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ABSTRACT

The upgraded Lujan Center target system is designed to be a split target with two tiers of 
moderators. The original suite of four moderators serving twelve flight paths has been optimized and 
an additional pair of moderators, one water and one LH2, have been added in a new upper moderator 
tier serving four additional flight paths. The upper moderators are partially coupled and viewed in 
backscattering geometry, as opposed to the decoupled moderators in the existing Lujan Center target 
system, which are viewed in transmission geometry. Fabrication of this new target system is 
currently in progress and installation is expected in 1998. The decoupling scheme for the upper 
moderator tier is documented. The neutronic performance of the two cold moderators is presented in 
the form of time and energy spectra with comparisons to the existing Lujan Center LH2 moderator. 
Neutronic performance of a partially-coupled flux trap LH2 moderator is also presented.

1. INTRODUCTION

The Manuel Lujan, Jr., Neutron Scattering Center (Lujan Center) at the Los Alamos Neutron 
Science Center (LANSCE) is one of four operating short pulse spallation sources worldwide. 
Protons from the 800-MeV LANSCE accelerator impinge vertically downward on the Lujan Center 
target system [1, 2], The Lujan Center target system, which was first installed in 1985, employs a 
split tungsten target with a void space in between (the flux-trap gap). Figure 1 shows the existing 
Lujan Center target system.

(a) (b)
Figure 1. The current Lujan Center target system shown in elevation (a) and plan views (b).

The existing Lujan Center target is constructed of two solid machinable-tungsten cylinders 
cooled on the surface with H20. The composite reflector system consists of an inner H20-cooled
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beryllium thermal neutron reflector and an outer H20-cooled nickel high-energy neutron 
reflector/shield. Three ambient H20  moderators (two high-intensity and one high-resolution) and 
one LH2 moderator viewed in transmission make up the existing moderator suite. The four 
moderators serve twelve flight paths.

Russell and Robinson [3] first documented the concept for the upgrade of the Lujan Center, 
including the upper moderator tier in backscattering geometry. This paper also marks the 
introduction of the concept of backscattering moderators at a spallation source. The idea of slab or 
flux-trap moderators placed upstream of a spallation target was documented several years earlier by 
Russell in a LANL internal memo [4)]. Papers by Russell, et al. [5], Kiyanagi, et al. [6], and 
Bultman, et al. [7] detail additional work on backscattering and upstream moderators.

The upgrade of the Lujan Center has several technical goals [8]: 1) proton beam availability 
greater than 85% by 1998, 2) less than 5% downtime from intervals greater than 8 hours by 1998,
3) access to experimental room ER-1 with the Weapons Neutron Research Facility (WNR) beam on,
4) added capability for more neutron beamlines and neutron scattering instruments at the Lujan 
Center, and 5) 100 pA proton beam current (20 Hz on target) routine operation by 1998. In addition 
to the Lujan Center upgrade project, a proposed enhancement to the proton beam delivery system 
would allow up to 200 pA of protons at 30 Hz to be delivered to the Lujan Center target system.

The design of the upgraded Lujan Center target system has been documented by Ferguson, 
et al. [9], However, the exact configuration of the upper tier moderators was still being evaluated at 
the time of publication. The purpose of this paper is to document the configuration of the upper 
moderator tier, detail the cold moderator performance of the system, and present an option for the 
decoupled FH2 moderator.

2. TARGET STATION DECOUPFING CONFIGURATION

The physical specifications of the target and reflector are given in reference 9, as is the flux- 
trap moderator decoupling configuration. While the upper moderators have remained the same, the 
decoupling scheme used in the upper moderator tier has changed slightly. In the previous paper, a 
cadmium liner was planned for the entire length of the upper moderator tier flight path. The target 
system that will actually be installed includes a cadmium liner along the lead portion of the upper tier 
flight path. At the lead and beryllium interface, the liner wraps around the outer radius of the 
beryllium. In this configuration, the beryllium is neutronically coupled to the moderators while the 
cadmium decouples the lead from the moderators below the cadmium cutoff energy (approximately 
0.5 eV). Figure 2 shows the upper moderator tier decoupling scheme (the 0.8 mm thick cadmium 
liner is enlarged so it can be seen and is not to scale). The decoupling configuration of the Fujan 
Center upgrade upper moderator tier is an application of the work by Carpenter, et al. [10], which 
introduced the idea of poisoning the reflector to tailor the time distribution of coupled moderators.

The upper tier decoupling configuration was determined following a series of neutronic 
studies using the FAHET Code System (ECS) [11]. The moderator brightness for the upper tier H20  
moderator was calculated as a function of time and energy at the estimated position of a planned 
instrument for a series of decoupling options. The decoupling option that resulted in the maximum 
intensity, yet maintained an “acceptable” pulse width for the instrument being designed, was chosen 
with input from other instrument scientists who plan to propose additional instruments for the 
remaining flight paths viewing the upper tier moderators. This work has been documented by 
Schoenbom, et al. [12],
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Figure 2. Monte Carlo model of the upgraded Lujan Center target system showing the plan view 
through the upper moderator tier.

3. PREDICTED SYSTEM PERFORMANCE

The data presented in the following figures provide qualitative comparisons of the 
moderators planned for the Lujan Center upgrade. In all cases, the calculations assume equal 
fractions of ortho and parahydrogen in the LFL. Data sets containing moderator intensity as a 
function of time and energy have been prepared for use in the MCLIB code [13] for detailed 
instrument design. The use of MCLIB is the preferred method of comparing various moderator 
decoupling schemes, etc.

Figure 3 shows the time-integrated average moderator brightness curves for the two LFL 
moderators planned for the Lujan Center upgrade. The decoupled liquid hydrogen moderator 
exhibits the same basic behavior (both energy spectrum and time distribution) as the existing liquid 
hydrogen moderator (see Figures 3a & 4). The partially coupled liquid hydrogen moderator shows 
roughly a factor of four increase in the time-integrated brightness, with the long tail that is 
characteristic of a coupled moderator (Figures 3b & 5).

Another parameter that is useful for instrument design is the neutron pulse width standard 
deviation as a function of energy as defined in the ECS manual [11]. Figure 6 shows the neutron 
pulse width standard deviation as a function of neutron energy for the liquid hydrogen moderators. 
Of particular interest is the intermediate region, between approximately 50 meV and 0.5 eV, where 
the decouplers and liners are important. At lower energies, moderation time in the moderator causes 
the pulse width to be roughly constant, although the absolute value of the constant is determined by 
the presence/absence of decoupling material on the moderator, the thickness of the moderator, etc. 
At energies above 0.5 eV (higher energies are possible for boron, depending on the thickness), the 
decouplers are ineffective.

An option currently being considered for the decoupled flux-trap LFL moderator is to remove 
the cadmium decoupler from the moderator box and from the flight path out to the radius of the 
beryllium. Because the cadmium decoupler is designed to wrap around the outer radius of the 
beryllium, the moderator is coupled to the beryllium and decoupled from the lead. However, the 
cadmium decoupler in adjacent flight paths adds an extra level of decoupling that the upper tier 
moderators do not have. As a result, the time integrated flux is expected to increase by less than a 
factor of 4 (the increase from the upper tier) and the time constant for this option is expected to be 
less than 525 ps. From Figure 7, the calculated time constant is approximately 200 ps. The time
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integrated increase in the average moderator brightness is 2.5. This option is currently being 
considered by the Lujan Center instrument scientists.
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Figure 4. Calculated time distributions for the decoupled liquid hydrogen moderator on linear (a) and 
logarithmic (b) scales.
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Figure 5. Calculated time distributions for the partially coupled liquid hydrogen moderator on linear 
(a) and logarithmic (b) scales.
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Figure 6. Neutron pulse standard deviations as a function of neutron energy for the liquid hydrogen 
moderators planned for the Lujan Center upgrade.
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Figure 7. Calculated time distributions for a partially coupled flux-trap liquid hydrogen moderator on 
linear (a) and logarithmic (b) scales.

SUMMARY

The planned target system for the Lujan Center upgrade includes the addition of two new 
moderators serving four additional flight paths. The performance of the existing flux-trap 
moderators has been maintained even though the system has been perturbed to accommodate the 
additional flight paths. The existing nickel reflector will be replaced with a lead reflector and the 
target will remain a bare tungsten target, although the upper target has been designed as bare plates 
to manage the additional heat load that will accompany the eventual upgrade to 200 pA. The upper 
moderator tier is in a partially coupled configuration with the decoupler material lining the flight 
path along the lead outer reflector and then wrapping around the inner beryllium reflector.

The performance of the decoupled flux-trap LFF moderator will remain unchanged while the 
new backscattering upper tier LFF moderator will have roughly 4 times the time averaged brightness 
with a long tail typical of coupled moderators. An option for partially coupling the flux-trap LH2 
moderator has been explored. The result indicates a gain of roughly 2.5 in time averaged brightness 
while the long-time time constant of the neutron pulse would roughly triple.
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