A Novel Charged-Particle Diagnostic foroR in Compressed
ICF Targets

Areal density—the product of density and thickness of specifid he identity of each particle is then established by comparing
ions (PR) in ICF targets—is an important measure of compresthe track diameters with known stopping powers of various
sion that enables a comparison of ICF implosions with simuparticles at that momentum. In this manner, areal densities can
lation. In particular, this quantity influences several cruciahow be measured not only through the knock-on deuteron
aspects of an igniting target: the degree of self-heating in thdiagnostic but also through diagnostics involving other charged
target, its fractional burn, and gdin. particles such as the knock-on protons.

Several methods involving nuclear reaction products have The knock-on proton diagnostic is somewhat similar to the
been employed to deduce this quantity in ICF implosfofis. knock-on deuteron diagnostic. The number of these particles is
In this article, we will discuss the use of knock-on particleonce again proportional to the areal density of the layer in
(deuterons and protons) that have been elastically scatterethich they are produced (such as the plastic shell). The
from the 14-MeV primary DT fusion neutrons. Both knock-onspectrum of these particles, however, is significantly different
deuterondand protonshave been discussed previously in thefrom the deuterons, and a different analysis must be used to
literature. The knock-on deuteron diagnostic has been uséaterpretthe measurement. In earlier work, a somewhat model-
extensively to provide a measureait2 The number of these dependent technique to interpret the proton signal was pre-
knock-on particles can provide information on the areal densisented* A more model-independent analysis of the proton
ties of the layer in which they are produced, and the energy lospectrum can be devised that relies on the number of knock-on
of these particles as they propagate out of the target wilirotons in a suitably defined energy range and is equally
provide additional information abogiRalong the propagation applicable to current experiments. Details of this analysis will
path. The deuteron diagnostic can provide information aboute presented elsewhefe.
the compressed target in a relatively model-independent way
for values of targebR up to ~100 mg/crh For higher values Here we present a novel knock-on deuteron—based diagnos-
of pR, the knock-on spectrum is significantly distorted andtic that will simultaneously diagnose three regions of a com-
becomes very dependent on temperature within the target. pressed target consisting of DT gas enclosed in a CH shell over-

coated by CD. This diagnostic is primarily based on measuring

Maximum information from the knock-on diagnostics isthe knock-on deuteron spectrum and relies on knock-on pro-
obtained using detailed information about the shape and matpns for an independent measurement of the areal density of the
nitude of the knock-on spectrum. Until recently, the techniquelastic layers. Self-consistency would then dictate a favorable
used to detect the knock-on deuterons has involved the courmbmparison between the values of the areal density of the CH
ing of tracks satisfying selective criteria in stacked tracKkayer inferred using the deuterons and protons.
detectors, consequently providing only gross information about
the particle spectrum. This lack of spectral information has In a direct-drive ICF target implosion, degradation in target
limited the use of knock-on ions as a diagnostic. With thg@erformance is believed to occur primarily through Rayleigh—
deployment of the new charged-particle spectrorfi¢@®S),  Taylor instability® which is seeded by either target imperfec-
detailed spectral information of charged reaction productions or laser nonuniformity. This instability, occurring at the
from the imploding target can now be obtained, enabling ablation surface, can then feed through to the rear surface of
more detailed analysis of conditions in the target using ththe shell (or the fuel-pusher interface) during the acceleration
knock-on particles. Using a 7.5-kG magnet, the CPS caphase of the instability. During the deceleration phase, these
momentum-select incident charged particles, which are thettistortions at the fuel-pusher interface can grow, resulting in a
impinged onto a detector plane consisting of track detectormixing of the fuel and the pusher. The knock-on particle spec-
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trum carries information about conditions in the target duringparticle of interestny, the average distance that the neutron
this latter phase of the implosion. This is when core temperdraverses in the targeRy), and is given by

tures and densities are high enough to initiate the fusion

process and to produce the. knock-on |qns. Th.e mixing .of t.h.e Nk =ng(R) o Y, (1)

fuel and the shell at these times in the implosion can signifi-

cantly modify the neutron production rate relative to one-

dimensional (1-D) simulations and consequently the productiowhere the subscript indicates the type of knock-on particle
of the knock-on ions and their spectra. Current diagnostics aandoy is the corresponding cross section for elastic scattering
the mixing of various layers in the target use x-ray spectrof0.64b for deuterons and 0.69b for protons). Using the relation
scopic signatures from various dopants in the t&Jech-  between the ion number density and the mass density, this can
nigues based on nuclear particles would provide an independéy rewritten for the number of knock-on deuterons produced in
assessment of hydrodynamic mix in the target and could proleguimolar DT as

conditions in the target that are not easily accessible by x-ray

spectroscopy. In addition, the knock-on deuteron diagnostic Np = 7.7x1072Y (pR} cm?/gm, (2)
when used in conjunction with other diagnostic tools such as

the neutron temporal diagnostic (NFO{which can measure where(pR), the areal density, is given by

the thermonuclear burn history of a target in an experiment)

may serve to probe conditions in the compressed target at the R
onset of significant mix due to hydrodynamic instabilities. (PR)= [pdr. 3)
0

In the sections that follow, we discuss (1) the knock-on
particles from a typical target consisting of only two regions:The ratio of the number of knock-on deuterons to the number
DT fuel and a plastic (CH) shell. Knock-on deuterons (anaf 14.1-MeV DT primary neutrons provides a measure of the
tritons) are produced in the fuel, and knock-on protons arkiel’s areal density. We note that knock-on tritons can also be
produced in the CH shell. (2) We then discuss specifically thproduced in a similar elastic-scattering process with the ener-
knock-on diagnostic in the context of the elastically scatteredetic DT neutrons.
deuterons and protons. (3) A generalization of this technique
infers pRin three regions of the compressed target, using the
detailed shape of the deuteron spectrum. The target involved Energy loss Knock-on

has three layers: DT, CH and, CD. Knock-on deuterons are proton

produced in both the DT and CD layers with two well-defined

high-energy peaks in the spectrum, separated by an energy Elastically

determined by the areal density of the intermediate plastic scattered

layer. Using the result from simulation as an example, we neutron

demonstrate the procedure for deducingdgReof the three

layers from this spectrum. (4) We discuss how hydrodynamic

instabilities could modify the measured knock-on deuteron gnock-or} )

spectrum and examine the validity of our analysis for these euteron/triton

modified spectra. Finally, we mention briefly how we might Energy loss

compare our inferred results from experimental measurements

to simulation. )

Elastically

) ) scattered

Knock-on lons as a Diagnostic fopR neutron

The knock-on diagnostic relies on the elastic scattering of <

various ions (deuterons and protons) in the target from the
14.1-MeV primary DT neutrons (Fig. 77.17). The number of -
such elastically scattered particlb, is then proportional to 7'9ure 77.17

. . Knock-on process.
the number of primary neutrong,the number density for the
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Knock-on protons may be produced by the addition of
hydrogen to the fuel or from the protons in the plastic, if the
target is prepared with a plastic shell. For knock-on protons
produced from the plastic (CH) layer, Eq. (1) for the number of
elastically scattered protons can be rewritten as

Knock-on

deuterons N
Again, the ratio of the number of elastically scattered protons
to the number of DT neutrons is proportional to the areal | .
density of the plastic layer. 0 2 4 6 8 10 12
Energy (MeV)

Np =3.2x1072 Y (pR) cm?/gm. (4)

(relative units)

Knock-on spectrum

In an experiment, however, it is not possible to detect all resszt

the knock-on particles produced. The CPS has a finite solid
angle and therefore samples only a fraction of the knock-orfdgure 7718 _

- . . Schematic spectra of the knock-on particles.
produced. Therefore, an assumption about isotropy in knock=
on production is required to infer the total number of knock-

on particles produced. (Deviations from isotropy can balent inference of the total number of knock-on deuterons
checked because there are two CPS’s that view the target frggroduced [and hence tpR of the fuel, pR);, through Eqg. (2)].

different directions).

In addition to the fuel areal density, the knock-on deuteron
The more challenging aspect of inferring the number ofpectrum can also provide a measure of the sip&l'&nock-

knock-ons produced relates to the spectrum of these particlesis produced in the target slow down (primarily through
The knock-on spectrum is produced over a continuum ofnergy loss in the shell), and as a result the spectrum is
energies extending over several MeV (knock-on deuterondownshifted from its usual maximum of 12.5 MeV. Fig-
occur up to 12.5 MeV, while the proton spectrum extends up tore 77.19(a) shows the spectra due to different areal densities
14.1 MeV) due to different neutron-impact parameters. Thef the shell, fR)cp, calculated using a straight-line transport
entire spectrum cannot be measured because the very loafthe knock-on deuterons. The continuous energy loss of these
energy knock-ons can be stopped in the target or in the filter tharged ions is modeled using Ref. 11. The slowing down of
front of the CPS. Also, the very high density of backgroundhe deuterons can be characterized by the end point of the
tracks at lower energies makes the measurement of the entggectrum (defined as the higher of the two energies of the half-
spectrum challenging. As a result, these diagnostics rely on tleaximum of the peak). As Fig. 77.19(b) indicates, this end
identification of specific features of the knock-on spectra t@oint is proportional to the areal density of the shell, and this
deduce the total number of ions produced and hence the aréedture can be used to deduce this quantity in experiment.
density of the layer of interest.

An important feature of the knock-on deuteron diagnostic
1. Knock-on Deuterons that enables a relatively model-independent measure of the

Even though the entire knock-on deuteron spectrum cannehell’s pR is the temperature insensitivity of the high-energy

be measured, the number of knock-ons produced can Ipeak of the deuteron spectrum. Figure 77.20 shows the deu-
reliably deduced using the high-energy region of the spectrurteron spectra for two different shelR values at two different
The anisotropic differential cross section for elastic scatterintypical electron temperatures (the temperatures are typical of
results in a clearly identifiable peak in the spectrum (showthe shell in 1-D simulations of the implosions). Energy loss at
schematically in Fig. 77.18). The number of deuterons undehese typical densities and temperatures in imploding ICF
this peak is about 16% of the total nhumber of deuterontargetsis dominated by losses to electrons (the electron density
produced in the scattering process and is relatively indeperis related to the ion density and consequently the areal density
dent of any distortion of the spectrum that may occur due to thaf the material through its degree of ionization). Knock-on
slowing down of the deuterons in the target for a large range deuterons with energies greater than about 7 MeV typically
areal densities. This useful feature allows a model-indepettave much higher velocities than electrons at the typical
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%: 12‘& e (b) 7 Thge deuteron spectrum is relatively insensitive to temperatures in the cold
g 11+ \.\ i portions of the target.
> \
2 10r Ne ]
% 9l \\ i Detailed knock-on spectra have been recently measured
= . N experimentally using the CPS. These preliminary spectra show
S 81 ~ ] good agreement with those obtained from simulations of
'g 4 - ~ - T implosions. Inthe next section, we consider a generalization of
L 6L . | the knock-on deuteron diagnostic that will enable more de-
5 . . . . . tailed information about the compressed target.
0 20 40 60 80 100 120
“Three-Layer” Targets
Tcanr (PR)cH (mg/cn?) This extension of the deuteron diagnostic uses a target
comprising three layers (shown in Fig. 77.21): an inner DT (or
Figure 77.19 a DT+3He) fuel region, a plastic (CH) shell, and an ablator

(a) The slowing down of the knock-on deuteron spectrum for different areaQCD)' This target is different from those considered previously,
dens?ties of the shell pR)ch. (b) End-point energy of the spectrum as a where only two Iayers (DT and CH) were present. Its charac-
function of the shell areal density. .. . . .

teristics and dimensions are commensurate with targets surro-

gate to future cryogenic targets designed for the OMEGA
temperatures in the cold plastic (~0.5 keV). In this limit, thdaser!2 and the diagnostic design permits some flexibility in
energy loss is independent of the electron’s temperature anddach layer’s thickness while retaining its equivalence to cur-
thus dependent only on the shepR. As Fig. 77.19(a) indi- rently used surrogate targets.
cates, forpR = 60 mg/cnt, the deuterons are slowed to less
than 7 MeV. This value @dR suggests a limit on the maximum  Several energetic nuclear particles, shown schematically in
value of the shell’'s areal density that can be deduced indepélfig. 77.21, can be used to diagnose areal densities. Knock-on
dent of temperature considerations in the shell. On the othgrotons are produced in the plastic, and the areal density of the
hand, the knock-on tritons, being more massive, show a greatgastic layer can be deduced from the ratio of the number of
sensitivity to both the temperature and g of the shell, protons produced to the number of primary neutrons. The
limiting the range of temperatures and areal densities oveddition of3He to the DT fuel is optional. The presence of
which conditions in the target can be inferred reliably fromPHe in the target, however, provides another independent
their spectrum. However, the triton spectrum can be used asreeasure of areal density; the energy loss of the energetic
self-consistency check on target conditions that have bee.7-MeV proton from the BHe reaction is proportional to
measured by other diagnostics. the total areal density of the tardet.
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Knock-on deuterons are produced in both the fuel and thetep using the simulated density and temperature profiles while
CD layer. The deuterons produced in the fuel lose energy ascounting for their energy loss. The relevant features are the
they traverse the target, causing the high-energy peak to shifto high-energy peaks in the spectrum arising from the indi-
downward. The spectrum of deuterons from the CD layer, onidual contributions of the fuel and CD layers (shown as
the other hand, has its maximum energy at the nascent valuedzfshed lines in Fig. 77.22). The area under the higher-energy
12.5 MeV. The complete simulated spectrum for a target witpeak is primarily a measure of the areal density of the CD layer,
a combined ablator and shell thickness gfi@0(5um CHand  (oR)cp, Whereas the peak at the lower energy has contributions
15um CD) is shown in Fig. 77.22. The target is driven with afrom both the fuel and the CD shell. The separation of the two
1-ns square pulse, which has been chosen arbitrarily. Threaks provides a measure of the areal density of the plastic
spectrum is produced from a 1-D simulation of the implosiorayer, ER)cy. We note that for the typical electron tempera-
using the hydrodynamic codé¢LAC!3 and a post-processor tures in the cold shell and ablator, the energy range spanned by
that transports the knock-ons in straight lines for every timéhe peaks of such a deuteron spectrum is fairly temperature

insensitive. This temperature independence will be exploited
1.6 , , , , , , later to deduce the areal densities of the three regions of the
target from the data.

5
o 14
8 y
2 124 7 The areal densities of the three layers can be deduced nearly
E'E 1.0 model independently using the scheme outlined previously, if
% 3 08 the peaks are well separated. We first consider the areal density
g -% Tk of the plastic layer. For the spectrum shown in Fig. 77.23(a)
S © 0.6 (a solid line) the separation of the two high-energy peaks is
% ~ 04 about 3 MeV. The areal density of the plastic resulting in this
Q 0.2 \ separation should correspond to that value that results in a
b4 downshift of the end-point energy by the same amount. From
0-00 5 4 6 8 10 12 Fig. 77.19(b), this separation corresponds to an areal density of
about 40 mg/crhto be compared with the value of 35 mgfcm
TCA845 Energy (MeV) in the simulation. Next, to deduce the areal density of the CD
layer, we calculate the total number of deuterons in the high-
Figure 77.22 energy peak. This value is a known fraction of the total number

Simulated knock-on deuteron spectrum from a three-layer target Withof deuterons produced since this pOI‘tiOI’I of the spectrum is
contributions from the individual layers.
y unaffected by the presence of deuterons from the fuel. For the
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- X104 layer depends on the slowing down of the deuterons and the
2 40 . . . . . . geometry of the paths through the target. An upper limit for
§ @ LILAC “data” (pR); can be obtained by assuming that all the deuterons
E 30 under this peak are produced in the fuel. In this case, the
e~ —— Spectra within inferred areal density of the fuel using Eq. (2) is 23.6 mg/cm
& 20% of least- to be compared with the simulation value of 17.0 mglcm
g 2.0+ squares minimum -
% This uncertainty in the value of the inferred fuel areal
o : density can be mitigated through a different analysis of the
© 10R 7 knock-on deuteron spectrum. We consider deuteron spectra
é from a model where each layer is approximated by a constant
2 00 density and temperature (an ice-block model). The density and
' 14 the thickness of each layer are chosen by requiring a fixed mass
Energy (MeV) for each layer (known from the specifications of the target
being modeled) and a chosaR We note once again that since
b T T T . . .
36 (b) (oR)cp = 43 mglcd - the d.e.uteron spectrgm is mgensmye for the ranges of. areal
I _ ] densities expected in such implosions, temperatures in the
= (pR)cH = 36 mg/crd _ . L .
—~ 34 _ . colder plastic and CD can be ignored in this analysis. The
& I 222 (pPR)cH = 40 mg/cm | . .
S choice of fuel temperature, however, cannot be made arbi-
S 32F m Least-squares . S .
g | ® Simulation | trarily since the deuterons may lose some energy in the hot fuel.
o 30f i In this example, we choose the fuel temperature at peak
ﬁ‘?) : neutron rate in the simulation as the relevant fuel temperature.
g 281 _ 7 In deducing areal densities from the experimentally measured
~ 26 i %0 ] spectrum, the temperature obtained experimentally from the
I width of the DT neutron spectrdth(measured through time-
24 - . of-flight techniques) should be used in the model.
I I I
14 15 16 o 18 In this manner we construct a static representation of the
TCA4847 (PR)pT (Mg/cn?)

target and fit the spectra from such a model by varying the areal
densities of each layer. While the ice-block model is not

Figure 77.23 expected to accurately describe the primary complexities of an
(a) Comparison of test (simulated) spectrum (solid line) showing spectrurrmpmding target such as the spatial and time-dependent varia-

from best-fit model (dashed line). (b) Areal densities for the three layers theft - . i
. . o ion of densities and temperatures, the spatial localization of
result in spectra whose difference squared is within 20% of the least-squares

value. Each shaded region represents the set of areal densities of the fuel LQigptron sources in the target, and the geometry of the knock-
CD layer satisfying the 20% criterion, for a fixed value of the areal density 0PN trajectories through the target, it should provide a reason-
the CH layer. able time and spatially averaged representation of the target
relevant to the knock-on spectrum.
spectrum (solid line) in Fig. 77.23(a), this is the number of
deuterons above 10.25 MeV, and again, from the spectra in To test our scheme for deducing the areal densities, we
Fig. 77.19(a) this corresponds to about 12% of the total knoclconsider again the simulated spectrum shown as a solid line in
on deuterons produced. Using this fraction for the number dfig. 77.23(a). Using the model described above, we vapRhe
deuterons in the peak and a formula for CD [similar to Eq. (2)]of the three layers to minimize the least-squares difference
we obtain a value of 26.5 mg/énior the CD layer that between the spectrum from the model and the data. The energy
compares favorably with the value of 25.6 mgfcim the  range chosen for this minimization is the area determining the
simulation. While the areal densities of the CH and CD layersvo peaks in the spectrun=% MeV). The technique for
can be determined model independently, some uncertainty isinimization we choose is based on the Downhill Simplex
introduced in the value of the areal density of the fu);(  Method of Nelder and Meak?.If we assume that the neutrons
since not all the deuterons under the low-energy peak asge created uniformly in the fuel, the resulting spectrum of
produced in the fuel. The contribution to this peak from the CD
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such a minimization scheme is shown as the dashed line Modification of the Knock-on Deuteron Spectrum
Fig. 77.23(a). Our values for the areal densities for the DT, CHlue to Mix
and CD layers (16.5, 40, and 27.4 mgfcmespectively) Our discussion has so far been based on a 1-D simulation of
compare favorably with the results from the simulation (17, 35the implosion that does not include the effects of hydrody-
and 25.6 mg/cH). These values agree very well with the namic instabilities and mix on the imploding target. In addi-
model-independent extraction of the areal densities of the Ction, any effects on the target due to long-wavelength
and CD layers, implying correctly well-separated peaks and, iasymmetries (possibly due to laser-beam imbalances in power
addition, provide a tighter bound opR);. and pointing errors) have also been ignored. The effects of such

departures on nuclear and particle diagnostics are difficult to

To gauge the sensitivity of the spectrum to the least-squarelgtermine quantitatively from 1-D simulation.

values opRobtained in this manner, we consider Fig. 77.23(b),
which shows sets 0pR)cp and pR); for different values of During the deceleration phase, the Rayleigh—Taylor un-
(PR)ch- [Each shaded region represents a set of areal densitigtsble fuel-pusher interface, seeded by its nonuniformity, can
of CD and fuel, corresponding to a certain valueos) .| result in a mixing of the hot fuel and cold pusher. This mixing
For each value ofoR)cp, this set corresponds to those valuesof materials at very different temperatures can result in a
whose spectra are within 20% of the least-squares value. Thignificant quenching of the neutron vyield relative to 1-D
range of areal densities of CD and the fuel has been obtainstinulations (that do not include this effect). Since the diagnos-
by fixing the areal density of the plastic in the model to thdic should probe conditions in the compressed target corre-
required value and varying the areal densities of the CD argponding to times of peak neutron and consequently knock-on
fuel layers. In this manner, we find the range of acceptablproduction, this quenching can result in different conditions
values of the areal densities of each layer in the target. Algrobed experimentally by the diagnostic relative to 1-D simu-
shown in the figure is the least-squares value (square) and tladions. For the purposes of studying the feasibility of the
result from the 1-D simulation (circle). We see that by usingliagnostic in the presence of such mixing, we assume that the
this procedure we obtain valuesat of the fuel and CD layer effect of the deviations from 1-D is to exclusively change the
to within 10% of the true value. The larger range of acceptableeutron-production rate and hence the knock-on spectrum. In
values of pR)cy (35.5 to 43 mg/ckfor the plastic layer otherwords, the effect of such departures from 1-D behavior on
compared to 15 to 17.2 mg/énfior the fuel and 25.5 to the implosion dynamics is ignored.
29.1 mg/cm for the CD layer) indicates that the deuteron
spectrum is less sensitive to the areal density of the plastic To assess the effect of this mixing, we compare the spectra
layer. This is probably due to the fact thaR)-y does not from purely 1-D simulations with two models of neutron rate
determine an absolute number or energy; the relative sepataincation. These models should span the extremes of possible
tion of the two high-energy peaks is determined by this valuaeutron rate truncations in the experiment. In the first model,
A comparison with the value deduced from the knock-orwe assume that a portion of the fuel implodes with a constant
proton spectrum would, in addition, provide an independentelocity acquired just before deceleration begins and is unaf-
check on the value opR)cy. Finally, we note that the true fected by the growing instabilities at the fuel-pusher interface.
set of areal density values obtained from the simulation i8Ve then assume that the only neutron yield is from this portion
not excluded from our result at this 20% level, thus providingf the fuel. The neutron rate from this model is shown in
a measure of the sensitivity of the spectrum to the threkig. 77.24(a) as the free-fall rate and is significantly lower in
areal densities. magnitude relative to the 1-D simulation. Figure 77.24(b)

shows the corresponding areal densities in the target from the

If we assume that the neutrons are produced in the centersgifmulation. As Figs. 77.24(a) and 77.24(b) indicate, the neu-

the fuel and repeat the above analysis, we obtain the followirtgon rate in this model peaks earlier and thus probes earlier
results: an areal density of 16.3, 40.4, and 30.5 nigfmnDT,  times in the implosion. This results in a deuteron spectrum
CH, and CD, respectively. The least-squares difference bédotted line in Fig. 77.25) that is characteristic of smaller areal
tween the model spectra and the test data for this case is highensities for all three layers. Our analysis provides values that
than for the uniform source (4310* and 2.1x 10% respec- agree reasonably with the results from simulation; the least-
tively), implying correctly a uniform distribution of the DT squares values are 9.8, 22.5, and 17.1 m§/erhereas the
neutrons in the simulation. results of the simulation are 8.9, 26.7, and 15.8 mg/uve

once again note that the independent measuremepR)pf(
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?OD Knock-on deuteron spectra using the three models of neutron rate truncation
e 2.0 shown in Fig. 77.24(a).
o
Q
1.0 changes in the areal density. The significant neutron rate for a
large fraction of time over which these changes in areal density
occur in the target results in a considerably broadened emer-

gent spectrum with less well defined peaks (dashed line in
Fig. 77.25), which are to be compared with the results of the

0.0
0

Time (ns
TC4934 (ns) simulation (10.7, 32.3, and 16.0 mgA)mNevertheless, the

least-squared values (8.9, 22.9, and 18.7 mf)/ammpare
Figure 77.24 favorably with the results of the simulation (17.9, 36.0, and
(a) Neutron rate curves for different models used for assessing the modific&3-0 mg/cnd), suggesting that our analysis can be used to
tion of the deuteron spectrum due to hydrodynamic mix: solid line—result ofeliably infer the areal density of each of the layers, even when

a 1-D simulation; dotted line—neutron rate obtained from a free-fall modethe peaks in the spectrum are less well defined.
(see text); and dashed line—neutron rate fixed to a constant value at a certain

time. (b)pR history of the target from 1-D simulations. In the simulations, the . . .
. o o o Experimentally, the neutron rate history can be obtained
diagnostic is sensitive to areal densities near peak neutron rates and conse-

quently peak compression. through the neutron temporal diagnostic (NE&Pne method
to compare the implosion with 1-D simulations could be as
follows: The experimentally obtained neutron rate curve could
using the knock-on proton spectrum can constrain the arebé used to identify the times in the implosion probed by the
density of plastic inferred from the deuteron spectrum. Theiagnostic—the diagnostic probes times around the peak neu-
favorable comparison between the values of the areal densitigsn burn rate. An identification of these times would allow us
inferred from the diagnostic and the true values suggests that calculate the areal densities of the three layers from the
the areal densities can still be deduced reasonably were suckimulation. A comparison of these values with those obtained
modified spectrum the result of a measurement. from the knock-on diagnostic would shed light on whether
conditions in the experiment compare favorably with the 1-D
In a different model, we assume that the neutron rate pr@&imulation up to the time probed by the diagnostic. If the areal
ceeds as given by the 1-D simulation up to a certain time, andensities inferred from the diagnostic differ considerably from
thereafter, it proceeds at a constant rate given by the rate at these in the simulation, this procedure will allow one to
chosentime. Thisis shown in Fig. 77.24(a) as the constant buighentify a time when mixing effects have already significantly
rate model. A comparison with Fig. 77.24(b) indicates that thenfluenced the fusion processes. Independent of any compari-
diagnostic then probes the times corresponding to the stegpn with detailed hydrodynamics simulations, the areal densi-
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ties deduced from the knock-on deuteron diagnostic should BREFERENCES
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