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Summary

The general properties of the thermoluminescence of CaSO.:Sm.

have been investigated. The luminescent emission lies in the region

4, 000 - 6, 200 Å with narrow bands at 5, 600 and 5, 900 Å. The glow

curve has the main peak at 400 °C and a smaller one at 95 °C. The

fading of the thermoluminescen.ee signal in the former peak is negli-

gible at temperatures up to 200 °C. The light yield of the 400 °C

emission is 0. 3 % at small exposures and increases to 1.5 % at

10, 000 R. Saturation occurs at about 30, 000 R. The variation of the

sensitivity is interpreted as being caused by a generation of new

traps.

It is concluded that CaSO^Sm provides a good basis for gamma

dosimetry at high temperatures. It can be used up to somewhat

above 200 C without corrections for the influence of the irradiation

temperature. It may be used up to 300 C if the exposure times are

restricted and corrections are applied. Because of the high readout

temperature needed, the emission of incandescent light is a severe

background component. The system described cannot be used for

the determination of exposures less than about one roentgen.

Printed and distributed in December 1964
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1. Introduction

A rich variety of luminophors with possible or already estab-

lished applications are now available for thermoluminescence

dosimetry. These luminophors have some properties in common,

e. g. the signal or the sum of thermoluminescent light saturates

after about 10 R (roentgens). However, many characteristics of

interest in dosimetry vary greatly between the luminophors. This

implies that one thermolumine scent substance often meets the re-

quirements in a special measuring problem much better than

others. For instance, L.iF is well adapted for use in medical

radiology, since the response has a small dependence on the photon

or electron energy when related to the dose in tissue (1). CaSO,:Mn

has a high sensitivity to ionising radiation and its thermolumine-

scence signal can be evaluated without serious background disturb-

ances. This makes CaSO.rMn suitable for measurements of small

exposures (2). Spurny suggested the use of CaSO.iMn as an emerg-

ency dosimeter for gamma radiation, exploiting the limited thermal

stability of the signal of CäSO :̂Mn, which usually is a drawback (3).

The variety of the luminophor properties seems to be one of the

advantages of the thermoluminescence dosimetry technique.

CaSO,:Sm is one of the thermoluminophors that have been pro-

posed for dosimetry. Compared to other luminophors, the charac-

teristic property of CaSO .:Sm is the high thermal stability of the

signal, which is suggested by a high temperature for the main glow

peak. Peter (4) reports that this lies at 300 °C. This is one of the

highest glow peak temperatures reported for a luminophor investi-

gated for dosimetry. The well-studied CaF,:Mn and also LiF have

their main peaks at about 250 C (5, 6). For specially prepared

L.iF other figures have been reported (7).

This report deals with the experience we have obtained when

studying some of the properties of CaSO :̂Sm of interest in dosi-

metry. The purpose of our work was to investigate if CaSOA:Sm
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could be used for gamma dose measurements at 200 - 225 C.

Krasnaya et alii (8) suggested a similar use of CaSO ,:Sm but

at considerably lower temperatures.

CaSO.:Sm also shows radio-photoluminescen.ee, i. e. irradi-

ated powder luminesces when illuminated with ultraviolet light.

This effect might be used for dose measurements, but our experi-

ence is that it is inferior to the thermoluminescence technique

because of more severe difficulties in controlling the background

phenomena during the evaluation of the signals. Using a slightly

modified apparatus for photoluminescent glass dosimetry mea-

surements with CaSO.tSm were not possible below 100 R be-

cause of reflected light from the surface of the powder sample.

2. Experimental

2. 1. Preparation of the CaSO * :Sm

Because of the well-known difficulties in reproducing lumi-

nophor properties from one laboratory to another, our method

for preparation of the CaSO,:Sm will be described in detail. This

is especially important since our CaSO r̂Sm has a glow peak at a

considerably higher temperature than previously reported and

since the reason for this has not been revealed. In principle, our

method of preparation agrees with that used by Peter (4).

A certain amount of samarium nitrate was mixed with

CaSO . • ZVL O powder. Normally the activator concentration was
+3

approximately 2 mole percent of Sm . Water was added, and the

slurry was left at room temperature for about 16 hours. The

water was driven off at about 80 C and the residual dry material

was placed in an open laboratory oven and maintained at 1, 000 C

for 3 hours. After rapid cooling, the powder was passed through

a sieve with 0. 04 mm mesh width.
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The calcium sulphate was of pro analysi purity. According to

the manufacturer, E. Merck AG, Darmstadt, it contained less

than 0. 002 % heavy metals, 0. 001 % iron and 0. 2 % alkaline metals

and magnesium. The samarium nitrate contained 99. 9 % samarium

nitrate with impurities of gadolinium, neodymium and europium,

according to an analysis, made by the manufacturer.

We have not investigated completely the influence of various

preparation variables on the characteristics of the thermolumi-

nescence, since our immediate purpose was to obtain a lumino-

phor with acceptable sensitivity and thermal stability. From our

experience, the activator concentration in the interval 0. 1 - 5 %

had no radical importance for the sensitivity to ionising radiation.

CaSO4 without samarium but otherwise prepared as described

above shows a negligible thermoluminescence compared to that of

the powders with samarium added. At low activator concentra-

tions the glow curve showed three peaks. The middle one was the

smallest and decreased further when the activator concentration

was increased to about one percent.

Some experiments were made in order to increase the sensi-

tivity of the luminophor to ionising radiation by using the hydroxide

of samarium instead of the nitrate. The difference was too small

to be significant. No other experiments have been made in order

to study the influence of varying the constituents in the prepara-

tion. With the method and materials described, the properties of

the CaSO> :Sm have been well reproduced in different preparations.

2. 2. Luminophor samples and readout apparatus

In the experiments described below we have generally worked

with samples of loose powder, packed in small brass tubes for the

irradiations. 360 mg CaSO, :Sm were added to each tube by means

of a special spoon.
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The readout apparatus consisted principally of a heating

arrangement and a photomultiplier as light sensitive device. For

measurement of the thermoluminescent light, the luminophor

powder was poured on to a planchet. This was made of Kanthal,

an alloy of high electrical resistivity. The planchet was then in-

serted in the apparatus, and an alternating current was passed

through it, heating the planchet and the powder. The heating

current was normally held stepwise constant so the various glow

peaks of the CaSO.:Sm could be separated (cf. figure 2). The area
2

of the planchet covered with powder was 3. 2 cm , but only the

thermoluminescent light that passed through a 1 cm square aper-

ture near the sample was detected by the photomultiplier.

The photomultiplier was an EMI type 6097 S, normally

equipped with an interference filter to minimise the contribution

from the incandescent light emitted from the heated powder and

planchet. The filter had a maximum transmission of 21 % at

5, 950 Å (cf. figure 3) and was a type DAL, filter, made by Schott &

Gen. The anode current from the photomultiplier was amplified and

recorded. The thermoluminescence signals were evaluated as the

areas under the peaks on the graphs.

When we measured glow curve and emission spectrum, the

planchet and the loose powder could not be used but were replaced

with a sample in which the powder was fastened to a Kanthal strip

with a silicone resin in a 0. 5 mm thick layer. For the temperature

measurement in the glow curve registration, a thermocouple of

0. 1 mm diameter wires was placed in the layer. These strips were

heated in the same arrangement as described above.

The irradiations were made either with precalibrated "point11

, „ 137 , ~ 60 * ! _ • • ! _ r- 60

sources of Cs and Co or, for high exposure rate, m a Co

gamma irradiation cell giving 100 R/s. After the irradiation the

samples were as a rule stored at room temperature for an hour.
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2. 3. Zeroing and precision

In the investigations, we have zeroed the powder before use

by maintaining it at a temperature of 550 C for at least 30 minu-
-4

tes. Less than 10 of the signal associated with previous irradi-

ations remains after this treatment. "When small exposures were

to be measured, special precautions were made in the zeroing

process to minimise the spurious luminescence (section 3. 6. ).

The precision or short-time reproducibility was determined

by measuring the signals from a set of luminophor samples ex-

posed to equal doses. When the background phenomena can be

neglected the standard deviation in such a series of measurements

was less than 4 %. The weight of powder in the samples, taken

with the spoon, had a standard deviation of 1 %. Consequently,

the method for measuring the sample volumes is satisfactorily

accurate in view of other sources of error.

Long time vax-iations in the measuring apparatus were com-

pensated for by adjusting the photomultiplier sensitivity so that

the signal from a small luminescent light source was constant.

3. Results

3. 1. Glow curve

The glow curve of the CaSO ,:Sm was measured with a sample,

exposed to 1, 500 R. The heating rate was 2 °C/s and held con-

stant by manual regulation of the heating current. The glow curve

consists of two main peaks with maxima at 95 and 400 C, as is

shown by figure 1. The temperature inhomogeneities within the

sample can be expected to have broadened the peaks, but would not

have strongly influenced the peak temperatures since the tempera-

ture was measured within the sample, not on its surface. The un-

certainty in the glow peak temperatures has been estimated to be

i 5 and ~t 20 C respectively.
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At about 150 C there is a trace of a peak, which is the one

that was suppressed by increasing the activator concentration

(section 2. 1. ).

The glow curve of irradiated CaSO. :Sm varies with the dose.

Figure 2 shows the light emission curves after three different ex-

posures, 500 R, 7, 000 R and 26 MR, when the samples were

heated with a stepwise constant current. The first half of each

of these curves represents the emission from the 95 and 150 C

glow peaks. Evidently, the ratio between these two peaks varies

with the dose and in such a way that the 150 °C peak is visible

after 500 R and 26 MR but not after 7, 000 R. This variation can

be explained by the assumption that new traps are generated in

the energy interval responsible for the 95 C peak, while the traps

giving rise to the 150 C peak are constant in number. Starting

with both peaks visible, the 95 C peak will soon dominate as the

dose increases. At high doses, the 95 C peak becomes saturated

faster than the other, which again shows up. The dominance of

the 150 C peak after 26 MR is, however, exaggerated because

of an increase of temperature in the irradiation cell.

The parts of the curves to the right in figure 2 represent the

high-temperature emission. Also here, a component above the

main peak at 400 C is visible after the lowest and the highest

dose. The interpretation is in this case the same as for the low

temperature emission. This hypothesis that new traps are gene-

rated is supported by the shape of the dose response curves, sec-

tion 3. 4.

In this connection it must be pointed out that the heating pro-

cedure used when recording the curves in figure 2 is representa-

tive for the normal way of heating in this investigation. The signals

measured have been the areas under the two different halves of the

curves, and these values are called "the signal in the 95 C (or

400 C) peak". But strictly speaking, there are in these signals
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contributions from the two smaller peaks at 150 C and

above 400 °C.

The measured glow peak temperatures are compared to those

reported by other investigators in table 1. Our results agree with

Table 1

Glow peaks of CaSO .;Sm (main peak underlined)

Investigator Heating rate Glow peaks, C

Peter (4) 0. 6 °C/s 100 (150) 220 _3££

Krasnaya et alii (8) 40 °C/s 65 120 20£

This investigation 2 °C/s 95 (150) 400(>400)

those of Peter (4) but for the last peak, which however in both

cases is the largest one. For our luminophor it occurs at a con-

siderably higher temperature. The reason for this has not been re-

vealed. As mentioned, the different activator concentrations tried

had no effect on the temperature of the peaks.

3. 2. Emission spectrum

The spectrum of the thermally stimulated phosphorescence of

CaSO^:Sm was measured with a spectrophotometer (Zeiss, type

PMQ II). The analysed light was emitted by a luminophor sample

exposed to about 25, 000 R, which was heated in front of the slit

of the spectrophotometer. The measurements were made at two

different temperatures, about 70 and 320 C, which were chosen

to give spectra representative for the two different glow peaks.

Corrections were made for variations in the spectral sensitivity

of the apparatus.

The emission spectrum, figure 3, shows two peaks at 5, 600

and 5, 950 A. At the higher temperature light with wavelengths
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down to 4, 000 A is emitted. According to measurements with

interference filters this emission is present also in the 95 C

glow peak but is not emitted until the temperature is above

100 C. The total width at half maximum height does not exceed

250 A for the peaks, which are relatively narrow compared to

the emission peak for CaSO4:Mn (9).

Krasnaya et alii (8) found three narrow bands at 5, 600, 5, 900

and 6, Z00 Å with the intensity ratios 1:43:56. The last band was

not observed in our thermoluminescence spectra but is present

as radio-photoluminescence emission under ultraviolet illumina-

tion. The wavelength of maximum emission was in this case mea-

sured as 6, 150 Å. Przibram reported (10) 6, 190 Å for the photo-
i 7 4.7

luminescence of Sm ions in CaSO., the Sm ions being created,
+ 3as in our case, by irradiation of CaSO < with Sm ions added in

the preparation.

The thermoluminescence emission spectrum was essentially

the same for a luminophor prepared with 0. 2 % and 2 % samarium.

The difference between our result and that of Krasnaya et alii (8)

is consequently not a simple effect of samarium concentration.

The light yield of our CaSO>:Sm was compared to that of the

previously studied CaSO4;Mn (9) under identical conditions. The

result was that the emitted light in the glow peak at 400 C re-

presents 0. 8 % of the energy absorbed from the ionising radiation.

The low temperature glow peak contains about l/3 of this or 0. 3 %.

Totally, the CaSO.:Sm emits about 0.2x10 photons per gram

and roentgen of Co gamma radiation. The response of CaSO.iSm

is not proportional to the exposure (section 3. 4. ), which is why

this figure is valid only at the exposure used, 1, 000 R. The yield

is 0. 3 % at small exposures and then increases in a "superlinear"

way to 1.5 % at 10, 000 R, as can be calculated from the value mea-
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sured at 1,000 R and the variation of response with the dose

(cf. figure 5).

3.4. Dose and dose rate dependence of the signal

By measurements at room temperature with exposure rates

from 10" to 10 R/s it was established that the sensitivity of

the thermoluminescence in the 400 C glow peak is not affected

by the dose rate in this range. For the low temperature glow peak

a small effect was found which was consistent with the limited life

of the metastable states.

The signal is proportional to the dose only for small exposures,

less than about 100 R. Above this it increases faster for both main

glow peaks, as is shown by figure 4. Finally the usual saturation

occurs. This "superlinearity" in the intermediate dose range has

characterised all the CaSO4:Sm powders we have prepared. Neither

the CaSO.:Sm of Peter (4) nor that of Krasnaya et alii (8) showed

this effect. It has been observed for other luminophors, e. g. by

Cameron et alii for LdF (6) and by Archangelskaja et alii for

CaSO4:Mn (11).

In figure 5 the experimental values for the sensitivity, i. e. the

signal per unit exposure, are plotted against exposure. The increase

of the sensitivity cannot be explained by the simple assumption that

a sample has a constant number of traps and of luminescence centres,

which we used for CaSO.:Mn (9). However, the effect may still be

interpreted in terms of the usual electron trap model, if it is assum-

ed that new traps or new luminescence centres are created by the

ionising radiation. Since the glow curves alter shape when the dose

increases (section 3. 1. ) it is reasonable to assume the possibility

that new traps are produced. The increase in sensitivity by a factor

5 implies that the number of newly created traps must exceed that

of the original ones considerably. These new traps are not perma-

nent but can be destroyed by heating. This follows from the fact that
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the sensitivity of irradiated CaSO.'.Sm returns to the original

value when the powder is zeroed.

Suppose that the number of traps in a sample is N and in-

creases from an initial value N before the irradiation towards
o

a limiting value N at a rate proportional to the number of

centres that remain to be activated as traps, N - N. This

gives a differential equation for the number of traps in the

sample

(1)

where D is the dose (or the exposure). The parameter b can be

interpreted as the fraction of latent trapping centres that are

activated per unit dose. The number of electrons that are trapped

per unit dose is proportional to the number of empty traps, N - n,

= a (N - n) (2)

Here n is the number of filled traps. The parameter a is the

fraction of available empty traps filled per unit dose. The equa-

tions (1) and (2) neglect that traps may be emptied or destroyed

thermally during the irradiation. At room temperature, this is

a reasonable simplification. The solution for n of this system

of equations is

n =
1

a - b
(aNx-aNo)(l-e-bD) - (bNx-aNo)(l-e-aD) (3)

When no new traps are created during the irradiation, i. e. when

N = N , this expression is simplified to

(4)
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To adapt expression (3) to the results of the measurements

and determine the parameters a, b and N /N , calculations were

made based on

a) the saturation value of the signal Q for large exposures D;

b) the limiting value of Q/D for small D;

c) the increase in Q/D for small D;

d) the maximum value of Q/D for a certain D.

The values of the parameters obtained in this way are presented

in table 2.

Table 2

Parameters of the dose response of CaSO^rSm

Parameter 95 °C peak 400 °C peak

a = fraction of available empty , ~ i r . -5_- l nSL 1r,-5_,-l
. r-n j .. v y 6. 5 x 10 R 75 x 10 R
traps filled per unit exposure
b ^fraction of latent trapping Q> 6 4 1 Q - 5 R - 1 2 < 4 x l 0 - 5 R - l
centres activated per unit exposure
N /N = ratio of maximum to initial

x , ° , . 60 200
number oi traps

The curves in figures 4 and 5 are drawn in accordance with the

formula (3) and the parameter values in table 2. The agreement

between the experimental points and the calculated curves shows

that the assumed model well represents the experimental results.

The uncertainty in the parameter values is nevertheless considerab-

le. It has been estimated to t 20 % in a and b and to about t 50 %

in the ratio N /N .
x' o

During the course of this investigation, a progress report

was published by Zimmerman et alii (12) which treats the same

problem in a preliminary way. With minor differences, these

authors use the same model to explain the superlinearity of the

dose response of LiF.
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3. 5. Thermal stabilityof the signal

3. 5. 1. Fading of the signal after irradiation

The thermoluminescence signal fades after excitation as the

metastable states recombine. When the process obeys the so

called first-order kinetics, the probability that an electron leaves

a trap per unit time at a temperature T ( K) is

-E/kT /cx
p = s e ; (5)

The probability p depends upon two parameters, characterising

the trap, namely the trap depth E and the "escape frequency" s.

In eq. (5), k is Boltzmann^s constant. If all traps in the sample

were of equal depth E5 the number of filled traps would decay as

n = n e~" (6)

and so would the thermoluminescence signal that could be read

after a time t.

Experiments show that eq. (6) does not describe the fading

of the thermoluminescence o£ Ca.SO.:Sm, which generally can be

approximated with an expression of the type

where the parameters & and m vary with the conditions during the

irradiation and the subsequent storing. This is exemplified in

figure 6, which shows experimental values for the fading of the

low temperature glow peak at 25 C and the high temperature

peak at 300 C. The curves in this figure are calculated from

eq. (7) with (J> and m chosen to give the best agreement with the

measured data.
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Medlin has shown (13) that the phosphorescence of a lumino-

phor where the traps are distributed in energy according to a

Gaussian function and follow the first-order kinetics implied by

eq. (5) decreases in accordance with eq. (7). Our measured

values are too few and of insufficient precision to be compared

with Medlings model, but we have observed qualitatively the vari-

ations with the irradiation and storing variables that can be ex-

pected from it. Medlin's calculations are made for phosphore-

scence but they can be used for thermoluminescence if the ther-

moluminescence signal Q and the phosphorescence emission I

are related by the simple equation

T - d Q (R\

It was experimentally verified that this is the case for the 95 C

peak, but no measurements of this kind were made for the

400 °C peak.

Because of the qualitative agreement between our experimen-

tal data and the calculations made by Medlin (13), it is reasonable

to assume that the CaSO.rSm thermoluminescence follows first-

-order kinetics, while the observed decay of the type in eq. (7) is

a result of a broad trap distribution in energy, which also causes

variations of m with irradiation temperature and other variables.

These variations are then further complicated by the generation

of new traps. '

The fading rate increases with the storing temperature. This

was investigated for the 400 C glow peak in the temperature range

200 - 400 C. At 200 °C no loss in the signal was found for times

up to 30 days. Above this temperature the parameter m increases

linearly with the temperature as is shown by figure 7. This linear

increase agrees with the behaviour predicted by Medlin's calcula-

tions (13). All these samples were exposed to the same dose
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(2, 000 R) at room temperature and thus the effect should not be

influenced by the production of new traps.

The influence of these new traps becomes visible when the

fading is studied after different exposures. After irradiations at

room temperature, the parameter m at 300 °C was found to be

0. 2 for 500 R exposure, 0. 28 for 2, 000 R, 0. 4 for 50, 000 R and

then smaller at still higher exposures when saturation practically

is reached and only the secondary peak above 400 C grows. This

behaviour of m with increasing dose agrees with what can be ex-

pected from the variations in the glow curve (section 3. 1. ).

In the experiments described above, the irradiations were

made at room temperature, after which the samples were stored

at the elevated temperature. If the irradiation is made at a tempe-

rature such that the recombination of the metastable states cannot

be neglected, the fading will be influenced by the irradiation tempe-

rature and also by the irradiation time and the dose. For instance,

after an exposure to 2, 000 R at 22 C the value of m when the

samples are stored at 300 C is m = 0. 28. If the experiment is

repeated but with 300 °C during the irradiation, the value is m =

= 0. 14 as was determined from measurements during the first

16 hours. The exposure rate in this experiment was 100 R/h.

The values on f> determined from the measurements described

above are too uncertain to be reported individually but lie around

0, 1 hour.

3. 5. 2. Influence of the irradiation temperature on the sensitivity

The sensitivity of the thermoluminescence in the 400 C glow

peak can be expected to be independent of the irradiation tempera-

ture up to 200 C, since the signal does not show any fading at

these temperatures (section 3. 5. 1. ). This was also verified by

experiments, and the curves for this peak in figures 4 and 5 are
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valid for temperatures up to 200 C, though determined at

room temperature.

If we want to use CaSCKiSm at higher temperatures, which to

some extent is possible, the influence of the recombination of

metastable states on the practical sensitivity must be considered.

It is not easily calculated from the data determined in sections

3. 4. and 3. 5. 1. since the problem is complicated by the broad

energy distribution of the traps and by the creation of new traps.

Sufficient agreement between the calculations and the measure-

ments resulted when the equation system (3, 4) was modified by

taking into account the recombination of metastable states while

the other complications were neglected. The differential equa-

tions (1) and (2) are replaced by

- ^ = aR(N - n) - pn (9)

- N) (10)

The solution of this system for n is

n =
 a g J (aR+ p )(N - N )(1 - e"bRt)

(aR+ p)(aR + p - bR) ] x r /x x o / v '

-bRNx)( l - e - < a R + P M (11)

Some calculations of the sensitivity have been made, using

eq. (11). The values on a, b and N /N determined in section

3.4 were used» It is more difficult to get a reasonable value for

p, since the introduction of p fundamentally assumes a mono-ener-

getic trap distribution which is not present. A rough value for p

was taken from the decay curve (section 3. 5. 1. ) for the appropri-

ate temperature as p = In 2/tj_. Here ta is the time for the signal
2 2
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to decrease to half of its original value when stored at the ele-

vated temperature after an irradiation at room temperature. The

decay curves for an exposure of 2, 000 R were used.

In this way the ratio of the signal at the elevated tempera-

ture to that at a temperature when p = 0 was calculated. The re-

sulting relative sensitivity is shown in figure 8 for 300 C and

the exposure rate R = 100 R/h. The same quantity was measured

by irradiating samples at 300 C and 22 C under otherwise iden-

tical conditions. The experimental values are included in the fi-

gure and, in view of the approximations used, the agreement is

good. This shows that the sensitivity at elevated temperatures

can be estimated.

In figure 8 curves are also drawn for the relative sensitivity

at low exposure rates (bR < a R « p). Values of p were taken from

fading measurements as explained above. These curves can serve

as a rough estimation of the maximum influence of irradiation

temperature on the sensitivity.

3. 6. Background and disturbances

When an unirradiated thermoluminophor sample is read out,

a certain background signal results. The magnitude and variation

of this background influences the precision and determines the

minimum measurable exposure.

Part of this background is independent of the luminescent pro-

perties of the powder. The most important of these background

components is the emission of incandescent light from the heated

powder and support. This was noticed also by Krasnaya et alii (8).

Because of the high readout temperature necessary for CaSO4:Sm,

this light emission is high and more severe than for most other

luminophors. The dark current of the photomultiplier is generally

negligible compared to this effect.
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To avoid excessive contribution to the measured value from

incandescent light it is favourable to insert in the measuring

apparatus an optical filter which selects light of a short wave-
o

length to be measured. The 5, 950 A filter used in the investiga-

tion is not ideal from this point of view, but the luminescence
o

emission down to 4, 000 A should be exploited. Experiments have

confirmed that this discriminates better against incandescent

light.

Several possible background components are associated with

the luminescent properties of the samples. Thermoluminescence

may be excited by illumination and by mechanical influence (photo-

and tribo-thermoluminescence). Light may also be emitted in

processes associated with gas molecules adsorbed on the surface

of the crystals. Effects of the latter type were reported by

Grögler and Stauffer (14), by Fix and McCall (15), and others.

For normal uses the CaSO4:Sm can be considered insensitive

to light. We have not found any excitation by visible or long-wave

ultraviolet light, which agrees with the results of an early investi-

gation by Riehl and Keppel (16). They reported that only light

with a wavelength shorter than 2, 600 Å was efficient in exciting

CaSO4:Sm.

No tribo-thermoluminescence has been established for the

CaSO.iSm when the powder was intensely shaken, the type of

mechanical disturbance that is of most interest in dosimetry.

Illumination might also influence the signal of a sample excited

by irradiation, and Krasnaya et alii (8) found that the signal of

CaSO ,:Sm decreased rapidly when the sample was illuminated.

However, our experience is that the signal is not affected by illu-

mination. In particular, the emission of the photoluminescence

photons under ultraviolet light is not accompanied by a decrease

of the thermoluminescence signal.
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The spurious luminescence associated with the adsorption of

gases is a severe background component. It is influenced by the

atmosphere surrounding the powder during the zeroing heat treat-

ment, and we have found that nitrogen and argon give less spu-

rious luminescence than air. For powder annealed in air very-

high background values occasionally occur while this effect seems

to be absent for powder annealed in nitrogen.

If the dosimeter construction is such that the powder is not-

exposed to air, this background source should be eliminated.

Some experiments with dosimeters, in which the powder was fas-

tened to Kanthal strips with silicone resin and in this way pro-

tected against air, confirm this. Unfortunately, these dosimeters

are not re-usable and also have other practical disadvantages.

The sensitivity of the CaSO.:Sm to ionising radiation is not

affected by the accumulated exposure up to at least 30 MR. Neither

has any influence of repeated use on the sensitivity of the powder

been established.

4. Discussion

While the properties of the CaSO.rSm have been well repro-

duced in different preparations, we have found disparities with

the results of other investigators (4, 8). These are probably due

to minor variations in the purity of the constituents, especially

the CaSO, • 2H-,O. Further chemical work is needed to find out if

the superlinearity, which is a small practical disadvantage, may

be avoided without changing the glow peak temperature.

Compared to other luminophors, the most interesting charac-

teristic of our CaSO,:Sm is the high thermal stability of the sig-

nal in the 400 °C glow peak. This makes it possible to use the

CaSO.iSm up to 200 °C with unaffected sensitivity. As is seen
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from figure 8, measurements at 250 C with exposure times up

to one or two days are possible and at 300 C with exposure times

up to some hours. At 350 C measurements cannot reasonably be

made. When the CaSO.zSm is used for measurements above 200 C

the influence of the temperature on the signal must be corrected

for. This influence can be roughly estimated by approximate cal-

culations, but when accurate correction factors are needed, these

should be determined experimentally for each case.

This work was motivated by the need to find a reliable method

for gamma dose measurements at 200 - 220 C inside the thermal

shield of the Swedish Agesta reactor. For this purpose the CaSO ,:Sm

is well suited. The only other gamma dosimeter known to us which

can be conveniently used at this temperature is a specially con-

structed ionisation chamber. However, the range of exposures

that can be measured with one chamber is restricted. On the other

hand, an ipnisation chamber can easily be made more sensitive

than the CaSO.iSm thermoluminescen.ee dosimeter. The system

chosen therefore uses ionisation chambers up to 10 R and CaSO4:Sm

for higher exposures. The possibilities of decreasing the lower limit

of measurable exposures for CaSO -Sm have therefore not been sys-

tematically exploited. Using loose powder, annealed in nitrogen,

and a 5, 000 A interference filter in the measuring apparatus, we

found that 1 R may be characterised as the smallest measurable

exposure of 1 MeV gamma radiation.
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Figure I. Glow curve of CaSO r̂Sm after exposure to 1, 500 R at

room temperature. The curve was measured one hour

after the irradiation.
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Figure 2. Light emission as a function of time for three luminophor

samples, irradiated with 500 R, 7, 000 R and 26 MR and

heated by a stepwise constant current.
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functions of the exposure of Co gamma radiation. The

circles and the squares represent experimental values

and the curves are drawn according to eq. (3).
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The curves are calculated from eq. (7). The samples
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Figure 7. The parameter m. (see eq. 7) for the 400 C glow peak

as a function of the temperature. The samples were ex-
o.posed to 2, 000 R at Z2 "C.
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irradiation temperatures for low dose rates (solid curves)

and for the dose rate 100 R/h (dotted curve). Some experi-

mental points for 300 °C, 100 R/h are included in the

diagram.
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