator

4. Only first collision

Fig.1. De - ator combi- \
g 2tector-radia effects are considered.

tion (schematic).

5. The luminophor grains are excited only by protons. Other
heavy charged particles which are also produced in the radia-
tor material, for instance alphas and carbon recoils, are not
considered. /87

The developed Monte-Carlo programme MIXRAD/83 has the aim
to calculate firstly the absorbed energy by passing of recoil
protons across the luminescent material and secondly the part
of the absorbed proton energy which is emitted as OSL light
during the evaluation process. A Monte-Carlo calculation of
the neutron histories is disadvantageous, because for the in-
vestigated detectors of thicknesses between 300 pm and 1 mm
only about | of 100 neutrons interacts in the radiator volume
Therefore the calculation of the in fact produced protons was
carried out. The mean effective energy of OSL per primary
neutron EOSL  was calculated on the base of the relationship

OSL _ OSL

Ep =P,y - B, : (4)

where P, is the probability of the neutron-proton interac-
tion in the investigated radiator field and E9SL  is the mean
value of the absorbed proton energy which is emitted as OSL
light. By considering only first collision effects the quan-
tity Py  is given by
p. - Mraa - Kat Na 'NAU (E)

el -

(5)

T

with m a4 as the radiator mass, Kg; as the stoichiometric
coefficient of hydrogen in the chemical compound polyethylene,
N, as the Loschmidt constant, M; as the molar mass of PE,and

o (E) as the interaction cross section for the elastic neutron-
proton scattering of neutrons with energy E . By calculating
the radiator mass only the part of the contact radiator is con-
sidered from which produced protons reach the sensitive space
cells of the detector element. The equipartition of the reac-
tion rate in the whole radiator is obtained by alloting x-,y—~
and 2z ~coordinates. Coordinates which are placed in luminophor
grains are not considered. By alloting the cosine of the scat-
tering angle of the protons in the laboratory system f the
proton energy Ep is given according to the expression

2
Ep=E'COSO (6)

with E as the energy of the primary neutrons. The distribution
functions of cos® and of the azimuthal angle are given by
the laws of the elastic scattering between neutrons and protons.
Altogether after these calculation steps the origin place, the
proton energy and the flying direction of the protons in the
radiator and luminescent material are determined well defined.
The slowing down of the protons in the different material; is
calculated with the aid of the computer programme sTopow’ "’
Results of the experimental determination of stopping power
values are compiled in’%’. v

By passing of a luminophor grain the absorbed energy AE
in the luminescent material is calculated according to equa-
tion (7)

AE =E}, —Ep,2 , (N

where Ej;y is the incident proton energy and E s is the exit
proton energy, respectively.

The OSL effective proton energy ESSL is obtained by multi-
p11caF10n of the energy difference AE with the so-called mean
relative light conversion factor iAE for the investigated ener-

. /8,9,10/
gy difference

OSL =
Ep =AE . nAE . (8)



But such relative light conversion factors for CaF, :Mn are
not available completely at present. For that reason mean re-
lative light conversion factors based on the LET conception
were used %11, The determination of the LET is shown in fig.?2
schematically. The mean relative light conversion factors for
protons were taken from °. The results of these calculation
steps 1s the expected value of the OSL effective proton energy
and its mean standard derivation. The mean received dose per
incident neutron & 1is then given by formula (9)

OSL
6=En /ml, (9)

is the luminophor mass of the detector.
The neutron sensitivity

my

component f (E) is accord-
ingly a function of several
parameters. Especially inte-
resting for an optimization
of the detector arrangement
is the influence of diffe-
rent detector parameters on
the component fg( E). These
detector parameters are the
e detector thickness, the

pi+l thickness of the contact
radiatar the nphasphnr con-
tent of the detector ele-
ment, the relative light
conversion factor of the

proton track

luminophor grain

a) b)

used luminescent material

Fig.2. D ) ’ LET . .
tg etermingtion for LE and the phosphor grain size.

in calculation.

3. SOME RESULTS OF THE SYSTEMATIC INVESTIGATIONS

For a given luminophor the relative light conversion factor
is a characteristic dosimetric property. In ®12/{¢ was shown
that for CaFy :Mn the mean relative conversion factor is less
than 1. By using other phosphors, for instance BeO , an in-
crease of the component fg(E) is possible, because relative
light conversion factors greater 1 could be expected 137

The influence of the other above-mentioned parameters on
the sensitivity part fr(E) was investigated tfor different de-
tectors experimentally and theoretically. The experimental de-
termination of the neutron sensitivity was carried out at three
different neutron sources:

4

' 1. (d,D) generator of the Dresden University of Technology
with a neutron energy of 3.2 MeV.
2. Cyclotron U~120 of ZfK Rossendorf. The mean energy of
the fast neutrons is 5.7 MeV.

. 3.(dT) generator of the Dresden University of Technology
with a neutron energy of 14.7 MeV. '

By using a two-detector-method and an individual calibration
0? the detectors the maximum error in experimental determina-
tion amounts to 21%, about 127 of which results from the error
of the neutron fluence determination.

Figure 3 shows the

4:10™ P experimental ﬁ dependence of the sen-
a » sitivity component fg(E)
Gyqu Ev14,7MeV . o on the contact radiator
310k . o 1 ‘thickness dg . The ob-
f (E) 1-____.4.. _——— 4 tained results have
, o confirmed the results
R 56 } ’35 E=57Mev 4 which were obtained for
.y' planar TL detector ra-
. T 1 1 i i diator combinations 14’ :
Ii 1] The highest neutron sen-
K E.32 . P . .
} Sltivity 1s obtained
o . ) . . if the range of the pro~
0 as 10 15 20mm 25 tons with the maximum
B energy is less than the
Gk cunLdct raaiacor cnick-

) ness. Therefore the fol-
Fig. 3. Dependency of the sensitivity lowing investigations
component fg(E) on the contact were carried out with a
radiator thickness dy contact radiator of

2.5 mm thickness.
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An essential influence of fp(E) can have the detector thick- Fable 2

ness dp. On this aspect different OSIL detectors which con- Calculated and experimental neutron sensitivity
tain 20 and 30 mass percent luminescent material were inves- components fp(E) for different neutron energies
tipated, respectively. The calculated results are presented by wvariation of the luminophor mass part of CaF, :
in fig.4 as function of the neutron energy. The neutron sen- Mn-PE-0SL detectors
sitivity component decreases with increased detector thickness
insignificantly. For high neutron energies the protons, which B detector TR(E) oa) TR (E) ey
are produced in the contact radiator, determine the sensitivity. in MeV 1n 10”17 Gy/en™
But only the higher space cells of the sensitive layer contri- - -
bute to the neutron sensitivity effectively. For smaller ne- 14,7 CaP,1Ma-PE (10) 3185 18 I Or41
utron energies protons, which are produced in the mixed radia- Ca?y1Ma-PE (20) 2076 3169 : O’Mi
ter are important. But this part is independent of the detec- CaF, :#n-PE (30) 3,56 3,61 20,42
tor thickness, because only first collision effects are con- 5e7 CarF,1Mn-FE (10) 2443 2,55 £ 0,33
sidered. CaF,1Mn-PE (20) 2,27 2,39 ¥ 0,36
For checking the general validity of the calculated results (CaF,1ia-PE (30) 2,18 2,30 ¥ 0,30
measurements of the neutron sensitivity were carried out. The 3,2 CaP,1Mn-PE (10) 1,39 1,46 ¥ 0,23
obtained results for different OSL detector radiator arran- CaP, :¥n-PE (20) 1,26 1,22 ¥ 0,23
sements are given in tab.l. It can be seen that there is a CaP,:Mn~PE (30) 1,25 1,28 ¥ 0,22
good asreement between theoretically and experimentally de-
termined values. The experimental neutron sensitivity compo-
nents are mean values of 20 detectors. * Detectors of thickness of 1000 pm and a luminophor grain
size of 35 pm were investigated. The values in brackets des-—
Table 1 cribe the luminophor mass part of the detectors.

Calculated and experimental neutron sensitivity
components [ (E) for OSL detectors by variation
of the detectar thicknace (ng—hgr Antnnbsw

CULCY paraincicr o

grain size = 20 um, luminophor mass part = 30%) perimentally determined values is also good. These results

show, that the use of detectors with a small luminophor con-

heu tron detector thick- T fR(E)exp tent 1is f(?vourable. The detegt(')r'which contains:, 107 CathMn
onersy ness 1 1071 Gy/en has the hlg';hest r?eutron sensitivity. But the differences to
n MeV in ,um ) the other investipated detectors are no more than about 107,
4 The use of luminophors with different grain sizes has ef-
14,7 1000 3,67 3,75 £ 0,39 fects to the dosimetric properties of TL detectors. FACEY
500 3,78 3,83 T 0,45 et al.”!'"have shown that an embedding of fine-grained CaS0:Dy
100 3,92 3,80 1 0,43 TL matrial in silicon rubber raises the neutron sensitivity.
5,7 1000 2,31 2,45 £ 0,40 This effect is dependent on the nmeutron energy. Particularly
500 2,28 2,40 £ 0,34 at lower energies the improvement of the component fR(E) is
100 2,51 2,46 ¥ 0,37 important. The relative improvement is little or none at
3,2 1000 1,42 1,61 £ 0,30 14 MeV, where the proton range greatly exceeds the diameter
500 1,43 1,65 £ 0,37 of even the largest luminophor particles. For that reason
100 1,54 1,62 1 0,27 OSL detectors with a thickness of 500 um and a luminophor
content of 207 were investigated by variation of the lumino-
phor grain sizes. The results are represented in fig.5. As
would be expected, the influence of the different grain sizes
The luminophor mass part influences the dosimetric proper- on the neutron sensitivity component fg(E) is insignificant
ties of luminescent detectors/!518/ The investigation results in the energy range from 7 to 15 MeV. The relative differences
for OSL detectors which contain different luminophor contents are no more than 8%. For neutron energies below 7 MeV the
are compiled in tab.2. The quantity in brackets describes the neutron sensitivity increases by using very fine-grained CaF,:Mu.

luminophor content. The agreement between calculated and ex~

6 7




#ig.5. The influence of diffe-
rent grain sizes on ‘the ne-

utron sensitivity component
fRE) .

546" T . T T T
Gyfc m?2

Detectors based on coarse-
grained CaFg phosphor are

deLm - // 71 markedly less sensitive than
,fi fing—gra%ned luminescent ma-
) terials in the lower energy
F | range.
2 Moreover the neutron sen-

sitivity was determined for
different grain sizes expe-

" rimentally. A comparison of
V// $?%%i: calculated and experimental
2=~ 20um ] results is given in tab.3.
- 1 | ?‘“”T ZZ; errors for tbe.e¥p?rimen—
ie S vt neutron sensitivities
E amount to about 10 to 21Z.

. ' The fractional standard de-
rivation of the calculations is less than 3.5%. The highest
neutron sensitivity is obtained for detectors with a grain
size of 5 pum.

Tl ‘e o
Influence of the luminophor grain size on the calculated
and experimentally determined sensitivity components

fr (E) (used detectors: thickness = 500 um, luminophor
mass part = 207%) ’

E grain size £.(8) )
in MeV tn ua R cain oy R‘/ xp
G /em ™.
14,7 5 3,74 3,84 if;o,uT
15 3,82 3,7 -+g’43
20 3,87 3,91 % 0,41
35 3,73 3,82 % 0,15
5,7 5 2,48 2,59 % 0,75
15 2,39 2,45 £ 0,33
20 2,33 2,39 £ 9,55 |
| 35 2,25 2,3¢ ¥ 0,32
. - 0
! | / 1,63 1,67 T 4,20 |
i 15 } 1,54 1,60 %
< 1,5¢ 1,48 %
. - 1,31 .

4. FINAL REMARKS

Finally the results of the systematic investigations of
the influence of different detector parameters on the neutron
sensitivity component fp(E) of OSL detectors will be summari-

zed once more:

The detector thickness, the luminophor content, the

phosphor grain size as well as the contact radiator thickness
influence the absolute values of the neutron sensitivity com-

ponent.

By using a contact radiator of 2,5 mm PE the highest ne-

utron sensitivities were obtained for all neutron energies in
the range from 0.1 to 15 MeV,

3. The influence of the detector thickness on fR@D is

little or none for the investigated detector thicknesses.

4. The phosphor content of the OSL detectors has an effect

to the component fp(E) . The best results were obtained for
detectors with a small luminophor content.

5. An important influence on fp(E) has the used luminophor

grain sizes. Detectors based on very fine-grained luminescent
material have the highest neutron sensitivity for fast neut-

rons.
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