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This work systematically investigated, by Monte Carlo calcula-
tions, the ‘'skyshine of neutrons from monoenergetic neutron sources
between 14 MeV and thermal energy fixed on the ground. The multi-
group Monte Carlo code MMCR was developed for this studyl) and the
neutron skyshine in the air-over-ground environment up to about 2 km
from a source has been calculated by including the ground effect on
the transport in the air by the albedo method.

For a point isotropic source that emits one neutron within a
cone having a half-apex angle of 65 = 0, 30, 60 or 85 deg, the cal-
culated neutron energy spectrum becomes softer with increasing dis-
tance between the detector points and the source, and approaches an
approximate equilibrium spectrum with near 1/E dependence in the
keV region beyond about a few hundred meters from the source. Fig.
1 shows the variation of product of the detector distance and the
dose equivalent rD(r) with r for a source of 6g = 0. This figure
clearly shows that the dose curves are well fitted by the following
simple formula,
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Two parameters, Qp and \Ap, determined by least-square fittings of
the calculated results in Fig. 1 are listed in Table I for each
source energy group gg and source opening angle 6g. This simple
formula is very useful, since one can easily estimate the skyshine
neutron dose distribution by superposing Eg. (1) as
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by knowing only the grouped source neutron spectrum ¢q -

The dose distributions and the energy spectra of neutrons have
been measured with various detectors in the environment surrounding
the electron synchrotron of the Institute for Nuclear Study, Univer-
sity of Tokyo, when the synchrotron were operated in the state of
650-MeV electron acceleration and about 1012 electrons/sec intensity.
Almost all of the electrons were dispersed into the iron yoke magnet
on the last stage of acceleration and generated neutrons by the
Fe(y,Xn) reaction caused by photons from the electromagnetic cascade
shower. This source neutron spectrum was approximated to be a syn-
thesis of the Maxwellian spectrum and E~%(E=neutron energy), as
shown in Fig. 2. The synchrotron is covered with the concrete
shield of l-m-thick side wall and 0.5-m-thick ceiling. The neutron
spectrum on the upper concrete shield was calculated by the two-
dimensional discrete ordinate transport code, DOT3.5, and is shown
in Fig. 2. This neutron spectrum becomes the skyshine source spec-
trum, since the dose level measured on the upper shield was about



5 to 10 times higher than that on the side wall.

The neutron dose in the field D(r) was measured with a rem
counter and a moderated big BF3 counter as a function of the dis-
tance, r, from the center of the synchrotron ring2). By using the
skyshine source spectrum in Fig. 2, the neutron dose was calculated
by the MMCR code. Fig. 3 shows the comparison between calculated
and measured dose distributions rD(r). This relative comparison
reveals the good agreement between calculation and experiment up to
600 m and the normalization factor of calculation to experiment
corresponding to the absolute value of skyshine source strength is
in good agreement with the average value measured on the upper shield.
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