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Measurement of Cross Sections for **Cr(n,2n)*Cr and *Cr(n,2n)°Cr
Reactions Induced by 13.5—14.6 MeV Neutrons ”
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Abstract Cross sections for (n,2n) reactions are measured on chromium isotopes at the neutron energies of 13.5—14.6MeV using

the activation technique. The data of the cross sections are reported for the following reactions: 2¢Cr (n,2n)*Cr and 2Cr (n,
2n)%'Cr. The cross sections of *Cr (n,2n)*®Cr reaction are 3.4+ 0.2,6.8 +0.3,21.5+ 1.0 and 25.0 £ 1.2mb at the neutron en-
ergies of 13.5+0.3,14.1+£0.2,14.420.3 and 14.6 + 0.3MeV, respectively. The cross sections of 185 + 10,193 £9,258 + 13
and 332 + 16mb for *>Cr (n,2n)'Cr reaction are given at the neutron energies of 13.5+0.3,14.1+£0.2,14.420.3 and 14.6 £
0.3MeV, respectively. The samples wrapped in cadmium foil are irradiated in order to avoid the effect of ®*Cr(n,¥)>Cr reaction in-
duced by thermal neutron to 32Cr(n,2n) Cr reaction, and the measured results are compared with published data. Neutron energies

are determined by the method of cross-section ratios of 07r(n,2n)®™* 87r and ®Nb(n,2n)**"Nb reactions, and the neutron fluen-

cies are determined using the monitor reaction ®*Nb(n,2n)*2"Nb.
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1 Introduction

The cross sections for the **Cr (n,2n)*Cr and **Cr(n,
2n)3 Cr reactions have been measured by many authors,
based on their use in fusion reactor design or in activation
analysis, but most of them had only single energy point da-
tum. Furthermore, these measurements differ by as much as a
factor of 2.5 for the *Cr (n,2n)*Cr reaction, and 3.8 for
the 2Cr (n,2n)"'Cr reaction, thus it is important to measure
them again. During the experiment, samples are wrapped in
cadmium foil during irradiation in order to avoid the effect of
®cr(n, ¥)' Cr reaction induced by thermal neutron to
2Cr(n,2n)°'Cr reaction, and the measured results are com-

pared with published data.
2 Experimental procedure

The irradiation of the samples are carried out at ZF-300-II
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Intense Neutron Generator at Lanzhou University. The neu-
trons with the yield of about (3 x 10 ~ 4 x 10°°)n/s, are
produced by the 3H(d, n)*He reaction with an effective
deuteron beam energy of 135keV and a beam cwrent of
500pA . The thickness of the tritium-titanium(T-Ti) target is
1.35mg/cn. The variation of the neutron yield is monitored
by the U-fission chamber so that the correction could be made
for the fluctuation of the neutron flux during the irradiation.
The cross sections for the “Nb(n,2n)®™Nb reaction are ob-
tained by interpolating the evaluated values of Ref.[1] and
are used as monitor to measure the cross sections of *Cr(n,
2n)*®Cr and *Cr(n,2n) Cr reactions. The Cr,Q; powder of
99.831% purity is made into circular thin samples with a di-
ameter of 20mm and thickness of 3. 73—8. 04mm, and
99.99% pure natural niobium metal foil is made into circular
samples with a diameter of 20mm and thickness of 0.08—
0.86mm. In order to avoid the effect of *Cr(n,¥)>'Cr reac-

tion induced by thermal neutron to 32Cr(n,2n)' Cr reaction,
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during the experiment the four groups of samples, which are
respectively placed at 0°,45°,90° and 135° angles relative to
the incident deuteron beam direction, are all sandwiched be-
tween two niobium foils and wrapped in cadmium foil. The
neutron energies of samples’ positions are determined by
cross-section ratios for °Zr{(n, 2n)¥”*¢Zr and ® Nb(n,
21)®"Nb reactions'? .

The gamma ray activities of " Nb, ¥™*¢Zr, ®Cr and
S1Cr are determined by a CH8403 coaxial high-purity germa-
nium detector (sensitive volume 110em’) (made in the Peo-
ple’ s Republic of China) with a relative efficiency of 20%
and an energy resolution of 3keV at 1.33MeV. The efficiency
of the detector is calibrated by using standard gamma-ray
source!™ . Standard Reference Material 4275 source was ob-
tained from the National Institute of Standards and Technolo-
gy, Washington, DC,USA. An absolute efficiency calibration
curve is obtained at 20cm from the surface of the germanium
crystal. At this distance the coincidence summing effects can
be considered to be negligible. In our actual situation, how-
ever, the efficiency at 2e¢m is calibrated, because of the weak
activity of the sample. Therefore, we select a set of monoen-
ergetic sources and place them at two positions (20 and 2cm)
successively to measure their efficiency ratios, so that we are
able to evaluate the efficiency ratio curve as a function of en-
ergy. The absolute efficiency calibration curve at 2cm is ob-
tained from the calibrated curve at 20cm and the efficiency
ratio curve. The error in the absolute efficiency curve at 2cm
is estimated to be ~ 1.5% , while the error of the standard
source is ~ 1% .

The decay characteristics of the product nuclides and the
natural abundance of the target isotope under the investigation
are given in Table 1. The information in this table is taken
from Ref.[4].

Table 1. Abundance of target isotopes and decay
dada of the reaction products.

abundance of the

target sotope( % ) reaction Ti E,/keV  1,(%)

4.345 OCr(n,2n)?Cr  42.3m 152.928  30.324
83.789 20(n,2n)Cr  27.702d  320.0842  9.86

100 “Nb(n,2n)?"Nb  10.15d 934.44  99.07

3 Results and discussion

The cross sections are calculated by the equation used in

Ref.[3].The cross sections measured in the present work are
summarized in Table 2 and plotted in Figs.1—2 together with
the values given in the literatures’> ! for comparison. The
corrections are made for gamma-ray self-absorption in the
sample, for gamma-gamma coincidence summing effects, for
fluctuation of the neutron flux during the irradiation and for
sample geometry. The major errors in the present work come
from the errors of counting statistics, detector efficiency,
monitor reaction cross sections, weight of samples, self-ab-
sorption of gamma ray, coincidence summing effect of cascade
gamma rays, sample geometry and the effect of the scattering

neutrons.

Table 2. The cross sections of **Cr(n,2n)®Cr,
2Cr(n,2n)™ Cr and ®Nb(n,2n)*"”Nb reactions.

neutron energy/ MeV

reaction 3.5:03  14.1:0.2 14.4x0.3 14.6+0.3
cross sections/mb

O¢r(n,2n)y®Cr 3.420.2 6.8+0.3 21.5+1.0 25.0+1.2

2¢Cr(n, 20 Cr 185+10 1983+9 258+ 13 3=+16

BNb(n,2n)?"Nb  456.6+13.7  4%9.3:£9.2 4%9.8+13.8 49.7+13.8

For the °Cr (1,2n)* Cr reaction, it can be seen from
Fig.1 that the cross sections increase quickly with increasing
neutron energy around 14MeV and our results is in agree-
ment, within experimental error, with those of Refs.
[8—13]. The trend of our excitation curve is different from
those of Refs. [5,6,14,15], but our measurements agree
with theirs at some experimental energy points. Furthermore,
the cross section shown in Ref.[16] is much higher than the
others.

The cross-section values of >Cr(n,2n)> Cr reaction pre-
sented in Table 2 and Fig.2 show that the measurements of
the present work increase quickly with increasing neutron en-
ergy around 14MeV and they agree, within experimental er-

ror, with those of a few literatures' 7]

at some experimental
energy points. Furthermore, most of the experimental values
of these literatures are higher than ours except a few literat-
uest®® 1418 ot some experimental energy points. Especially,
the cross section of Ref.[19] at 14.1MeV energy is higher
than ours as much as 2.5 times. The reason may be that the
effect of *°Cr(n, ¥)* Cr reaction induced by thermal neutron
made the cross section of the 2>Cr(n,2n)>' Cr reaction much

higher.



646 BEEYHES %Y HE (HEP & NP) 29 %

40 ~ m  this work
o Sige(1976)
2 L '|' e Chittenden et al.(1961)
» o Strain and Ross(1965)
J— A  Raybum(1961)
30 F I A Ghorai et al.(1987)
o ) ] v Qaim(1972)
25 1 T v Valkonen(1976)
» <« Bormann(1965)
2 50 | Pl 4 a4 Pepelnik et al.(1985)
3 . > Tkeda et al.(1988)
» > Araminowica et al.(1973)
15 x ¢ Sailer et al.(1977)
- § ¢ Chattcrjec et al.(1970)
10 9 ©  Zhou Muyao et al.(1987)
LI * Ribansky et al.(1985)
5| . % Dighc et al.(1991)
" g X Mukherjee et al.(1961)
o L * . . . . ) ® Khurana et al.(1961)
13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8
E,/MeV
Fig.1. The cross sections for the OCr(n,2n)*Cr reaction.
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Fig.2. The cross sections for the 32Cr(n,2n)5Cr reaction.
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