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Letters to the Editors

Thermal Neutron Spectra in H, O
‘ for Plane Geometry

An attempt was made to calculate thermal-neutron
spectra in H>O occurring in pulsed experiments. At
first the energy-dependent Milne problem was treated,
using Nelkin’s scattering kernel for water.! The
calculated energy distribution of neutrons at the inter-
face was compared with a measured leakage spectrum
from a large water geometry.® Because of the good
agreement between theory and experiment, we then
computed the leakage spectra of thermalized-neutron
bursts for slabs of finite thickness and again obtained
good agreement with corresponding experiments.?>3 The
leakage spectra as well as the spectra in the center of
the slabs show direct evidence for the diffusion cooling
effect.

The energy-dependent Milne problem

To get the energy-dependent neutron flux at the
boundary of a half-space, we solved the stationary
Boltzmann equation in a P;-approximation, assum-
ing a Maxwellian source at infinity. Our formalism
is quite similar to that one of Conkie*! with two
exceptions:

1. Instead of the Wigner-Wilkins kernel® for
monoatomic hydrogen we used Nelkin’s® scat-
tering kernel for water in our calculations.

2. We tried to describe the energy depend-
ence with the aid of the functions w.(x) =
x - e *LW (x) which are orthonormul in
0 <€ x < = with the adjoint functions wi(x) =

L(,?(x). The L%(x) are normalized Laguerre
polynomials of order one (see e.g. Reference 6).
Conkie transformed the energy scale 0 < E <
into the finite range 0 < y < 1 and then used
Tchebycheff polynomials T, (y) instead of our
L% (x). It seems to us that the second
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difference is not a serious one but the use of

Laguerre polynomials probably simplifies the

calculations.

Our final result for the angular-dependent
neutron flux after solving the matrix and eigen-
value equations, satisfying the P; - boundary
conditions is the following one, written in the
dimensionless variable € = E/ET:
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Figure 1 shows the spectrum at the interface
z = 0 compared with the measured leakage
spectrum from a large water geometry (15X 15X
15 c¢cm cube) taken from the work of Beckurts?®
together with the Maxwellian distribution at a
moderator temperature that exists far away from
the surface. Due to the preferential leakage of
neutrons with high energies, the spectrum at the
boundary is shifted towards higher energies.

Pulsed experiments

In the next step we tried to solve the time-
dependent source-free Boltzmann equation with a
similar formalism. We only were interested in
the asymptotic part of the time-dependent neutron
flux in a pulsed experiment decaying with e~2!.
The part of the Boltzmann equation proportional
to g ~ g_.

v Ve

easily taken into account since one is able to
@

arising from the time dependence is

calculate the matrix elements f L, (e )\/-I;e .

€
e ‘LY (e)de analytically (see Reference 6). All

other matrices are just the same as in the Milne
problem. If the values of the absorption cross
section and the decay constant « are given, the
computation of the problem is quite direct. At the
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Fig. 1. Velocity-dependent neutron flux at the boundary
of the halfspace compared with the thermal leakage
spectrum in a large water geometry.
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Fig. 3. Energy-dependent flux in the center and at the
boundary of a 3-cm slab compared with experimental
results.
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Fig. 2. Calculated velocity-dependent neutron fluxes of

a pulsed

experiment in a 2.7-cm slab compared with the

results of an essentially equivalent experiment.
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Energy dependent flux (arbitrary units)

Fig. 4.
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Calculated and measured leakage spectra of a 2-

c¢m slab compared with theleakage spectrum of ahalispace.
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end of the calculations the boundary condition will
give us the thickness of the slab.

The energy-dependent asymptotic flux has the
following form:

P
9(z,6) = cos(Bz) 2o Fpow,(e)
=0

P P
"+ ) a; cosh(g,z) 2o Fpjwp(e).
p=0

i=1

The measured spectra in Figure 2 belong to a
5 X 5 X 5 cm cube® with a decay constant = 34 700
sec (buckling B? = 0.94 cm™?). In our calcula-
tions for an ‘‘essentially equivalent’’ slab we have
used a value a = 34 900 sec™ (B? = 0.935 cm™?).
One cannot fit exactly the experimental and
theoretical values of the pair (2,B*) because there
exists a discrepancy in the diffusion constant
between theory and experiment. The theoretical
curves for the velocity-dependent neutron flux in
a 2.7-cm slab are in good agreement with the
measurements in a 5 X 5 X 5 cm cube in the center
as well as at the boundary of the media (Fig. 2).

In another experiment® the assumption of slab
geometry has been fulfilled reasonably well (2 X
20 X 20 cm and 3 X 20 X 20 cm vessels).

In Figure 3 is shown the flux in the center and
at the boundary of a 3-cm slab together with the

experimental results., The leakage spectrum is
shifted markedly towards higher energies com-
pared with the spectrum in the center. In Figure 4
the calculated and measured spectra at the
boundary of a‘2-cm slab are compared. The
solution at the boundary of the halfspace, which is
also drawn in Figure 4, shows that the leakage
spectrum of a small geometry is cooler than that
of a large one. Both the spectra in the center and
at the interface show this influence of the diffusion
cooling effect (see e.g. Reference 2). Our calcula-
tions indicate that the energy dependence of
thermal-neutron spectra belonging to the asymp-
totic flux in pulsed water geometries may be
calculated very well with our formalism. A
comparison of our solution of the Milne problem
with Conkie’s result shows that it is necessary to
use an appropriate scattering kernel for water that
takes into account the effects of chemical binding.

A detailed description will be published in
Nukleonik.
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