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Fig. 1. Gamma spectra of the copper target.
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Fig. 2. Diagram to analyze radioactive residual nuclei.
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Table 1. Radioactivity of long-life residual nuclides.

FIAK ¥ T=118 T=68 EHE T=238 Ml
ZF W/d d/Bq  d/Bq  /Bq d/Bq /Bq

ICr  27.7  1526.2 1695.1 1729.6 1831.9 1864.5

#V 1597 11079 1351.0 13764 1512.9 1567.8
“Mn 5.59  934.9 1690.1 1737.9 24374 2521.0
%Co 70.82 876.1 893.5 920.0 949.7 9475
%Co 77.27 239.1 233.5 250.1 233.6 256.9
“mSe 244 2289 907.4 536.4 2105.5 2218.0
Co 271.79 211.3 209.4 214.0 216.5 215.7
4Sc  83.79  169.7 179.9 1769 1749 181.3
4Sc  3.345  155.2 433.7 4374  799.6 814.4
“Mn 312.3  140.7 139.8 1423 139.2 1432
“Fe 445 58.1 55.6 60.9 65.1 65.8
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Table 2. Radioactivity of residual nuclides in cop-

per target by measurement and PHITS simulation
(cooling for 3.8 d).

FAM L SR
sik M wpope Efi/Bg

7S¢ 3.345d 2832.3 799.6 £+ 29.9 0.28
Cr 27.7d 1953.0
#Sc  2.927h 1920.0
By 15.97d 1642.2
#mSe  58.6h 1813.3
#Sc  43.67h 1416.6
“Mn  5.59d 1106.3
%Co  70.82d 915.5
Be  53.29d 776.7
BK  22.3h 598.6

Exp./Cal.

1831.9 + 68.5 0.94
4507.8 4- 288.6  2.47
1512.9 + 110.1  0.86
2105.5 4+ 78.8 1.22
152.0 + 13.2 0.11
24374 4+ 111.7  2.20
949.7 4+ 43.5 1.04
186.3 + 12.9 0.24
143.3 £ 5.4 0.24
aligErs —
203.2 £+ 13.5 0.42
174.9 + 9.6 0.43
ZUBFEAL —
FAIEIGERRSS —
216.5 + 8.1 1.01
233.6 4+ 15.5 1.09

2P 14.26d 490.4
Ni  35.6h 486.5
4Sc  83.79d 408.7
3P 14.26d 327.8
4Ca  4.536d 233.2
Co 271.79d 214.4
%Co  77.27d 213.3

STAr  35.04d 208.6 g —
SMn  312.3d 199.6 139.2 £ 6.4 0.70
2K 12.36h 176.3 FRAEIRE TS —
Oy 330d 163.5 A —
SH  12.33a 130.3 g
55Co  17.53h 116.4 13314+ 138  1.14
MFe  44.5d 109.4 61.8 £ 5.8 0.56
#Cr  21.56h 93.5 475 + 1.8 0.51

K H (2) 2, AR S R A
AARIANE, Wk 3 frl, Hrp Se, Cr, Mn #l Co iX
DU T 2R 43 I A5 B T RO R R A
M. NFE 3 S AT X i 5 X R A K
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P AR 2, S 2 0] i 22 S AR AR R, T Se i KBk
Rt 7 A A 28 2 Sc, S F A% % “5Sc, “7Sc
BSc i E/C 4> 314 0.43, 0.28 F1 0.11. Xf i, H
F R AR T R R B R e %, R AR e
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Table 3. Cross sections of residual nuclides in cop-

per target by measurement and PHITS simulation.

Fagm WA E/mb AU B/ mb
Be 9.11 + 0.98 38.0
K 2.05 + 0.19 8.6

“mGe 13.37 + 1.21 10.9
3¢ 13.21 + 1.31 30.9
8¢ 5.10 4 0.46 18.1
#Sc 1.04 £ 0.13 9.7
Y 24.93 + 2.75 285
#Cr 0.72 + 0.07 14
51Cr 48.78 4+ 4.41 48.0
52Mn 19.16 + 1.81 8.7
5Mn 38.28 + 3.61 38.3
5Co 3.26 + 0.43 2.9
%Co 16.31 4 1.72 14.9
5"Co 51.88 + 4.69 514
5Co 60.97 + 5.76 58.8
5'Ni 1.59 + 0.17 3.8
MFe 2.55 + 0.32 4.5
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AN LR 7%, BT IR R 25 2%, WETRI R
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1%—3%, AMF AP PRI 0% 1 Ze i A e B Ay
2%—A4%, EHUEE, S5 I R B AN B R
#ZHh 8%—10%.
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Abstract

Radioactive residual nuclides, which are usually closely related to radiation protection and personnel safety,
will be generated when target materials are irradiated by high energy particles. Based on different nuclear
reaction models, Monte Carlo code is a usual method to obtain residual nuclide production. The simulation
accuracy needs to be evaluated by experimental data. In this paper, an irradiation experiment of thin copper
target irradiated by '2C6* particles with energy of 80.5 MeV/u is carried out. The radioactivities and cross-
sections of 18 radioactive residual nuclides are obtained by gamma spectrometry analysis. Compared with the
Monte Carlo simulation by PHITS, the results show that the spallation model of PHITS has a high reliability in

estimating the types of radioactive residual nuclei, and it could be optimized in the aspect of the absolute yield.
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