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Neutronic Simulations for Source-Instrument Matching at the Lujan 

Center J.  D. Court, P. D. Ferguson, and B. P. Schoenbom (LANL) 

The neutronics design of pulsed spallation neutron sources can be difficult when 

considering the fact that multiple instruments view the same moderator. Typically, the 

moderator design is a compromise between the required resolution for one instrument and 

the maximum intensity desires of another instrument. At the Manuel Lujan, Jr., Neutron 

Scattering Center (MLNSC), a recent target redesign has offered the opportunity to 

design a moderator for a Laue diffiactometer with few other requirements. Detailed time 

and energy spectra were calculated for a variety of moderator decoupling options. The 

purpose of this summary is to document the neutronics calculations required for-this 

source-instrument matching process. . 
Each proposed target configuration was precisely modeled in three-dimensions 

using the LAHET Code System (LCS)"I. Examples of two of the target decoupling 

options are shown in Figure 1. LAHET' models the 800-MeV proton beam from the 

LANSCE linac and the charged particle interactions that take place in the 

target/moderator/reflector system (TMRS). All charged particle transport, as well as 

neutron transport above the energy of 20 MeV, is done in LAHET. When a neutron's 

energy falls below 20 MeV, the information is written to a source file to be used by 

MCNP2. MCNP does all subsequent transport of the neutrons, and provides tally 

information at the detector point. 

N LAHET and MCNP are trademarks of the Regents of the University of California, Los Alamos National 
Laboratory. 
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Figure 1. Plan views through the moderator tier showing two decoupling schemes: (a) 
Cd along the Pb portion of the flight path and around the Be reflecter and (b) Cd along 
the entire flight path. 

The MCNP point detector tally allows a characterization of the neutron pulse at 

many different detector positions and TMRS configurations. The tally is termed a 'next- 

event estimator' because the contribution fiom each neutron interaction in the moderator 

is calculated and added to the tally. To achieve the required resolution for detailed pulse 

analysis, the tally uses extensive energy and time binning. As many as 550 energy bins 

were used to correspond to 0.02 A to 11 A (204.5 eV to 6.76e-4 eV). 152 time bins from 

0 to 68 msec were used. 

Figure 2 shows a neutron pulse for a partially coupled target system. Figure 2(a) 

is the complete Time-Wavelength plot of the neutron pulse. The wavelength (energy) of 

the neutrons arriving at the detector at any give time can be extracted fiom this data, and 

is shown in Figure 2(b). A wavelength slice, Figure 2(c), of the pulse at the maximum 



wavelength in (b) shows the time dependence of the neutrons of this energy, and allows a 

pulse-decay constant to be determined. Integral analysis of wavelength- and time-slices 

gives intensity and intensity-to-background data, which allows the determination of the 

most favorable TMRS configuration and detector placement. Details of the instrument 

analysis and the results of the target configuration studies can be found in the work of 

Schoenborn, et aL3 

Figure 2. Neutron spectra developed from the Monte Carlo data: (a) Time-Wavelength 

neutron spectrum; (b) a time slice of the spectrum at 10.35 msec; (c) the decay of the 

neutron pulse at 1.64 A. 

A more detailed modeling of instrument performance using a Monte Carlo 

approach has been accomplished for other instruments by Seeger, et al. using MCLIB4 in 

conjunction with the detail time and energy spectra calculated by LCS. A detailed Monte 

Carlo analysis allows identical experiments to be run numerically to determine 

instrument resolution, time required for experiment completion, etc., as a function of 

target decoupling options. As instrument Monte Carlo modeling continues to evolve, 



detailed analyses for source-instrument matching will become a standard spallation 

source design technique. 
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