






over M is abandoned, even if fewer than M substeps have been completed, and the energy group 
is reassigned.  
 
Since the straggling parameters are pre-computed at the midpoints of the energy groups, this 
algorithm does succeed in assigning to each substep a straggled energy loss based on parameters 
that are as close as possible to the beginning energy of the substep. However, there are two 
problems with this approach. First, there is a high probability that the electron will not actually 
complete the expected range Sn for which the energy loss was sampled, in which case the energy 
loss relies on a linear interpolation in a theory that is clearly nonlinear. Second, the final substep 
of each sequence using the sampled energy loss from ( )nnn SEL Δ,,  will frequently fall partially 
in the next-lower energy group , but no substep using the sample from 1+n ( )nnn SEL Δ,,  will 
ever be partially in the higher group 1−n . This results in a small, but potentially significant 
systematic error. (See for example the investigations of Schaart et al [13] and references therein.) 

3.2. ITS Energy Indexing Algorithm 
 
Developed for the ITS codes earlier than the MCNP algorithm, this method (also called the 
“nearest-group-boundary” treatment) was added to the MCNP code in order to explore some of 
the energy-dependent artifacts of the condensed history approach, and in order to offer more 
consistency with the TIGER Series codes. This algorithm differs from the default treatment in 
two ways. First, the electron is initially assigned to a group n such that 

. In other words, the electron is assigned to the group whose 
upper limit is closest to the electron’s energy. Second, although the electron will be reassigned 
when it enters a new geometric cell, it will not be reassigned merely for falling out of the current 
energy group. These differences serve to reduce the number of times that unwanted imposition of 
linear interpolation on partial steps occurs, and to allow more equal numbers of  excursions 
above and below the energy group from which the Landau sampling was made. As Ref. [

( ) ( 2/2/ 11 +− +≥>+ nnnn EEEEE )

13] 
shows, these advantages make the ITS algorithm a more accurate representation of the energy 
loss process, as indicated in comparisons with reference calculations and experiments. 
Nevertheless, although the reliance on linear interpolation and the systematic errors are reduced, 
neither is completely eliminated. It is straightforward to create example calculations that show 
unphysical artifacts in the ITS algorithm as well as in the MCNP logic, as we shall soon see.  

3.3. New Energy- and Step-Specific Method 
 
It is easy to express what we would like to see in the straggling logic. For an electron with 
energy E about to traverse a step of length s, we would like to sample the straggling from the 
operator ( Δ,, sEL ) without regard to the prearranged energy boundaries En. In the actual 
MCNP5 code, we have now brought this situation about. A new FORTRAN90 module has been 
installed to deal with straggling data. Those parameters that are separate from the individual 
straggling events are still pre-computed, but each electron transport step can now sample its 
energy loss separately from adjacent steps, and specifically for its current energy and planned 
step length. Using this approach, we largely eliminate the linear interpolations and energy 
misalignments of the earlier algorithms. Along with those previous algorithms, this new logic 
will be available in the forthcoming update to MCNP5 as a user option. 
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4. TESTING THE ALGORITHMS 
 
Guided by the foregoing discussions, we would expect to see unphysical artifacts in the two 
earlier straggling algorithms for cell dimensions smaller than standard energy steps, and we 
would hope to see those artifacts disappear in the new logic. To test and illustrate these ideas, 
consider a monoenergetic beam of 10-MeV electrons normally incident on a 15-mm slab of 
water. We tally the emerging energy spectrum of transmitted electrons. In order to concentrate 
on the energy-loss mechanisms, we turn off angular deflections, and the production of electron-
induced X-rays and knock-on electrons. We describe the geometry in three physically-equivalent 
ways: as a single 15-mm slab, as 15 adjacent 1-mm slabs, and as 150 adjacent 0.1-mm slabs. 
These dimensions can be compared to the initial energy-step (4.091 mm) and to the angular 
substep (1.364 mm). We would expect that a well-behaved transport method should be 
reasonably insensitive to the differences in geometric description. Fig. 1 shows the results for the 
MCNP (bin-centered) logic. 
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Figure 1. Results of the bin-centered straggling logic for three equivalent geometries 
showing unphysical step-size artifacts. 

 

American Nuclear Society Topical Meeting in Mathematics & Computations, Avignon, France, 2005 5/8 
 





Turning at last to the new step-specific straggling logic, we repeat the calculations for the same 
three representations of the geometry, with Fig. 3 showing a very satisfactory result. The step-
size artifacts are now gone, even for the smallest cells in the test. 
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Figure 3. Results of the new step-specific straggling logic for three equivalent geometries 
now showing the elimination of unphysical step-size artifacts. 

 
 
 

5. CONCLUSIONS  
 
We have developed a new approach to the application of the Landau model to electron transport 
in MCNP5. The new logic is simpler than earlier methods, is specific to energy and step size for 
the transport step to be traversed, and is successful in eliminating severe step-size artifacts in 
very small geometric zones. The new treatment will be available as a user option in a 
forthcoming update to MCNP5. 
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