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Abstract 

All those techniques developed to describe neutron transport that rely on the flux i&otropy conditions prevailing within 
the reactor core can be of no tieJp in the study of neutron beams. Two main problems must be solved in investigating 
beams: determining die relevant cross-sections and solving the transport equation. Often, in addressing neutron 
radiation protection problems, the available cross-section data are ROremdy detailed, whereas the transport equations 
used are rather unrefined, making wide use of the continuous slowing down approximation to calculate stopping powers 
(e.g., Betbc's expression). Irt this paper a simple approach to calculating stopping power and range is presented, that 
takes into account the effect of neutron energy straggling. Comparison with MCNP results is also presented. 

1. Introduction 

Consider a beam of neutrons of velocity w0 along a direction that will be taken as the z-axis, 
impinging on the surface of a semi-infinite scattering medium. As the neutrons propagate in the 
medium they undergo scattering in all directions: however; doe to the symmetry of the problem, it 
must be expected that the average velocity remains along the z-direction at all times, until it 
vanishes. On the other side, the motion becomes more and more disorderly, and the temperature of 
the neutrons increases. At the final stage of the process, the neutrons will be tbermalized, i.e. having 
no average velocity left and a temperature equal to that of the scattering medium. In this work, the 
problem just discussed will be described as a neutron source emitting at the time tK) n neutrons per 
unit volume homogeneously in space, and all with velocity w0 along z. The space behaviour will 
come back into play through the use of an " orbital variable", as will be made clear in the next 
section. 

II Governing equations 

From Boltzmann equation the following equation for a function fg of the velocity is readily derived 

where 
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Consider cross sections that are isotropic in the center of mass frame and that depend on known 
powers of the magnitude of relative velocity, i.e., 

dofcx)-^5* !** (3) 
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Assuming as a first approximation that the field particles are at rest in the laboratory frame: 
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£q, (I) becomes 
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when 
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Consider a source of the type nS(w-wO). Once equilibrium is reached, the distribution function 
becomes a maxwellian at a certain temperature Teq. In view of this, in the following a Maxwellian 

distribution with non-zero average velocity will be assumed. This distribution, therefore, has two 
unknowns: the average velocity w and the temperature T. 

Such a distribution has goes to a delta function for vanishing temperature Tf and to a Maxwellian 
for vanishing average speed w. 
Consider now the following choices for the function * and the ensuing equation. 

a) $=1 (this choice gives rise to die continmty equation) 

**"* .,.- In this 
case, as discussed in the introduction, g = wi, while the component of the integral perpendicular to 
z vanishes in the average. Recalling that for elastic scattering 

'*•--"•—-4̂  (9) 

the following equation results: 
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where u is the cosine of the angle between the z axis and the direction £2. 

c) 0> = E = 
mv2 

142 



Since for elastic scattering 

. 2mM(]-cosx) 
E ~E = -E 

(m-fMf 
pl) 

the following eqution is obtained 

d m2M, •&"¥*£& L*>™ (12) 

In the following section, the case u=0 is examined This case (constant cross sections) is fairly 
representative of reality for epithermal neutrons diffusing against light elements, particularly 
Hydrogen. 

III. Case a =0 

The integrals in Eq.s ( 10) and ( 12) become, respectively, 

A system of two differential equations in the two unknowns w and T is obtained: 

(13) 

(14) 

d v 2T 
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with initial conditions w(0) = w 0 and T(0)= 0. The cross sections for momentum and energy 

transfer that appear in tine equations of the above system are defined as 

(17) 

This system can be solved numerically: results are presented further down. However, If one 
considers the onset of the problem, when w is large and T is essentially zero, the dimensionless 
quantity p is very large (certainly > » 1 ) , and the expressions on the r.b.s. of the previous two 
equations can be simplified, yielding the simplified system 
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m 

mw = ~tnl 7TČ V = - m £ s w 

(18-a) 

(18-b) 

Introducing the ''orbital" variable x defined as the above system simplifes a little further 

£)= Jw(t>it (19) 

dx 

This system is readily solved analytically, yielding 

(20-b) 

-E„x w(x)=w0e~2* 

T«- mw; i - ^ - l d - e - « . -

(21-a) 
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The energy released to the diffusing medium can be calculated as 

*Eto= rowj Tt-H »!W mw 2 

2 2E„ ) - * ) 
(22) 

and the stopping power 

. ^ = ^ l [ S v + 3 . s > - ^ (22) 

It must be stressed that the above results only hold at the onset of the interaction. The system can be 
soiveji numerically for all times (or all "orbital" distances). The results shown below have been 
obtained for a trial situation: epithetmal neutrons (1 keV) diffusing in hydrogen with a number 
density of 10^3, with o s = 20barn. In this casel/v =1 and Eg = 0.5* The quantities shown are the 

d i m e n s i o n s variables w / w & ^ _2T/mwO 
For purpose of comparison, the problem has been simulated with MCNP: the result reported pertain 
to the case of a spherical source in an infinite medium with the same characteristics as for the above 
results, and the dimensionless residual energy as a function of propagation distance is reported 
together with the same quantity calculated from die numerical solution above. It must be stressed 
that the main purpose of the present work was to investigate the importanceofstraggling, andthis is 
well stressed by comparing the energy of the collective motion^alone to the total energy, that 
includes the temperature, 
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