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FINAL TECHNICAL REPORT 

“Diagnosis of Core-Shell Midng with Absorption 
and Emission Spectra of a Doped Layer” 

We carried out the proposed program as planned. The research work has 

resulted in several publications, see attachments. The objective of this proposal 

was to  develop a diagnostic method for core-shell mixing, based on the observation 

of absorption and emission lines of a doped layer, embedded within the shell, and 

correlate these sipatures with nuclear signatures of target performance. We 

showed the results of a numerical analysis applied to a particular doped target 

imploded on the OMEGA system as a feasibility demonstration. 

Shell-core mixing which can occur during the deceleration phase of laser- 

driven implosion is believed to be the major limitation on target performance. We 

propose here a diagnostic method for detecting core-shell mixing based on the 

comparison of absorption and emission spectra due to a signature layer embedded 

in the target shell. Experimentally the method is simple as it does not require 

backlighting nor imaging. We have developed a mixing and radiation transport 

model used here to demonstrate the proposed diagnostic method. The proposal 

consists of target experiments on OMEGA as well as the interpretation and 

analysis of these experiments. We show that a signature layer of a high-Z dopant 

can be placed within the shell such that, in the absence of mixing, the emergent 

spectrum will only show absorption lines (of L-shell ionic species). Mixing causes 

the appearance of K-shell lines in emission. The more severe the mixing, the 

higher is the intensity of emission lines, as compared with that of the absorption 
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lines. Additionally, the absorption lines provide information on the temperature 

and pAr of the imploded shell. We propose to modify the amount of mixing by 

varying the degree of irradiation uniformity. This can conveniently be achieved by 

switching off SSD (Smoothing by Spectral Dispersion), then going to one- 

dimensional SSD, and finally to two-dimensional SSD. The chosen convergence 

will have to be low enough that with the best uniformity there will be very little 

mixing, but high enough that significant mixing will occur with the minimum 

uniformity. The specific tasks are as follows. 

(1) Using the codes we developed (see below) for modeling mixing and 

radiation transport, optimize the parameters of the doped layer as an input for 

target fabrication. This includes the location of the doped layer within the shell, 

its thickness, the nuclear charge of the dopant element, the dopant concentration 

(or the dopant areal density p h ) .  

The considerations for this optimization are: the doped layer should be 

removed enough from the fuel-shell interface so that in the absence of mixing 

there will be minimal emissiun, but not too removed so that only high level of 

mixing will result in emission lines. The layer thickness and dopant 

concentration should be small, to minimize affecting target behavior, but large 

enough to cause significant line absorption. The dopant 2 should be accessible to 

target fabrication and should be the smallest such that absorption by the polymer 

shell be small a t  the relevant spectral range. See below results of our modeling 

which show examples of such optimization. 

(2) Verifying the effect of doping on the performance and behavior of the 

targets. This will be done by shooting targets filled with DD (deuterium) with and 

without doping and measuring the nuclear yield and secondary nuclear reaction 

products (as a signature of the pr of the compressed core). 



(3) Perform target shots with no SSD, 1D SSD, 2D SSD, and compare the 

mixing signature of emissiodabsorption x-ray line ratios. Compare with other 

signatures of target performance, e.g., the ratio of measured to predicted nuclear 

yield. 

To demonstrate the proposed diagnostic, we used a model for radiation 

transport and for core-shell mixing, described in Attachmentl. We applied this 

model to a particular doped target assumed to be imploded on OMEGA. We used 

the spatial profiles of the plasma parameters, at peak compression, as calculated 

by the LILAC code. The emergent spectrum was calculated using the OPLIB 

opacity library2 and is shown in Fig.1. 
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Fig. 1 

The target is a polymer shell of 940-mm diameter and 30-mm thickness, 

filled with 80 atm deuterium gas. A doped layer of different thickness (placed zt 

different depths within the polymer shell) consists of Titanium in CH polymer. 



The concentration of Titanium atoms is 2% of that of Carbon atoms. This was 

chosen such that a doped layer of a few microns initial thickness would show 

significant absorption at the wavelengths of Titanium ions. The choice of 

Titanium was dictated by the fact that for the highly compressed target as 

predicted, radiation wavelengths shorter than - 3 A are needed t o  avoid severe 

continuum absorption by the shell (as opposed to the line absorption which is 

stronger at the resonant wavelengths). On the other hand, going to too high a Z 

(and thus too short wavelengths) would cause the absorption of the lines, essential 

to the method, to be insignificantly small. In reality, if target performance falls 

short of predictions, it may be necessary to employ a lower-Z dopant, such as 

chlorine. Both of these target fabrication choices are available. 

The laser pulse in our modeling was trapezoidal, rising linearly over a 0.1- 

ns period to 13.5 TW, then remaining constant for 2.2 ns, before dropping linearly 

over a 0.1-ns period. LILAC results show that the shell material has been 

compressed to a mean radius of -50 mm and thickness of -30 mm, with a density 

in the range of -10-50 g/cm3, corresponding to a pAr value of -90 rngkm2. The 

electron temperature in the shell ranges from -80 to -800 eV. 

Figures 1 & 2 (next page) show the results of our modeling of the mixing 

signature for a target experiment on OMEGA. The absorption spectrum in Fig. 1 

is produced when the core radiation (continuum) traverses an embedded 

signature laye‘r in the shell. The absorption is on K-shell lines of L-shell ion 

species. That means “inner transitions” Is - 2p in ions which have more than 2 

bound electrons. These lines are absorbed in the colder part of the shell (T - 100 - 
200 eV). The emission lines come from Helium-like and hydrogen-like species 

and are emitted in inner layers, where the temperature is much higher (- 1 keV). 

When such doped targets suffer core-shell mixing the emission lines of the dopant 
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Fig. 2 

ions appear in the spectrum. This is because some of the cold, absorbing material 

mi,yates inwards and is heated by the high core temperature. The difference 

between mixed and unmixed tmgets is then qualitative and is useful even if the 

modeling of the ctamic physics and of the mixing are not precise. We see that a 

small admixture of a dopant (Ti) in a thin CH layer (C50H50Ti) is s f ic ien t  for the 

measurement in OMEGA experiments, where the perturbation of the target 

behavior due to the doping is minimal. 

In addition to qualitative inspection of the results, the actual intensity of the 

emission and absorption lines will be measured and compared with predictions 

(using the mixing modeling). Additionally, the distribution of intensity in the 

absorption lines manifold yields the temperature of the cold, absorbing shell, 

whereas the area enclosed within the absorption lines manifold yields the pAr of 

the layer. 

The procedure for modeling core-shell mixing is described in Attachment2. 

Briefly, mixing occurs during the deceleration (or burn) phase of the implosion. 

A mixed region of a% means that the deepest penetration of shell material into 

the fuel region spans a% of the distance between the shell-core interface radius 

and the free-fall line at the same time. 
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