
Eolus Project, Monte Carlo Codes (XCP-3)mcnpmcnpmcnp 1

Second Advanced Workshop on Model Codes for Spallation Reactions, 
CEA-Saclay, France, 8-11 Feb 2010; S. G. Mashnik et al., LA-UR-10-00510

The MCNP6 Event Generator CEM03.02:
Lessons Learned from the Intercomparison

Stepan G. Mashnik and Arnold J. Sierk
Los Alamos National Laboratory, Los Alamos, NM, USA

Konstantin K. Gudima and Mircea I. Baznat
Institute of Applied Physics, Academy of Science of Moldova



Eolus Project, Monte Carlo Codes (XCP-3)mcnpmcnpmcnp 2

Second Advanced Workshop on Model Codes for Spallation Reactions, 
CEA-Saclay, France, 8-11 Feb 2010; S. G. Mashnik et al., LA-UR-10-00510

CEM03.02(.03) is 5 years old; not fit to Intercomparison data

● A general scheme of CEM03.02(.03) calculation 

● Results on neutron spectra and multiplicities

● p, d, t, 3He, and 4He spectra from p- and n-induced reactions

● Pion spectra

● Integrated mass and charge distributions of product yields

● Mass distributions for separate isotopes

● Isotopic excitation functions

● General comments, summary
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Occasionally, for some reactions, some figures of merit look
more like a nice tapestry rather than a fast informative 
evaluation of model predictive powers; therefore we often 
prefer to look directly at plots with results rather than 
analyzing different figures of merit
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CEM03.02(03.03) describes quite well most of the neutron
spectra covered by the Intercomparison
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However, CEM03.02(.03) still has room for improvement of neutron
spectra, especially at T < 100 MeV; we work now on this problem
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CEM03.02(.03) reproduces well the Letourneau et al. n-multiplicity 
distribution for 1.2 GeV p + Pb but does not agree so well with the 
Herbach et al. data for 1.2 GeV p + Fe, just as most other codes 

do for high values of <n> for this reaction
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CEM03.02(.03) reproduces quite well most of the proton spectra covered 
by the Benchmark, though there are still some problems to be solved
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CEM03.02(.03) describes quite well also most of the deuteron spectra,
though in its present version it does not account for direct processes
like pick-up and knock out
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Most of the tritium spectra are also described quite well by CEM03.02(.03); 
very similar results are obtained for 3He spectra
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CEM03.02(.03) describes reasonably well most of the 4He-spectra
but has room for further improvement
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CEM03.02(.03) describes proton and complex-particle spectra 
from reactions induced by neutrons quite well
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CEM03.02(.03) provides for these spectra one of the best
figures of merit
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CEM03.02(.03) describes reasonably well most of the pion spectra
but has room for further improvements
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CEM03.02(.03) describes quite well the mass distribution of product yields from 
1 GeV p + Fe but underestimates production of fragments with A < 30 at 300 MeV,  

just as most other models do
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CEM03.02(.03) describes reasonably well the yield of fission fragments and
spallation products from p + Pb and U, but underestimates production of light 

fragments with A ~ 25 from these reactions, just as most other models do
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The agreement of CEM03.02(.03) charge distributions of fission 
fragments, spallation products, and light fragments with the 
measured data is very similar to the one observed above for 

the mass distributions
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CEM03.02(.03) describes well the mass distributions of most individual 
not too light isotopes produced in the 300 MeV p + Fe reaction
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Yields of light Ne, Na, Mg, and Al isotopes produced in the 300 MeV p + Fe 
reaction are strongly underestimated by CEM03.02(.03), a serious problem still 

to be addressed also for most of other codes tested in our Benchmark, 
as shown by the figures of merit on the next viewgraph
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Both R and F deviation factors for isotopes produced in the 300 MeV p + Fe 
reaction vary significantly from the desired value of one with decreasing mass 
number of products and reach values of up to several orders of magnitudes for 

many of the codes
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Excitation functions are the most difficult characteristics to
predict; CEM03 often works well, but still has some problems
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More examples of success and deficiency of CEM03.02 in 
describing several excitation functions for p + natFe reactions
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Examples of improved predictive power of MCNP6(X) for the production of 3He and 
7Be from p + Fe reactions while using our CEM03.02 event generator in comparison 

with using the “default” Bertini INC + Dresner evaporation option
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It is important to know that modules are “tuned” to each other 
while merging them into a single code, an idea adopted by 

CEM03.02(.03), LAQGSM, FLUKA, SHIELD, etc., but not understood 
or neglected by MCNPX, GEANT4, ALICE, CEM95, …
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We need reliable experimental data in order to develop better 
models and codes
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Summary (1)
● CEM03.02(.03) describes reasonably well most of the tested

reactions, therefore it can be employed with confidence as a reliable
event generator in MCNP6 as the main “workhorse” for intermediate-
energy applications.

● However, we have identified several problems to be solved to
improve the predictive  power of CEM03.02 (and CEM03.03), like:
improvement of approximations used to describe nucleon and pion
production in elementary interactions during the INC; considering
preequilibrium emission (and maybe also coalescence production)
of fragments heavier than 4He;  accounting for multifragmentation of
highly excited nuclei  and for “direct” knock out and pick-up
processes of complex particle production, to name a few.

● One of the most important but difficult and time consuming
improvements of CEM03.02(.03) would be development of a new
and less phenomenological evaporation/fission model.
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Summary (2)
● An important property of nuclear event simulation codes is how

efficient they are. For large scale transport simulations, a speed
factor of 5 to 10 can make a big difference. CEM03.02(03)  is
roughly this much faster than CEM95 for intermediate-mass nuclei.

● The Benchmark has proved once again that modules are “tuned”
to each other while merging them into a single code: we can get 
bad results by combining arbitrary modules, as allowed currently 
by some transport codes.

● To understand the “real” mechanisms of nuclear reactions and
develop better  models, we need more  measurements, including
correlations.

We thank Drs. Sylvie Leray and Jean-Christophe David 
for inviting us to present our CEM results 
and for their kind help and cooperation !
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