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Abstract

This measurement depends on the hydrogen slowing-downs of fast neutrons. Except moisture in good measurements one then
considers the parameters: hydrogen content, density and absorption cross section of the matter. For this meter I have made
Monte Carlo (MC)-calculations [1], the first with Elliott [2] and the last ones with MatLab in my computer. I have supposed
a point source S and point detector D in infinite medium. In the actual calculations, at first, I have taken the AmLi source
spectrum of neutrons [3] to pick up the energy for each neutron. The neutrons I follow downwards sequentially. They slow
down to the energy E, = 1217 eV. q, is the slowing-down density at the energy E,,.
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Figure 1: Neutron meter of moisture

Now also another MC-calculation is needed. That is: starting from the detector D with neutron energy 0.6 eV (epithermal
meter) and energy goes upwards. At 1217 eV I find the value for ®*, the adjoint or may be called the quantity of detection.
Now in a scattering event the energy and weight of “pseudo- neutron™ grow. For hydrogen scattering E,=E /r. r is random
number (0...1]. The first adjoint MC program MCNA is from the year 1971 [4].

q(r,42) from S and ®**0(r,£2) from D have spherical geometry. They will be multiplied and shall be integrated in cylindrical
geometry: r > a and z = (-0,+x). The £2s one must consider properly.
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Avoid Systematic Errors
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Neutron scattering in hydrogen (blue line). Its P1-approximation Below 1 MeV other Elements than hydrogen slow-down
is the red line, In the figure is also the P2(P3) approximation negligibly.

(dashed).

Itry to find a model for the measurement by using MC calculation.
P1: Diffusion Approximation. Total hydrogen crossection I use traditional forwand calculation in slowing-down, but also
6=0,1+06,.0 <<0o, the upwards calculation, from thermal or epithermal energies

upwrds in energy.
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¢ counting rate
g, slowing-down density
2., detection quantity or adjoint flux of pseudo neutrons

This measurement depends on the hydrogen slowing downs
of fast neutrons. The detector measures thermal or epi thermal
neutrons

Except moisture in good measurement one considers the
parameters:

*  hydrogen content of matter (dry)

* density of matter

0 absorption cross section especially in thermal detection

Neutron sources:
n-generators:

DT 14 MeV, T(d, n) *He
DD 2.5 MeV, D(d, n) *He

BCft, . =2.646 a

2Am (a,n)’ Be, *'Am (a,n) "Li etc.

172

For**Amt .432.2a

The inelastic scattering of iron reduces the energies of fast
neutrons

[
I kd

Fig. 8 Keflection meapuremsnt,

il g

Treguendy

Fe-reflector
measurement,
Soilis sand.

il ot oL Pt

BEAF mea i wrenl
p_..._.., _....

H\HI.. r

Inflsance of raflleciar

In Calculations soil has elements as in Earth's crust, and its dry density is 1.5e3 kg/m3.
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I supposed, that point source S and point detector D are in infinite
soil. Around the points there are shells.

But the shells from S and from D do not coinside. Therefore, I
set the distance SD = 0. I try to find the good shell radia.

Now r = 0, 1.19, 1.42, 1.69, 2.02 = a, 2.40, etc. Epithermal
detection I suppose.

Neutron comes to the detector. There is an event. The neutron
has had a path. You can follow the path. This is MC calculation
upwards in energy. You calcute the paths of the pseudo-neutrons.
Suppose Li detection.

You have 2 MC calculations: one downwards from the source
energies and one upwards from detection energies. I selected EO

=1 keV is the energy where the paths meet: you determine the
slowing-down density q(r,92) and adjungate function ®*(r,2).
these are summed up over the shells to get to counting rate ¢ or
CR.

I Selected the detection propability D "“/—15. X=E/E, where E =
0.6eV, kadmium-edge.

To find X, and E, when r < [0..1] is random number, it is to solv
the equation

rz/lxl/\/idx

In hydrogen scatterings;
downwards E = rE,
upwards E, =E /r
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