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Experiments have demonstrated the possibility of increasing the resolving power of
determining the point gamma-radiation source direction in the precision method. The work
involved reducing the step of the angle of rotation of an asymmetric absorber and shifting
the detector relative to the maximum-minimum absorber thickness boundary. The '37Cs
gamma-radiation source direction was determined within the angles of the maximum and
minimum thickness boundaries of the asymmetric absorber. The detector position was
investigated for the maximum thickness of the asymmetric absorber on the boundary
between the maximum and minimum thickness, and for the minimum thickness. The
optimal position of the detector was found for the asymmetric absorber boundary, enabling
to determine the maximum count rate in the gamma source direction. A specific position
of the detector enables observing an increasing gamma radiation scattering over the
copper-lead surface. The experiment used absorbers with spectrometric telluride-cadmium
detectors. Information from the detectors was output to four multichannel gamma-radia-
tion impulse analysers, which operated simultaneously in the spectrometer mode.

Keywords: precision method, determining the direction, detector behind an absorber,
gamma-radiation source, asymmetric absorber, gamma-radiation scattering.

IKCIIEPUMEHTAJBLHO IIOKA3aHA BOSMOMKHOCTE YBEJNUEHUA TOYHOCTHU OIPEIEJIEeHUA IIOJOMKe-
HAS TOYEYHOI'0 raMMAa-UCTOYHMKA IIPU H3MepeHnH wusjaydenud. FHcciegoBaHo BIHSHHE
YMEHBIIIeHHs IIIara yrJja IIOBOPOTAa aCHMMETPUYECKOr0 IIOTJIOTUTENS W CMEIleHUs JeTEeKTOopa
OTHOCHUTEJBHO I'PAHUIBI MAKCHMAJbHON-MUHUMAJBHON TOJUIMHBI IIOrIOTHUTENA HA TOYHOCTD
U3MEPeHns, & TaKiKe BAHSHUE PasMeIleHHus AeTeKTopa 3a MAKCUMAJIBHON TOJIIMHON acuM-
METPUUYECKOI0 IIOTJIOTHUTENd, BHYTPU IIOTJIOTHUTENS M 3a €ro MUHHMAJbHOU TouainuHoi. Haii-
IE€HO OITHUMAJbHOE IIOJIOXKEeHHUEe HeTEKTOPa, KOTOPOEe MO3BOJSAET OMPELe]NTb er0 MaKCHUMAJb-
HYI0 cKopocTh cuera. OnpemesieHHOe IIOJOMKEHUE NETEKTOPA II03BOJIdeT HAOJIOIaTh yBelrde-
HHEe pPACCeHMBAaHMWA TraMMa-U3JIYyYeHUS IIPU I[IPOXOMKIEHHUH ero BIOJb MeIHO-CBUHIIOBOI
moBepxHocTHA. IIpW IPOBENEHWM SKCIEPUMEHTA HCIOJAb30BAJNCH IIOTJIOTUTENH, B KOTOPBIX
pasMeNlaInch CIEKTPOMETPUUYECKHEe TeJIypPUL-KaaMueBble geTeKTopbl. HMudopmamus ¢ 1e-
TEKTOPOB BBIBOJHUJIACH HA UETHIPE MHOTOKAHAJNbHBIX AHAIMU3ATOPA UMIIYJLCOB raMMa-H3Jyde-
HUA, KOTOPBIe pafoTalyd B CIEKTPOMETPUYECKOM PEXXUME OLHOBPEMEHHO.
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30iMBIIEHHA TOYHOCTI BU3HAYEHHA HANPAMKY Ha TOYKOBE TaMMa-JAKepejo y Ipemusiii-
HOMY METOAi Ta ONTHMAJbHE PO3TAIIYBAHHA METEKTOPY B ACHMETPHYHOMY MOTJIMHAYI.
O.M.I'puzop’eq, 3.B.Biaux, 10.B.Jlumeunog, M.€.Ilonauceruii, O.B.Caxyn, B.B.Mapyu,enro,
1.10.Yeprascoruii, €.D.BoporKiH.

ExcriepuMeHTaNbHO TTOKA3aHO MOMKJINBICTL 30i/JbIIeHHA PO3AiAbHOI 3IaTHOCTI BU3HAUEH-
HS HATPAMKY Ha TOUKOBe TaMMa-I;Kepeao y mpenusifinomy wmetoxi. PoGora mojsrae y
3MEHIIIeHHI KPOKY KyTa IIOBOPOTY aCHUMETPUUHOTO IOoTJMHaYa Ta 3MIIleHHi JeTekTopa
BiTHOCHO Me:Ki MaKCUMaJbHOI-MiHiMaJabLHOI TOBIMUHYM TOTJIMHAYA. BUBHAUeHHA HATPAMKY HA
I;KepeJo TaMMa-BANPOMiHIOBaHHA 19/CS IPOBOAMIOCS B OKOJNI KYTiB MaKCHMaIbHOI Ta
MiHIMaJBLHOI TOBNIMHY aCUMETPUUHOTO TMoTynHaua. [[OCTisKeHo pPOo3TAIyBaHHS TeTeKTOpa 34
MaKCUMAaJLHOIO TOBIIMHOIO ACUMETPUYHOTO MOTJIMHAUA, HA MeX] MK MaKCUMAaJLHOI Ta
MiHiMaJbHOI TOBIIMHOIO, & TAKOK 34 MIiHIMAJbHOI TOBIIMHOIO. SHANIeHO ONTUMAJbHE
TOJIOKEHHSA AeTEKTOPY Ha MeMKi acCMMeTpUUHOTO TOTJNHAYA, IO JO3BOJAE BU3HAUATH MaKCU-
MaJbHY MBUAKICTL Miudu y HATPAMKY Ha ramma-aiKepesno. IleBHe MOJ0KeHHs TeTeKTopa
MO3BOJIAE cIocTepiraTm 36iJbITeHHsA PO3Cil0OBaHHS TaMMa-BUMPOMIHIOBAHHS NPU TPOXOJI-
JKeHHi #oro B3JOBK MigHO-cBMHIeBol moBepxHi. IIpyn nmpoBeseHH] eKcepuMeHTY BUKOPHCTO-
BYBaJMNCA TOTJIMHAYI, B AKUX PO3TAIOBYBAJINCA CIEKTPOMETPUUHI TeNypua KaJaMieBi JeTeK-
Topu. Iudopmanisa 3 meTekTOpiB BUBOAUJIACA Ha YOTUPM OaraTokKaHaJaLHI aHamizaTopu
iMOyabCciB raMMa-BUIIPOMiHIOBAHHSA, IO MPAIIOBAMN Y CIHEKTPOMETPUUYHOMY PeKUMi OJHO-

YJacHO.

1. Introduction

The authors have developed a precision
method for determining the point gamma-
source direction [1]. For the method, a sta-
tistical direction error has been estimated,
which is limited to several hundredths of a
degree [2]. This value error was experimen-
tally proved when determining the point
gamma-source direction in a plane by using
asymmetric absorbers (Fig. 1) [3]. Fig. 1
shows that the variation in the proportion-
ality coefficient within the range of angles
359°—1° is the same as that for the range of
angles 1°-359°.

The practical implementation of the pre-
cision method for determining the direction
with a 0.138° step yielded the effect of in-
creasing gamma-quantum scattering over a
copper-lead surface [4, 5].

A review of scientific-and-technical lit-
erature has established the following precise
instruments for determining the gamma
source direction. Thus, [6] suggests deter-
mining the gamma source direction by using
a panoramic detector with a coding collima-
tor rotating through 860° with a 24° step.
In this case, two-layer neutral net methods
were used when the measurements were
processed. Similar devices are instruments
with a coded aperture [7] and a surround-
view gamma-scanner with a coding mask,
which have an angular resolution of about a
hundredth of a degree [8]. These devices
employ the method for visualizing a
gamma-source by its spectrum by using
coded apertures [9]. An identical instrument
is a surround-view gamma-scanner with an
angle resolution of 0.29° [10]. A drawback
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of these devices is that the gamma-source
direction can be found only with continuous
rotation of the coding collimator. This hin-
ders their application in certain areas, for
instance, to control the gamma-radiation
source (GRS) direction during its steady
displacement jointly with the receiver to an-
alyse the object of investigation.

Besides, it has been found [11] that de-
tector displacement in the absorber cavity
enables expanding the range of angles for
finding the GRS direction.

Objective of the paper: establish the pos-
sibility of increasing the resolving power to
determine the point gamma-source direction
in the precision method, and find the opti-
mal position of the detector in the asymmet-
ric absorber.

2. Presentation of basic material

The precision method [12] uses an asym-
metric absorber, an absorber shaped as a
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Fig. 1. Proportionality coefficient vs. angle
in the asymmetric absorber plane.
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Fig. 2. Device for determining the point GRS
direction with an asymmetric absorber, an ab-
sorber shaped as a coaxial cylinder, a sector
absorber, and an analyser of gamma-radiation
impulses.

coaxial cylinder and a sector absorber whose
thickness is equal to that of the coaxial one.
The sector absorber is used for initial meas-
urement of the point GRS direction. The
absorbers are fixed rigidly one above the
other (Fig. 2).

Next, the point GRS direction is found
precisely. To achieve this, the entire device
described above is rotated over the minimal
and maximum thickness of the asymmetric
absorber to an angle specified a priori as
the GRS direction. After device rotation,
the amount of registered gamma-quanta
passing through the sector absorber thick-
ness decreases. This direction is determined
by the equal count rate in the detectors
located behind the sector absorber and in
the coaxial cylinder. Thereat, the asymmet-
ric absorber boundary was arranged at 4° to
the maximum thickness. Next, it was ro-
tated successively to 5° with 0.138° steps
toward the minimal thickness (Fig. 3a) [4].
During such rotation, the count rate grows
pro rata to detector opening from behind
maximum absorber thickness. When the
boundary is in the GRS direction, correspond-
ing to 0°, the gamma-quanta count rate is
maximal and the total absorption peak is re-
stored (Fig. 4) [4]. Note that the total absorp-
tion peak drops when gamma-quanta pass
through the absorber thickness [13].

Fig. 4 demonstrates that the count rate
increases with gradual opening of the detec-
tor from behind the absorber. The optimal
position of the detector relative to the
asymmetric absorber boundary was investi-
gated. For this purpose, the detector was
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Fig. 3. Asymmetric detector with an ab-
sorber: A — position of asymmetric absorber
boundary toward the GRS where the arrow
shows the direction of rotation of the asym-
metric absorber; B — detector position in the
asymmetric absorber to determine its optimal
position where the arrow and figures 1 (on
the maximum thickness side), 2 (on the
boundary), 3 (on the minimal thickness side)
show the detector position in the experi-
ments; C — detector position in the asymmet-
ric absorber when detecting increasing
gamma-radiation scattering over a copper-
lead surface.
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Fig. 4. Count rate vs. angle in the experi-
ment for precision determination of the GRS
direction with a 0.138° step. The maximum
count rate corresponds to the direction being
determined. Interval A—B corresponds to a
range of angles where the total absorption
peak area decreases.

positioned on the maximum thickness side
of the asymmetric absorber; afterwards, on
the boundary, and finally, on the minimum
thickness side (Fig. 3b).

For the experiment, a 137Cs GRS with an
activity of 1.28-1011 Bq was used. The dis-
tance to the GRS was 1 m. The asymmetric
steel absorber 3 was made using an electric
spark discharge machine. Its dimensions
were as follows: maximum thickness
60 mm, height 80 mm and internal diame-
ter 40 mm. In its centre was positioned a
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Fig. 5. Count rate vs. GRS angle with the
detector positioned on the side of maximum
asymmetric absorber thickness.

detector 20 mm long and with a 10 mm di-
ameter. The telluride-cadmium detector di-
mensions were 4x4x2 mm3. The asymmetric
absorber was rotated within a range of an-
gles 356°-1° with a 0.0138° step. This in-
creased the resolving power by a factor of
10 as compared to the previous experiment
[4]. At each step, the detector registered no
less than 10,000 photons. First, the detec-
tor was positioned beyond the boundary of
the maximum and minimum absorber thick-
ness on the maximum thickness side (Fig. 1
in Fig. 8 (B). The detector plane was a con-
tinuation of this boundary, and the end sur-
face was positioned orthogonally to the
force of gravity vector and the absorber
maximum thickness. Fig. 5 shows the count
rate measurement results and the appropriate
angles. The dependence obtained (Fig. 5)
shows that, within the given range of an-
gles, the detector does not open completely
due to the absorber because the count rate
changes merely by a factor of 1.3. Next, the
detector was shifted with the middle of its
end surface to the maximum and minimum
thickness boundary (Fig. 2 in Fig. 3b). Con-
ducting a similar experiment with a 0.0138°
step yielded the count rate vs. GRS angle
dependence shown in Fig. 6. The de-
pendence (Fig. 6) shows that, within the
specified range of angles, the detector opens
from behind the absorber, though it is un-
known by how much. This can be attributed
to the absence of an upper boundary with a
constant count rate. The count rate in this
case changes by a factor of 2.1. To cover
the upper and lower boundary with a con-
stant rate, the detector was shifted to the
minimum absorber thickness side (Fig, 3 in
Fig. 8 (B). In this case, the detector end
surface was orthogonal to the gamma-
quanta beam direction parallel to the bound-
ary surface and the force of gravity vector.
The flat surface of the detector was the
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Fig. 6. Count rate vs. GRS angle with the

detector positioned on the asymmetric ab-
sorber boundary.
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Fig. 7. Count rate vs. GRS angle with the

detector positioned on the minimum asym-
metric absorber thickness side.

continuation of a conventional line drawn in
the plane of maximum asymmetric absorber
thickness. The experiment in gradual rota-
tion of the asymmetric absorber from maxi-
mum to minimum thickness within the
range of angles 356°-1° and a 0.0138° step
yielded the count rate vs. GRS angle de-
pendence (Fig. 7). The dependence obtained
(Fig. 7) shows that, within the specified
range of angles, the detector opens com-
pletely from behind the absorber because a
lower and upper boundary with a constant
count rate is in place. The count rate in this
case changes by a factor of 2.4.

As Fig. 8 shows, a bigger absorber thick-
ness gradient and a respective count rate
change was seen in the experiment using a
lead filler in an "empty” asymmetric ab-
sorber. The "empty” asymmetric absorber
was made of a flat copper bar 0.1 mm thick,
with a maximum boundary thickness of
45 mm, a 40 mm height and a 70 mm inter-
nal diameter. In the centre of the absorber
was a detector with a 20 mm length and a
10 mm diameter. The dimensions of the tellu-
ride-cadmium detector were 4x4x2 mm3 [14].
The "empty” asymmetric absorber was filled
with 3.75 mm diameter lead beads.
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Fig. 8. Count rate vs. GRS angle with the
detector positioned on the minimum asym-
metric absorber thickness side, with a lead
filler being used.

A comparison of Figs. 8 and 7 for the
lead absorber shows a count rate change
higher by a factor of 3.2, though the ab-
sorber thickness gradient for steel is higher
by a factor of 1.3.

Besides, the experimental data [4] were
used to conduct further experimental re-
search in the precision method with a
0.138° step. In this case, lead filler, which
filled the "empty”™ asymmetric absorber and
a spectrometric telluride-cadmium detector
with dimensions of 5x5x2 mm3 were used.
In these experiments, the detector was ro-
tated about its axis from 0° through 45°
with a 15° step. At each step, the detector
position was fixed and the asymmetric ab-
sorber was rotated as mentioned above with
a 0.138° step. The count rate increased and
a total absorption peak drop was observed
according to [4]. It was found that the ef-
fect of gamma-radiation scattering over a
copper-lead surface is observed when the
telluride-cadmium detector is positioned
with its rectangular side edges of 5x2 mm?

and 5x5 mm parallel to the copper-lead sur-
face (Fig. 3).

3. Conclusions

Experiments have established that, in
the precision method for determining the
point GRS direction with a decreasing step
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of rotation of an asymmetric absorber, the
accuracy of determining the direction can
be increased. This enables directing reliably
the asymmetric absorber boundary to the
GRS. Besides, the optimal position of the
detector was found. It should be positioned
immediately beyond the maximum and mini-
mum thickness boundary on the side of the
minimum asymmetric absorber thickness.
This position helps determine the minimum

and maximum count rate.

To detect the

scattering effect of gamma-radiation when
it passes over a copper-lead surface, the tel-
luride-cadmium detector should be posi-
tioned optimally so that the diagonal of the
rectangular parallelepiped would be parallel
to the copper-lead surface.
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