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Abstract 

Time gating a neutron detector 28m from a NIF implosion can produce images at 

different energies. The brighter image near 14 MeV reflects the size and symmetry of the capsule 

"hot spot". Scattered neutrons, ~9.5-13 MeV, reflect the size and symmetry of colder, denser 

fuel, but with only -1-7% of the neutrons. The gated detector records both the scattered neutron 

image, and, to a good approximation, an attenuated copy of the primary image left by scintillator 

decay. By modeling the imaging system the energy band for the scattered neutron image (10-12 

MeV) can be chosen, trading off the decayed primary image and the decrease of scattered image 

brightness with energy. Modeling light decay from EJ399, BC422, BCF99-55, Xylene, DPAC-

30, and Liquid A leads to a preference from BCF99-55 for the first NIF detector, but DP AC 30 

and Liquid A would be preferred if incorporated into a system. Measurement of the delayed light 

from the NIF scintillator using implosions at the Omega laser shows BCF99-55 to be a good 

choice for down-scattered imaging at 28m. 
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I. INTRODUCTION 

Imaging thermonuclear neutrons from the 0+ T reaction as been used to diagnose ICF 

capsule performance l
,2,3 and will be used at the National Ignition Facility (NIF)4. Since the 

imploded capsules at the Omega lasers and NIF are relatively thin to neutrons, images of 

neutrons escaping near the Doppler broadened 14 MeV peak show where they were 

generated, a small (- 25 ~ radius), hot (~3-10 keV) spot. However at DT areal densities of 

1-2 glcm2 expected at NIF, 20-40% of DT neutrons experience one or occasionally more 

collisions in the capsule. Imaging those scattered neutrons has been proposed6
,7,8 to diagnose 

the location of all the fuel in a capsule, both hot and cold. Due to low fuel areal densities no 

down-scattered images have yet been obtained. Because T + T reactions produce a continuum 

of neutrons between 0 and 9.5 MeV, generated in the hot spot, the 10-12 MeV band has been 

chosen for most analysis. 

We have modeled the NIF neutron imaging system9 performance needed to obtain 

both primary and down-scattered images, evaluated several potential scintillators, and 

measured the performance of the first NIF imaging scintillator on the Omega laser. 

II. Modeling the NIF Neutron Imaging System (NIS) 

The model begins with 20 hydrodynamic calculations of an ICF capsule. The 

implosion of a germanium doped plastic 10 THO II capsule is calculated in using the HYDRA 
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code'2 using Monte Carlo neutron and charged particle transport. Escaping neutrons are 

tabulated and analyzed in 50keV wide energy bins between 0 and 20 MeV. Their locations 

and directions are used to fonn 1 OOx 100 images with 2x2 /lID pixels. This 400x 1 OOx 1 00 

array is the neutron source for our simulations. 

The NIS aperture is a set of 37 sub-apertures ("pinholes") in a 20 cm long tungsten 

block located 26.5 cm from the target13
. The field of view of each sub-aperture is a square 

with an inscribed circle of either 140 or 210 !-lm in the source plane. The point spread 

function for one sub-aperture depends upon the source location. To represent this, each point 

in a 250x250 source plane has its own 250x250 point spread function'4. The neutron source 

can be located off the centerline of the pinhole aperture. In a forward model the placed 

source is convolved with the 2504 element psf. When analyzing the experimental data, the 

position and brightness of sub-aperture images at the detector allow us to detennine the 

source position W.r.t. the aperture axis. This position is then used in the deconvolution of the 

aperture psfto obtain our best estimate of the source'5. 

III. Modeling Scintillator Decay and the Down-Scattered Image 

Neutron energy discrimination is obtained by gating the scintillator light on 

and off at the neutron energy arrival times. The energy bins become arrival time bins. This is 

modeled as a 400x 1 OOx 1 00 array of excited state populations in the scintillator. Light is 

produced from this excited state with characteristic scintillator decay times. The location of 

the NIF scintillator at 28 m from the capsule detennines the arrival time of 10 and 12 MeV 

neutrons after the 14 MeV peak. To study the utility of various scintillators we modeled light 

collected in down-scattered images in the absence of neutron aperture and scintillator point 
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spread functions. Figure 1 shows the light emission curves modeled from various 

measurements for a variety of scintillators. The BCF99-55, BC422, Xylene 16
, and DPAC 30 

models are derived by Munro from recent preliminary cyclotron measurements of neutron 

florescence by HatarickJ7 ;the Liquid A(1 8 )curve by Morgan from an Am-Be gamma ray 

source; and the E1399 model from measurements by Barrera and Moran J9
. BCF99-55 is the 

material chosen for the first implementation of the NIF imager9 and the E1399 in the CEA 

liquid scintillator3
. Xylene, DPAC-30, and Liquid A have not yet been used in neutron 

Imagmg. 

For this study the neutron output of one THD capsule producing 4.45e+ 14 neutrons 

was used. The neutron fraction between 13 and 20 MeV is 81 .6%; the down-scattered 

fraction (dsf), i.e. escaping neutrons between 10 and 12 MeV I 13-20 MeV, is 2.56%. This 

particular capsule is a stringent test of scintillator decay, since a well tuned THD implosion 

(higher convergence) with a dsf of ~ 7% would have a relatively larger signal. The image 

simulated from this capsule contains light from both 10-12 MeV neutrons arriving during the 

time gate, and from delayed light produced by earlier, faster neutrons. Figure 2 shows the 

primary (13.5-20 MeV) source and Figure 3 the downscattered (10-12 MeV) source. Figures 

4, 5, and 6 show the gated images using E1399, BCF99-55, and Liquid A. The Liquid A 

gated image is nearly identical to the down-scattered image (fig. 3) while the E1399 image is 

similar to the primary (fig. 2). The BCF99-55 image needs correction. As Barrera l8 found 

before, the delayed light image is well approximated by a fraction of the primary image. 

Experimentally we will measure both the primary and gated image, and correct the gated 

image by subtracting a fraction of the primary, to obtain our best estimate of the down

scattered image. Computationally that fraction of the primary image represents 98.8% of the 
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variance between the gated image and the down-scattered image. Experimentally the 

correction fraction will be measured with the primary and gated images from a directly 

driven glass capsule with very little down-scattering. 

Using our decay models we can compare the magnitude of the delayed image, hence 

the amount of correction needed, for the different scintillators. These fractions are: EJ399, 

7.7%; BC422, 2.6%; BC99-55,1.5%;Xylene, 1.2%;DPAC-30, 0.25%; and Liquid A, 0.1 %. 

The total light in this residual image, compared to that in the gated image is: 70% for EJ399; 

46% for BC422; 30% for BC99-55; 30% for Xylene; 8% for DPAC-30, and 3.4% for Liquid 

A. If the late image were gated for 9.5 to 11 MeV instead of 10 to 12, the delayed image 

would have been a smaller fraction of both the gated image and the of primary (4.0% for 

EJ399; 1.4% for BC422; 0.5% for BC99-55; 0.6 % for Xylene, 0.1 % for DPAC-30, and 0.6% 

for Liquid A). However the light from 9.5-11 MeV neutrons is only -50% of that from the 

10-12, leading us to prefer the 1 0-12 MeV band for the down-scattered measurement. Of the 

three scintillators that have been incorporated into neutron imagers (EJ399, BC422, and 

BCF99-55), BCF99-55 is the best for down-scattered imaging at the NIF distance of 28m. 

IV. Measuring the NIF Decayed Image at Omega 

The decayed signal from the as-built 16x 16 cm BCF99-55 NIF scintillator was 

measured on the Omega laser from the neutrons emitted by 875 J.ill1 OD, 15 Jlm thick plastic 

capsules filled with 15 atm DT gas, producing yields of -2.2 e+ 13 neutrons No pinhole 

assembly was in the line of sight, but a 5 cm thick tungsten block was placed near the 

scintillator surface, 13 m from the target. The PMT was gated on between 44 and 104ns after 

the neutrons were generated, the same times as the will be used at 28 m on NIF. The DT rho

r from similar capsules is - 5-10 mglcm2 and the CH - 60 mglcm2 e\ With these rho-r's 

5 



the expectation of the down-scattered neutrons in the 60 ns gate is < 0.1 % of the primary 

signal. At 13 m a continuum ofT+T neutrons does arrive during the gate, unlike at NIF. 

Although the IT yield is not measured, we can expect it to be - 0.5% of the DT yield, with 

-0.1 % arriving during the gate. Using the BCF99-55 model and a 5.5 keY bum temperature, 

we calculate the delayed light to be 1.0% during the gate. Reduction of the Omega data 

showed that the time integrated light from contemporaneous radiation interacting in the 

scintillator and residual decayed light during the gate to be - 0.7 ±0.5% of that from the 

primary. Including background, the residual light component may be as low as 0.2%. This 

measured low value and the 1.4 % calculated for the NIF system on THD capsules confirm 

the NIF NIS's ability to measure down-scattered neutron images. 
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CAPTIONS 

Fig. 1 Light emission from models of EJ399, BC422, BCF99-55, Xylene, DP AC 30, and 

Liquid A scintillators. At 28 m the 10-12 MeV image will be recorded between 44 and 100 

ns. 

Fig. 2 Figure 2. Primary neutron source from 13-20 MeV. Frame is 120x120 /-Lm. The 

hohlraum axis is vertical. 

Fig. 3 Figure 3 Down-scattered 10-12 MeV neutron source. Frame is 120x 120 /-Lm. 10-12 

MeV Image 

Fig. 4 Gated image between 44 and 104 ns from the EJ399 scintillator. 

Fig. 5 Gated image between 44 and 104 ns from the BCF99-55 scintillator. 

Fig. 6 Gated image between 44 and 104 ns from the BCF99-55 scintillator. 
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Figure 1. Light emission from models ofEJ399, BC422, BCF99-55, Xylene, DPAC 30, and 

Liquid A scintillators. At 28 m the 1 0-12 MeV image will be recorded between 44 and 100 

ns. 
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Figure 2. Primary neutron source from 13-20 MeV. Frame is 120x120 /-tm. The hohlraum 

axis is vertical. 
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Figure 3 Down-scattered 10-12 MeV neutron source. Frame is 120x120 ~m. 10-12 MeV 

Image 
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Figure 4. Gated image between 44 and 104 ns from the E)399 scintillator. 
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Figure 5 Gated image between 44 and 104 ns from the BCF99-55 scintillator. 
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Figure 6. Gated image between 44 and 104 ns from the Liquid A scintillator. 
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