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Gamma-ray Spectrometry in Cyclic Activation with 14-MeV Neutrons
Yoshihide KONDO

(Received September 30, 1987)

Cyclic activation utilizes very efficiently a low-output source of 14 MeV neutrons. The
counts accumulated in measuring system consistently increase with elapse of experimentél time.
The method has the advantage of sensitivity improvement in activation analysis. Using a pneu-
matic sample transfer system, the experiment is tried to examine the availability of this method
with 14 MeV neutrons. Gamma-ray spectra from the activated samples are measured by a 83
cm® Ge(Int) semiconductor detector coupled to a 2048-channel pulse-height analyzer. The ex-

perimental conditions of this activation are set to as follows. Activation and counting times

are set to 30 seconds, sample transfer time to 0.3 second and number of cycles to 10. The

gamma-ray spectra for 44 elements are obtained and these are presented.
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Fig. 1 Gamma-ray spectrum from B.
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Fig. 2 Gamma-ray spectrum from F.
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Fig. 3 Gamma-ray spectrum from Na.
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Fig. 4 Gamma-ray spectrum from Mg.
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Fig. 5 Gamma-ray spectrum from Al
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Fig. 6 Gamma-ray spectrum from Si.
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Fig. 7 Gamma-ray spectrum from P.
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Fig. 8 Gamma-ray spectrum from Sc.



JERE  14-MeV T O DE UBSHUIC X B4 V<2 =7 bVEIE

COUNTS/CHANNEL

143 Ti—46(n,p)

Sc—46m

352 Pb—214

609 Bi—214

757 1779DE

“Ti 77.9mg
(M=-8/F-37)

< 0

b T

U

X <

- fod

© o~

- o~

- -

10

[
o

—
=]
~

COUNTS/CHANNEL
3
S

6

h—t
=4
o

3

101

352 Pb—214
609 Bi-214

757 1779DE

1434 Mn-55(n.)

v-52

1461 K-40

Mn 141.3mg
(M-8/F—45)

1779 Al-28

Fig. 9 Gamma-ray spectrum from Ti and Si.
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Fig. 12 Gamma-ray spectrum from Mn and Si.
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Fig. 11 Gamma-ray spectrum from Cr and Si.
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Fig. 13 Gamma-ray spectrum from Fe and Si.
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Fig. 16 Gamma-ray spectrum from Zn.
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Fig. 18 Gamma-ray spectrum from Ge.
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Fig. 19 Gamma-ray spectrum from As.
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Fig. 44 Gamma-ray spectrum from Pb and si.
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Table 1 Radionuclides produced by cyclic activation with 14 MeV neutrons*’

Efcﬁ%gz Abu%/(j?nce Reaction Product 0?%?;};5& 7 energy(keV)
B —11 80.2 (n, p) Be—11 13.8 s |2125
F —19 100 (n, p) 0—19 211 s 197, 1357
(n, 2n) F—18 1.83 h 511
Na—23 100 (n, p) Ne—23 376 s 439
) (n, @) F—20 11.0 s 1633
Mg—25 10.0 (n, p) Na—25 1.00 m 391, 586, 975, 1612
Mg—26 11.0 (n, @) Ne—23 376 s 439
Al—27 100 (n, p) Mg—27 9.456 m 844, 1014
(n, 2n) Al—26m 6.35 s 511
Si—28 92.2 (n, p) Al—28 2.2 m | 1779
Si—29 4.7 (n, p) Al—29 6.52 m | 1273 "
Si—30 3.1 (n, a) Mg—27 9.45 m 844
P 31 100 (n, a) Al—28 2.25 m | 1719
(n, 2n) P—30 2.50 m 511
Sc —45 100 (n, 2n) Sc—44 3.93 h 511
Ti—46 8.0 (n, p) Sc—46m 187 s 143
Ti—50 5.3 (n, p) Sc—50 1.71 m 524
V —51 99.8 (n, p) Ti—51 5.76 m 320
Cr—50 4.35 (n, 2n) Cr—49 42.0 m | 511
Cr—52 83.8 (n, p) V—52 3.76 m | 1434
Cr—53 9.5 (n, p) V—53 1.55 m | 1006, 1287
Mn—55 100 (n, a) V—52 3.76 m | 1434
Fe—54 5.8 (n, 2n) Fe—53 853 m | 511
Fe—56 91.7 (n, p) Mn—56 2.58 h 847
Fe—57 2.19 (n, p) Mn—57 1.59 m 122
Ni—60 26.23 (n, p) Co—60m 1448 m 1331
Ni—62 3.66 (n, p) Co—62m 1.51 m |1173
Cu—63 69.1 (n, 2n) Cu—62 9.78 m | 511
Cu—65 30.9 (n, a) Co—62m 1.51 m 1173
Zn —64 48.9 (n, 2n) Zn—63 385 m 511
Ga—69 60.0 (n, 2n) Ga—68 1.14 h 511, 1077
Ge—T74 36.4 . (n, p) Ga—T74 82 m 596
Ge—16 7.7 (n, 2n) Ge—T5m 489 s | 140
Ge—T5 1.38 h 265
As—T5 100 (n, p) Ge—T75m 489 s 140
Se —178 23.5 (n, @) Ge—T5m 489 s 140
(n, 2n) Se—7Tm 175 s 162
Se —80 50.0 (n, p) As—80 16.5 s 666
(n, 2n) Se—179m 3.89 m 96
Rb—85 72.2 (n, 2n) Rb—84m 204 m 216, 248, 465
Rb—87 27.8 (n, 2n) Rb—86m 1.02 m 556
Sr —88 - 82.6 (n, 2n) Sr—87m 2.81 h 388
Y —89 100 (n, n’ Y—89m 15.7 s 909
Zr —90 51.4 (n, 2n) Zr—89m | 418 m 511, '588, 909, 1508
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(Table 1 continued)

E&ﬁ%g; Abu(r;j?nce Reaction Product OIfTI%l;C_)gflit 7 energy(keV)
Mo—92 14.8 (n, a) Zr—89m 418 m | 588

(n, 2n) Mo—91m 1.07m | 653

Mo—91 155 m 511

Ru—102 31.6 (n, p) Tc—102 53 s 475
Rh—103 100 (n, @) Tc—100 16 s 540
Pd—108 26.7 (n, 2n) Pd—107Tm 21.3 s 214
Pd—110 11.8 (n, 2n) Pd—109m 4.69 m 189
Ag—107 51.8 (n, p) Pd—107m 21.3 s 214

(n, 2n) Ag—106 241 m | 511

(n, n") Ag—10Tm 43 s 93
Ag—109 48.2 (n, p) Pd—109m 4.69 m 189

(n, 2n) Ag—108 241 m 434, 511, 633

(n, n") Ag—109m 398 s 88
Cd—11i1 12.8 (n, p) Ag—11lm 1.23 m 342
Cd—112 24.0 (n, 2n) Cd—111m 48.7 m 151, 245
Cd—114 28.8 (n, p) Ag—114 46 s 558
In —113 4.28 (n, 2n) In—112m 20.8 m 155, 511
In —115 95.7 (n, 2n) In—114 1.20 m | 1300
Sn—124 5.8 (n, 2n) Sn—123m 401 m | 160
Sb—121 57.3 (n, 2n) Sbh—120 158 m 511, 1171
Sb —123 42.8 (n, 2n) Sb—122m 42 m 62, 176
Ba—138 1.7 (n, 2n) Ba—13Tm 2.55 m 662
Ce—140 88.5 (n, 2n) Ce—139m 56 s 754
Pr—141 100 (n, 2n) Pr—140 3.39 m 511
Nd—142 271 (n, 2n) Nd—141m 1.03 m 757
Sm—144 3.1 (n, 2n) Sm—143m 1.07 m | 754

Sm—143 8.83 m 511

Th—159 100 (n, 2n) Th—158m 109 s 110
Er —168 27.0 (n, 2n) Er—167m 2.3 s 208
Hf—179 13.8 (n, 2n) Hf—178m 43 s 89, 214, 326, 427
Hf —180 35.1 (n, 2n) Hf—179m 18.7 s 164, 217
W —184 30.7 (n, 2n) W—183m 5.2 s 108, 160
W —186 28.6 (n, 2n) W—185m 1.64 m 59, 66, 132, 174
Hg—200 23.1 (n, 2n), Hg—199m 426 m 158, 374
Pb—204 1.4 (n, 2n) Pb—203m 6.2 s 825
Pb—208 52.4 (n, p) T1—208 3.05 m 511

(n, 2n) Pb—207m 0.80 s 570, 1064

*) Experimental conditions of cyclic activation are set to t,=t.=30 sec t,=ty =0.3 sec
and n=10 cyc. :
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