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Age-specific reduction of the bone mass (osteoporosis) is one of the most progressing human illness throughout
the world. Its diagnostic is based on a measurement of the mineral density of bone mass by radiation absorptiometry
technique. In the communication, a possibility to use gamma-sources on the basis of the **Ta isotope for osteoporo-
sis diagnostics is considered. The isotope can be produced by the 181Tagy, 2n)'"Ta reaction in a high-energy X-ray
radiation field using a target from natural tantalum. Conditions of the ***Ta planar sources production at an electron
accelerator were studied. By computer simulation, an optimization of target geometry has been conducted. Yield of

target isotope and admixtures have been measured at a bremsstrahlung end-point energy of 40 MeV.

PACS: 07.85.-m, 81.40wx,87.53-},87.53Wz

INTRODUCTION

Osteoporosis is the most widespread metabolic dis-
ease of bone system characterised by a loss of its
strength in view of decrease of the mineral bone density
(MBD). The most known nontraumatic method of the
osteoporosis in vivo diagnostics is a measurement of
MBD by a technique of radiation absorptiometry. The
method is based on a comparison of absorption coeffi-
cients of the photons with a specified energy (common-
ly in the range 30...100 keV) at their transmission
through the soft and bone tissues. The method is real-
ised by means of one- or two-photon absorptiometry
with the use of gamma sources on the basis of %)
(E,=27.5 keV; Ty,,=60 day) and **Gd (E, ~44 keV and
100 keV; T,=241 day) isotopes or an X-ray source
(see, for example, [1]).

Both isotopes are received by radiochemical extrac-
tion from the targets irradiated on a reactor. In case of
X-ray radiation, an ultrastable tube with a system of
filters forming a spectrum with the two maxima nearly
45 and 80 keV are used [2]. To obtain a 2D-image, the
collimated source of y-radiation and detector are syn-
chronously moved relative to an investigated part of the
skeleton situated between them. In view of complexity,
such equipment is rather expensive. So it is worthwhile
the development of a reactor free technology for pro-
duction of planar y-sources with suitable energy of pho-
tons and big half-life. On their basis, it is possible de-
signing rather simple systems for osteoporosis diagnos-
tics, e.g., via inspection of peripheral parts of the skele-
ton. In the work, it is offered to use the *°Ta isotope
(Table 1) for production of such sources. It can be gen-
erated by the reaction **'Ta(y, 2n)*"°Ta having a thresh-
old of 14.2 MeV (Fig. 1).

1. OPTIMIZATION OF SOURCE
THICKNESS

Production of y-sources on the basis of the }"°Ta iso-
tope can be realised by irradiation of a tantalum target
with the X-ray radiation of an electron accelerator with
beam energy E, above the reaction threshold. It should
be noted that a free range of photons with energy
~20 MeV in tantalum makes ~1 cm [5]. Thus a Ta-target
thickness, within which the *"°Ta nuclei can be generated,
exceeds by two orders of values the free range of the pho-
tons emitted by this isotope (see Table 1). It stipulates a
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necessity of optimisation of the source geometry to pro-
vide maximum of the *™°Ta activity at minimum of its
radiation self-absorption.

Table 1
Ta'” radiation spectrum [3]
Line Photon energy,| Freerange, | Rel. intensity,
keV mm %
XR1 7.9 0.0036 20.2
XR kal 54.07 0.1302 21.9
XR ka2 54.61 0.1336 12.6
XR kB3 62.98 0.1945 2.44
XR kp1 63.24 0.1966 4.71
XR kB2 64.94 0.2112 1.61
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Fig. 1. ®Ta(y, 2n)""°Ta reaction cross-section [4]

An obvious problem solving is the usage a stack of
thin foils as a target. In this case, it is possible to receive
a set of sources with essentially non-uniform distribu-
tion of surface activity corresponding to a profile of the
bremsstrahlung photon flux. Other variant, enabling to
receive an extended quasi-homogeneous source, is ap-
plication of a target in the form of a roll with its rotation
under activation.

The results of computer simulation of external radia-
tion of thin tantalum plates with evenly distributed *"°Ta
of identical total activity at different thickness t are
shown in Fig. 2.

It is seen that at a thickness t=1-10° cm, the photon
self-absorption is practically absent. However, at a giv-
en specific activity of 1°Ta the intensity of such source
will be small. At a thickness t >1-10 cm, there are only

ISSN 1562-6016. BAHT. 2013. N26(88)


mailto:uvarov@kipt.kharkov.ua

lines with energy ~54 and 64 keV in external radiation,
but their intensity considerably decreases in view of
self-absorption. Thus one of the features of photonucle-
ar "Ta technology is ensuring a compromise between
the activity of produced source and its area. A key pa-
rameter in this choice is the thickness of the produced
source t. Namely, at the given volume and general activ-
ity of a photonuclear target decreasing t is accompanied
by increasing of source area but dropping its activity.
Taking into account results of modelling, we have cho-
sen t=0.1 mm.
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Fig. 2. External radiation of activated Ta plate:
a - t=110°cm; b — t=1-10% cm; ¢ — t=1-10" cm

2. OPTIMIZATION OF TARGET
GEOMETRY
2.1. 1t is known that tantalum is widely used as a

material for the X-ray converters. Therefore we consider
a process of a Ta-target activation by direct acting on it

o o
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with an electron beam. Thus a considerable part of a
beam power is absorbed in the target. So for the °Ta
production at a high-current accelerator the target de-
sign should provide its effective cooling, for example,
with running water.

Taking into account these considerations, for analy-
sis and optimisation of the conditions of the *"*Ta pro-
duction it is offered a target device which scheme is
shown in Fig. 3. It represents a set from n tantalum
tubes inserted one into another (n=1, 2...6) — iteml.
Each tube has a wall thickness of 1 mm. The aperture 2
of internal tube has a diameter of 10 mm. Thus with
increasing number n the external diameter of the device
will increase proportionally. The central channel of the
target as well as the gap 3 of 1 mm thick between the
surface of external tube and target casing 4 are filled
with cooling water. The casing corresponds a tube from
aluminium of 1 mm thick. Such choice of the target
geometry allows determine an optimum thickness of the
Ta-target by means of a layer-by-layer calculation of the
activity and absorbed radiation power.

We consider an electron beam with energy
E,=40 MeV incident on the device surface. The given
value of energy seems to be nearly optimal taking into
account a yield of the above-threshold X-ray photons as
well as a rate of admixture generation. The beam has a
diameter of 0.5 cm with uniform distribution of particles
within its cross-section. The target is rotated under acti-
vation providing in such a way an axially symmetric
distribution of the induced *"°Ta activity and absorbed
radiation power.
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Fig. 3. Diagram of target device (simulation)

2.2. Calculations were carried out by a simulation
technique on the basis of a modified PENELOPE-2008
package [6]. The data on the reaction **'Ta(y, 2n)*"*Ta
cross-section, given in Fig. 1, were used for determining
the *Ta yield. The results of modelling are summarized
in Table 2. Their statistical error does not exceed 2 %.
The obtained data on the *™Ta yield were reduced to
1 pA of beam current and 1 hour of irradiation run. The
data of Table 2 demonstrate that by increasing a thick-
ness of the Ta-target it is possible to increase a total
9T yield. However, an average value of linear activity
of a received tape-like y-source thus decreases. An en-
largement of its width can be ensured by moving the
target under activation along its axis or by application of
a scanned electron beam. Last variant seems to be pref-
erable in view of more uniform distribution of a thermal
loading on its elements, when the target is activated
with a high-power beam.
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Absorbed radiation power and yield of Y°Ta (Ey=40 MeV)

Table 2

Thickness of Ta-target, mm 1 2 3 4 5 6
Length of *°Ta source (t=0.1 mm), cm 34.5 75.4 1225 | 175.8 | 2355 | 301.4
Absorbed radiation power, W/uA:
Al-casing | 0.96 0.84 0.64 0.55 0.52 0.52
water | 2.88 3.22 3.13 2.66 2.05 2.05
tantalum | 5.52 12.76 18.24 21.63 24.16 26.36
Yield of *°Ta, pCi/pA-hour 0.85 2.7 4.4 6.0 7.3 8.3
Av_erage linear activity of source, 246 358 359 341 31.0 276
nCi/pA-hour-cm
3. MEASUREMENT OF ISOTOPE 0.3 mm.

COMPOSITION OF ACTIVATED
Ta-TARGET
3.1. For estimating the accuracy of modelling as
well as yield of °Ta and impurities under tantalum
activation with the electron beam, an experiment, which
scheme is presented in Fig. 4, has been conducted.

LU-40

—_— 4

Fig. 4. Scheme of experiment

At the exit of linac LU-40 [7] on the electron beam
axis, an aluminium branch pipe 1 of 400 mm length and
54 mm internal diameter was positioned. In the branch
pipe centre, a holder 2 was located with a target 3 con-
sisting of five Ta-plates each of 30 mm diameter. The
first four plates had a thickness of 1 mm and the fifth of

It is known that tantalum, irradiated with electrons,
besides X-ray (bremsstrahlung) radiation, generates also
a flux of photoneutrons, mainly, due to the ®Ta (y, n)
180MT4 reaction (see, e.g., [8]). For study of influence of
the neutron spectrum on a radionuclide composition of
the activated target, in a separate experiment the branch
pipe with the target device was positioned in a modera-
tor of neutrons 4 (its detailed description is given in the
work [9]).

3.2. In each experiment, the target was irradiated at
40 MeV and 3.85 pA for 2 hours. After cooling during
24 hours for a decay of the short-live isotopes, the thin
tantalum plate was directed on a gamma-spectrometry
analysis. The measurements were conducted on a station
comprising an HPGe-detector (GPD-16195, BSI), an
ORTEC 570 amplifier and an ADC-8k-2b analog-to-
digital converter with a software An 2.5 (Aspect). The
station provides FWHM of 510 eV at 122.1 keV (*’Co).

The results of measurements and simulation on the
yield of principal radionuclides under tantalum activa-
tion with neutron moderator and without it are given in
the Table 3.

Table 3

Yield of main isotopes under activation of tantalum with electron beam (E,=40 MeV)

Isotope

Ty, day

Reaction

Normalized yield, pCi/uA-hour-g

Without moderator

With moderator

Simulation

179-|—a

665

B1Ta(y, 2n)'"°Ta

0.091

0.088

0.085

182-|—a

114.4

181Ta(n, 'Y)182Ta

0.004

0.024

92mNb

10.15

“Nb*(y, n)**"Nb

0.001

0.001

* ¥Nb is present in natural tantalum as a natural impurity

3.3. As it is seen from the data of the Table 3, the
yield of *°Ta does not depend on the neutron spectrum,
and the results of modelling and experiment coincide
within 7% (that corresponds to an error of the activity
measurement). At the same time, the use of neutron
moderator is accompanied by the 6 times increase of the
182T3 yield. It is caused by the increase of the ®'Ta (n,
v) *82Ta reaction cross-section up to ~20b in the thermal
area, as compared with ~100 mb at energy of photoneu-
trons of~100 keV [10]. In Fig. 5, the spectrum of tanta-
lum activated without moderator, and in Fig. 6 — the
low-energy fragments of the spectra for both variants of
the target activation are demonstrated.
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Fig. 6. Spectra of tantalum activated by electron beam
(Eo=40 MeV): a — without moderator of neutrons;
b — with moderator

CONCLUSIONS

The y-sources on the basis of *Ta can be produced
at the rather inexpensive and friendly for ecology electron
accelerators. In particular, with a beam (40 MeV; 1 mA)
it is possible to make for 100 hour run up to 30 planar
10x10 cm sources with activity of ~30 mCi each [11].
An advantage of the offered technology is also applica-
tion of targets from natural tantalum, which is practical-
ly a monoisotope. It delivers from a necessity to use the
expensive enriched materials, and also limits a number
of channels for impurity generation. Thus the activity of
main impurity '®?Ta right after EOB does not exceed 5%
and decreases further under a service of the y-source. If
it is needed to increase the ***Ta content (e.g., in order
to receive a many-photon source), a target activation
can be conducted using a moderator of neutrons.

In case of target activation using a high-current beam
(>10 A in the bunch), one can expect an increase of the
9Ta and *2Ta yield resulting from excitation of a short-
lived isomeric state of **'Ta with energy 6.24 keV having
much greater cross-section of reactions [12].
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BO3MOXHOCTDb ®OTOSJEPHOI'O TIPOU3BOJCTBA IIJIAHAPHBIX NCTOYHUKOB %Ta
H.II. Tukuii, FO.B. JIawxo, FO.B. Pozoe, B.JI. Yeapos
BospactHoe CHIKEHHE KOCTHOH MaccChl (OCTEOMOpO3) ABJSACTCS OMHUM M3 HAUOOJIEe TPOrpecCHPYIOIUX BHIOB
3a0oneBanuii B Mupe. Ero nuarHoctuka OCHOBaHA HA M3MEPCHUU MHUHEPATBHOHN TUIOTHOCTA KOCTHOW MacChl METO-
JaMu JTydeBoil abcopOumoMerpun. PaccMoTpeHa BO3MOXKHOCTH HCHONB30BAHUS U JAUATHOCTHKUA OCTEOMOPO3a
raMMa-HCTOYHMKOB Ha OCHOBE M30TOma » Ta ( Ex~54 x3B; T1/,=665 nneit). Ero MOXXHO MPOU3BOAUTH B TOJIC BBI-
COKOXHEPTEeTUYECKOT0 TOPMO3HOTO U3IYyUCHUS MO PEaKIUH 181Ta(y, 2n)179Ta B MHIIICHU U3 MPHUPOIHOTO TAHTANA.
HccnenoBaHbl yCIOBHSA TONYYEHUS TUITAHAPHBIX UCTOYHHKOB ~  1a Ha YCKOPHUTENE AJIEKTPOHOB. METOI0M KOMIIBIO-
TEPHOTO MOJICTTUPOBAHUS MPOBEICHA ONTHMU3ANNS TCOMETPUH MUIIICHHOTO YCTPOcTBa. MI3MepeHBI BBIXOHI TIele-
BOI0 U30TONA U IPUMECEN IIPU TPAHUYHOM SHEPIUU TOPMO3HOrO u3nydeHus 40 MaB.

MOXJIUBICTh ®OTOSJEPHOIO BUPOBHUI[TBA IJIAHAPHUX JI)KEPEJI ' "°Ta
M.IL Jukuii, FO.B. /lawko, FO.B. Pozoe, B.JI. Yeéapos

BikoBe 3HMKEHHS KiCTKOBOI MacH (OCTEOIopo3) € OJHUM 3 HAHOUIBII NPOrpecyrounx BU/IIB 3aXBOPIOBAHb Y CBi-
1i. Moro miarHocTuKa 3acHOBaHA HA BHMIpIOBAHHI MiHEpaIbHOI MIUIBHOCTI KiCTKOBOI MacH METOIAMH IIPOMEHEBOI
abcopOmiomerpii. Po3risiHyTa MOXIIMBICTE BUKOPUCTAHHS JJIS IaTHOCTHKU OCTEONOPO3y IraMMa-/Kepes Ha OCHOBI
i3otory Y"°Ta (Ex~54 keB; T1,=665 auiB). loro MoXHa HAIPALBOBYBATH B IO BUCOKOCHEPreTHIHOIO IaibMiB-
HOTO BHIPOMiHIOBaHHs 3a peakwiero “*'Ta(y, 2n)"°Ta y mimeni 3 npupomsoro tantany. JOCTiKEHO YMOBH OTPH-
MAHHS ITAHAPHHX JuKepen - Ta Ha IPHCKOPIOBAY eIeKTPOHIB. MeTOIOM KOMITIOTEPHOr0 MOJIC/TIOBAHHS IIPOBE/IC-
Ha ONTHUMI3allisi reoMeTpii MilIEeHEBOr0 MPUCTPO0. BUMipsiHI BUX0AM IIIOBOIO 130TOIY 1 IOMIIIOK NPH I'paHUYHIN
eHeprii raeMiBHOrO BunpominioBaHuasa 40 MeB.
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