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Abstract

The Los Alamos National Laboratory Inertial Confinement Fusion (lCF)
Program focuses on resolving key target-physics issues and developing
tcchrmlogy needed for the National Ignition Facility (NIF). This work is being
performed in collalwation with Lawrence Livemore National Laboratory
(LLNL). A major requirement for the indirect-drive NIF ignition target is to
achieve the irradiation uniformity on the capsule surface needed for a
symmetrical high-convergence implosion. Los Alamos employed an integrated
modeling technique using the Lasnex radialion-hydrod ynamics code to desi=n
IWOdiffemmt targets that achieve ignition and moderate gain. LOS Alamos is
~~onning experiments on the Nova Laser at LLNL irl order to validate our NIF
lgnltron calculations.

1. INTRODUC’flON

A goal of the U.S. Inertial Confinement Fusion (ICF) Program is to
demonstrate ignition and moderate gain in the proposed National Ignition Facility
(NIF), lTe NIF is designed to illuminate both direct- and indirect-drive targets
with 1.8 MJ of 0.35-pm laser light from a frequency tripled Nd:glass laser (in
indirect drive, the laser light is convened to x-rays at the wall of a cavity called a
hohlraum, and the x-mys are used to implode the fuel capsule in the center of the
hohlraum). The U.S ICF Program has recently completed conceptual design of
the NTF [1].

The ICF Progmm at Los Alarnos National Labomtory is focusing its effort on
resolving target-physics issues related to achieving ignition using indirect drive.
The Los Alamos acclivities for tie NIF include:

Calculating ~rformance and studying sensitivity of
igmtion target designs [2];
~~: Designing, fielding, and analyzin~ data from target-

hysics ex~rimenls, generally on tile Nova Laser at Lawrence Livermom
?4ational Labcmtow (LLNL) but also on the Trident Laser al Los Alamos [3];

In addidon to fabricating tar$ets for our experiments, Los
Alarnos is developing both the ~-layenng techruque for producing uniform
layers of frozen deuterium/tritium mixlures and the manufacturing techniques
for producing beryllium capsules [4];
~c Dev~: Bsigning and fielding x-ray, optical, and neumm
targe! diagnostics; and
~~r SC-: Develcplng techniques for

r
reducing ICW cost optics and

researching third-harmonic conversion for Nd:g ass lasers [5].
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‘he remainder of this paper emphasizes the work LOS Alarnos is performing in
collaboration with LLNL in undemanding implosion symmetry in indirect-drive
targets.

2. CALCULATIONS OF THE NIF TARGET DESIGN

Los Alamos calculations of the performance of the IWF target use integrated
modeling, a technique that has been demonstrated to model the greatest variety of
Nova experiments. Using tk. Lasnex .adiation-hydrodynamics code [6], these
self-consistent 2-D c~culations include pilysics for laser deposition, hohlraum
conversion of laser light to x-rays, radiation transport of x-rays including
deposition on the capsule. the best available atomic physics, hydrodynamics. and
thermonuclear reactions. These calculations do not include the physics of
inteqxmetrating plasmas, losses from lixer-plasrna instabilities. and are typically
not adequatdy zoned for examining hydrodynamic instabilities.

To date, Los Ahunos has successfully circulated two NIF targets to igmte.
The first, similar to the baseline design first demonstrated by LLNL to i~.ite
calculaticmally, uses a plastic (CH) capsule. The other design, developed at Los
Alamos, uses a beryllium capsule [2]. Both targets are illustrated in Fig. 1, and
both are calculated to have a yield of approximately 5 MJ.

Many techniques have been proposed to help control symmetr; in indirect-
drive targets. In 1988, laser-spot motion from the inward movement or the heated
high-Z wall was identified as too krge in high-Z hohlraums to meet the igni~ion
uniformity requirements [7]. Lcw-Z liners iind mid-z Iinets (on the inside of the
hohlraum wall) have been proposed to reduce movement of the high-Z wall and
thus reduce time-dependent symmetry %ariations from Iaxr-spot motion. but they
currently appear to be inadequate to achieve the required symmetry. Mid-Z
liners are calculated to Gbsorb too much laser energy within the hOhlRUIII volume,
and low-Z liners are calculated t~~collide and stagnate on the hohlraum axis,
creating an asymmetric pressure pulse on the capsule.

The proposed solution to these problems is to fill the hohhaum with gas (see
the cmmmt design of the NIF target shown in Fig. 1). The gas calculates to limit
the wall motion to acceptable levels while effective] y eliminating the pressure
spike on the axis of the hohlraum. The two rings of beams used inside the
hohlraum allow for compensation of the sp; motion that does occur. Because
the capsule needs to be a frozen layer of de.utenum/tritium. helium appears to be
the gas of choice. Recent experiments and calculations show that an equal atomic
mixture of helium and hydrogen gas in the hohlraum 1s more desirable for
limiting laser-plasma instabilities [8] and maintaining the deuterium/tritium fuel in
a cryogenic state, and is now f~e gas in the baseline design.

3. LOS ALAMOS SYMMETRY EXPERIMENTS ON NOV,\

Wer the past three years. Los Alamos has performed numerous target
phytics experiments on the LLNL Nova Laser. Many of these experiments have
been directed at determining our understanding and accuracy af integrated
modeling calculations of s-ymmetry.

Symmetry experiments have been aimed at comparing experiments ~xl
calculations for two goals: understanding rime-integrated symmemy. and
understanding rime-dependent symmetry. Symmetry is often diagnosed by
examining the shape of the x-ray emission from the imploded caps;ie. The
geometry of the experiments is shown in Fig. 2.

1 ime-integnmd symmetry studies, where the cumulative effect of the entire
laser pulse is measured, have been performed to test the accuracy of our
mndehng. Experiments have been fie!ded for unlined gold, Ni-lined. and CH-
lined hohlraums with laser pulse shapes that include 1 ns flattop and longer
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shaped pulses. Experiments with gas-filled hohlraums have just started. Los
Alamos and Livermore have significant experience in fielding gas-filled
hohlraums as part of laser-plasma instability experiments, but only a few
symmeuy experiments have beer done.

One way to test our modeling accuracy is to vary the laser pointing over a
series of target experiments. Fig 3 shows a graph of the imploded capsule imfige
distortion as a function of the axial laser pointing. We see good dgreernent
between the experimentally measured eccentrichy and We integrated motieling
calculations.

Tiie-dependent symmetry experiments have been performed to fimher test
our understanding of hohlraum physics and our calculational accuracy. The
symmetry of the x-ray flux on the capsuIe changes in time primarily because of
motion of the laser spots caused by inward hohlraum wall motion and L>t! time-
varying hohlraum wall albedo. %imanly. we used two techniques to examine
time-dependent symmetry: Symmetry Capsules [9] and Remission Balls [10].
Symmetry Capsules am capsules that Ly design vary the implosion time. Capsules
that imp!ode faster measure the irradiation uniformity at earlier times.
Reemision Balls are high-Z spheres (used in place of an imploding capsule) that
absorb x-rays and reradiate. By measuring the spatial profile of x-rays emitted
from the Remission Ball, we cm diagnose symm~try. Generally, experiments
performed for a variety of lined and/or ~nlined vacuum hohlraums have shown
good agreement with Lasnex integrated-modelir!g calculations for time-
dependent symmetry.

4. CONCLUSIONS

The Los Alamos ICF Program focuses on development of the National
Ignition Facility in collaboration with the U.S. ICF Program. Past w-ork and plans
fur fLmre work include addressing target physics issues, NIF target performance
and robustness, target fabrication development for :he NIF, diagnostic
development, and laser science.

Los Alarnos has used the integrated modeling technique with Lasnex to
successfully calculate ignition with two differem NIF targets. Both targets am
calculated to have a yield of approximately five megajoules. Sensitivity ~tudies to
determins the robusmess of these targets are ui~deway.

The NIF target design studies have helped to identify major issues for the
ignition target, and experiments performed by Los AhIIIOS on Nova in
collaboration with LLNL have begun to address these issues. The main issues for
the NIF indirect-drive target and their status currently appear to be:

~ Time-integrated and time-dependent symmetry experiments in lined
and unlined hohlraums have shown very good agreement w~th calculations.
Howevei, mom work is needed to veri~i our predict%e capability for gas-filled
hohlrau.ns.

Laser plasma instability experiments have shmvn
very encouraging results relevant to NIF targets. with experiments showing e 1%
backscatter frc n SBS [11]. Unfortunately. results do not show good agreement
with theoretical models for processes such as Stimulated Brillouin Scattering.
More work will be done to try to understand laser plasma instabilities in
hohli.aum plasmas and thus allow more confident extrapolations for NIF
plasmas.

on~, : ALIimproved understanding of hydrodynamic instabilities
and mix in high-convergence experiments is needed to assure adequate NIF
capsule performance.

Additional future work is planned by Los Alamos. including experiments on the
Omega Upgrade and Nike Lasers, to begin to examine issues for direct-drive
ignition targets for the NIF.

3



5. ACKNOWLEDGMENTS
The work presented in this paper represents the combined effort of most of

the Los Alamos ICF Program. The authors acknowledge their comibutions. The
authors would also like to thank the Nova operations crew for the many long days
(and nigh(s) for target shots. Additionally, thanks are due to General Atomics
personnel who provided some of our target components for experiments.

6. REFERENCES

[1]

[2]

[3]

[4]

[5]

[6,

[7]
[8]

[9]

[10]

[11]

“National Ignition Facility Conceptual IMsign Repent,” Lawrence
;~;4mOrE National Laboratory Proposal UCRL-PROP- 117093, May,

D. C.”Wilson and W-.J. Ktauser, “Indirectly Driven Be@lIum Capsules
for Ignition,” 24th }mnual Anomalous Absorption Conference, Pacific
Grove, CA. June 5-10, !994.
S. M. Younger, I. Bigio. M. Cray, J.. R. Foreman, and J. M. Mack.
“Inertial Confinement Fusion Research at the Los Alamos NationaJ
Laboratory,” Proceedings of the 14th International Conference on
Plasma Physics and Controlled Nuclear Fusion Research, Vol. 3,39
(1992).
J. K. Hoffer and L. R. Foreman, ““UniformSolid Deutenum-Tritium Fuel
Lav:rs Resulting fmm Radioa@@y Induced Sublimation; J. of Vat.
Se;. Tech., M, 1161 (1989).
R. Berggren. B. H~m, R. Schmell, and V. Lazazxra, “Cost Reduction of
Optics for KrF Fusion Drivers,’” Proceedings of the KrF Laser
Technology Workshop, Banff, Alberta, September 19-22.1990.
G- B. zmmemm and W. L. Kmcr, .’Numerical Simulaticw of Laser-
Irutiated Fusion.*’ Comments Plas. Phys. 2,2,51 (1975).
G. Magclssen, private communication. 1988.
H. X. Vu, J. M. Wallace, and B. Bezzndes, ‘.An Aiialytical and Numerical
Investigation of Ion Acrostic Waves in a Two-Ion Plasma.”’ Los Akunos
National Laboratory Report LA-UR-94- 1207, accepted for publicatmn
in Physics of Plasmas, 1994.
and
B. J. MacGowan et al., “’”llteStudy of ParameLic Instabilities in Large-
Scale-Length Plasmas Pm&Iced by Laser Irradiation of Thin-Walled
Gas-Balloons,.i 24th Annual Anomalous Absorption C6nferencc. Pacific
Grove, CA. June 5-10, 1994.
D. B. Hams, A. A. Hauer. and N. D. Delamater, ‘“Understanding Tirne-
Dependent Symmet~ Inside Nova Hohlraums Through the Use of
Symmetry Capsules... Bull. Am. Phys. Sot., ~, 10.1885 (1993).
N. D. Delamater. G. R. MageIssen, A. A. Hauer, L. A. Suter. and R. E.
Turner, .“Reemission Ball Technique for Symmetry,.. Bull. Am. Phys.
Mc., U. 10s 1885 (1993).
J. C. Femandez, et al.. ‘.Plasma-Instability hleasuremenu in Hohlxaums...
24th Amual Anomalous Absorption Cofifwcnce. Pacihc Grow. C-i. June
5-10,-1994.

4



FIGURE CAPTIONS

Fig. 1. Geometry@ ‘he CH- and Be-ablator NIF ignition targets. Poth targets
use the same Cyiindrica[ hohlraum. but tht laser pu!fe shapes, capsules and

required laser energies are differen:.

Fig. 2. Geornet~ for drive symmetry experiments. showing measurement ~ the
shape of the imploded capsule from b 9 orthogonal directions.

Fig. 3. Experimental results and comparison w integrated tnodkling calculm”ons
of the imploded capsule eccentricity as a jlmcsion of laser pointing.
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