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In this report the different target arrangement relative to the bremsstrahlung beam have been considered. The
analyses of spectral and angular distributions of bremstrahlung from different targets and as function of incident
electron energy have been done. The worked out activity dependence on parameters of radionuclide target and
bremstrahlung converter has been investigated. The different target arrangements relative to the bremsstrahlung
beam have been considered. The analyses of spectral and angular distributions of bremstrahlung from different
targets and as function of the incident electron energy have been done. The worked out activity dependence on
parameters of a radionuclide target and a bremsstrahlung converter has been investigated. The recommendations
concerning the optimal bremsstrahlung converter and target arrangement intention and the beam efficiency have

been developed.
PACS: 25.20.Lj

INTRODUCTION

Production of medical radioisotopes is characterized
by that the obtained preparation must have high
radionuclide purity and the target must be subjected to
minimum radiation damage. High radioisotope purity is
provided by selection of target nucleus and
minimization of the contribution (y,2n), (y,3n), (Y,pn)
reactions leading to the formation of by-products of
radionuclides. These demands restrict the maximum
bremstrahlung energy and waste electron current on the
target. The most of experiments that constrained with
generation of radionuclides may be realized with beam
power lower then 800 W that makes easier the selection
of converter material and absorber of waste electron
current. The converter material must possess a large
atomic number Z, high density, and must be sufficiently
easy at mechanical processing. For the next calculations
and experiments tantalum has been chosen as it meets
the above-mentioned requirements and is inexpensive.
The maximum bremstrahlung yield in the region of
giant resonance for making irradiation of experimental
targets must be achieved. This one can be realized by
variation of the initial target thickness or less by
variation of the initial electron energy that is restricted
by accelerators’ technical ability.

MATERIALS AND METHODS

The important characteristics of irradiation devices
are maximal specific activity of radionuclides, the
volume and the shape of irradiating targets. For
example, when production of O, "F, ''C, *"Tc is
realized, incorrect choice of target shapes and volume
leads to insignificant decreasing in the specific activity
of above - mentioned radionuclides. When Ta, V, Os, Ir,
Ti or In are irradiated, foil targets or wire targets of
variable thickness are manufactured. Therefore, the
problem of selection of target volume and shape is
related to the problem of irradiation targets with
isotropic or anisotropic y-rays distribution. The problem
of irradiation with isotropic distribution has been
resolved in work [1].

Calculations have been carried out by formula:
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where @ - flux density of initial radiation, O-cross-
section of gamma activation, d- distance from the center
of converter to the elementary volume dv. In case of
irradiation by the electron accelerator the part of
anisotropic Yy-rays distribution must be added in formula
(1).

Analytic expression of angular distribution of
bremstrahlung from thick targets is very unwieldy and
we use the changed Shieff’s formula listed in work [2]:
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where J() and J(0) — radiation rate at the angle [ and 0,
respectively, Ei —integral function
L] -X
E, (y)=- I%dx , Eyn —maximum energy of the
-y
bremsstrahlung spectra, Z — converter atomic number, t,
— thickness of converter (rad. length), my — mass of
electron. Satisfactory agreement with experiment if we
use formula (2) has been provided. In the interval of
angle of 0...40 discrepancy [I with experiment is less
then 12%. We have two variants of a relative position of
the converter and the target: A — when the target axis
coincides with the y-beam axis, B — when the target axis
is perpendicular to the y-beam axis shown in fig.1.
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Fig. 1. Chart variants of relative position of converter
and target. A — target axis coincides with y-beam axis,
B — target axis is perpendicular to the y-beam axis
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The target was irradiated from the converter having
a radius r and positioned at a distance a from the target,
target has a radius R and a height H. Calculations of
values of @, d and [ in formulas (1), (2) respectively
has been performed in work [3]. In the below-given
formulas the indices A and B relate to variant A and B
in fig.1 respectively
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The similar calculations for variant A have been
performed in work [4].
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Fig. 2. Model of irradiation for determination of the
optimal target geometry

As shown in fig.2, the calculation of full target
activity is performed by integration over the volume of
elementary ring activity. Activity of the elementary ring
volume is defined by the formula:
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where A, — total activity in the given ring element; A —
activity produced per lg of target nuclide located at an
angle [ from the electron beam; C, — density of target
nuclide of target material; E —energy of electron beam;
0 — linear attenuation coefficient for a given target
material; the rest marking is clearly shown in fig.2.

RESULTS AND DISCUSSION

Estimation of the total activity yield of target using
formulas (2), (5) for ''C, '*O, "N nuclides with different
distances from the bremsstrahlung converter has been
done. The values of the total activity 'O for different
geometries of irradiation calculated by this method are
shown in fig.3. The irradiation conditions are the
following: electron energy — 25MeV, time of
irradiation — 10 min, mean electron current — 100 JA.

The obtained calculated data allow selecting of the
target position geometry for various purposes of
irradiation. Maximum specific activity takes place in the
case of using small diameter targets, but the total
activity in this case is not high. This geometry may be
recommended when use targets without prolonged
radiochemical treatment.
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Fig.3. Total activity (a) and specific activity (b) versus
of target radius at the distance between target and
converter 20; 40; 100; 200 mm

The programs for optimization of bremsstrahlung
converter with the use of the library GEANT4 were
written. These programs allow one to simulate the
processes particle passage through matter by the Monte-
Carlo method. Initial parameters of the converter being
varying in the optimization process have been selected
as follows: thickness of tantalum foils 1.5...2.5 mm,
cross dimensions 50%40 mm. Calculated optimal
thickness is in the good agreement with works by other
authors [4,5]. The calculation of experimental specific
activity any isotopes with the use of tables of
photonuclear cross-sections [6] and the optimal
geometry of target position have been done. The
specific activity of several isotopes is shown in table,
time of irradiation is 1 hour.

Measured activity of several isotopes

Energy, Specific activity, Bq/g X WA
MeV IIC 18F 13N 150
25 3-107 5-10’ 4-10° 2,8:10°
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ONTUMM3AIIUSA YCJIOBUM OBJIYYEHUS MUIIIEHEM
JJIS1 TPOU3BOACTBA PAANOHYKJIMIOB

A.H. J/loéona, b.U. Illpamenxo, A.B. Topzoexun

PaccMoTpeHb! pa3iiyHbIe BAPHAHTHI PACIIOIOKESHHUSI MULIICHEH 110 OTHOLICHHIO K IIYYKY TOPMO3HBIX (POTOHOB.
[IpoBeneH aHamM3 CHEKTPaNbHBIX M YIJIOBBIX paclpeieieHHH TOPMO3HBIX (DOTOHOB OT PA3IMYHBIX TOPMO3HBIX
MHUIIEHEH M TpU Pa3NMYHOW OJHEPrHMM NaJarolMX J3JEeKTPOHOB. lccienoBaHa 3aBHCHMMOCTh —BEJIMYHMHBI
HapabaThIBaéMOW aKTUBHOCTH OT IapaMeTPOB PaTHOHYKINIHON MHUIIIEHH U TOPMO3HOTO KOHBepTOopa. B pe3ynsrare
UCCJICOBAaHUH JlaHbl PEKOMEHIALMH MO0 BBIOOPY ONTHMAIBHOIO TOPMO3HOTO KOHBEPTOpa M ONTHMAJIBHOMN
TEOMETPUH PACIIOJIOKEHUSI MHIICHEH B 3aBUCHMOCTH OT I[N OONydYeHHs H BBEIOPaHHOTO KOX(pQHUIHEHTa
HCIIOJIb30BAHMS ITyUKa.

ONTUMI3AIIISL YMOB ONTPOMIHEHHSA MIIIIEHEM
JJIsA BAPOBHUIITBA PAJJIOHYKJII/IIB

A.M. [loéonua, b.1. Llpamenko, A.B. Topzoexun

Po3risHyTi pi3Hi BapiaHTH po3TallyBaHHS MillleHEel CTOCOBHO Iy4Ka rajabMoBHX (oToHiB. [IpoBeaeHo aHaii3
CHEKTPAIbHUX 1 KyTOBHX PO3MOALIIB rajJbMOBHX (DOTOHIB BiJl Pi3HMX raJlbMOBHX MillleHeW 1 Mpu pi3Hiid eHeprii
MMAJaf09uX eNEeKTPOHIB. [lOCTiMKeHO 3aJeXHICTh BEIMYMHHW aKTHBHOCTI, IO HAIpPAalbOBYETHCS BiJ MapaMeTpiB
pamioHyKIimHOI MiIIeHi i TaTbMOBOTO KOHBEpTOpa. Y pe3yiapTaTi JOCTiKEHb HaHi peKoMeHZamii 3 BHOOpY
ONITHMAJIEHOTO TIEMOBOTO KOHBEPTOpA M ONTUMAIBHOI FeOMEeTpii po3TallyBaHHs MilICHEH y 3aJeXHOCTI BiJ METH
OMPOMiHEHHS i 00paHOTro KoeilieHTa BUKOPUCTAHHS ITyYKa.
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