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B03MOXHOCTb MOSTy4eHUs HEKOTOPHIX P JHMOHYKIIMOB

C HCIIOJIb30B HHUEM TOPMO3HOTO H3Ty4EHHS 3JIEKTPOHOB

BBICOKHX DHEPTUM

Onuc H MEeTo[ MOTy4eHHs] HEKOTOPBIX P IHOHYKJIMAOB C UCIIOJIb30B HHUEM TOPMO3-
HOT'O M3JTy4eHHUs! BJIEKTPOHOB BHICOKUX dHepruii. OrpesiesieHs! yaenbHble KTHBHOCTU U
BBIXO/IbI (hOTOSIEPHBIX Pe KLUl HEKOTOPBIX P JHOHYKJIHMIOB IPH OOIYYEHUH YMCTHIX
oI M3 T THHBI, OJOB M 06Or meHHoro uzoron 1'&112Sn T xxe oueHeHsl
ylleNbHble KTUBHOCTH M BBIXOJbI (hOTOSIEPHBIX pe KLMil P AMOHYKIMuoB 17 Sn,
MW y 195™Pt npu ucnonb3oB HUM TOPMO3HOTO M3IyYeHHs 3IEKTPOHOB BBICOKHX
sHepruil nmuHeitHoro yckoputens yct Hoku UPEH (JIH®, OUAN).

Hcxopms U3 ®KCIIEPUMEHT JIBHBIX [ HHbIX, HOJyY€HHBIX H YCKOPHTEJIE 2JIEKTPO-
HOB — MuKpoTrpoHe MT-25 (JISIP OUSIHN) ¢ sneprueit E.- < 30 MsB n MomHOCTBIO
0,5 kBT, oueHeHs! BbIX0AB! B (hOTOSNEPHON pe KIMM HEKOTOPBIX P ANOHYKJIUIOB IS
JIMHEHHOTO 31eKTpoHHOro yckoputend (E.- = 75 M»B) ycr Hosku MPEH (JIH®
10)452150)

P 6or BemonHen B JI 60p Topum HedTpoHHOH u3uku uM. U.M.®Pp HK U B
JI 6op Topuu siiepHbix pe Kuumil um. I. H. @iaepos OUSIH.
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Possibility of Some Radionuclides Production Using
High Energy Electron Bremsstrahlung

The method of some radionuclides production using high energy bremsstrahlung
of electron accelerators and determination of photonuclear reaction yield and specific
activities for some radioinuclides is described. Photonuclear reaction yield and
specific activities for some radioinuclides are determined for ''"™Sn, '''In and
195mPt.

Based on the experimental data obtained at low energy (E.- < 30 MeV) electron
accelerators as well as the microtron MT-25 (FLNR, JINR) with the power 0.5 kW,
photonuclear reaction yields are estimated for some radionuclides for the linear elec-
tron accelerator (F,— = 75 MeV) of the IREN facility (FLNP, JINR) at irradiation
of high purity platinum and tin metals.

The investigation has been performed at the Frank Laboratory of Neutron Physics
and at the Flerov Laboratory of Nuclear Reactions, JINR.
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INTRODUCTION

At present, the requirements for an acceptable radionuclide are still con-
siderably high. The nuclear reactors and cyclotrons are mainly used for the
radionuclide production. However, they are not able to produce all the required
types of radionuclides, therefore, electron accelerators as linac and microtron,
that can produce radionuclides using the bremsstrahlung, are suitable comple-
ments.

Properties of the !™Sn radionuclide are acceptable for clinical and
therapeutic use: the short half-life of 13.6 d is necessary to minimize the pa-
tient exposure, the gamma emission of photons of 158.4 keV (84%) for imaging,
and abundance (116%) of low energy (127-129, 152 keV). Auger and conver-
sion electrons for delivering a high radiation dose to sites of a bony metastatic
disease [1,2]. Also the platinum radionuclide '?°™Pt is used for cancer diagnosis
and therapy.

The yields of a number of radionuclides produced by the bremsstrahlung beam
irradiation were measured by different groups. Oka et al. [3] measured the yields
of radionuclides induced by the (v, n) reactions with the 20 MeV bremsstrahlung
from the linac on 37 elements. Analogous measurements were performed at the
Czech microtron by Randa et al. [4] with the 19 MeV bremsstrahlung beam.
Detailed measurements were also performed by Gerbish and Thiep et al. [5]
at the microtron in Dubna (FLNR, JINR) for practically all natural nuclides at
different electron (14, 18 and 20 MeV) energies. Properties and activity yields of
radionuclides obtained from photonuclear reaction data are based exclusively on
experimentally obtained results for the majority of elements and are presented in
book by Segebade et al. [6].

THE AIM OF THE EXPERIMENTS

In the present work we will try to give some information on the possibility of
application of the bremsstrahlung beam of the linac of the new Intense REsonance



Neutron pulsed source (IREN) for fundamental and applied nuclear physics is
being realized at the end of the 2008 at FLNP JINR, Dubna.

ACCELERATOR

The methods of multielemental photon activation analysis (MPAA) and ra-
dionuclide production will be developed at the linac of the IREN facility.
Some technical characteristics for the linac of the IREN facility are as follows:

e Maximum energy of electrons — 75 MeV,

e Peak current — 2.84 A,

e Pulse frequency — 50 Hz,

e Electron burst width (FWHM) — 140 ns,

e Power — 1.1 kW.

A water cooled tungsten or platinum target has been used for the brems-

strahlung converter. The temperature on the surface of the W or Pt disk of the
target must be lower than ~ 900°C (see Fig. 1).

I
4

Fig. 1. Simple geometry of radiation target by bremsstrahlung. / — electron source; 2 —
exit foil ( ~ 0.1 — 0.3 mm thick Ti); 3 — converter (W or Pt plate ~ 2.5 and 5 mm);
4 — target

The preliminary methodical experimental investigation was carried out at
the cyclic electron accelerator microtron MT-25 of FLNR, JINR. The microtron
MT-25 was used as the bremsstrahlung source to determine specific activities
and yields of the photonuclear reactions. The 0.57 kW power irradiation tar-
gets of the microtron MT-25 were operated with the electron beam current of
15pA and energy of 23.5 MeV. The results of methodical study are given in the
present work.



EXPERIMENTAL PROCEDURE

To estimate the activity and yield of the H7mgy 1y 195mpt radionuclide
production, the natural pure tin, platinum and enriched ''®Sn (98.5%) isotope
have been irradiated at the microtron MT-25 by the bremsstrahlung beam of
23.5, 22, 21, 20, 19 MeV with the current of 13-14.5 pA during 1-2 h at the
radial distance of 2 cm from the tungsten target (4 mm thick). For determination
of photonuclear reaction specific activity and yields of Sn, Pt isotopes several
experiments have been carried out:

No. | Energy, MeV | Elements | Mass of sample, mg | Irradiation time, h
Au-1 5
Zr-1 1.2
1 235 Sn-1 46.1 1
Sn-118 (9) 31.3
Cu-1 49.5
Au-2 6.2
Zr-2 0.6
2 22 Sn-2 9.2 1.5
Cu-2 48.8
Au-3 6.9
Zr-3 0.7
Sn-3 28.5
3 21 Cu3 442 1.5
Pt-1 8.6
Sn-112 12
Au-4 5.5
Zr-4 4
4 20 Sn-4 14 1.5
Cu-4 35.8
Pt-2 8.4
Au-5 1.2
Zr-5 1
3 19 Sn-5 374 15
Cu-5 435
Pt-5 6.3
Au-6 1.2
Zr-6 1.1
Sn-6 37.4
6 24.2 Cu-6 39 1.5
Pt-6 6.3
Sn-118 (9) 29.7
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Fig. 2. a) A part of gamma spectrum of the irradiated natural pure Sn foil (19.2 mg).
There are gamma lines: 158.4 keV for ''7™Sn and 171.3 and 245.3 keV for ''In.
b) A part of gamma spectrum of the irradiated enriched ''®Sn (98.5%) foil (29.7 mg).
c) A part of gamma spectrum of the irradiated natural pure Pt foil (8.6 mg)



Typical irradiation scheme of the second experiment, disposition of samples
and beam monitors on the bremsstrahlung of the microtron MT-25 are shown as
follows:

Monitors

g —

Samples

Activity of the irradiated high purity natural platinum, tin and enriched *'¥Sn
samples and monitors were measured by HPGe detectors of the gamma spec-
trometer of FLNP, JINR with the energy resolution of 2 keV at gamma lines of
1332 keV for ®°Co radionuclide.

To the monitors of the high energy electron’s bremsstrahlung flux are used
pure metal foils of Au, Cu and Zr. Gamma lines of the radionuclides, which have
been detected from samples and monitors [2,4] are given in Table 1.

Table 1. Nuclear data of tin (Sn) and platinum (Pt) radioisotopes

Radionuclide | Main energy | Intensity, Reaction Reaction | Abundance
and half-life E,, keV % E,, MeV of target,
%
H7mgn H78n (v, 7)) -0.32 7.57
13.6d 158.40 84.00 H88n (v, n) -9.65 24.01
1980 (v, 2n) | -16.13 8.58
Himgn 158.40 84.00 1880 (v, n) -9.65 98.50
13.6 d
i, 171.29 91.00 H128n (v, p) -7.73 0.95
2.83d 245.35 94.00
195m py 98.86 195pt (v, ~") -0.26 33.80
4.14d 129.74 11.01 196p¢ (4, n) -8.18 25.20
198pt (v, 3n) -21.60 7.19

Equations (1) and (2) for calculation of specific activity, yield and integrated
cross section of the photonuclear reaction are as follows:
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where S — net peak area, N4 — Avogadro number (mol~!), § — isotopic abun-
dance of the target isotope (%), v — gamma-ray abundance (i.e., probability of
the disintegrating nucleus emitting a photon of this energy, photons per disintegra-
tion), w — mass of the irradiated element (g), M — amotic mass (g~m0171), € —
photopeak efficiency of detector (i.e., probability that an emitted photon of given
energy will be detected to contribute to the photopeak in the spectrum), o.g — ef-
fective cross section (mb or 10727 cm?), ¢, — photon flux (cm=2 - yA=1.s71),
A — decay constant, t;, — irradiation time (s), tq — decay time (s), t,, —
measuring time (s), A; — specific activity (Bq/mg), Ey,.x — irradiation energy
(MeV), Ey, — reaction threshold energy (MeV).

Radionuclide of this class is therapeutically and diagnostically useful in skele-
tal imaging and for the radiotherapy of bone tumors and other disorders.

From the measured gamma-spectrum data the experimental photonuclear re-
action activity and yield (see Fig.2 a, b, ¢) have been determined for radionuclides
117mgn and '''In, 195™Pt, Their experimental values are shown in Table 2.

Table 2. Experimental results of specific activity and yield for some radionuclides

No.| E~, |Element| Radio- | Specific Yields Isomer’s Relative
MeV nuclide | activities T, Bq/ ratio integrated
A, Bg/mg |[[pA - mg - h]| R, [Ym/Yz]|cross section,
[01/0_640111

H7mgn | 8.17E+05 | 5.45E+04 0.44

11, | 8.76E+06| 5.84E+05 0.09 5.1

1 {235| Sn-1 | ''3Sn |7.01E+06| 4.68E+05 0.116 3.46

1238n [1.52E+06| 1.01E+05 0.54 0.93

Sn-118 [11"™Sn|5.77E+05 | 3.85E+04 0.31

H7mgn | 3.14E+05 | 1.39E+04 0.28

11, 13.15B+06| 1.40E+05 0.09 3.12

2 | 22 | Sn-2 | '*3Sn [2.62E+06| 1.16E+05 0.12 2.01

1238n |6.17E+05| 2.74E+04 0.51 0.64

17mgn|3.02E+05 | 1.33E+04 0.40

11, 1 3.30E+06| 1.47E+05 0.09 4.84

3| 21| Sn-3 | ''3Sn |2.60E+06| 1.16E+05 0.115 3.12

1238n | 6.02E+05 | 2.68E+05 0.49 0.92

Pt-1 [ '95™Pt|6.56E+05| 2.92E+04 1.63

191pg 1 4 46E+06| 1.98E+05 0.15 10.77




Table 2 (continuation)

No.| E~, |Element| Radio- | Specific Yields Isomer’s Relative
MeV nuclide | activities T, Bq/ ratio integrated
A, Bg/mg |[pA - mg - h] | R, [Ym/Yz] | cross section,
[01/0_64011}
17men | 2.75E+05 | 1.20E+04 0.41
U1y |2.99E+06 | 1.30E+05 0.09 5.08
4 | 20 | Sn-4 138n  [2.33E+06 | 1.02E+05 0.12 3.18
1236n  |5.07E+05| 2.21E+05 0.54 0.89
Pt-3 195mpe | 1 96E+05 | 8.55E+03 0.15 0.56
9lpy | 1 30B+06 | 5.70E+04 3.62
Himen | 1.1E+05 | 3.77E+03 0.31
ity | 1.25E406 | 4.29E+04 0.08 4.12
5119 | Sn-5 136n | 1.05E+06 | 3.59E+04 0.105 2.70
1236n | 2.49E+05 | 0.85E+04 0.44 0.84
Pt-3 195mpt | 4 04E+05 | 1.38E+04 0.15 2.23
lpy |2 66E+06 | 0.91E+05 14.6
HTmgn 19.73E+04 | 4.11E+03 0.07
ity | 1.07E406 | 4.51E+04 0.09 0.78
Sn-6 138n | 8.69E+05 | 3.67E+04 0.11 0.54
6 245 12360 | 1.86E+05 | 7.86E+03 0.52 0.14
Pt-6 195mpy | 8 03E+05 | 3.39E+04 0.116 1.0
91pt 16.95E+06 | 2.93E+05 0.84
Sn-118 | *"™Sn | 5.43E+5 2.29E+4 0.06

DISCUSSION AND CONCLUSION

1. Results of the experiments showed the possibility of the '7™Sn, !'!In,
195mpt radionuclide production using the bremsstrahlung of high energy electron
accelerators. In case of irradiation of the natural pure tin, !7"Sn and '!'!In
radioisotopes have been produced, which both are useful for medical purposes.

2. The experimental yield of photonuclear reaction is several times higher
than when an enriched ''8Sn (98.5%) isotope is used in the target. From the
gamma spectrum in Fig.2,a, b, ¢ one can see the gamma line of 158.4 keV of
only one ''7™Sn radionuclide. The photonuclear reaction yields of the '*'In have
been compared with the data determined in other works and they have sufficient
coincidences.

3. The isomeric ratio of *'"™Sn was estimated from the experimental data of
activities of 158.4 (1"™Sn); 391.7 (*'3Sn) and 1089 (}23Sn) keV energy gamma
lines. The isomeric ratios for ''"™Sn were estimated and determined: 0.114 4
0.005 and 0.506 & 0.038 for the radionuclides 13Sn, 123Sn, correspondingly. The
isomeric ratio for 19°™Pt was determined: 0.141 =4 0.005.



4. The activities and yields of the '7™Sn and '''In radionuclides will be
(10 times) increased at the bremsstrahlung beam of the linac of the IREN facility.

5. In Table 2 the calculated specific activities, photonuclear reaction yields
and relative integrated cross section for the radionuclides (*%6Au, 8Zr, 117 Sn,
HiTp, 1138p, 1238n, 195mPt and 191Pt) have been shown.

6. In Fig.3 the histogramms of distribution for relative integrated cross sec-
tion of the above-mentioned radionuclides in absorption energies of bremsstrahlung

have been given.
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7. From the calculated integrated cross section the isomeric ratio can be

determined and o(vy,n)/o(v,p) for Sn has been found: 0.088 £ 0.004.

8. From the experimental results one can deduce the possibility of production

more useful radionuclides (1!"™Sn, '''In, and '%°™Pt) for nuclear medicine,
science and technology using high-energy bremsstrahlung electron accelerators.

10.
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