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Introduction

The cross section measurements in neutron energy range from 6 to 12 MeV for
the reactions with low threshold are very important to obtain a whole excitation
function and to make datum eveluation. But in this energy range, purely
monoenergitic neutron source is not available, which make the measured data very
few. And there is a serious effect of low energy neutrons on the activation cross
section measurement. The correction for the effect of the low energy neutrons are
not sufficient for some available data, which cause the published data largely
discrepant.

In present work, the cross sections for 14 reactions were measured in the energy
range of 6 ~ 12 MeV and the corrections for the influence of the low energy neutrons
are considered very carefully.

1 Source of the Low Energy Neutrons

Usually a deuteron gas target is employed to produce the neutrons in the energy
range of 6 to 12 MeV through D(d,n)3He reaction. In this condition, the low energy
neutrons come from:

a. D-d low energy neutrons from self building solid D target formed in both
entrance window and the beam stop of gas target due to irradiation of deuteron
beam.

b. When Ed is higher than 4.45 MeV, a continuous distribution of breakup
neutrons from D(d,pn)D reaction can not be avoided.

c. The low energy neutrons are produced through charged particle interaction
with the target structure materials.

d. The scattering of primary neutrons.
These four kinds of low energy neutrons form a continuous distribution

spectrum. The intensity of some of them depend on incident Ed, and detected angle,
while some of them rely on irradiated distance of sample, irradiated time, focused
situation of the deuteron beam etc. Due to the influence of the low energy neutrons
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on the activation cross section measurements for the reactions with low threshold is
very serious, one of the key questions for getting reliable results is how to deduct the
influence of the low energy neutrons reasonably.

2 Deducted Method for the Low Energy Neutrons

a. The influence of a and c kinds of the low energy neutrons mentioned in
section 2 can be subtracted by irradiated the samples under gas in and gas out
conditions. The effect of b and d kinds is deducted using the neutron spectra of gas
in and gas out runs, at the same distance with the sample irradiation.

b. In some case, to finish gas out run is very difficult, for example, in the long-
lived nuclide measurement. Therefore the investigated reaction is measured relative
to a monitor reaction, which has nearly the same threshold and the similar excitation
function shape with the investigated one. In this way, the influence of the low energy
neutrons can be subtracted very well. Or a group of monitors are selected with
different threshold and irradiated with the investigated reaction together. And a
relationship between the neutron flux and the threshold can be obtained. The neutron
flux for the investigated reaction will be got using the relationship according to its
threshold. The effect of the low energy neutron can be subtracted essentially, using
this method.

3 Cross Section Measurement for 14 Reactions

The cross sections for 46Ti(n,p)46Sc, 47Ti(n,p)47Sc, 54Fe(n,p)54Mn, 54Fe(n,a)51Cr,
58Ni(n,d+np+pn)57Co, 59Co(n,p)59Fe, 60Ni(n,p)60Co, 62Ni(n,a)59Fe, 64Zn(n,p)64Cu,
63Cu(n,a)60Co, 85Rb(n,2n)84m+gRb, 93Nb(n,2n)92mNb, 14OCe(n,2n)l39Ce and 181Ta(n,
2n)180raTa reactions were measured in the neutron energy range from 6 to 11.4 MeV,
using activation method. The samples were irradiated in the 0-degree direction with
neutrons produced via the D(d,n)3He reaction on a D2 gas target, at the tandem
accelerator.

The neutron flux density was determined by a group of monitor reactions, with
different threshold. The influence of the low energy neutrons are subtracted using
the methods mentioned in section 3. The radioactivities of each investigated product
and monitor reactions were determined via Ge(Li) detector gamma-ray spectrometer.
The decay characteristics of products are summarized in Table 1. Table 2 lists the
measured cross sections. Among them, 58Ni(n,d+np+pn)57Co, 85Rb(n,2n)84m+gRb,
14OCe(n,2n)139Ce, and 181Ta(n,2n)180mTa reactions were measured for the first time.
The principal sources of errors include efficiency of Ge(Li) detector, neutron



flux determination, peak area of gamma ray, sample weight, and etc. Combining
those errors in quatric, the total error for each cross section value was obtained.

Table 1 Relevant parameters of the products

Reaction

46Ti(n,p)"«Sc

«Ti(n,p)47Sc

54Fe(n,p)54Mn

54Fe(n,a)5iCr

58Ni(n,d+np+pn)"Co

«>Ni(n,p)«>Co

62Ni(n,a)«Fe
«Cu(n,a)60Co

64Zn(n,p)"Cu

»5Rb(n,2n)84m+gRb

93Nb(n,2n)92n.Nb

i40Ce(n,2n)i3«Ce

i8iTa(n,2n)i80n>Ta

59Co(n,p)59Fe

Tm

83.83d

3.341d

312.12d

27.702d

271.8d

5.271y

44.496d

5.271y

12.701h

32.87d

10.15d

137.2d

8.152h

44.496d

£Y /keV

889.25

159.38

834.826

320.084

122.061

1173.237

1099.25

1173.237

1345.78

881.69

934. 53

165.853

93.331

1099.25

Iy 1 %

99.984

68

99.975

9.83

85.5

99.9

56.5

99.9

0.48

67.9

99.0

79.9

4.27

56.5

Abundance / %

7.93

7.3

5.9

5.9

68.077

26.23

3.634

69.1

48.89

72.15

100

88.48

99.988

100

Table 2 The cross section (in nib) for 14 reactions

Reaction

46Ti(n,p)46Sc

47Ti(n,p)47Sc

54Fe(n,p)54Mn
58Ni(n,d+np+pn)57Co

59Co(n,p)59Fe
60Ni(n,p)60co

62Ni(n,a)59Fe

63Cu(n,a)60Co

64Zn(n,p)64Cu
85Rb(n,2n)84m+gRb

93Nb(n,2n)92mNb

l"0Ce(n>2n)l39Ce

l8lTa(n,2n)180mTa

6.0010.17

152.119.1

76.613.7

12.410.8

500.0128.3

19.111.1

28.012.8

9.010.8

7.0710.19

208.1+11.2

87.614.0

18.1+1.3

537.2130.4

22.111.2

76.514.1

19.511.9

8.4010.58

248.9112.9

106.215.0

37.111.6

502.9+21.7

30.611.6

89.116.6

4.9+0.3

24.7+1.7

234.9112.0

264.3110.6

En 1 MeV

9.4010.46

249.1112.9

114.115.9

44.112.3

530.2125.9

0.3710.02

35.711.9

105.515.3

7.110.4

29.112.1

251.3113.8

706.7+3.3

10.4010.33

273.4113.8

125.716.3

60.313.0

530.5125.7

42.1+1.8

49.212.6

126.0+6.5

9.710.5

40.412.2

249.0+13.3

215.4+10.3

1008.9145.0

10.610.27

3.111.4

238.1111.4

505.7122.5

11.4010.35

293.7114.7

120.816.3

63.9+3.2

506.5124.8

175.0+7.7

53.4+2.8

161.8+8.5

15.5+0.8

47.712.5

242.8112.3

337.3116.2

1190.9156.0

11.610.24

202.119.3

350.3116.8

898.4141.2


