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The Design and Characterization of Toroidal-
shaped NOV A Hohlraums that Simulate
National Ignition Facility Plasma Conditions for
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W. J. Krausert, and E. L. Lindmant
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$ Physics International, Los Angeles, CA

Abstract. Special Nova hohlraums have been designed to simulste the plasma conditions
calculated for various NIF hoblraum point designs. These hohlrsums attempt to
maximize the laser pathlength for parametric instability measurements. A toroidal-shaped
hoblraum with s diameter of 3200 microns and a length of 1600 microns allows a laser
pathlength of about 2 mm. Filling the hohlrsum with 1 stmosphere of ncopentane gas
gives an electron temperature of 3 keV and clectron density near 0.1 of critical. Detailed
LASNEX calculations for these hohiraums and comparisons to the NIF point design will
be presented. Comparisons between data and ¢ “lculations that characterize the plasma
conditions (electron, radiation, and ion temperatures, electron density, etc) in these Nova
hohlraums will also be shown.

*This work supported under USDOE contract W-7405-ENG-36

INTRODUCTION

Computer simulations of the indirect-drive point designs for the National
Ignition Facility (NIF) using the LASNEX code (1,2) show that the plasma
conditions inside of these hohlraums are such that Laser Plasma Instabilitics
(LP1's) may have a deleterious effects on the performance of the ignition target. In
particular, stimulated Brilloiun scattering (SBS) and stimulated Raman scattering
(SRS) could scatter a sizeable fraction of the laser energy back out of the target
and therefore that energy would not be available for driving the capsule. In
addition, unpredictable scattering and absorption inside of the hohlraum would
adversely affect capsule implosion eymmetry. We have dssigned a special target
for the NOVA laser to investigate LPI’s under conditions that approach those
expected for the NIF point design. We first describe the plasma conditions in this
special toroidal hohlraum design and compare them to the NIF design. Next the
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chaiacterization of this hohlraum will be discussed and compared to calculations.
The SBS and SRS measurements in this hohlraum are discussed in Refs. 3-6.

TOROIDAL HOHLRAUM DESIGN AND THE NIF

Figure 1 shows same-scale LASNEX(7) computationz]l meshes and laser rays
(at peak power) of the NIF point design, the typical NOVA Scale 1 hohiraum, and
our toroidal-shaped hohlraum. The hohlraums are made of gold and are filled with
gas to mitigate hohlraum filling and hydrodynamic coupling to the capsule in the
NIF. The NIF hohlraum is 5.7 mm in diameter and 9.6 mm ip length, while the
Scale 1 NOVA bohlraum measures 1.6 mm in diameter and abcut 2.3 mm in length.
As can be acen from the figure, the latter hohlraum has scale lengths of less than a
mm along the laser path in the gas. To study LPI's it is desirable to have scale
lengths approaching those for the NIF target. However, since NOVA'’s maxiinum
energy is only about 1/50th that of the NIF (1.8 MJ), actual NIF scale lsagths near
10% of critical density cannot be achieved on NOVA with the required electron
temperatures of 3 to 5 keV.

The wroidal hohlraum for NOVA is 3.2 mm in dianieter and nas & length of 1.6
mm giving a scale length of about 2 mm. There are 5 NOVA beams on each side
with some of them crossing at the central vertical axis of the hohlraum. Normal
incidence at the wall is intended to simplify future modeiing of the SBS. The laser
typically delivers 30 kJ at 3w (351 nm wavelength) in the pulse shape as shown in
Fig. 1d. For comparison, Fig. 1d also shows the so called PS22 pulse shape used in
the Scale 1 symmetry experiments and the NIF pulse shape for the point design.
For the interaction experiments the probe beam would typically have a 1 ns square
pulse delayed a few hundred picoseconds with respect to the main heater beams
and with different RPP’s (Random Phase Plates) for spatia. smoothing, one or
four colors, SSD (Smoothing by Spectral Dispersion), £/4.3 or {/8, etc. (3-6). These
toroidal hohlraums have been fielded with a 2 pm thick CH liner, 4 mg/cm3 CH;
foam, and with 1 Atm of neopentane (CsH,3), deuterated neopentane (CsD)3),
and carbon dioxide (CO,). Tne gas is contained by placing a 0.25 um thick Si3N4
window across the laser entrance holes (LEH'S).

At room temperature 1 Atm of CsHjz CsDj2 and CO; have mass densities
of 3, 3.4, and 1.8 mg/cm3 respectively, and when totslly ionized give electron
densities that are 11, 11, and 6% of the critical density at 3@ (9x1021/cm3).
Recently, we have also fielded these hohlraums with 5§ Atm of H and He-H (3% of
critical). He-H at 3% critical i3 the present gas fill of choice for the NIF point
design. However, to approach the near 10% ciitical density achieved in the NIF
target at peak laser power, we hope to field 10 Atm of He-H(at 6%). Cryogenic
liquid nitrogen targats are alsc being considered to get even higher densities. Since
most of the interaction and the plasma characterization experiments were fielded
with neopentane, the rest of this paper will concentrate on neopentane. However,
Refs. 3-6 discuss LP] measurements for various gases.

Both the NIF and the toroidal hohiraum modelling were done with the same

physics using the two-dimensional radiation-hydrodynamics LASNEX code (7).
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Figure 1. LASNEX meshes and laser rays at peak laser power for a) the NIF (0.03n, He-H
gas), b) the stardard Scele 1 NOVA (PS22 puise shape, 0.03 n, methane gas), and c) the
toroidal NOVA hohiraums. The laser power for these 3 hohiraums is shown in d), where
the NOVA pulses are oftset for clarity. The 3D laser beams are approximsied by 2D cones.
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FIGURE 2. LASNEX plasma conditions along the pathlength of the laser beams for the
inner (I=dot-dash) and outer (O=dash) cones of the NIF and the toroidal (T=enlid)
hohiraums. Sinre presumably, the gas is the amplifying medium for L Pi's, the curves have
been lined 1 such that the gas-gold interface is al the origin.

To obtain the correct gold conversion efficiency and albedo requires non-LTE
(Local Thermodynamic Equilibrium) atomic physics and the best available
radiation transport.

Although, the NIF He-H fill starts at 3% critical, at peak Iaser power (14.5ns),
the goid wall and the CH capsule ablator have blown off to give near 10% critical
densities in the gas. Figure 2 shows plasma conditions as calcuiated with LASNEX
for both the inner and duter cones of the NIF at peak laser power as 2 function of
distance along the laser path. Figure 2 alsc shows the sanmie conditions in the
NOVA toroidal hohlraum at 1 ns slightly before the peak of the laser pulse used
for this hohlraum. The increasing power ramp as shown in Fig. 1d keeps the
plasma cond:.ions relatively constant for about 400 picoseconds. In the gas near
the gold wall, the toroidal hohlraum has electron temperatures neer 3 keV, similar
to the inner cone of the NIF, but lower than the 5 keV of the outer cone. The
electron density in the toroidal hohlraum - near 10% of critical, between that of
the inner and outer cone of the NIF. As expected, the scaic length in the gas of the
toroidal hohiraum is shorter than in the NIF bui more than twice as long as in the
Scale 1 gas-filled symmetry NOVA hohlraums. The ratio of ion temperature to
clectron temperature is the same in the outer cone of the NIF, but is lower than in
the inner cone of the NIF. However, this should only help to quench SBS in the
inner cone of the NIF compared to the toroidal hohlraum through ion Landau
damping (8). The radiation temperature is about 300 eV in the NIF and 200 ¢V in
the toroidal hohlraum and is almost constant along the beam ps&.ihs.



PLASMA CHARACTERIZATION

In order to perform relevant laser plasma instability experiments, it is
necessaTy to confirm the piasma conditions calculated by the LASNEX simula-
tions with experiments. For the toroidal Lkohlraum we have mceasured the
radiation, electron, and ion temperatures and the eiectror density, in addition »
haumpmnumudnmghthecoldps.

LASNEX calculates that it takes about 100 ps for the laser to bum througn the
SiyN4 windows that are across the LEH's. This is confirmed by temporally and
spectrally resolved SBS measurements which thow strong SBS signals for about
109 ps when the density of the Si3N4 is above ny/10.

To measure the propagation time of the laser through the cold neopentane gas
from the SizN4 window (o the gold wall, a 2000 A° thick aluminum patch was
used to replace the gold wall where one of the beams would hi: the wall. Since the
Z of the Si and Al are nearly the same, the stripping times nf the two elements are
comparable. By viewing the emission of the Si He-a line of the Si3N4 window
and the Al He-o line of the aluminum patch in the saue lir: of sight with a
temponally streaked spectrometer, one measures a propagation time to the wall of
360 ps in good agreemen.t with the caiculated 350 ps.

The radiation terp »..ture is measured through a hole cut in the side of the
hohlravm (covered with V.5 um mylar) looking at the gold wall with the broadband
DANTE x-ray spectrometer (9). Figure 3 shows the time dependant temperatures
deconvolved from the § XRD filter-fluorescer channels for three shots with
3mg/cm? neopentane gas, normalized to 30 kJ energy in the laser pulse. After
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FIGURE 3. DANTE measured radiation temperatures for three almost identical forowdal
hohlraums normalized o 30 XJ laser energy.



comrections for the gold albedo and the mylar transmission are applied, the
LASNEX calculations agree very weil with the daia, i.e. the peak, rise time and
shape of the radiation temperatire agree.

To measure the electron texaperature, a Ti/Cr (S0/50) coated (2400 A° thick)
carton fiber (9 um diameter) is placed approximately at the center of the hohlraum
along its vertical axis. The isoelectronic line ratios of the Ti and Cr He-« are a
function of the electron temperature (10) snd are measured with a time and space
resolved spectrometer. The fiber expansion as a function of time is monitored with
a time resolved x-ray pinhole camera (WAX) that views the fiber through the laser
entrance hole. Since the fiber is positioned in a three dimensional configuration, it
can only be approximately modelied with the 2D LASNEX code. Figure 4a shows
a LASNEX interfacc and mesh plot at 1 ns with the fiber modclled as a torus m a
position that would intercept the laser beams. Models have also been calculated
that have the toroidal fiber positioned closer to the axis outside of the laser beams
or as a cylindrical fiber on the symmetry axis. Figure 4b shows thsat the fiber
cxpansion is relatively insensitive to these various 2D approximations to the
actual 3D geometry and is in good agreement with the fiber expansion measured by
the x-ray images. Figure 4c shows the electron temperature along the fiber from the
hohlraum center towards thc gold wall as calculated with LASNEX at three times
and as measured from the TI/Cr line ratios. Since the experimental errors are about
0.5 keV, the agreement with calculations is quite good.

By filling the hohlraum with deuterated ncopentane (CsD);), and using the
tim. of flight spreading of the DD generated neutrons, a peak ion temperature of 2
keV has been infenied, in good agreement with the LASNEX simulation. Even
though the peak temperature does not occur until 2 ns, afier the LPI measurements
are over, this result provides more confidence in our simulations.

Spectrally and temporally resolved SRS measurements indicate the presence of
densities near 10% critical. SDOSS (5,6) measurements also show the presence of
25% critical density (via two plasmon decay at 3/2w®) 800 pm off axis in the
midplane of the hiohlraum where the laser beams cross. This disagrees with the
LASNEX calculations and is not yet understood.

CONCLUSIONS

We have designed a hohlraum for NOVA that has plasma conditions that
approach those of tne NIF point design with electron temperatures of 3 keV and
electron densities of 10% of critical for scale lengths of about 2 mm. These plasma
conditions have been verified experimentally and agree well with LASNEX
computer simulations. Additional measurements that provide euergy balance and
laser propagation information also agree with the simulations. Various LPI
experiments have been and are being fielded in this toroidal geometry(3 6).



R _
R

—— \J ™ v ¥ 4.00 ~
Toroidal fiber in beam, >
0. _ } TS 2
g { 4 3.00
- _. i
, .
200. < | 'l'// 4 g
B y I’ eoo &}
160. - I/ 1
3 { Toroidal tiver // lyertical fiber g
wo_s oot in '/ LWAX mage
Syl 4 ? £.00 a = J
[ /7
80.  ACylindrical fiber 1
= on axis
o- j —— 4 A R o-w E _ a N " "
000 08B0 040 000 OM0 1.30 1RO 0.00 2.08 0.10 0.18
time (ns) Distance along fiber (ocm)

b C

FIGURE 4.LASNEX interface and mesh piots at 1 ns for a toroidal TVCr coated C fiber
that is placed in the path of the laser beams (a). The fiber expansion as calculated with
various 2D approximations and compared 1o the x-ray image data (b). The measured
slectron temperature along the vertical fiber compared to the LASNEX aaloulations (c).
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