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1 Introduction

Neutron activation cross section data for neutron energy above 20 MeV are very scarce and
discrepant and no evaluated data files are presently available because preparing a
monoenergetic neutron source for activation experiment in this energy region gives some
difficulties. In this work, the intense monoenergetic neutron field produced by a Li (p, n)
"Be reaction for irradiation was developed in order to measure the neutron activation cross
sections of several enriched and natural isotopes.

Production of monoenergetic neutron field was obtained by using two types of target system,
oneis 2 mm thick "Li target backed with 12 mm thick carbon and the other one is the 12 mm
thick carbon alone. The thick carbon target was used as a proton beam stopper. The true neu-
tron spectrum was estimated by the difference of these two spectra. The same types of target

system were also applied for sample irradiations.



2 Experiment

Neutron spectrum from the "Li (p, n)7 Be reaction was measured by the TOF method at
the facility of Cyclotron and Radioisotope Center (CYRIC), Tohoku University, with aliquid
scintillation detector NE-213 of 127 mm diameter x 127 mm long placed at about 12 m behind
the target. The protons of 20, 25, 30, 35 and 40 MeV were used to bombard two
targets at 0 deg, and angular distribution of produced neutrons was measured using the
beam-swinger system from 0 to 125 deg.

The enriched samples of #¥Mg, Mg, 2Si, 2°Si, %Fe, 5Fe, %Cu, %Cu, %Zn and ®Zn, and
natural samples of 2C, #Na, 27Al, **Mn and '¥’Au were irradiated by using 20, 25, 30, 35 and
40 MeV proton beams extracted from the SF cyclotron at Institute for Nuclear Studay (INS),
the University of Tokyo.

The proton beam intensity during irradiation was measured by digital current integrator, and
a multichannel scaler to monitor the beam fluctuation during irradiation, The target cooling
during irradiation was done by blowing the air into the surface of target chamber,

Since the neutron spectrum and sample irradiation were undertaken at different facilities,
it is necessary to normalize the neutron spectrum obtained at CYRIC to absolute value, so
that it can be used for the cross section estimation of the samples. The normalization was
done by lithium activation method, based on the measurement of “Be yield produced by the

"Li(p, n)"Be reaction, coupled with the measurement of angular distribution.

3  Analysis Method
The yield of peak neutron at 0 deg, #(E ,ax) can be estimated by
do
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where N7p, is the number of "Be produced in the "Li target during irradiation, N, is the

number of injected protons, and (%—5 is the "Li (p, n)"Be cross section producing the

)y
peak energy neutrons at 0 deg, while %% is the differential cross section obtained from
angular distribution measurement. Then, the absolute value of the full neutron spectrum,
¢(E), during irradiation at the INS cyclotron can be obtained by using the relative neutron
spectrum of wide energy region at 0 deg, ¢ fol(E) obtained from the CYRIC TOF measurement,

as follows,
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where peak $ra(E) dE is the relative value of peak area of neutron spectrum.
The reaction rate of activated samples per incident proton beam current was estimated by
AC
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where C is the area of gamma-peak from gamma-spectrometry, &p the photo-peak efficiency,
I, the branching ratio, A the decay constant, tm the measuring time, t. the cooling time,
ti: the irradiation time, and Q the incident proton beam current.

The cross section was estimated by combining the absolute value of neutron spectrum and

the reaction rate with considering the low-energy continuum of neutron spectrum as,
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The neutron energy spectrum obtained from bombardment of the two types of the Li+C
and C targets for 40 MeV protons is shown in Fig, 1. The dominant peak of "Li (p, n)"Be
at the neutron energy of 38 MeV comes from the ground state and the first excited state
(0.429 MeV) that can not be separated due to 1.2 MeV energy loss in the target. The smaller
peak at 33 MeV neutron energy corresponds to the second excited state (4.57 MeV). The low
energy continuous spectrum corresponds to the higher energy state of "Be and the *C (p,n)
and ®C (p,n) reactions. The spectrum obtained from carbon backing shows the sharp de-
crease at neutron energy around 22 MeV due to the Q-value of 2C (p, n) reaction that is 18.1
MeV.

Neutron activation cross sections of fifteen nuclear reactions have been estimated. As
examples, Figs. 2, 3 and 4 show the neutron activation cross sections for *C (n, 2 n)C,
#Na (n, 2n)®2Na and *Au (n, 4 n)'Au reactions, respectively. The present results of *C
(n, 2n) cross section show good agreement with the data obtained by Brill et al., except for
results at 38 MeV neutron energy. The same tendency is seen in Fig., 3 for #®Na (n, 2n)
cross section in the present data. Results of ®¥"Au (n, 4n) ®Au cross section lie in between

the data measured by Uwamino et al. and the data calculated by Greenwood.
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