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Detection efficiencies of 226Ra and 232Th decay products, as well as corresponding
minimum detectable activities in different modes of counting of the PRIPYAT-2M
spectrometer (integral, when all pulses - coincident and non-coincident, are counted;
non-coincident, when only non-coincident pulses are counted; coincident, when coin-
cident pulses of multiplicity from 2 to 6 are counted), in energy ranges of 200 keV to
2000 keV and 300 keV to 3000 keV are presented here. It has been shown that the
mode of double coincidences is the optimum one for measuring radium and thorium
activity. In this mode of counting, the sensitivity of the spectrometer is the highest.

Key words: radium, thorium, multidetector spectrometer, detection efficiency,

gamma-coincidences

INTRODUCTION

As is well known, 2*Ra originates from the ra-
dioactive series of 23%U. There are eight daughter
radionuclides (**?Rn, '®Po, 2!14Pb, 214Bi, ?!4Po, 2!°Pb,
210Bj, 210po) which decay via 5 - and 4 B -decays (ex-
cluding the ones with extremely low intensities),
mostly accompanied by the emission of y-rays. The
last one (*'°Po) decays to the stable isotope of lead —
206pb, The 2*’Th radioactive series containing ten
daughter radionuclides (**®Ra, ??Ac, 228Th, ?**Ra,
220Rn, 219Po, 212Pb, 212Bi, 208T1, 212Po), undergoes a
decay chain: 7 a, 5 f~-decays, accompanied by an
emission of y-rays and ending with the stable isotope
of lead — 2%8Pb, (ref. 1).

Various radium and thorium measurements were
mainly performed using standard alpha- or gamma-spec-
trometry, although other techniques have been used as
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well. Coincidence methods enabled by some spectrome-
ters and coincidence schemes are also used for radium
and thorium measurements, (refs. 2-4).

Coincidence methods developed at the
six-crystal 4n-spectrometer PRIPYAT-2M are based
on coincidence counting of the 609 keV photons
(from two-, three-, and four-step cascade transitions
which follow the f~-decay of 2!*Bi (to 2!4Po), in the
decay chain of ?>°Ra; i. e., 609 keV photon detection
in the two-, three-, and four-fold coincidence modes
of counting), as well as on coincidence counting of
the 583 keV and 2615 keV photons from cascade
transitions which follow the f~-decay of 28Tl (in the
232Th decay chain). photopeak detection efficiencies,
as well as minimum detectable activities in different
modes of counting of the PRIPYAT-2M spectrometer
— in two energy ranges (from 200 keV to 2000 keV,
and from 300 keV to 3000 ke V) are presented and dis-
cussed here. These energy ranges have been selected
during the processing of the results.

226Ra AND **Th MEASUREMENT BY THE
PRIPYAT-2M SPECTROMETER

PRIPYAT-2M spectrometer

The PRIPYAT-2M spectrometer system, (ref. 5),
with outer dimensions of 250 x 145 x 186 cm and a
mass of 4200 kg, consists of 6 Nal(Tl) detectors (di-
ameter: 15 cm, height: 10 cm), iron and lead passive
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shielding (up to 15 cm), an electro-motor, modular
pulse-processing electronics in the CAMAC standard,
PC, and PRIP software.

The spectrometer’s sensitive volume allows the
measurement of samples of any shape and volume (up
to do 5 dm?) without preliminary preparations (for ob-
taining homogenized samples, for example). In addi-
tion, owing to its characteristics, the need for calibra-
tion measurements for different sample geometries
can be avoided, (ref. 5).

The total solid angle of the spectrometer is
~0.7 x 4r sr with an energy resolution of 10.5% for
the 137Cs — 662 keV line. The resolution time for co-
incidences is 40 ns, and the multiplicity of coinci-
dences — from 2 to 6. The dead time depends on
source activity and in the case of background mea-
surements it is usually less than 1%.

The PRIP software (with wide service possibili-
ties — calibration, data acquisition, data processing,
presentation and archiving, automatic control of all
operations, efc.) enables several modes of counting:

(1) integral mode [1-6], when all pulses coming from
the detectors are counted (coincident and non-co-
incident);

(2) non-coincidental mode [1-1], when only non-co-
incident pulses are counted (i. e., photons detected
without simultaneous (respecting the spectrome-
ter’s resolution time) detection of other photon(s)
by other detector(s);

(3) coincidence mode, when y-spectra of coincident
pulses [2-6] (with multiplicity from 2 to 6) are pro-
duced. This spectrum shows all coincident pulses
(two-, three-, four-, five-, and six-fold ones) with-
out their separation;

(4) coincidence mode, when the y-spectra of coinci-
dent pulses (separate two-, three-, four-, five-, and
six-fold, i. e., [2-2], [3-3], [4-4], [5-5], and [6-6],
respectively), are produced simultaneously. In
this mode of counting, a selection of the coinci-
dence-fold range is possible.

In each mode of counting, the software gives six
spectra from single detectors, as well as their sum
spectrum and information about registered energy,
photopeak count rate, photopeak width (in keV) etc.
Moreover, it identifies radioisotopes (on the base of an
existing library) and calculates their activity (and spe-
cific activity) in a sample.

Background count rates

Total background count rates obtained from
the 1000 s real time spectra, in the energy range from
200 keV to 2000 keV (from channels 2 to 255),
were: 31.5 cps in the integral ([1-6]), 25.5 cps in the
non-coincident ([1-1]), 3.7 cps in the double coinci-
dences ([2-2]), and 6.1 cps — in the [2-6] spectrum.

Total background count rates in the same energy
range in other coincidence modes of counting
([3-3], [4-4], [5-5], and [6-6]) were: 1.5, 0.62, 0.34,
and 0.09 cps, respectively. In the energy range from
300 keV to 3000 keV (from channels 2-255), these
count rates were 26.4 cps - in the integral, 21.1 cps -
in the non-coincident, 3.4 cps - in the double coinci-
dences, 5.2 cps — in the [2-6] spectrum, and in the
spectra of three-, four-, five-, and six-fold coinci-
dences—1.3,0.57,0.32,and 0.11 cps, respectively.
In general, total background count rates were
higher in the energy range of (200-2000) keV, than in
that of (300-3000) keV. This confirms that the contri-
bution of background radiation to the energy range
from 200 to 300 keV is higher than to that of 2000 to
3000 keV. Moreover, total background count rates
were significantly lower in the coincidence modes of
counting of the PRIPYAT-2M spectrometer than in the
integral and non-coincidental ones — in both selected
energy ranges. On the other hand, these count rates de-
crease with an increase of the multiplicity of coinci-
dences, as well. Considering the integral, non-coinci-
dental [2-6], double, triple and four-fold coincidence
mode of counting, the highest discrepancy between to-
tal background count rates in the 200 keV to 2000 keV
and 300 keV to 3000 keV energy ranges appeared in
the non-coincidental mode of counting, and the lowest
one — in case of double and four-fold coincidences.

226Ra detection

The experiments performed by the PRIPYAT-2M
spectrometer have shown that, if the radium in a probe
is in radioactive equilibrium with its decay products,
226Ra activity (as well as its decay products’ activity)
can be determined by the 609 keV photopeak (the
609.312 keV photons which follow the f~-decay of
214Bi, with an intensity of 46.1%) — in the integral,
non-coincidental, and in some of the spectra of coinci-
dences (double, three- and four-fold ones), as well as in
the [2-6] spectrum, i. e., detecting simultaneously the
609 keV y-ray and y—rays in cascade with it. It is impor-
tant to point out that the most intensive two-fold cas-
cades are, (ref. 1):

1120.287 keV (15.1%) + 609.312 keV (46.1%),
1238.110 keV (5.79%) + 609.312 keV,

768.356 keV (4.94%) + 609.312 keV,

934.061 keV (3.03%) + 609.312 keV;

three-fold:

388.88keV (0.37%)+1120.287keV +609.312 keV,
386.77 keV (0.31%) + 768.356 keV + 609.312 keV,
1069.96keV (0.275%)+768.356 keV +609.312 keV,
752.84keV (0.13%) +1120.287keV +609.312 keV;
and four-fold ones:

683.22 keV (0.081%) + 386.77 keV (0.31%) +
+768.356 keV + 609.312 keV,
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847.16 keV (0.026%) +469.76 (0.129%) + 768.356 keV +
+609.312 keV,

752.84keV (0.13%) +454.77 keV (0.30%) + 665.453 keV
(1.46%) + 609.312 keV,

501.96 keV (0.018%) +348.92 keV (0.12%) + 806.174 keV
(1.22%) + 609.312 keV.

The y-transition intensities are presented in the
brackets.

A ?2°Ra probe of known activity (Pylon Elec-
tronics Inc. Canada, 2250 Bq, S/N 189) in a metallic
cover (height: 6 cm, diameter: 4.4 cm), with >?°Ra in
radioactive equilibrium with its decay products (no
losses via?*’Rn emanation) was positioned in the cen-
ter of the detection chamber of the PRIPYAT-2M
spectrometer and measured for 1000 s real time. Three
measurements were performed — in the integral, [2-6],
and inmodes [1-1], [2-2], [3-3], [4-4], [5-5], and [6-6],
simultaneously. The energy ranges were selected dur-
ing the processing of the results, as it was mentioned
previously. Sum spectra in the 200 keV to 2000 keV
energy range (from channels 2 to 255) in different
modes of counting, after the subtraction of the corre-
sponding background, are shown in fig. 1. Live mea-
suring time in the integral mode of counting was 663.2
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s, and in the non-coincidental and modes of coinci-
dences — 666.3 s, while in the mode [2-6] it was 652.6
s. The same live measuring times were obtained in the
case of the 300 keV to 3000 keV energy range (fig. 2).

Ratios of the total count rates in the probe and cor-
responding background spectra, in the energy region of
200 keV to 2000 keV, in the [1-6], [1-1], [2-6], [2-2],
[3-3], [4-4], [5-5], and [6-6] mode of counting, were
56.74,53.27,68.91,111.57,25.49,2.55,0.44,and 1.02,
respectively, and in the region of 300 keV to 3000 keV —
51.16,48.89, 62.61, 98.56,22.20,2.12,0.54, and 1.19,
respectively.

As is seen, for the most part, ratios were higher in
the 200 keV to 2000 keV range than those in that of 300
keV to 3000 keV. The best one was found for the double
coincidences mode of counting ([2-2]), in both energy
regions (although it was slightly higher in the 200 keV
to 2000 keV range). The second best ratio was found for
the [2-6], followed by the integral ([1-6]) mode of
counting.

Figures 1 and 2, show that the 609 keV
photopeak is most pronounced in the spectra of double
and triple coincidences, as well as in the [2-6] spectra.
In the four-fold coincidences spectra, for given mea-
suring times, the said photopeak is not apparent
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Figure 1. Sum spectra of the 226Ra probe in different modes of counting of the PRIPYAT-2M spectrometer in the energy

range from 200 keV to 2000 keV
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Figure 2. Sum spectra of the *°Ra probe in different modes of counting of the PRIPYAT-2M spectrometer in the energy

from 300 keV to 3000 keV

enough (for a precise analysis), while five- and
six-fold coincidences with this photon were not regis-
tered.

The count rates in the range of the 609 keV
photopeakin [1-6],[1-1],[2-6], [2-2], and [3-3] modes
of counting, in the 200 keV to 2000 keV energy range,
were 347.81,218.77,133.24,125.46,and 9.13 cps, re-
spectively (while the corresponding background
count rates were 6.40, 5.17, 1.36, 0.83, and 0.25 cps,
respectively) and in the 300 keV to 3000 keV energy
range — 347.85,211.53, 146.99, 127.14, and 9.13 cps,
respectively (background count rates — 6.49, 5.01,
1.55, 0.86, and 0.25 cps, respectively).

For the most part, the region 1 represents an
overlapping of peaks created by y-rays with the ener-
gies of 351.932 keV (37.6%), 295.224 keV (19.3%),
and 241.997 keV (7.43%), followed by the S -decay
of 214Pb (to 2'*Bi), which is to say that they, thus, can-
not be resolved due to the energy resolution of the
PRIPYAT-2M spectrometer. The count rates in this en-
ergy range of the radium probe spectra were — 730.37
cps in the integral, and 581.18 cps in the non-coinci-

dent mode of counting, as background count rates
were 11.38 cps and 8.75 cps, respectively.

Peaks marked as 2 and 3, with centroides at
about 1200 keV and 1800 keV, respectively, mainly
represent: peak 2, the registration of photons from the
B-decay of 2!“Bi (to 2'*Po) with energies of
1120.287 keV (15.1%) and 1238.110 keV (5.79%)
(peaks that cannot be resolved). The mentioned peaks
are, possibly, also fed by a sum of the cascaded y-rays
from the same decay — for example, that of 609.312
(46.1%) and 665.453 keV (1.46%). In the 200 keV to
2000 keV energy range, count rates lower than the
peaks in the probe spectra were 130.76 cps —in the in-
tegral, 77.87 cps — in the non-coincident, 34.93 cps —
in the [2-6], and 40.41 cps — in the double coinci-
dences mode of counting, while corresponding back-
ground count rates were 2.59, 2.35, 0.45, and 0.34
cps, respectively. In the 300 keV to 3000 keV energy
region, the count rates in this region of the probe
spectra were 141.21 cps (in the integral), 89.86 cps
(in the non-coincident), 41.7 cps (in the [2-6]), and
42.43 cps (in the double coincidences mode of count-
ing), and corresponding background count rates were
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2.84,2.02, 0.57, and 0.37 cps, respectively; peak 3:
unresolved peaks of the 1764.494 keV (15.4%) and
1847.420 keV (2.11%) y-rays. These photons follow
the B-decay of 2!Bi, as well. The count rate under
this peak in the probe spectrum, in the energy range of
200 keV to 2000 keV, in the integral and non-coinci-
dent modes of counting, was 76.18 cps and 68.24 cps,
respectively; while in the corresponding background
spectra it was 1.25 cps and 0.98 cps, respectively. In
the energy region of 300 keV to 3000 keV, it was
96.58 cps and 84.06 cps, respectively (the probe
spectra), and 1.76 cps and 1.24 cps, respectively (the
background spectra).

Forabetter presentation of the above mentioned
regions, a zoom of the spectra is shown in fig. 3:
(a) 105-255 channel, in the region of 200 keV to
2000 keV, and (b) 55-255 channel, in the region of
300 keV to 3000 keV.

BT detection

If 232Th in a probe is in radioactive equilib-
rium with its decay products, using the
PRIPYAT-2M spectrometer and the energy region
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of 300 keV to 3000 keV, its activity can be deter-
mined by the 911 keV photopeak (the 911.204 keV
photons which follow the f--decay of >*8Ac, with
an intensity of 25.8%) in the integral and non-coin-
cident spectrum, as well as by the 583 keV and
2615 keV photopeak in the integral, non-coinci-
dent and coincidence spectrum (i. e., detecting si-
multaneously the 583.191keV (84.5%) and
2614.533 keV (99%) y-rays (which follow the
B-decay of 2°T1) and y-rays in cascade with
them). The most intensive double coincidences are,
(ref. 1):

583.191 keV (84.5%) +2614.533 keV (99%),
860.564 keV (12.42%) +2614.533 keV,

510.77 keV (22.6%) + 583.191 keV,

277.351 keV (6.31%) + 583.191 keV,

763.13 keV (1.81%) + 583.191 keV;

triple coincidences:

510.77 keV (22.6%)+583.191 keV +2614.533 keV,
277.351keV (6.31%)+583.191 keV+2614.533 keV,
763.13 keV + 583.191 keV + 2614.533 keV,
982.7keV (0.203%) +583.191 keV +2614.533 keV,
and four-fold coincidences:
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Figure 3. Azoom of the 26Ra probe spectra: (a) 105-255 channel, in the region of 200 keV to 200 keV; (b) 55-255 channel,

in the region of 300 keV to 3000 keV
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252.61 keV (0.69%) + 510.77 keV + 583.191 keV +

+2614.533 keV,
211.40 keV (0.178%) +510.77 keV + 583.191 keV +

+2614.533 keV,
233.36 keV (0.30%) +277.351 keV + 583.191 keV +

+2614.533 keV.

In the energy range from 200 keV to 2000 keV,
the possibility for thorium detection is reduced at
the 583 keV photopeak and the 911 keV one, (ref. 6).

Athorium probe (height: 10 mm, diameter: 15 mm,
mass: 1.41 g, activity: 1000 Bq; Institute of Physics,
Belarusian Academy of Sciences, Minsk), with 23>Th
and its decay products in radioactive equilibrium, no
losses via thoron (*?°Rn) emanation, positioned in the
center of the detection chamber of the PRIPYAT-2M
spectrometer, was measured for 1000 s in the integral
(live time: 794.5 s), non-coincident and coincident
modes of counting (live time: 794.6 s), as well as in the
[2-6] modes of counting (live time: 835 s). Sum spectra
in the energy region from 200 keV to 2000 keV (from
channels 2 to 255), after the subtraction of the corre-
sponding background, are shown in fig. 4, while the
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spectra in the energy range from 300 keV to 3000 keV
are shown in fig. 5 (these energy regions were selected
during the processing of the results, as with radium mea-
surement).

Ratios of the total count rates in the probe and
background spectra, in the 200 keV to 2000 keV en-
ergy range, in the [1-6], [1-1], [2-6], [2-2] [3-3], [4-4],
[5-5], and [6-6] modes of counting, were 28.82,26.82,
38.26,57.48,18.54,2.44,0.56, and 1.12, respectively;
and in the 300 keV to 3000 keV energy range: 24.66,
21.21, 37.77, 56.45, 18.86, 2.26, 0.73, and 1.26, re-
spectively. The best ratio was found for the double co-
incidences mode of counting ([2-2]), in both energy
ranges (yet, slightly higher in that of 200 keV to
2000 keV (b).

A zoom of the thorium probe spectra is shown in
fig. 6, from channels 162 to 255, in the range from
200 keV to 2000 keV (a), and from channel 95 to 255,
in the range from 300 keV to 3000 keV (b).

As can be seen in figs. 4 and 5, five- and six-fold
coincidences with the 583 keV y-ray are not registered.
On the other hand, this photopeak is most pronounced
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Figure 4. Sum spectra of the **>Th probe in different modes of counting of the PRIPYAT-2M spectrometer in the energy

range from 200 keV to 2000 keV
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Figure 5. Sum spectra of the 2**Th probe in different modes of counting of the PRIPYAT-2M spectrometer in the energy

range from 300 keV to 3000 keV

in the integral, as well as in the double (and in the
[2-6]), triple and four-fold coincidences modes of
counting. Our analysis has shown that a precise and
certain use of this photopeak in the four-fold coinci-
dences mode of counting requires a somewhat longer
measuring time. In the non-coincident mode of count-
ing it is less pronounced than the 911 keV one.

The count rates in the region of the 583 keV
photopeak in the [1-6], [1-1], [2-6], [2-2], and [3-3]
modes of counting, in the 200 keV to 2000 keV energy
range were 182.36,94.77,84.16,74.98,and 11.28 cps,
respectively (the corresponding background count
rates were 7.36,4.89, 1.68, 1.07, and 0.48 cps, respec-
tively), and in the 300 keV to 3000 keV energy range —
186.94, 97.48, 90.39, 75.45, and 10.65 cps, respec-
tively (the background count rates — 7.77, 5.19, 1.83,
1.10, and 0.45 cps, respectively).

In the region of the 911 keV photopeak, the
count rates in the probe spectra in the [1-6] and [1-1]
modes of counting, in the 200 keV to 2000 keV range

were 139.84 cps and 117.44 cps, while the background
ones were 3.68 cps and 2.99 cps, respectively. In the
300 keV to 3000 keV range of the probe spectra they
were 139.69 cps and 115.95 cps, and in the back-
ground spectra — 3.75 cps and 2.97 cps, respectively.

The 2615 keV photopeak (if the energy region
from 300 keV to 3000 keV is selected) in the triple coin-
cidences mode of counting appears only slightly (in this
measuring time), while four-fold coincidences with this
y-ray are not registered. The count rates under this
photopeak in the probe [1-6], [1-1], [2-6], and [2-2]
spectrum were 34.09, 17.07, 16.98, and 14.38 cps, re-
spectively. In the same range, in the corresponding
background spectra, they were 0.74, 0.49, 0.29, and
0.15 cps, respectively.

Peak 4, pronounced in the integral and non-coin-
cident spectra, with a centroide at about 1600 keV,
mainly represents the 1588.19 keV y-ray (**¥Th, 3.22%)
peak, overlapped with the 1630.627 keV (*?*Th,
1.51%) one. Ratios of count rates under this peak in the
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Figure 6. A zoom of the >**Th probe spectra:
(a) from channel 162 to 255, in the 200 keV to
2000 keV range; (b) from channel 95 to 255, in
the 300 keV to 3000 keV range

probe spectra and in the same range of the correspond-
ing background spectra in the 200 keV to 2000 keV en-
ergy range, were 15.14 (in the integral) and 15.19 (in the
non-coincident mode of counting), while in the 300
keV to 3000 keV energy range — 15.54 (in the integral)
and 14.97 (in the non-coincident mode of counting).

Region 5, with a peak centroide at about 2200 keV,
appears in the integral, [2-6], double and triple coinci-
dence modes of counting (where it is more pronounced
than the 2615 keV photopeak). Most probably, the
counts in this region originate from the Compton scatter-
ing of the 2615 keV photons and sum peaks of cascaded
y-rays (particularly the **Th and 2°*Pb ones). Ratios of
the count rates in this region of the thorium probe spectra
and in the corresponding background spectra were:
21.67 (in the integral), 51.82 (in the double coinci-
dences), and 41.38 (in the triple coincidences mode of
counting).

(b)
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Photopeak detection efficiency and
minimum detectable activity

Photopeak (583 keV, 609 keV, 911 keV, and
2615 keV) detection efficiencies given in tab. 1 are
calculated on the basis of experimental data and the
characteristics of the 2?°Ra and 2*’Th decay chain.

The minimum detectable radium and thorium
activity, estimated according to the formula already
used in cases of coincidence measurement by a spec-
trometer of the PRIPYAT type was, (ref. 7)

MmNy
A min ~
et
where ¢ is the photopeak detection efficiency, N, — the

background count rate in the photopeak region, ¢ — the
data acquisition time, and m = 2 — the number of root

(1
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Table 1. Photo peak detection efficiency and minimum
detectable activity

Energy
region
[keV]

Photopeak
[keV]

Mode of | N, Apin
counting | [s7'] ¢ [Bq]

[1-6] 736 | 0.216 0.89
[1-1] 4.89 | 0.112 1.40
200-2000| [2-6] 1.68 | 0.099 0.91
[2-2] 1.08 | 0.088 0.84
[3-3] 0.48 | 0.013 3.78

583
(6] | 777 | 0221 089
[1-1] | 519 | 0.115| 140
300-3000| [2-6] | 183 | 0.107 | 087
[22] | 1.10 | 0.089 | 083
(33] | 045 |0012| 396
[1-6] | 640 | 0335| 059
[1-1] | 517 |0210| o084
2002000 [2-6] | 136 | 0.128 | 071
[22] | 083 | 0120 058
[3-3] | 025 |0.008| 484

609
[1-6] | 649 | 0335| 059
[1-1] | 501 | 0204 085
300-3000] [2-6] | 155 |0.092| 1.06
[22] | 086 | 0.122| 058
[33] | 036 | 0.009| 516
[1-6] | 3.68 | 0.542| 025
200-20000 1117 | 299 | 0455| 027

911
1003000 [1-61 | 375 0541|025

[1-1] 2.97 | 0.449 0.27

[1-6] | 092 |0.034| 201

_ [1-1] | 049 |0.017| 292
2615 1300-30000 15 1 | 030 |0017| 223
[22] | 013 |0.014| 196

mean square (rms) deviations due to statistical back-
ground fluctuations, in the two energy ranges and dif-
ferent modes of counting, also given in tab. 1.

DISCUSSION

The results of 2*’Ra measurements indicate that
in the region from 200 keV to 2000 keV, 2*’Ra is de-
tectable by the 609 keV photopeak in several modes of
counting of the PRIPYAT-2M spectrometer, but the
optimal one comes from the mode of double coinci-
dences ([2-2]). In comparison to the integral mode, in
this mode of counting photopeak detection efficiency
decreases for about 2.7 times, but this is compensated
by a decrease in the background count rate (of about
7.7 times). The factors obtained from a comparison
with the non-coincident mode of counting are 1.7 and
6.2, respectively. Additionally, though the background
count rate in the [2-2] mode is about 3.3 times higher
than that of triple coincidences, photopeak detection
efficiency is higher around 15 times. In the [2-6] mode
of counting, the background count rate is around 1.6
times higher than in the mode of separate double coin-

cidences, as the 609 keV photopeak detection efficien-
cies in these modes differ only slightly.

The same conclusion follows from the analysis
of the radium spectra in the range from 300 keV to
3000 keV. The 609 keV photopeak detection effi-
ciency in the mode of double coincidences decreases
2.7 and 1.7 (and the background count rate — 7.5 and
5.8) times, in comparison to the integral and non-coin-
cident mode of counting, respectively. It is 1.3 times
higher than that of the [2-6] mode of counting (the
background count rate being 1.8 times lower), and
more than 13 times higher than that in the triple coinci-
dence modes of counting (the background count rate
being 2.4 times higher).

In relation to the 22Th measurement,

— in the energy range from 200 keV to 2000 keV, the
232Th detection by the 583 keV photopeak is optimal in
the [2-2] mode of counting where, in comparison to
the integral mode, photopeak detection efficiency de-
creases about 2.5 times, while the background count
rate decreases about 6.8 times. A comparison with the
non-coincident and [2-6] mode of counting showed a
decrease in photopeak detection efficiency (and the
background count rate) in the double coincidences
mode for 1.2 and 4.5 (i. e., 1.1 and 1.5) times, respec-
tively. An increase in the background count rate in the
double coincidences mode of counting in comparison
to that of triple coincidences (2.2 times) is compen-
sated by an increase in photopeak detection efficiency
(6.7 times).

In the range from 300 keV to 3000 keV, a detec-

tion of the 583 keV photopeak in the mode of separate
double coincidences is the optimum one, as well. The
photopeak detection efficiency, in comparison to the
integral, non-coincident and [2-6] mode of counting,
decreases by a factor of 2.5, 1.3, and 1.2, respectively
(at the same time, the corresponding background
count rate decreases for about 7, 4.7, and 1.6 times, re-
spectively). In particular, in comparison to the triple
coincidences mode of counting, photopeak detection
efficiency is 7.4 (as the background count rate is 2.4)
times higher, which causes minimum detectable activ-
ity in the triple coincidences mode of counting to in-
crease according to eq. (1);
— 232Th can be detected by the 911 keV photopeak in
the integral and non-coincident mode of counting in
both energy ranges. The indubitable advantage for de-
termining the 2*2Th activity using this photopeak is in
the weak dependence of results on 22’Rn emanation
from the sample.

In the range from 300 keV to 3000 ke V, >*2Th de-
tection is also possible by the 2615 keV photopeak. As
in the previous cases, the [2-2] mode of counting is the
optimum one. In comparison to the integral, non-coin-
cident and mode [2-6], photopeak detection efficiency
in that mode of counting decreases for about 2.4, 1.2,
and 1.2 times, respectively, while corresponding back-
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ground count rates decrease 6.1, 3.3, and 2 times, re-
spectively.

The advantage of using this method for thorium
detection (although the photopeak detection efficiency
is lower) lies in the fact that intensive y-rays due to the
decay of other natural radionuclides which could affect
thorium measurements do not appear in this energy
range. In particular, when a sample contains radium and
thorium, and the 583 keV and 609 keV photopeak can-
notbe resolved (due to the PRIPYAT-2M energy resolu-
tion), the 2615 keV photopeak should be used for tho-
rium activity measurement (besides the 911 keV one).

CONCLUSIONS

The coincidence methods for 2°Ra and >*2Th de-
cay products’ measurements developed at the six-crys-
tal y-ray PRIPYAT-2M spectrometer (which allows
measuring of samples of any shape without their pre-
liminary preparation and calibration measurements for
different sample geometries), have relatively high
photopeak detection efficiencies and a good sensitivity.
Decreases in background count rates which were higher
than decreases in photopeak detection efficiencies, in
comparison to other modes of counting, showed the
best signal-to-noise ratio in the spectra of double coin-
cidences. Therefore, this mode of counting is the opti-
mum one for the 22°Ra and 2*2Th measurements, re-
gardless of the selected energy range.

However, the energy region from 300 keV to
3000 keV should be used for thorium measurements,
as well as for measurements of samples containing
both radium and thorium, when peaks created by pho-
tons with energies od 583 keV and 609 keV cannot be
resolved due to the energy resolution of the
PRIPYAT-2M spectrometer.
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HeBenka M. AHTOBWh, Hukona CBPKOTA

E®UKACHOCT JETEKIUJE 226Ra M 232Th Y PA3JINYUTUM
PEXUMHUMA PAJA CIEKTPOMETPA TPUITJAT-2M

IpencraBbene cy eUKACHOCTH JIeTeKIuje mnpopykata pacmaga >2°Ra m 2¥Th, xao u
ofrosapajyhe MUHUMANHE NETEKTHOWIHE aKTHMBHOCTH Y PA3JHYMTHM PEXHMUMA pajia CIEKTPOMETpPA
TTPUITJAT-2M: y MHTErpajqHOM pekKuMy, Kaja Ce€ pPErucTpyjy CBU WMIYJICH (KOMHIMJCHTHU WU
HEKOWHIWJIEHTHN); HEKOMHIHUJEHTHOM, Kaja Ce pPETUCTPYjy C€aMO HEKOMHUMJEHTHH WMMITYJICH;
KOUHI[UJIEHTHOM, KaJIa CE PETUCTPY]y KOMHIUIEHTHY UMITYCIIU BUIIECTPYKOCTH OfI 2 10 6 — Y EHEPTETCKUM
once3uMma of 200 keV go 2000 keV u og 300 keV no 3000 keV. ITokaszaHo je fa je pexkuM JBOCTPYKUX
KOUHI[MJIEHIUja ONTUMAJIAH 3a Meperbe akTuBHOCTH 229Ra 1 2*?Th. OceTpuBOCT criekTpomeTpa HajBeha je
Y OBOM PEKUMY pajia.

Kwyune peuu: paoujym, iiopujym, suutedeitieKillopcKu CileKiupomeiniap, epukacHocitl OeitieKyiije,
2ama-KouHyuOeHyuje



