
I EXPERIMENTAL 
MEASUREMENT 

Cross Section Measurement of 

^Znfop^Cu Reaction from 4 to 7 MeV 

TangGuoyou Cheng Jinxiang Zhang Guohui ShiZhaomin 

( Peking University, Beijing ) 

LuHanlin ZhaoWenrong YuWeixiang Cheng Jiangtao 

( China Institute of Atomic Energy, Beijing ) 

Introduction 

In the areas of activation and neutron scattering cross sections, there are 
still deficiencies in the nuclear database. Activation cross sections were found to 
be unsatisfactory in 83 of the 183 reactions reviewed1 ,J. The excitation curve 
for MZn(n,p)64Cu reaction has been measured from threshold to 10 MeV by 
different authors12"81. All of these measured cross sections are not in very good 
agreement with each other. To clarify the discrepancy it is necessary to measure 
the cross sections for 64Zn(n,p)MCu reaction once again. 

1 Experimental Measurement 

The cross sections for MZn(n,p)64Cu reaction were measured with 
activation technique and the cross sections of 58Ni(n,p)58Co reaction15~8J were 
used as reference for neutron fluence rate measurement. The values 
of S8Ni(n,p)58Co cross section are given in Table 1. It was taken from our eval
uated results according to ENDF / B-6 and experimental data[9,10]. 

The 4.0~ 7.0 MeV neutrons from D(d,n)3He reactions were used in the 
measurement. The deuteron beam was accelerated by 4.5 MV Van de Graaff 



accelerator of Peking University. The energy range of deuterons was in 1.21 — 
4.08 MeV, beam current was about 6 /xA. The deuteron beam was incident to a 
solid D-Ti target with 1.65 mg / cm2 in thickness. 

The samples are naturally metallic Zinc disks with a diameter of about 20 
mm and a mass of about 1040 mg. The purity was better than 99.9%. In 
irradiation, Zinc disk was sandwiched between two disks in diameter of 20 mm 
and 1000 mg mass. The distance from sample to source is 1 ~ 2 cm. The samples 
were irradiated for about 12 h. The fluctuation of neutron fluence rate was 
monitored by BF3 long counter, which was placed at 0 ° with a beam current, 
at distance of 150 cm from the source. After irradiation, the activities from 
residual nuclei were measured with HPGe y-detector ( 105 cm3 ). The detector 
was calibrated with standard gamma sources in the energy range of 0.1 ~ 1.5 
MeV and the efficiency curve was fitted with the least- square method. Their 
half—life, y—ray intensity and y—ray energy111] of the residual nuclei measured in 
this experiment are listed in Table 2. 

From the measured y-spectrum, counting number under the concerned to
tal energy peaks was obtained. After corrections to the detector efficiency, cas
cade effect, y-intensity and fluctuation of neutron fluence rate, the cross sec
tions of the MZn(n,p)64Cu reaction are obtained with the following formula : 
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where suffix 0 represents corresponding terms concerning the reference Ni a 
—cross section, Ny—total counting number under total energy peak of the 
measured characteristic y—ray, X—decay constant of the residual nucleus, t— 
cooling time, M—nucleus number of the sample, At—total time of the y-ray 
measurement, K—fluctuation factor of neutron fluence rate, T—irradiated 
time, e—detection efficiency for the total energy peak, /—y-ray intensity. 

The fluctuation factor of neutron fluence rate 
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where N is the number of time intervals for the irradiation time, A t¡ is the /-th 
time interval, Ti is time from interval Aí¡ to the end of irradiation, O,, is the 
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relative neutron fluence in interval A/, and <E> is the average neutron fluence 
during the irradiation T. 

Table 1 Cross sections for ^Nifajp^Co reaction 

Energy (MeV) 4.0 4.9 6.0 7.0 

Cross section (mb) 352.5±5.6 474.7±7.5 584.4±14.0 638.2±15.9 

Table 2 Half—life, y—ray energy and intensity of measured residual nuclei 

Reaction 

MZn(n,p) 
58Ni(n,p) 

Residual 

nuclei 

MCu 
58Co 

Half-life 

12.701 h 

70.8 d 

Energy of 

y—ray (keV) 

511,1346 

811 

y—intensity 

36%, 0.48% 

99.46% 

2 Result and Discussion 

The measured results of the cross sections are listed in Table 3. The main 
errors are given in Table 4. 

Table 3 Results of cross section measurements for MZn(n,p)MCu reaction 

Energy(MeV) ,4.00±0.16 4.90±0.10 . 6.00±0.13 7.00±0.15 

Cross Section (mb) 132.9 ±3.8 181.6 ±6.3 205.2 ±7.9 219.5 ±8.4 

Table 4 Main errors of 64Zn(n,p)64Cu cross section 

Source of error . Relative error (%) 

Reference cross section 1.6 ~2.5 

y-counting statistics for MCu 0.45~2.9 

y-counting statistics for 58Co 0.6 ~1.9 

y-detection efficiency for MCu 1.5 

y—detection efficiency for 58Co 1.5 
MZn target nuclei number 0.01 
58Ni target nuclei number 0.02 
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Fig 1 MZn(n,p)64Cu activation curve 

For the residual nucleus MCu, y-rays of energy 511 keV and 1346 keV 
were measured by HPGe y-detector. Their intensities are 36% and 0.48% 
respectively. So the counting statistics of 511 keV y-ray are better than that of 
1346 keV y-ray. 511 keV y-ray is produced by the positron annihilation 
of MCu P+ decay. To ensure that positron annihilation occurred within meas
ured geometry, MCu measurements must be made with thick metal covers 
placed behind each irradiated sample. It shows that the results by measuring y-
ray of 1346 keV and both y- rays of 511 keV intensities of residual nuclei ~MCu 
are concerted in our measurement. 

The measured cross sections of the present work are plotted in Fig. 1, 
along with the data of D. L. Smith131 and D. C. Santry[2] for comparison. These 
data are not in very good agreement with each other. The cross section values of 
Santry are considerably larger than that of Smith in the entire measured range. 
In Santry's work, he completed many corrections but he did not correct the ef
fect of 67Cu /? counting number in measuring /? counting number of 64Cu, and 
he took more large half life of wCu. In Smith's measurement, maybe, the cor
rection for low energy neutron was not enough, and he took more large y-in-
tensity. Our cross section values are larger than Smith's values and smaller than 
Santry's, but closer to Santry's value. 
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Radioactivity in fusion reactors is primarily induced by D—T neutrons and 
depends entirely on the materials chosen for constructing the reactor compo
nents. A lot of work on measurement and evaluation of activation cross sec
tions for 14 MeV neutrons has been done recently. The development of a com
prehensive activation data library for fusion applications is also being devel
oped. The needs for activation cross sections leading to the production of 
long-lived ( half-life longer than five years ) radionuclides have become obvi
ous in the recent years because of the worldwide concerns for the production of 
high level nuclear waste from fusions reactors. 

Since 1992 we have measured some activation cross sections for 
the ,37Ba(n,p),37Cs, ,36Ba(n,p),36Cs, ,34Ba(n,p)134Cs, ,32Ba(n,p),32Cs, 134Ba(n,2 
n),33Cs, ,32Ba(n,2n),3,Ba, 204Pb(n,2n)203Pb, 206Pb(n,a)203Hg, 67Zn(n,p)67Cu, 

66Zn(n,2n)65Zn, ,93Ir(n,2n)192m2Ir reactions at 13.5- 14.8 MeV neutron energy 
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