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I. Introduction
The work reported here was performed to investigate the constraints that neutron

and gamma scattering in the NIF target chamber might place on a fuel ρr diagnostic that
is being considered at Los Alamos by Douglas C. Wilson and others.1  The concept for
the diagnostic is simple: measure the neutron Time-Of-Flight (TOF) spectrum.  From the
relative level of the slower neutrons produced by (n,xn) scattering/reactions in the fuel
region, infer the average fuel ρr during burn.2  In this work, we evaluate the extent to
which background scattering of neutrons and gammas in the NIF target chamber
influences the diagnostic design, on the basis of Monte Carlo simulations using the
MCNP code and its supporting cross-section libraries.

The neutron energy spectrum for a “failing” NIF target has been calculated by D.
Wilson,1 and is shown in Figure 1.  Total yield in this case is about 3.4 x 1015 neutrons.
Roughly 10% of the neutron output arises from (n,xn) scattering or reactions as the 14
MeV fusion neutrons pass outward through the burning fuel.  When we transform the
energy spectrum into a TOF spectrum, the predicted “signal” is as shown in Figure 2, for
a detector-to-target distance of 250 cm.  Unscattered 14.1 MeV neutrons arrive at about
50 ns.  Over the following time interval, say from 70 to 300 ns, the (n,xn) scattered
neutrons arrive at the detector.  In principle, one can integrate the direct and scattered
portions of the spectrum and infer the average fuel ρr during burn.  Perhaps additional
information can be extracted by comparing the measured spectrum with that calculated in
target simulations, if the scattering background “noise” is low enough or can be removed.

Figure 1.  Neutron energy spectrum for a “failing” NIF target.1  Total neutron yield is 3.4 x 1015,
and the spectral amplitude of (n,xn) scattering/reaction products is about 1% of the 14 MeV
fusion neutrons’ peak.
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Figure 2.  Neutron Time-Of-Flight spectrum obtained by transforming spectrum of Figure 1, for a
detector-to-target distance of 250 cm.

We note at the outset that all the background scattering events to be examined in
this report occur when the neutrons emitted by the target at burn time impinge on various
objects inside the target chamber, then produce scattered neutrons or gamma rays that
strike the detector.  The arrival timescale is fundamentally determined by the neutrons’
velocity, which is 1.38 x 109 (En)1/2 cm/s, with En the neutron kinetic energy in MeV.
Typical system dimensions are ~100 cm, so, for 14 MeV DT-fusion neutrons (moving at
about 5 cm/ns), we will be considering flight timescales of ~20 ns.  The duration of the
thermonuclear burn is of the order of 10’s of picoseconds, so we can ignore the spread in
source emission time for present purposes.  The spatial extent of the source is ~10-3 cm,
so we can treat the source as a point in the center of the chamber.

This report is organized as follows.  In Section II, we discuss a few calculational
techniques and features.  Section III discusses scattering background produced by the
target chamber walls.  Section IV presents modeling of the effects of the NIF Cryogenic
Target Positioner (CTP).  In Section V, we discuss scattering levels produced by a typical
diagnostic: the TRXIS time resolved x-ray imager, and the standard NIF Diagnostic
Insertion Module (DIM).  In Section VI, we present the conclusion from this work:
background due to scattering appears significant in affecting the intended diagnostic’s
design, but presents no difficulties that would prevent making the desired measurement.
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II. A Few Notes on the MCNP Calculations
The MCNP code performs calculations of neutron and gamma ray scattering

using Monte Carlo simulation methods.  The code’s internal methods are a mix of
realistic and idealized modeling techniques that offer the user considerable flexibility in
optimizing the Monte Carlo efficiency.  Results are primarily obtained via “tallies” of
“interesting” events, chosen from several tally types by the user.  MCNP uses an
extensive library of data files that provide cross sections for the scattering events
considered for many different materials.  The cross-section libraries have been improved
and refined over a number of years by independent evaluators at LANL, LLNL, and
perhaps other laboratories.

The source of particles used in the calculations was an instantaneous, isotropic
point source of monoenergetic 14.1 MeV neutrons at the origin.  Thus, time zero in the
calculation is the time of neutron emission from the target at the center of the chamber.

In this work, we used two different approaches to represent the TOF detector: (1)
inclusion of a thin, physical detector layer in the calculation, and (2) using the
“deterministic” detector modeling in MCNP.  The first approach allows some assessment
of interactions between the neutrons and gammas with the detector material.  The second
represents the detector abstractly, and uses a deterministic method of calculating how
each scattering event in the problem will contribute to the detected particle flux.  In early
(target-chamber-only) calculations, we used both approaches, while in later runs, we used
only the deterministic method.  From the early runs using both methods, we found that
the predicted fluxes at the detector were essentially identical (for this geometry), aside
from the small (~1%, for 0.01 cm sphere of CH) component of scattering produced in the
detector material itself when it is included, and a small (~3%), unresolved overall
difference.3

In the later modeling that included either the Cryogenic Target Positioner (Sec.
IV) or the TRXIS/DIM diagnostic (Sec. V), we used only the MCNP deterministic
detector modeling, positioning “phantom” detectors at various points of interest in the
calculation in order to avoid introducing additional, confusing scattering sources.  The
modeling in these cases was axisymmetric, with the CTP’s (or DIM’s) axis coincident
with the positive z-axis of the calculation’s coordinates.  Detectors were positioned at
polar angles of 45, 90, 135, and 180 degrees.  Different calculations were performed for
each of the detector-to-target-center distances of interest, namely RD = 50, 100, and 250
cm.  This allowed the Time-of-Flight (TOF) tally timescales to be adjusted to the
appropriate value for each detector distance.

We ran MCNP on two different operating systems: Windows NT 4.0 and Solaris
8 for Intel.  The two code versions gave virtually identical results.  Execution times
ranged from a few minutes to about six hours on a 733 MHz PC workstation.  Longest
run times were experienced with the most complicated geometries and the largest
material sets.  The run time is very nearly proportional to the number of Monte Carlo
events calculated.  All the final runs, presented here, treated 1 x 107 source neutrons.  The
statistics in the final runs provided more than adequate accuracy.  All the spectrum plots
presented here are normalized to a target yield of 3.44 x 1015 DT reactions for
comparison with Wilson’s target calculation.1



W. C. Mead n- and γ- Scattering in the NIF Chamber November 16, 2000

6

III. Scattering by the NIF Target Chamber Wall and Shielding
Our target-chamber-only modeling was entirely performed in spherical, 1-

dimensional geometry.  Thus, we initially neglected chamber ports and internal structures
that will be installed in the chamber.

NIF Target Chamber Modeling
We performed calculations using three 1-D target chamber models with

increasing levels of material/component realism.  In all cases, the inside radius of the
chamber was 5 m.  A few calculations were performed as a baseline with model (#1):
pure, natural aluminum chamber wall, 10 cm thick.4,5  Most calculations were performed
using the second level of realism: model (#2) a 10 cm wall of “Type 5083” aluminum,
which we represented as an alloy of 95 atom-% aluminum and 5% magnesium.  A few
calculations were performed to determine the effect of model (#3) including a 40-cm
thick “Shotcrete” shielding layer that has been applied outside the aluminum chamber
wall.6  We’ve assumed that the composition of the Shotcrete is the same as that of “NIF
concrete” described by Belian, et al.,7 and we have used a nominal density of 2.3 g/cc.
The constituents of concrete that we included in the modeling are shown in Table 1.

Element Atomic % Element Atomic %
H 13.465 B 0.001
C 0.599 O 60.576
Na 0.519 Mg 0.286
Al 1.687 Si 11.056
S 0.213 K 0.599
Ca 6.987 Ti 0.037
Cr 0.002 Fe 0.336

Table 1.  Atomic fractions of constituents used in modeling the 40-cm-thick concrete shielding
applied to the NIF target chamber.7  Trace amounts of Sc, Mn, Ni, and Cu have been neglected.

Calculated Scattering Levels and Background from Chamber Walls
The background picture for the neutron TOF detector depends critically on flight

times.  The 14.1 MeV neutrons move at about 5 cm/ns.  Gamma rays produced by
neutron absorption or scattering events move at the speed of light, 30 cm/ns.  This leads
to the following (rough) time-sequence of events at the neutron TOF detector (assumed
here, for example, to be placed at Rdet = 250 cm):

•  Prompt x- and gamma-rays (and perhaps fast electrons and protons produced
by the laser-target interactions—not evaluated in this work);

•  14.1 MeV fusion neutron burst arrives at about 50 ns;

•  Desired (n,xn) “signal” neutrons arrive from the target, mainly over the time
window of about 70-300 ns;
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•  Gamma rays produced upon arrival of 14 MeV neutrons at the chamber wall
first reach the detector at about 100 ns;

•  Slower neutrons resulting from the scattering of 14 MeV neutrons at the
chamber wall arrive at the detector at about 150 ns and later.

We discuss the calculated relative strengths of these successive events below.  Note that
the fairly long time-spread of events at the TOF detector offers the possibility of gating
the detector electronically, to mitigate the effect of the strong, early-time neutron and
gamma burst, thus enhancing detector recovery for measuring the lower-level, later-time
neutron signal.  Further, if required, one could consider spatially shielding the detector
from some of the background generated at the chamber wall (though this appears to be
unnecessary and perhaps difficult, given the calculated TOF spectra).

Current interest is focused on GaAs neutron detectors, which have faster response
and recovery times than most scintillators.8  This makes it important to evaluate detector
placements closer to the target.  Thus, we have performed calculations for detector
placements of 250, 100, and 50 cm, and the resulting TOF spectra are discussed below.

Scattering Differences Among Chamber Models and Cross-Section Sets
We consider here some of the small differences we found among chamber models

and cross-section sets.  We examined the chamber models in order of increasing
complexity and realism.

We began with a pure Al sphere of radius 5 m and thickness 10 cm.  Using this
simple model, we calculated the neutron Time-Of-Flight (TOF) spectrum crossing a
spherical surface placed at various radii.  Within the resolution of the crude bin structure
used for these calculations, the TOF spectrum showed reasonable, quantitative agreement
with estimates of the arrival times of the direct 14 MeV neutrons and for 14 MeV
neutrons reflected (at lower energies) by the chamber wall.  The MCNP-calculated flux
of the direct neutrons also agreed well with simple estimates.  MCNP predicts the total
(n,xn) backscattered fraction to be about 2.7%.  With a detection surface at 250 cm, and
within the time-window of interest for the TOF measurement, the reflected neutron
fraction is calculated to be 2.40 ± 0.04%.

The difference in scattering levels between pure Al chamber wall and the Al 5083
alloy is tiny.  In an MCNP run with the 5% Mg constituent included (modeling Al 5083),
the reflected neutron fraction was changed by a statistically insignificant 0.04%.

Table 2, below, compares the results of two pairs of calculations.  Each pair
consists of one calculation using the Al 5083 sphere only and one calculation that
includes the surrounding 40 cm of concrete shielding.  The two pairs of runs used
different neutron cross section data tables: the LLNL tables from ca. 1992, and the
LANL/endf60 tables from ca. 1980.  The results using the two sets of tables agree to
within 15% in total reflected flux.  Results with both sets of cross sections indicate that
the total backscatter fraction increases by about 30% when the concrete surround is
included in the chamber modeling.  We also examined the changes in the calculated
spectrum of scattered neutrons and gamma rays, and the spectral differences were always
less than a factor of two.  For scoping purposes, these differences are not significant.
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LANL/endf60 Cross Sec’ns
(ca. 1980)

LLNL Cross Sec’ns
(ca. 1992)

Al 5083 sphere only 0.0196 ± 0.0004 0.0236 ± 0.0004
Including concrete surround 0.0262 ± 0.0004 0.0304 ± 0.0004

Table 2.  Total detected backscatter fractions for four MCNP calculations.  All included the Al
target chamber wall, and all assumed a detection surface at R = 250 cm.  Two calculations also
included the surrounding concrete shielding.  Each chamber configuration was modeled with two
different sets of cross section data.  Differences in total scattered flux were negligible for scoping
purposes.

How did we handle these small differences for the remainder of the scoping
study?  First, since this preliminary investigation indicated that the effect of the concrete
shielding outside the chamber wall is minor for the in-chamber TOF measurement
desired, and the execution time required to calculate the interactions with the shielding
layer was substantial, we omitted the concrete from all subsequent calculations.  Second,
since the LLNL cross section set predicts larger scattering backgrounds than the LANL
set, we used the LLNL cross section set for the remainder of this work, to bias our
calculations slightly toward the conservative side.

Differences Between Detector Modeling Approaches
The chamber-only calculations were performed using both methods of detector

modeling described in Sec. II.  The results for the two methods of detector modeling were
in good agreement, differing by only a few per cent.3  Thus, after using both kinds of
detector modeling throughout the calculations discussed in this section, we discontinued
use of the physical detector mock-up and used only MCNP’s “deterministic,” idealized
detector model.

Calculations that use MCNP’s deterministic detector modeling incur an extra
computational requirement.  In one case, a calculation including a few deterministic
detectors increased in execution time from 9.6 minutes to 22.7 minutes.  This increase in
computational effort was deemed acceptable.
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TOF Spectrum for Rdet = 250 cm
Now, we consider the TOF spectrum for a detector placed at 250 cm, i.e., at one-

half the radius of the target chamber.

Figure 3 compares the “background” TOF spectra calculated by MCNP for
neutrons and gamma rays, with the “signal” TOF spectrum (Fig. 2) derived from D.
Wilson’s target calculation.  Here, we used the 1-D target chamber model (#3) that
includes the concrete shielding layer.  We see the onset of significant levels of neutrons
backscattered from the target chamber wall at about 150 ns.  We also see an earlier
interfering signal, beginning at about 110 ns, from gamma rays arriving shortly after the
14 MeV neutrons interact with the chamber walls.

The flux of both scattered neutrons and gammas at the detector location is much
greater than the target-neutron’s (signal) flux.9  Thus, these background sources prevent
observation of the target’s neutron spectrum after the time of 110 ns, at 250 cm detector
placement.  The portion of the target neutron spectrum between 70 and 110 ns is
observed without background from the chamber scattering events.10

Figure 3.  Comparison of three TOF spectra: (1) neutrons arriving directly from the target (the
signal), compared with background produced when the target neutrons scatter from the walls of
the NIF chamber, producing lower-energy, backscattered (2) neutrons, and (3) gamma rays.
Measurement of the target TOF spectrum will be effectively cut off when the gammas arrive at
about 110 ns.10



W. C. Mead n- and γ- Scattering in the NIF Chamber November 16, 2000

10

TOF Spectra for Rdet = 100 cm and Rdet = 50 cm
Figures 4 and 5 show comparable TOF spectra for the cases of detector placement

at R = 100 cm and R = 50 cm, respectively, using chamber model #2, excluding the
Shotcrete shielding layer.11As expected, the neutron signal flux increases closer to the
target.  We expect an increase in TOF spectral flux to increase as 1/R3:  we expect a
factor of 1/R2 from the increased solid angle as one approaches the target, and an
additional factor of 1/R as a result of the time compression of the TOF signal at smaller
distances.  Looking at the spectra further, we note that the onset of gamma ray
background generated when the 14 MeV neutrons reach the chamber wall (which occurs
at about 100 ns) comes relatively later compared with the (n,xn) scattered-neutron signal
from the target.  So, providing the detector is capable of handling the higher flux, and
assuming that the detector can recover fast enough from the 14 MeV neutron pulse,
closer detector placement improves the measurement of the desired signal relative to the
chamber-scattering background.

Figure 4.  With the detector placed at 100 cm from the target, the target’s neutrons arrive earlier,
and the gamma rays from scattering events at the chamber wall occur (slightly) later.  Thus, a
relatively larger portion of the target’s n-TOF spectrum is measurable.10
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Figure 5.  With the detector at 50 cm, most of the target-emitted neutrons arrive before
any of the chamber-scattered background gammas and neutrons.10
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IV. Scattering by the NIF Cryogenic Target Positioner

Cryogenic Target Positioner Modeling
This subsection presents a preliminary model of the NIF Cryogenic Target

Positioner (CTP) that has been used in MCNP calculations to predict the neutron and
gamma scattering levels and their impact on the ρr diagnostic being considered.  Since
the actual CTP has not yet been designed, the model is based on the schematic drawing
reported by Latkowski, et al.12  The critical features of the CTP model for this application
are the placement, mass, and material composition of portions of the positioner that
subtend a significant solid angle from the target.  In order to proceed, some rough
assumptions that extend the published characteristics have been necessary.  However, we
find that the Be nosecone is by far the most significant contributor to scattering
background levels, so the results are insensitive to moderate changes in the dimensions of
most of the other components.

Figure 6 shows a schematic diagram of the CTP model.  The conic-section parts
are based on two reference cones.  The “shield cone” has its apex 3.33 cm beyond the
target position.  The “structure cone” has its apex 12.5 cm to the right of the target
position.  The dimensions chosen have been adjusted slightly to allow roughly correct
nesting of the parts.

Figure 6.  Schematic model of NIF Cryogenic Target Positioner.12  See Figure 7 for components
actually included in the MCNP calculations.

The following possibly-significant, intended modifications and/or extensions of
the original figure from Ref. [12] have been made:
1) The thicknesses of the various components and a few of the dimensions are assumed

to be the values shown in Table 3.
2) Materials and chemical compositions are assumed to be those shown in Table 4.

We’ve assumed that “GFRC” stands for “Glass Fiber Reinforced Composite” and
chosen approximate material compositions based on Kevlar.

225 cm
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In carrying out the MCNP simulations, it proved unnecessary to include portions of the
CTP beyond the conical sections.  In retrospect, we found that only small errors would
have been incurred by leaving out all components but the Be nosecone.

As rough checks on the model drawing, the volumes and masses calculated for
some of the key components are included in Table 3.  The total mass calculated is not too
different from the stated mass design goal of 200 kg.12  Also, the volumes of the
cryogenic reservoirs have been calculated from the dimensions shown as indicated, and
these are in rough agreement with the nominal values stated of 35 l, for the liquid
nitrogen reservoir, and 50 l, for the liquid helium reservoir.

A few aspects of the CTP design that were omitted (or treated in broad-brush) in
the original description12 have been omitted from the scattering model.  For example, if
the B4C surface coating discussed by Latkowski were to be used, little change in the
scattering levels would be expected, unless the thickness of the coating was large
compared with that assumed here for the Be shield.  As the CTP design progresses, we
should consider whether “real” components differ significantly from those of the
scattering model used here.  For example, the actual target support and cooling structures
might be significant, since they are very close to the target and have been omitted here.
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Component Rmin Rmax Length Thickness Volume Density Mass
(cm) (cm) (cm) (cm) (cc) (g/cc) (g)

Crushable Al foam 2.78 2.78 2.22 -- 5.39E+01 0.270 1.45E+01
Be nosecone 2.51 6.70 25.00 -- 1.78E+03 1.848 3.30E+03
Be shield frustum 2.51 25.14 135.00 2.78E-01 3.30E+03 1.848 6.10E+03
Be structure frustum 4.05 22.50 110.00 1.11E+00 1.03E+04 1.848 1.91E+04
Be shield cylinder 25.14 25.14 51.11 5.56E-01 4.49E+03 1.848 8.29E+03
Be structure cylinder 22.50 22.50 51.11 1.11E+00 8.03E+03 1.848 1.48E+04
Be mounting plate 22.50 22.50 1.11 -- 1.77E+03 1.848 3.27E+03
GFRC mounting plate 22.50 22.50 2.22 -- 3.53E+03 1.100 3.89E+03
GFRC cylinder 22.50 22.50 311.39 2.22E+00 9.78E+04 1.100 1.08E+05
Cu shield frustum 2.94 3.41 2.78 -- 8.81E+01 8.960 7.89E+02
Borated polyethylene frustum 6.66 10.85 25.00 -- 6.14E+03 0.800 4.91E+03
Al tank for liquid nitrogen 13.10 20.32 43.06 8.33E-01 5.35E+03 2.700 1.44E+04
Al tank for liquid helium 19.31 19.31 43.89 8.33E-01 6.39E+03 2.700 1.72E+04
Steel support #1 for He tank 21.39 21.39 0.28 -- 3.99E+02 7.750 3.09E+03
Steel support #2 for He tank 21.39 21.39 0.28 -- 3.99E+02 7.750 3.09E+03
Liquid nitrogen reservoir 14.35 21.29 41.39 -- 4.18E+04 0.808 3.38E+04
Liquid helium reservoir 18.47 18.47 41.94 -- 4.50E+04 0.150 6.74E+03

Total 2.51E+05

Table 3.  Dimensions of key Cryogenic Target Positioner components.  Italicized values have
been guestimated.

Material Element Atom Frac.
Aluminum (type 5083) Al 0.950

Mg 0.050

Steel (SS #409) Fe 0.890
Cr 0.110

Borated Polyethylene H 0.563
B 0.100
C 0.281
O 0.056

GFRC H 0.313
B 0.012
C 0.156
O 0.337

Mg 0.020
Al 0.019
Si 0.096
Ca 0.048

Table 4.  Material compositions.  Italicized values have been guestimated.
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Calculated Scattering Spectra with Cryogenic Target Positioner
Here, we report MCNP calculations in which we have added various subsets of

the Cryogenic Target Positioner (CTP) model components into the NIF chamber
calculations, and evaluate the results in terms of their scattering background significance
for the ρr diagnostic under consideration.

Components of the CTP model were added to calculations in order of guestimated
importance to the production of scattered neutrons or gamma rays.  The most complex
geometry for which MCNP calculations have been performed is shown in Fig. 7.  This is
the configuration used for the spectra presented in this section.  By the time this
configuration had been run with MCNP, it became very clear that no further refinement
of the CTP representation was necessary for an accurate assessment of the n- and γ-
scattering levels.  In fact, very little change in the calculated scattering levels and spectra
occurred when components beyond the Be nosecone were added to the calculation.  The
main features of the scattering spectra can be understood considering only the Be
nosecone and the target chamber first wall.

Naturally, the scattering effects depend on both the distance of the detector to the
target and the angle between the CTP-axis and the detector, so the results are organized
by detector distance and polar angle in the following subsections.  One easily understood
(but unanticipated) kinematic effect occurs for Rdet = 250 cm and Θdet = 45o that could
allow improved signal-to-noise for the ρr measurement.  This kinematic effect is
calculated to be less beneficial for the detector positions closer to the target.

Rdet = 250 cm

Θdet = 180o

Let’s first look at the TOF spectrum for a detector at radius 250 cm with polar
angle 180 degrees, i.e., located on the opposite side of the chamber from the target
positioner, shown in Fig. 8.  Although this spectrum is produced by a calculation with all
the components shown in Fig. 7, we can understand the  most prominent features of the
scattering spectra by considering only two objects: the Be nosecone and the Al chamber
wall.  Callouts in the figure show the origins of the main spectral features according to
the particle type and the material of the scattering source.  The curve labeled “target” is
the TOF spectrum (Fig. 2) for neutrons from the target, from D. Wilson’s calculation.1  In
order of arrival time, we see gammas produced when the 14 MeV neutrons arrived at the
Be nosecone (18 ns), the direct 14 MeV neutron peak from the target (48 ns), and the
lower-energy neutrons produced by (n,xn) scattering within the fuel of the target (70 –
300 ns) that comprise the desired signal for the ρr diagnostic.  Competing with the signal,
or swamping it, are the neutrons scattered from the Be nosecone (most prominent at ~70
ns), and the gammas (t > 110 ns) and neutrons (t > 150 ns) backscattered from the Al
chamber walls.
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50 cm

Crushable Al

Be Shield

Be Structure

Al tank

Liquid N2

Borated Polyethylene

Cu Block

Be Nosecone

9.44 cm to Target

Figure 7.  Components of the NIF CTP that have been included in the MCNP calculations presented
here.  By far the most significant source of scattering is the Be nosecone.
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Figure 8.  Target and background TOF spectra for Rdet = 250 cm, Θdet = 180o.  See text for
discussion of spectral features.

Θdet = 45o

At first thought, one might expect the detector location opposite from the target
positioner (Θdet = 180o) to show the best signal to noise ratio for measuring the (n,xn)
neutrons from the target.  In the calculation just shown (Fig. 8), the signal to noise ratio
over the time range of 60 to 100 ns is 8:1 or better.  However, there’s an interesting
kinematic feature of the neutron scattering that can lead to better signal-to-noise ratios at
other angles over a significant part of the desirable interval in the TOF spectrum, at least
for this large detector-to-target distance.  As the detector is moved to polar angles nearer
the CTP-axis (maintaining Rdet = 250 cm), the main scattered neutron feature represents
neutrons that were deflected by smaller angles, so the scattered neutron peak shifts to
earlier times.

At Θdet = 45o, the case shown in Fig. 9, we see that the signal to noise ratio over
much of the interesting TOF region is improved to a ratio of ~100:1.  If one wishes to
take advantage of this improved signal to noise, we’d recommend experimentally
determining the TOF background levels by irradiating a low-ρr target, with negligible
(n,xn) scattering, since the shapes of the background and the signal are so similar.
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Figure 9.  Target and background TOF spectra for Rdet = 250 cm, Θdet = 45o.  See text for
discussion of spectral features.

Rdet = 100 cm

Θdet = 180o

As discussed in connection with the chamber-only calculations, at the closer
detector placements of 100 and 50 cm, the scattered background from the target chamber
become less intrusive, since they arrive relatively later in the TOF spectrum.  Figure 10
shows the results for Rdet = 100 cm at θdet = 180o.  In this case, the signal-to-noise ratio
over much of the interesting TOF region is about 10:1.

Θdet = 45o

From this closer detector location, Fig. 11, the scattered neutrons from the Be
nosecone look in spectral shape much like the desired signal, and their number increases
in the forward-scatter directions, leading to lower signal-to-noise ratios as the detector
angle approaches that of the target positioner.
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Figure 10.  Target and background TOF spectra for Rdet = 100 cm, Θdet = 180o.

Figure 11.  Target and background TOF spectra for Rdet = 100 cm, Θdet = 45o.
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Rdet = 50 cm

Θdet = 180o

The background spectra for Rdet = 50 cm show continued improvement in signal-
to-noise as the detector moves closer to the target, Fig. 12.  Again, signal-to-noise ratio
exceeds 10:1 over the TOF interval prior to arrival of the background gammas produced
by 14-MeV-neutrons scattering at the chamber wall.

Figure 12. Target and background TOF spectra for Rdet = 50 cm, Θdet = 180o.

Θdet = 45o

The closer the detector is placed to the target, the more geometrical smearing
occurs in scattering from the Be nosecone, making it undesirable to place the detector at
polar angles closer to the CTP axis.  Fig. 13 shows the MCNP results for Rdet = 50 cm
and Θdet = 45o.
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Figure 13. Target and background TOF spectra for Rdet = 50 cm, Θdet = 45o.

V. Scattering by a Typical NIF Diagnostic + Insertion Module
In this section, we present the scattering levels calculated for a “typical” NIF

diagnostic.  As a “typical” diagnostic, we’ve chosen the Time Resolved X-ray Imaging
Spectrometer (“TRXIS”), being developed by J. Oertel at LANL.  This diagnostic might
be a worst case for scattering, since, in its highest magnification mode (20X), TRXIS
places a pinhole collimator within 10 cm of the NIF target.  We also modeled the in-
chamber components of the standard (planned) NIF “DIM” (Diagnostic Insertion
Module).

We found, as anticipated, that the scattering levels produced by the TRXIS/DIM
components are considerably lower than those produced by the much more massive
Cryogenic Target Positioner, discussed in Sec. IV.

TRXIS/DIM Model
The model constructed here is based on sketches and descriptions provided by D.

C. Wilson,1 after he met with S. Letzring and J. Oertel, with an update from a follow-up
discussion with J. Oertel.13  Figure 14 shows an oblique projection of an early TRXIS
concept.  Recent discussions with J. Oertel13 indicate that this concept is approximately
current, with two main changes: (1) the currently planned pinhole/collimator structure
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differs in some features from that shown in Fig. 14, and (2) the support structure for the
pinhole/collimator will likely be a thin SS #304 cone, rather than the rods indicated in the
figure.  An updated sketch of the pinhole/collimator structure is shown in Fig. 15.

Figure 14.  Schematic of the TRXIS diagnostic mounted on the NIF DIM.

Figure 15.  Updated detail of the TRXIS pinhole + collimator assembly.

The idealized model of TRXIS plus the in-chamber components of the DIM
includes the components listed in Table 5, below.  Figure 16 shows a scale cross-
sectional drawing of the TRXIS/DIM module in its idealized form.  We have represented
all components as axisymmetric to allow use of two-dimensional MCNP calculations.  In
so doing, we have tried to conserve the solid angles as viewed from the target and the
masses of the components.  Perhaps the most highly abstracted component is the CCD
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camera, which is represented in the model as an open cylinder of aluminum.  Some
connecting components have been omitted for simplicity.  We assume that these
components are negligible in solid angle and mass compared with those components that
are represented in the model.  Note that this and the subsequent drawings use the target
center as the origin of coordinates.

No. Component Mat'l Rmin Rmax DeltaZ Volume Density Mass Dtarg1 Dtarg2
(cm) (cm) (cm) (cc) (g/cc) (g) (cm) (cm)

1 Pinhole mounting ring SS 0.200 0.300 0.400 6.28E-02 7.944 4.99E-01 10.000 10.400
2 Be filter Be 0.200 0.010 1.26E-03 1.848 2.32E-03 10.100 10.110
3 Ta pinhole array Ta 0.200 0.010 1.26E-03 16.654 2.09E-02 10.200 10.210
4 Ta collimator Ta 0.200 0.025 3.14E-03 16.654 5.23E-02 10.210 10.235
5 Pinhole assy support cone SS 0.300 10.000 200.000 6.48E+02 7.944 5.15E+03 10.400 210.400
6 Mounting flange SS 9.900 11.000 1.000 7.22E+01 7.944 5.74E+02 210.400 211.400
7 Microchannel plate (MCP) Pb Glass 2.000 1.000 1.26E+01 2 2.51E+01 211.400 212.400
8 MCP Mounting flange SS 2.000 12.000 1.000 4.40E+02 7.944 3.49E+03 211.400 212.400
9 CCD Camera Al 4.500 6.000 12.000 5.94E+02 2.7 1.60E+03 251.400 263.400
10 Electronics package Var 10.000 60.000 1.88E+04 2 3.77E+04 263.400 323.400
11 DIM cart wall Al 17.160 17.800 122.000 8.58E+03 2.7 2.32E+04 211.400 333.400
12 DIM extension tube Al 19.200 20.000 166.600 1.64E+04 2.7 4.43E+04 333.400 500.000

Total 1.16E+05

Table 5.  Components included in the TRXIS/DIM model.  The “Pinhole assy support cone” was
assumed to have a wall thickness of 0.10 cm.

Figure 17 shows a close-up of the target, sketched as a (gold) block with
arbitrarily chosen radius 2 cm and length 4 cm, and the pinhole/collimator assembly.
Here, for simplicity, we have merged the Ta pinhole array and the Ta collimator into a
single foil with 350 µm thickness.

Figure 18 shows the junction of the support cone (5) with the mounting flange (6).
The microchannel plate (7) and its mounting flange (8) are assumed to be adjacent to the
mounting flange (6).   Mounting flange (8) attaches to the DIM “cart.”

The critical features of the DIM model for this application are the placement,
mass, and material composition of portions that extend into the chamber and subtend a
significant solid angle from the target.  We have approximated the mass and solid angle
of the main DIM components in an axisymmetric structure for ease of calculation.  The
DIM “cart” supports the TRXIS mounting flange (8), and is represented as a cylindrical
tube, instead of the rectilinear support structure that will actually be used.  Finally, the
DIM “extension tube” extends through the chamber diagnostic port.  We represent the
extension tube only inside the target chamber, an approximation that is sufficient for our
purposes.
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Figure 17. Detail of pinhole + collimator assembly and target location.

Figure 16.  Scale drawing of the TRXIS/DIM model used for MCNP calculations.

Target
Location
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Figure 18.  Detail of TRXIS model in region of Microchannel plate, showing portions of
components 5-8 (see Table 5).

The compositions of the materials to be used in the TRXIS/DIM MCNP
calculations are presented in Table 6.  The composition used for the Pb-glass
microchannel plate is a rough guess, but its mass and solid angle from the target are
likely to make this component of negligible importance for n- and γ-scattering.14  The
composition of the electronics package has been homogenized and the elemental
fractions have been guestimated with accuracy that is thought to be adequate to our
purposes.

Calculated Scattering Spectra with TRXIS/DIM
Spectra of the neutrons and gammas scattered by the full TRXIS/DIM model are

shown in Fig. 19, for Rdet = 250 cm and Θdet = 180o.  Total scattering levels due to the
TRXIS diagnostic and the DIM support components are seen to be a factor of ~100 down
from the target (n,xn) TOF spectrum.
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Material Element Atom Frac.
Aluminum (type 5083) Al 0.950

Mg 0.050

Stainless Steel ( type 304) Fe 0.698
Cr 0.190
Ni 0.092
Mn 0.020

Pb-Glass Si 0.317
O 0.633
Pb 0.050

Electronics H 0.250
C 0.250
O 0.250
Fe 0.100
Cu 0.150

Table 6.  Material compositions assumed for the TRXIS/DIM model.

Figure 19.  TOF background spectra for MCNP calculation with TRXIS/DIM model,14 for Rdet =
250 cm, Θdet = 180o.
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VI. Conclusions
The flux of scattered gamma rays produced when the 14 MeV fusion neutrons

reach the target chamber wall swamps the late-time n-TOF spectrum from the target.
However, a reasonable measurement window remains within which observation of the
desired TOF spectrum measurement can be made.  Background from scattering at the
chamber walls favors closer-to-target detector placements.  Adequate TOF measurements
can be obtained at detector radii up to 250 cm.

The NIF Cryogenic Target Positioner causes scattering levels that reduce the
signal to noise ratio in the measurement window to the range of 8:1 to 100:1.  For a TOF
detector at 250 cm radius, signal to noise can be improved by placing the detector at polar
angles that favor forward scattering; when this is done, the scattered neutrons’ energy is
greater, and the bulk of the scattered neutrons arrive ahead of the desired measurement
time window.  At detector distances of 100 cm and 50 cm, signal to noise is improved
when the detector is placed at angles away from the target positioner.  Signal to noise
ratios of 10-100 are calculated within the desirable time window.
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