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Calculation Method for Yield of *Ge Produced by Cyclotron
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Abstract: *Ga is one of the most clinically valuable metal positron isotopes. Producing %Ga through
a ®Ge/™Ga generator is a relatively convenient way, while the parent nuclide ®*Ge is mainly
produced by cyclotrons. One of the most commonly used production methods is to obtain *Ge
through proton irradiation of Ga-Ni alloy targets. Accurately simulating the “*Ge yield is of great
significance for Ga-Ni alloy target preparation, cyclotron irradiation plan making and production
preparation. This paper proposes a method for calculating the theoretical yield of *Ge produced by
cyclotrons based on the Monte Carlo method. The energy loss and “*Ge theoretical yield of proton
beam bombardment of Ga-Ni alloy targets under different conditions are calculated. The relevant
results can provide reference for Ga-Ni alloy thickness design under different energy proton beam
irradiation conditions. The experimental results match well with the calculated results. Finally, the
reliability of the calculation results was verified through the cyclotron irradiation experiment,
indicating that the theoretical calculation is instructive to the experimental results.
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Table1 ™'Ga(p, x)*®Ge reaction cross section

figtt/MeV I /mb fig/MeV I /mb figit/MeV I /mb figtt/MeV I /mb
10.7 0.01+0.003 25.5 205.9+18.5 40.5 74.9+5.2 55.5 49.445.0
11.0 5.8£1.5 26.0 192.7£16.8 41.0 75.9+5.2 56.0 47.9+4.8
11.5 16.7+4.3 26.5 179.9+15.7 415 76.8+5.3 56.5 46.5+4.7
12.0 28.9+5.7 27.0 167.8+£14.6 42.0 77.4+5.3 57.0 45.1+4.5
12.5 42.5+8.4 27.5 156.2+13.6 42.5 77.9+5.4 57.5 43.8+4.4
13.0 57.5+10.0 28.0 145.3£11.5 43.0 78.2+5.4 58.0 42.5+4.3
13.5 74.1£12.9 28.5 135.1£10.7 435 78.2+5.4 58.5 41.3+4.1
14.0 92.1£13.9 29.0 125.6+9.9 44.0 78.2+£5.4 59.0 40.0+4.0
14.5 111.7£16.8 29.5 116.8+£9.2 445 77.9+5.4 59.5 38.8£3.9
15.0 132.5£16.9 30.0 108.6+7.9 45.0 77.5£5.0 60.0 37.747.1
15.5 154.4+19.7 30.5 101.1£7.3 45.5 77.0£5.0 60.5 36.5+6.9
16.0 177.0£19.2 31.0 94.2+6.8 46.0 76.3+4.9 61.0 35.4+6.7
16.5 199.7421.6 31.5 88.0+6.4 46.5 75.5+4.9 61.5 34.3+6.5
17.0 221.9£21.5 32.0 82.5+6.0 47.0 74.6+4.8 62.0 33.246.3
17.5 242.9+23.6 325 77.7£5.6 47.5 73.5+4.8 62.5 32.246.1
18.0 262.0+£24.4 33.0 73.5£5.3 48.0 72.4+4.7 63.0 31.2459
18.5 278.4+25.9 335 70.0£5.1 48.5 71.1+4.6 63.5 30.2+5.7
19.0 291.7+27.0 34.0 67.2+4.9 49.0 69.8+4.5 64.0 29.245.5
19.5 301.2427.9 34.5 65.1+4.7 49.5 68.4+4.4 64.5 28.3£5.3
20.0 307.0+£27.9 35.0 63.8+4.5 50.0 67.0£5.2 65.0 27.445.2
20.5 308.9+28.1 355 63.1+4.4 50.5 65.4+5.1 65.5 26.5£5.0
21.0 307.2+£27.9 36.0 63.0+4.4 51.0 63.9£5.0 66.0 25.6+4.8
21.5 302.3+27.5 36.5 63.5+4.4 51.5 62.3+4.8 66.5 24.8+4.7
22.0 294.6+26.2 37.0 64.4+4.5 52.0 60.6+4.7 67.0 23.9+4.5
22.5 284.8+25.4 37.5 65.6+4.6 52.5 59.0+4.6 67.5 23.1+4.4
23.0 273.2424.3 38.0 67.1+4.7 53.0 57.3+4.5 68.0 22.3+4.2
23.5 260.5+23.2 38.5 68.8+4.8 53.5 55.7+4.3 68.5 21.6+4.1
24.0 247.14£22.2 39.0 70.4+4.9 54.0 54.1+4.2 69.0 20.8+3.9
24.5 233.3421.0 39.5 72.1£5.0 54.5 52.5+4.1 69.5 20.1£3.8
25.0 219.5+19.7 40.0 73.6£5.1 55.0 50.9+5.1 70.0 19.4+11.0
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Fig.3 Process of nuclide yield calculation by SRIM and Python program
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Table 2 Emission energy of Ga-Ni alloy irradiated by

different energy proton beams

AJF g/ MeV Ga-Niy 4 2R /um H AT RE R/ MeV
55 800 5.10
700 8.39
643 10.81
600 13.37
50 600 7.33
550 9.63
530 10.71
500 12.65
45 450 9.12
430 10.23
420 10.80
400 12.22
40 350 9.30
328 10.81
320 11.45
35 250 10.08
245 10.65
240 11.06
30 175 10.29
173 10.69
170 11.19
25 120 9.81
117 10.05
111 10.85
20 70 9.33
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Fig.5 Thickness of the totally irradiated Ga-Ni alloy layer

for different energy proton beams
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Table 3 *Ge yields at different energy proton beams

AR/ MeV SGef  Hi/uCi
19 6.66
20 8.69
21 10.85
22 13.04
23 15.18
24 17.20
25 18.91
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