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ABSTRACT

Differential cross sections for the neutron-induced gamma-ray
production from oxygen have been measured for incident neutron energies
between 6.5 and 20.0 MeV. The Oak Ridge Electron Linear Accelerator
(ORELA) was used to provide the neutrons and a Nal spectrometer to
detect the gamma rays at 125°. The data presented are the double
differential cross section, d?0/ddE, for gamma-ray energies between
1.6 and 10.6 MeV for coarse intervals in incident neutron energy. The
integrated yield for gamma rays of energies greater than 1.6 MeV with
higher resolution in the neutron energy is also presented. The experi-

mental results are compared with the Evaluated Nuclear Data File (ENDF).






INTRODUCTION

As part of a continuing program] for determining numerical values of
gamma-ray-production cross sections for neutron-induced reactions, we have
measured the absolute differential cross sections for gamma rays produced
by neutron interactions with oxygen. The data are presented in this
report in tabular and graphical form and are compared to the current data
file for oxygen (MAT 1276 ENDF/B-IV).2

Two methods of data analysis were employed. The first gives the
detailed gamma-ray spectra for a series of relatively coarse intervals in
incident neutron energy while the second method uses integral quantities
to illustrate the detailed behavior of the cross sections as a function of
the incident neutron energy.

EXPERIMENTAL PROCEDURE

Details of the experimental procedure are given e]sewhere3 and only

a brief description will be given here. Neutrons were produced by photo-
nuclear prbcesses due to'bremsstrah1ung from the impact on a tantalum
target of electrons from the Oak Ridge Electron Linear Accelerator (ORELA).
The present experiment employed an electron beam energy of 135 MeV with a
repetition rate of 800 pulses per second and a pulse width of 5 ns. The
total electron beam power was 10 kW.

Neutrons produced at the linac target were collimated to a diameter
of T4 cm and traversed a 47.35-m flight path and were incident on a
ceramic disk of 97% Be0O and 3% Mg0 (by weight) oriented 45° with respect
to the incident beam. The slab was 28.5 cm in diameter with a thickness
of 0.07454 molecules/barn. Gamma rays originating in the sample were
detected by a heavily shielded 12.5-cm by 12.5-cm Nal detector at 125°
with respect to the incident neutron beam. For each event in the detector,
data were recorded in a two-parameter array containing gamma-ray pulse
height as a function of time-of-flight for the incident neutron.



The neutron flux at the sample position was determined in a separate
experiment using calibrated thick organic scintillators. During the
course of the gamma-ray measurements the flux was monitored using a small
plastic scintillator in the edge of the neutron beam 30 m from the source.

DATA REDUCTION

Two methods of data reduction were employed. In the first, the
pulse-height spectra were integrated over intervals of neutron time-of-
flight to form pulse-height spectra for specific incident neutron energy
ranges. These intervals ranged in width from 0.5 MeV at energies below
10 MeV to 3 MeV in the range 14 to 20 MeV. The spectra so formed were
then unfolded using the code FERD and measured response functions of the
Nal detector. The results were the gamma-ray spectra defined by 115 |
points covering the gamma-ray energy range from 1.6 to 10.6 MeV. These
spectra were normalized to cross sections using the measured neutron
flux and sample thickness.

The data were corrected for finite sample effects which include:
1) attenuation of the incident neutron beam in the sample, 2) gamma-ray
self-absorption, and 3) neutron multiple scattering in the sample. The
first two corrections were calculated with total neutron cross sections
from the evaluated data and the photon cross sections from Ref. 5, using
a suitably weighted sum of the cross sections for 0, Be, and Mg. The
multiple scattering corrections were calculated by a Monte Carlo tech-
nique. For this calculation the neutron cross sections were generated
from the evaluated files for Be and 0 (Mg was neglected) using the AMPX
code system.4 The gamma-ray-production cross sections were taken from
the eva]uation.2 For this calculation the gamma-ray angular distributions
were assumed to be isotropic.

Beryllium produces only a 478-keV gamma ray under neutron bombardment
and thus created no "background" in the present work. The small contribu-
tions from the Mg(n,xy) reaction (see previous measurements in Ref. 1) was
ignored since the atomic percentage of Mg was only 2% that of oxygen and
these gamma rays are lost in the "noise" from the unfolding of the high
energy gamma rays from oxygen.



These results are presented in the first set of figures at the end
of this report. Figures 1-11 present the detailed gamma-ray spectra for
each incident neutron energy interval. These are compared to cross
sections generated from the evaluation (ENDF/B-IV MAT 1276) by averaging
over the appropriate neutron energy interval. It should be noted that
deficiencies in the response functions used in the unfolding process pro-
duce small, spurious oscillations especially in the region immediately
below the strong gamma ray at 6.13 MeV. Also, non-linearities in the
lTinear gate and stretcher used for the linear signal caused a slight
discrepancy in gamma-ray energies in the 3- to 4-MeV region.

The data described above provide detailed information about the
secondary gamma-ray spectra, but because the unfolding technique requires
good statistical accuracy the data must be binned over large neutron
energy intervals. Therefore, a second type of data reduction, pulse-
height weighting,G’7 was also used. This technique provided only inte-
gral information about the secondary gamma spectra (e.g., total yield and
average photon energy), but because the demands on statistical accuracy
are less it allowed better resolution in the incident neutron energy.

In this work the pulse-height weighting analysis was applied to spectra
formed by integration over time-of-flight intervals corresponding to

AEn = 0.05 MeV at En = 6.5 MeV increasing to AEn = 1.0 MeV at En = 20 MeV.
The results of this analysis for the total yield and average secondary
gamma-ray energy as a function of the incident neutron energy are pre-
sented in Figs. 12 and 13. A value of the lower cut-off in gamma-ray
energy of 1.6 MeV was used. Comparisons are made for the same quantities
calculated from the evaluated files.

No excitation functions were extracted for the strong lines because
of confusions created by the response of the Nal detector. For example,
the second escape peak from the 7.12-MeV y-ray falls on top of the total
energy peak for the 6.13-MeV y-ray. The unfolding or pulse-height
weighting analysis takes care of this problem, but any analysis of peak
areas would Tead to incorrect results.



The data shown in the graphs are given in the tables contained in
the last section of this report. The values shown in the graphs and
presented in the tables do not include an uncertainty of 10% in overall
normalization due mainly to the determination of the incident neutron flux.
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