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1. INTRODUCTION 

So far some authors have tried to enlarge the low neutron 
sensitivity of TL detectors by using hydrogen containing radi­
ators (e. g., /1-5/ ) . It could be shown that very thin TL detec­
tors combined with hydrogen containing radiators are especially 
convenient /6/. In /7-10/ a procedure was presented for the cal­
culation of the neutron sensitivity of TL detectors. In it a 
special consideration was given to combinations of detectors 
and radiators with a high hydrogen content. 

For checking the general validity of the calculation method 
measurements of the neutron sensitivity are required for diffe­
rent radiator-TL-detector combinations (different luminophors 
and detector thicknesses). In the given paper these investiga­
tions were carried out for planar radiator-detector arrange­
ments under free-air conditions, because the influence of hydro­
gen containing radiators is more dominant in this case. 

2. EXPERIHENTAL AND HETHODS 

The radiator-detector combinations investigated have been 
arranged in such a manner that a detector disc is covered by a 
radiator disc and that neutrons at first have to pass the radia­
tor. As radiator for all irradiations polyethylene discs with 
a thickness of 2.5 rnm were used. Investigations were made for 
the following detectors: 

1. CaS04 : Dy (prepared according to the method of Yamashita 
et al. /11/; thickness of the TL layer 40 ~m). 

2. CaF2: Hn (luminophor S 28 of VEB Leuchtstoffwerke Bad Li­
ebenstein, DDR; thickness of the TL layer 40 ~m) and 

3. hot pressed 7LiF chips (TLD 700 of H/S Harshaw Chemicals 
Ltd. Ohio, USA; dimensions 3.18 x 3.18 x 0.89 rnm3). 

The thin detectors (1. and 2.) were produced by spraying the 
luminophor onto an aluminium disc (300 ~ thick, diameter 
7.5 rnm) wetted with a temperature stable glue. The irradiated 
detectors were evaluated with a TL reader NHZ-203/12/. 

The TL light is detected by a low noise EMI 9844 B type pho­
tomultiplier tube. As detector reading the integrated light 
current between the temperatures T1 and T2 was used. ~ for all 
three luminophors was 100°C, T2 for CaS0 4 : Dy and 7LiF was 280°C; 
and for CaF2 : Hn,320°C,_!"espectively. The heating rate was 4 Ks-1 
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in all cases. The neutron sensitivity m(E) is defined as the 
ratio 

m(E) = M(E) 
<I> 

with M(E) as the detector reading caused by neutrons of the 
energy E and <I> as the neutron fluence. 

(I) 

Since in experimental determination of the neutron sensiti­
vity there is not only neutron but also gamma radiation one has 
to eliminate the influence of these gammas. Therefore the gam­
ma component in the different radiation fields was determined 
by a relative neutron insensitive TL detector (CaF2:Mn­
PTFE; quantities referring to this detector are marked with*). 
Then for the detector readings of the radiator-detector combina­
tion and of this CaF2: Mn- PTFE there follow the equations 

M = m' D + m(E)<I> y y 

and 

M * = m '* (J.LE I P )* 
y (J.LE /p) Dy + m(E)* <I>. 

(2) 

(3) 

Here ILE/p is the mass energy absorption coefficient; m'*, the 
gamma sensitivity of the detectors related on the absorbed gam-

" .. ..... • ... .. 1 .. .. ... ... • 
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red with the radiator-detector combination. By solving the equ­
ation system (2) and (3) one gets the neutron sensitivity m(E), 
m(E)* is calculated 113,141. Possible incorrectness has nearly 
no influence on m(E) because of the term m(E)*. <I> in eq. (3) is 
only a small correction. 

The experimental determination of the neutron sensitivity 
was carried out at three radiation sources: 

I. (d, D) generator of Technical University Dresden (E = 
3.2 MeV), 

2. cyclotron U-120 of ZfK Rossendorf (mean energy of fast 
neutrons E = 5.7 Mevi1SI) and 

3. (d, T) generator of Technical University Dresden (E 
14.7 MeV). 

Fluences were measured with the aid of semiconductor , moni­
tors, ionization chambers and solid state nuclear track detec­
tors, respectively. During the irradiation all radiator-detec­
tor combinations were encapsulated in PTFE holders. 

Since in the radiationfields investigated the gamma energies 
were > 200 keV for the gamma sensitivities, the values for 60Co 
gamma radiation could be used. 
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3. THEORETICAL DETERMINATION OF THE NEUTRON SENSITIVITY 

According to the calculation procedure given inl71 the neut­
ron sensitivity is divided into two independent components (va­
lid for free-air conditions) 

m(E) = m0 (E)+ mR (E), (4) 

m0 (E) is the sensitivity component caused by the interaction of 
neutrons with the luminophor atoms and mR(E) is the component 
caused by secondary particles (mainly recoil protons) which co­
me out from the radiators. As is shown inl71 the calculation is 
independent of the evaluation equipment implasedl71 by using 
the equation 

m(E) = m; . [f 0 (E) + f R (E)]. (5) 

The component fo(E) for the corresponding luminophors was taken 
from 113,14,161. The component fR(E) was calculated with the 
computer programme TLY /82 117 I. Compared with 17 I there is a bet­
ter accuracy by using more precise values for the stopping po­
wer based on new stopping cross sections and- ranges for the re­
coil protons (computer programme STOPOW/831181) on the basis 
of ZIEGLER 1 s and AHLEN' s treatments 119,201. 

4. RESULTS AND DISCUSSION 

The calculated and experimentally determined neutron sensit1-
vities of the three radiator-detector combinations under inves­
tigation are given in the table. There is good agreement between 
calculation and experiment. The experimental error contains the 
error of the detector reading (about 3%), the error of the gam­
ma sensitivity (about 5%) and the error Qf the fluence determi­
nation (about 10%). From the results obta.ined it can be conclu­
ded that the calculation procedure gives precise neutron sensi­
tivities in the energy range from I to 15 MeV both for thick 
and for thin TL detectors in combination with hydrogen con­
taining radiators. 

The computer programme TLY/82 allows the calculation of sen­
sitivities of detectors combined with hydrogen containing radi­
ators in slab geometry. For more complicated geometries the 
Monte-Carlo programmes are necessaryl21l. 
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~ellllHHrep I'J., XeHHHrep tl., XI06Hep K. 
JKcnepHMeHTallbHOe H TeOpeTH4eCKOe onpeAelleHHe 4YBCT8HTellbHOCTH 
K 6biCTPbiM He.-oTPOHaM pa311H4Hblx KOM6HHaUHH TnA c paAHaTopaMH 

E16-83-800 

B npeAbiA~el1 CTaTbe npH&eAeH cnoco6 8bi4HClleHHA 4YBCT8HTenbHOCTH K 
HeHTPOHaM KOM6HHaUHH paAHaTop-Tn-AeTeKTOp . .!InA npoaepKH ~eH Cnpa8eA11HBOC­
TH MeTOAa 8bi4HClleHHH Tpe6yeTCA 3KCnepHMeHT . Pe3yllbTaTbl AllA caso.:Dy,CaF~ :Hn 
H 

7
liF 8 KoM6HHaUHH C paAHaTopaMH H3 nOJ1H3THlleHa HaXOAATCA 8 XOpOWeM COrna­

CHH C BW~HcneHHWMH aenH~HHaHH . 

Pa6oTa 8blnonHeHa a 0TAene paAHaUHOHHOH 6e3onacHOCTH H paAHaUHOHHbiX 
HccneA08aHHH OH~H . 

Coo61t,eHHe 06l.eAHHeHHoro HHCTHTyra RAePHwx MccneaoaaHMH. lly6Ha 198} 

Fellinger J., Hennlger J., HUbner R. E16-83-680 
Experimental and Theoretical Determination of the Fast Neutron 
Sensitivity of Different Radiator Tl Detector Combinations 

In the previous paper the calculation procedure of the neutron sensiti­
vity of radiator-Tl-detector combinations was given . for ~hecking the gene­
ral validity of the calculation method measurements are required. The results 
for CaS04:Dy, CaFz:Hn and 7Lif combined with polyethylene radiators are In 
good agreement with the calculated values . 

The investigation has ·been performed at the Department of Radiation 
Safety and Radiation Researches, JINR . 
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