National Laser Users Facility and External Users Programs

During FY02, 698 target shots were taken on OMEGA for
external users' experiments. This is the highest number of
target shotsever taken by external usersonOMEGA inasingle
year and represents a 16% increase in external user shots over
FYO01. The external user shots accounted for 49% of the total
OMEGA target shots in FY02. External users’ experiments
were carried out by eight collaborative teams under the Na-
tional Laser Users' Facility (NLUF) Program as well as col-
laborations led by scientists from Lawrence Livermore
National Laboratory (LLNL), Los Alamos National Labora-
tory (LANL), SandiaNational Laboratory (SNL), the Nuclear
Weapons Effects Testing (NWET) Program, and the Commis-
sariat I’ Energie Atomique (CEA) of France.

NLUF Programs

FY 02 was the second of atwo-year period of performance
for the eight NLUF programs approved for FY01-FY 02 ex-
periments. The eight NLUF campaignsreceived atotal of 118
target shots on OMEGA in FY02.

The Department of Energy (DOE) issued solicitations in
mid-FY 02 for NLUF proposals to be carried out in FY 03—
FY04. DOE raised the NLUF funding allocation to $800,000
for FY 03 andisexpected toincreaseit to $1,000,000 for FY 04
to accommodate the high level of interest shown in the use of
OMEGA to carry out experiments of relevance to the National
Nuclear Security Agency (NNSA) Stockpile Stewardship Pro-
gram. NLUF participants use these funds to cover their costs
for carrying out experiments on OMEGA. The participants do
not pay the OMEGA operating costs for carrying out their
experiments; the operation of OMEGA isfunded by the DOE-
LLE Cooperative Agreement.

A total of 13 NLUF proposals were submitted to DOE for
considerationfor FY 03—FY 04 support and OM EGA shot allo-
cation. Anindependent DOE Technical Evaluation Panel com-
prised of Dr. TinaBack (LLNL), Dr. David Bradley (LLNL),
Dr. DavidMontgomery (LANL), and Dr. Richard Olson (SNL)
reviewed the proposals on 10 June 2002 and recommended
that up to nine of the proposal s be approved for partial funding
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and shot allocation during FY 03-FY 04. Table 92.VI1 lists the
successful proposals.

FY02 NLUF Experiments
Theeight NLUF experiments carried out in FY 02 included
the following:

Atomic Physics of Hot, Ultradense Plasmas.

Principal Investigators: C. F. Hooper, Jr. (University of
Florida), D. A. Haynes (Fusion Technology Institute, Univer-
sity of Wisconsin), and collaborators from Los Alamos Na-
tional Laboratory, the University of Wisconsin, and LLE.

The objective of thisstudy isto produce hot (el ectron temper-
ature T > 1.5 keV), dense (electron density ~ 5 x 102 cm™)
plasmas on OMEGA and to study these plasmas using x-ray
spectroscopy. The focus of the work over the last two years has
been on studying direct-driveimplosionsof CH shellsfilledwith
deuteriumdopedwithAr. A total of 11 shotsweretakenthisyear,
and the results are currently being analyzed.

Determination of Temperatures and Density Gradientsin
Implosion Cores of OMEGA Targets.

Principal Investigators: R. C. Mancini (University of Nevada,
Reno), J.A.Koch (LLNL), and collaboratorsfrom Prism Com-
putational Sciences, LLE, LLNL, and Howard University.

The goal of this project is the spectroscopic determination
of 1-D temperature and density gradients in implosion cores
produced in OMEGA indirect-drive implosion experiments.
Themethod isbased on anovel self-consistent analysis of data
from simultaneous x-ray line spectra and x-ray monochro-
matic images. This represents a significant advance on previ-
ouseffortsof x-ray spectroscopy of implosion coresthat relied
solely on the analysis of space-integrated spectra to extract
spatially averaged temperature and density in the core.

Targets consisted of Ar-doped, D,-filled plastic shells

placed inside Au hohlraums, and the targets were driven by 30
OMEGA UV beams. During FY 02, the spectroscopic method
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Table 92:VI: List of successful FYO3—FY04 NLUF Proposals.

NATIONAL LASER UsERS' FACILITY AND EXTERNAL USERS' PROGRAMS

Principal Investigator Affiliation Proposal Title
R. P. Drakest al. University of Michigan Experimental Astrophysics on the
OMEGA Laser
B. B. Afeyan Polymath Research, Inc. Optical Mixing Controlled Stimulated

Scattering Instabilities: Generating
Electron Plasma Waves and lon-Acoustig
Waves to Suppress Backscattering
Instabilities

R. D. Petrasso and C. K. L| Massachusetts Institute of Technolog Time Evolution of CapsulpR and Proton

Emission Imaging of Core Structure

C. McKeeet al. University of California, Berkeley OMEGA Laser Studies of the Interaction

of Supernova Blast Waves with Interstellg
Clouds

R. K. Fisher General Atomics

High-Spatial-Resolution Neutron Imaging
of Inertial Fusion Target Plasmas Using
Neutron Bubble Detectors

M. Meyerset al. University of California, San Diego | Dynamic Properties of Shock-Compresse

Single Crystals byn-situ Dynamic X-Ray
Diffraction

H. Baldiset al. University of California, Davis Studies of lon-Acoustic Waves (IAW)

Under Direct-Drive NIF Conditions

R. Manciniet al. University of Nevada, Reno Experimental and Modeling Studies of 2-

Core Gradients in OMEGA Implosions

R. Jeanloz University of California, Berkeley Recreating Planetary Core Conditions on

OMEGA

for core gradient determination was expanded in two ways.
First, the original method based on the self-consistent analysis
of Ar x-ray line spectra and Ar Heg line monochromatic
images (i.e., two criteria) was extended to a three-criteria
(i.e., more-stringent) method based on the search for plasma
gradientsthat yield the best fitsto x-ray line spectraand the Ar
Hegand Ly gmonochromatic emissivities. Thespatial distribu-
tion of monochromatic emissivities is extracted via an Abel
inversion of intensity lineouts from x-ray images. This multi-
objective data analysis problem is efficiently solved with a
niched Pareto genetic algorithm. The algorithm is general and
can be applied to other cases of multi-objective data analysis
as well. Second, an alternative technique to analyze the tem-
perature gradient was developed. It isbased on thefact that the
local ratio (i.e., point-by-point in the plasmasource) of Lygto
Heg emissivities is a strong function of the temperature with
aweak (residual) dependence on the density. Asaresult, tem-
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perature gradients can now be determined by two different
techniques and cross-checked for consistency.

The MMI-2 x-ray imager for indirect-drive implosions
was successfully fielded and tested. This new instrument uses
a target-mounted pinhole array and a flat multilayer-mirror
Bragg reflector to record numerous narrowband x-ray images
spanning the 3- to 5-keV photon energy range (seeFig. 92.35).
The pinhole diameters are 5 um, and the spatial resolution is
10 um.

Figure 92.36 showstypical datarecorded by MMI-2. Each
image spans=75 eV along the spectral axis. Groups of images
can be combined to produce line-based images. Continuum-
based images can also be extracted from the data. As aresult,
several line- and continuum-based images can now be re-
corded in the same shot. In particul ar, the problem of intensity
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Figure 92.35

Schematic illustrating the concept of the MMI-2 x-ray imager. A target-
mounted pinhole array provides numerous high-resolution, high-brightness
X-ray images, and in combination with amultilayer Bragg mirror, it produces
an array of quasi-monochromatic dispersed core images. This multispectral
imaging technique is based on an LLE-devel oped technique.l

OMEGA shot 26787

U307

Figure 92.36

An array of implosion-core images recorded with MMI-2 in OMEGA shot
26787. Three Ar line transitions are indicated along the spectral dispersion
axis: Lyq (3.734 A), Heg(3.369 A), and Lyg (3.151 A). The subgroup of six
images shows different portions of each image covered by the Ly emission.
This subgroup of imagesis used to produce the Ly g-based image of the core
shown at the bottom of the figure.
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and structure of continuum-photon contribution to line-based
images can now be addressed with greater accuracy. Aninter-
active datalanguage (IDL)—based code waswritten to process
MMI-2 data, combine subgroups of images, and produce
different types of x-ray core images.

Sudies of the Fundamental Properties of High-Energy
Density Plasmas.

Principal Investigator: R. D. Petrasso (MIT Plasma Science
and Fusion Center) and collaboratorsfrom MIT, LLE, LLNL,
and SUNY Geneseo.

Proper assembly of capsule mass in inertial confinement
fusion (ICF) implosions is of fundamental importance for
achieving ignition, 2% and experimental information about
implosion dynamics is crucia both for understanding how
assembly occurs and for validating numerical simulations.
Without carefully tailored assembly of the fuel, hot-spot igni-
tion planned for the National Ignition Facility (NIF)2® and the
Laser Megajoule Facility (LMJ)® will fail. Hot-spot ignition
relies on shock coalescenceto “ignite” the hot spot, followed
by burn of the compressed “shell” material (compressive
burn). The relationship between these events must be under-
stood to ensure the success of |CF ignition.

In the last year, the MIT/LLE collaboration, as part of the
MIT NLUF program, obtained gated measurements of areal
density (pR) at pivotal momentsin thetarget’s evolution: first
at shock coal escence and then 400 pslater during compressive
burn. These measurementswere accomplished through the use
of 14.7-MeV protons generated by the fusion of the fuel
constituents—deuterium (D) and helium (3He)—inimploding
capsules with 24-um-thick plastic (CH) shells.”-8 An accurate
determination of pR evolution and asymmetry is made by
measuring the proton energy downshift at different times and
in many different directions.

Earlier measurements of pR utilizing primary 14.7-MeV
protons’~2 and secondary protons'© concentrated on proper-
ties and dynamics during compressive burn for implosions of
capsules with 20-um-thick CH shells. These studies included
PR asymmetries, 11 fuel-shell mix,1215 and the effects of
beam smoothing uponfuel pR.912.16|n addition, x-ray absorp-
tion techniques!’ have been used to study aspects of pR
modulations at peak compression and during decompression.

Direct-driveimplosionswere conducted on OMEGA, with

60 beams of frequency-tripled (351-nm) UV light in a 1-ns
square pulse and atotal energy of ~21 kJ.18 Full smoothing of
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the laser beams was used, 12 and beam-to-beam energy imbal-
ance was typically <5% rms. Two types of hydrodynamically
similar capsules were used, all with a nominal diameter of
940 pum and a shell thickness of 24 um. CH-shell capsules
were filled with approximately 6 atm of D, and 12 atm of
3He. Capsules with shells of CD (or 1 um of CD inside of
23 um of CH) were filled with approximately 20 atm of
SHe. Theprincipal diagnosticsfor thiswork were high-resolu-
tion, charged-particle spectrometers simultaneously viewing
each implosion from different directions (the spectrometers
and their properties are described in Ref. 8). In addition, the
neutron temporal diagnostic (NTD) measured the D fusion
burn histories.1®

Thefollowing reactionsoccur inimploding capsulesfueled
with D and 3He:

D+D - p(3.0 MeV)+T(1.0 MeV), 1)
D+D - n(25MeV) +3He(0.8 MeV), )
D +3He - p(14.7 MeV) +a (3.6 MeV). 3)

This analysis uses the high-energy proton of Reaction (3)
because it can easily penetrate the larger pR during compres-
sive burn while, in contrast, the 3.0-MeV protons of Reac-
tion (1) are ranged out. Figure 92.37 shows proton spectra
obtained simultaneously at five different viewing angles for
shot 24811. In each spectrum, two distinct peaks are clearly
evident. The narrow, higher-energy peak is associated with
burn of ~40-ps duration at shock coalescence, while the
broader, lower-energy peak is associated with the ~150-ps
compressive burn that occurs about 400 ps after the shock.20
For each of thetwo peaksin each spectrum, the average energy
downshift of the 14.7-MeV protons was evaluated and is
shown in Fig. 92.38 along with data from several other shots.
Through the use of plasma stopping power calculations,?!
these energy downshifts are related to the capsule pR
(Fig. 92.38 and Table 92.V11). The capsule pR at shock coales-
cence, which occurs 1.7+0.1 ns after the beginning of the 1-ns
laser pulse, is ~13.0+2.5 mg/cm?. During compressive burn,
the average pRincreases to 70+8 mg/cm?. Since the tempera-
ture of the shell is at or below 1 keV at both shock and
compression times, and since nearly all energy loss occurs
through the shell,”10 these pR determinations are insensitive
to exact values of the evolving temperature and density.2!
Table 92.VII summarizes the data of Fig. 92.38, which also
show that asymmetries as large as 30 mg/cm? in areal density
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exist during compressive burnin theseimplosions. Thiseffect
has been reported for capsul eswith 20-um-thick shells10 and
for cryogenic capsules.10

Theiontemperatureat shock burn canbemeasured fromthe
spectra. As shown in Fig. 92.39, the shock peak iswell fit by
a Gaussian. After accounting for the effects of the instrument
response, -8 a Doppler-derived ion temperature of 61 keV is
obtained. Thistemperatureis higher than the neutron-derived
Doppler-width temperature characterizing the compressive
burn, which is about 3 keV. This method of temperature
determination from the width of the 14.7-MeV proton spec-
trum hasbeen previously used for thin-shell, high-temperature
implosions.” At shock burn (for thick-shell implosions), the
shell isrelatively “thin,” the shock-induced ion temperatureis
relatively high, and the duration (~40 ps) is sufficiently short
that little evolution in pR occurs. In contrast, the compression
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Figure 92.37

Spectraof high-energy protons generated from the fusion of D and 3Hein an
imploding ICF capsule (shot 24811). The spectrometers viewed the implo-
sionfromfivedifferent directions; each plotisidentified by the OMEGA port
used.8 The narrow high-energy peak is associated with shock-coal escence
burn; the broad low-energy peak is associated with compressive burn.
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Theaverage energy downshifts (from 14.7 MeV) for the shock and compres-

sion burn peaks of each spectrum from shot 24811 (as shown in Fig. 92.37) Figure 92.39

and from several others. From plasma stopping power cal culations,?! values A shock-induced ion temperature can be determined by fitting a Gaussian to
of (pR) can be associated with the plotted values of AEp, and the right- theshock peak, correcting for theinstrument response, and assuming Doppler
hand vertical axis scale is meant to show the approximate correspondence broadening. For this spectrum the result is 6.8 keV, and the mean for all
(Table 92.VII lists more-exact values for averages over groups of shots). spectra from this shot (24811) is 6 keV with a standard deviation of 1 keV.

Table 92.VII: Values of (oR) inferred from measured 3ble proton energy losses

(calculated with the slowing-down formalism of Ref. 21, using energies
averaged over all available spectra for each shot). For capsules3ith D
fuel and CH shells, it was assumed that the slowing was dominated by CH
at T, < 1 keV andp = 2 g/en? at shock coalescence or 20 gfcat
compression burn. For capsules witte fuel in CD shells, which produce

no shock yield, it was assumed that the slowing was dominated by CD at
T, < 1 keV andp = 20 g/lcni. The “+” refers not to measurement
uncertainties but to the standard deviation about the mean of individual

measurements for each shot.

Shot Fuel Shell (PRYshock (PR comp

(mglcn?) (mglcn?)
24086 18 atm BHe 24um CH 13.22.6 70.69.7
24811 18 atm BHe 24um CH 13.32.0 71.66.1
24812 18 atm BHe 24um CH 13.82.5 71.%9.2
25614 18 atm BHe 24um CH 13.%2.6 67.68.7
27473 18 atm BHe 24um CH 12.92.3 70.%5.8
27485 18 atm BHe 24um CH 15.21.6 67.812.1
27474 20 atnfHe 24um CD — 79.58.3
27479 20 atnfHe 24um CD — 81.316.4
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burn peak for the protons (as noted previously’) is far wider
than the Doppler width and, the effects of measured asymme-
try’~9 and geometry® notwithstanding, largely reflects pR
evolution over the compressive burn (~150 ps).

To validate the interpretation that the high-energy peak
(Fig. 92.37) isdue to shock coalescence, and to explore other
important aspects of implosion physics, a second series of
implosionswere performed using ahydrodynamically similar
capsulewith 20 atm of 3Hein a24-um-thick CD shell. Spectra
fromtheseimplosions[seetheexamplein Fig. 92.40(b)] show
asingle compression peak downshifted in energy by about the
sameamount asmeasured inthefirst seriesof experiments[see
Fig. 92.40(a)]. Notably absent, however, is the shock peak in
Fig. 92.40(a) that occurs between 14 and 15 MeV. This means
that no D from the shell has mixed into the central, high-
temperatureregion at shock time.22 Conversely, by thetime of
compressive burn, mixing of the CD shell with the 3He must
have occurred (Fig. 92.40) in order for D3He reactions to be
present (see Refs. 12—15 for more discussion of mix).
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Figure 92.40

The shock-induced burn that is present in plot (a) is absent when the fuel is
changed to pure 3He within a CD shell [plot (b)], although the compressive
burnisstill present because of fuel—shell mix. Besides validating the identi-
fication of the shock-induced peak, these data demonstrate the absence of
fuel—shell mix in the central regions of the capsule at shock coal escence.
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The spectrum of Fig. 92.40(b) can also be directly inter-
preted to meanthat, at | east for theseimpl osions, theshell isnot
riddled with holes during compressive burn even though low-
mode asymmetriesexist (Fig. 92.38). If therewereholes, there
would be a high-energy peak in Fig. 92.40(b). This issue is
important since concern exists asto whether shell breakup, as
a consequence of Rayleigh—Taylor instability, occurs prior to
burn propagation and ignition, thereby quenching ignition.

Toimprovetheunderstanding of the physical processesand
totest thevalidity of 1-D hydrodynamic simulationsinrealis-
tic circumstances, we show a comparison of simulated?® and
experimental charged-particle spectrain Fig. 92.41. Thebasic
structure of the experimental data is reproduced reasonably
well by thesimulation. Of particular relevanceisthe compari-
son at shock coalescence since, as experimentally demon-
strated, the effects of mix are minimal and 1-D simulations
should be at their most accurate because they do not include
mix effects. In this context, the ratio of experimental yield to
theoretical yield [so called yield-over-clean (YOC)] is about
60%; the predicted pR is 10 mg/cm? while the experimental
valueis 13 mg/cm?; the predicted shock temperatureis 8 keV,
while the measurement is 6+1 keV. It is also noteworthy that
the predicted interval between shock and compression burnis
500 ps, while the measured interval is ~400 ps. Since shock
timing and coalescence are critical to ignition at the NIF and
theLMJ, 2% experimentstotest thelimitsof validity of ignition
simulation codes should be helpful to this endeavor. In addi-
tion, it seems entirely plausible that similar measurements
could bemade at the NIF at various phasesin the devel opment
and testing of ignition capsules.
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Figure 92.41
A comparison of 1-D simulation to data from shot 24811.
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In summary, the first measurements of pR evolution occur-
ringin| CFimplosionswereconductedinthecourseof thispast
year’s work on this program. In the 400-ps interval between
shock coalescence and compression burn, the azimuthally
averaged pR changed from 13.0£2.5 to 70+8 mg/cm?. The
experimentsdemonstrated that fuel—shell mix hasnot occurred
in the central regions of the imploding capsule at shock
coal escence, and that the shock-induced temperature is about
6 keV. Asmixisinconsequential at thisstage of theimplosion,
these and other measured parameters offer a sensitive test of
1-D shock physics simulations. The experiments further dem-
onstrated that, at least for these types of implosions, gaps and
holes do not riddle the shell at compression burn.

Several intriguing avenues exist for advancing these mea-
surements and improving the understanding of implosion
dynamics. As pR is sufficiently small at shock coalescence,
3.0-MeV protons from Reaction (1) will readily penetrate the
shell and lead, in principle, to an even more accurate measure-
ment of the shell pR at that instant. Such experiments, as well
as higher-accuracy spectrometers for D3He fusion reactions,
are being planned. With more-accurate pR measurements at
shock coalescence, studies will be undertaken to establish
whether pR asymmetries exist at that time, and whether these
asymmetries persist and amplify through the compression
burn phase,10.11 thereby accounting for the notable asymme-
tries that have been measured at that critical stage.

High-Spatial-Resolution Neutron Imaging of Inertial Fusion
Target Plasmas Using Bubble Neutron Detectors.

Principal Investigator: R. K. Fisher (General Atomics) and
collaboratorsfrom LLE, CEA, and LLNL.

Bubble detectors that can detect neutrons with a spatial
resolution of 5 to 30 um are a promising approach to high-
resolutionimaging of NI Ftarget plasmas. Gel bubbledetectors
were used in successful proof-of-principle imaging experi-
ments on OMEGA.. The results were presented in an invited
talk at the October 2001 Meeting of the Division of Plasma
Physics of the American Physical Society and published in
Physics of Plasmas.?4

Until recently, bubble detectors appeared to be the only
approach capable of achieving neutron images of NIF targets
with the desired 5-um spatial resolution in the target plane. In
2001, however, NIF reduced the required standoff distance
from the target, so that diagnostic components can now be
placed as close as 10 cm to the target plasma. Thiswill alow
neutron imaging with higher magnification and may make it
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possible to obtain 5-pm-resolution images on the NIF using
deuterated scintillators.

Sincegel detectors(which consist of ~10-um-diam dropsof
bubbledetector liquid suspended inaninactive support gel that
occupies ~99% of the detector volume) are easy to use, they
werechosenfor theinitial testsson OMEGA. Thebubblescould
be photographed several hours after the neutron exposure.
Imaging NIF target plasmas at neutron yields of 101 will
reguire ahigher-detection-efficiency detector. A liquid bubble
chamber detector should result in an ~1000-times-higher neu-
tron detection efficiency, which iscomparableto that possible
using scintillation detectors.

A pressure-cycled liquid bubble detector will require a
light-scattering system to record the bubble locations a few
microseconds after neutron exposure, when the bubbles have
grown to be ~10 um in diameter. The next major task planned
under this grant will be to perform experimental tests to
determine how accurately the spatial distribution of thebubble
density can be measured under the conditions expected in the
NIF. The bubble density will be large enough to produce
significant overlap in the two-dimensional images, so wewill
need to be able to measure bubbles behind bubbles. One of the
goals of these testsis to determine if a simple light-transmis-
sion approach is feasible. One of the concerns at very high
bubble densities is that light scattered out of the path can be
rescattered back into the transmitted light path by bubblesin
neighboring paths.

Examination of the “ Cone-in-Shell” Target Compression
Concept for Asymmetric Fast Ignition.”

Principal Investigators: R. B. Stephens (General Atomics) and
collaborators from LLNL and the Institute of Laser Engineer-
ing (ILE), Osaka University, Osaka, Japan.

Investigation of the compression hydrodynamics of fast-
ignition targets continued in FY 02 with several shotstaken on
“cone-in-shell” indirect-drive targets. The results from these
experiments showed that while the hydrodynamic codes used
to design thesetargets captured the gross dynamicswell, there
were details of the experiment that were not predicted by the
code calculations.

*This work was performed under the auspices of the U.S. Department
of Energy under Contract No. DE-FG03-00SF2229, by the University of
California, Lawrence Livermore National Laboratory under Contract No.
W-7405-ENG-48, and with the additional corporate support of General
Atomics.
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The separation of compression and ignition in the fast-
ignition (FI) concept?> requires a new approach to target
design. Thestrict symmetry and smoothnessrequirementsof a
target compressed to generate and enclose anignition spark by
dense, cold fuel are replaced by a much more complex set of
considerations. The fusion burn is optimized by creation of a
uniformly dense fuel mass. The symmetry of that mass is
relatively unimportant, but its surface must be pure DT and
accessible to an ignition beam. The ignition energy must be
delivered by ashort-pul selaser, but the compression drive can
be accomplished by any means—Ilaser (direct and indirect
drive), heavy ion beam, or z-pinch.

S. Hatchett (LLNL) designed an indirect-drive target based
on the cone-in-shell FI target concept?® [Fig. 92.42(a)]: A
hollow cone is inserted in the side of the shell to provide a
protected line of sight to the assembled fuel mass. Modeling
suggeststhat the presence of the cone substantially changesthe
target’simplosion dynamics[Fig. 92.42(b)]; surprisingly, one
should achieve the most-compact target with a deliberately

(@ 30-um-
thick tip

Be+ Cu

Au cone
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asymmetric drive [Fig. 92.42(c)]. The modeling might not
properly capture details of the flow as the shell slides down
along the cone surface; thereisaconcern that high-Z material
fromthe conemight mix into the assembl ed fuel mass, thereby
hinderingignition. Thismodel wastested onascal e-1 hohlraum
at OMEGA. Each collapse was radiographed with an x-ray
framing camera, which took a sequence of 16 x-radiographs
(Fig. 92.43). Withthisinformation it waspossibleto determine
theimplosion velocity and diameter, density, and symmetry at
stagnation. X-ray images were taken alternately through dif-
ferent filters to identify any gold contamination in the as-
sembled fuel. The experimental radiographswerevery similar
to the simulations; apparently the effect of the inserted cone
was well described by LASNEX modeling, and both the shell
and the drive were smooth enough that compression instabili-
ties had minimal effect. As predicted, it was found that an
asymmetricdrivedoesseemtoresultinamore-compact target,
but that that configuration also generatesagasflow that blows
out thetip of the conejust about at the stagnation point. There
were subtle differences between simulation and experiment.

(b) (©)

Figure 92.42

(@) Cross section of aFl cryo target designed to implode to pR ~ 2 g/lecm? when driven by a 190-eV hohlraum:; (b) density cross section of target at stagnation
when driven symmetrically; and (c) density cross section when drive is 10% hotter on the side away from the cone.
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Figure 92.43

Eight of a series of 16 x-radiographs taken during atest of the cone-in-shell target design on OMEGA.. The frames are 70 ps apart.

Supenova Hydrodynamics on the OMEGA Laser.

Principal Investigators: R. Paul Drake (University of Michi-
gan), B. Remington (Center for Laser Astrophysics-ILSA,
LLNL), and collaboratorsfrom LLNL, CEA Saclary (France),
LLE, LANL, University of Arizona, University of Colorado,
University of Chicago, SUNY Stony Brook, Naval Research
Laboratory, and Eastern Michigan University.

The fundamental motivation for thiswork isthat superno-
vae are not well understood. Recent observations have clari-
fied the depth of this ignorance by producing observed
phenomenathat current theory and computer simulations can-
not reproduce. Such theories and simulations involve, how-
ever, anumber of physical mechanisms that have never been
studied in isolation. During FY02 experiments were per-
formed under this NLUF Program in compressible hydrody-
namics and radiation hydrodynamics, relevant to supernovae
and supernovaremnants. These experimentsproduce phenom-
enainthelaboratory that arebelieved, based on simulations, to
be important to astrophysics but that have not been directly
observed in either the laboratory or an astrophysical system.
The experiments were focused on the scaling of an astro-
physically relevant, radiative-precursor shock, preparations
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for studies of collapsing radiative shocks, and the multimode
behavior and onset of turbulencein three-dimensional, deeply
nonlinear evolution of the Rayleigh—Taylor (RT) instability at
a decelerating, embedded interface. These experiments re-
quired strong compression and decompression, strong shocks
(Mach ~10 or greater), flexible geometries, and very smooth
laser beams, which means that the 60-beam OMEGA laser is
the only facility capable of carrying out this program.

The experiments benefited from a strong collaborative
effort that coupled a core experimental team to theoretical
groupsat several institutions. Thisenabled the devel opment of
experimental designs through advance simulations and the
comparison of theresults of the experimentsto simulations by
more than one code. A standardized approach to the experi-
ments was also devel oped, enabling the pursuit of more than
one experiment simultaneously, and thus the exploitation of
the extensive theoretical capabilities of this collaboration.
These experiments are sufficiently complex yet diagnosable,
so they are excellent for verification and validation (V& V) of
complex computer codes, including those produced by the
Advanced Scientific Computing Initiative (ASCI) Alliance
Center at the University of Chicago. This program is also a
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critical stepping stone toward the use of the National Ignition
Facility (NIF) both for fundamental astrophysics and as a
critical component of ASCI V&V.

The supernova hydrodynamics experiments conducted in
FY 02 included the following:

a. Radiative Precursor Shocks: The scaling of radiative
precursor shocks was investigated. These experiments in-
volved the initial acceleration of a block of material to high
velocity. The block of material then drove a shock wave
through low-density foam at approximately 100 km/s, which
was fast enough to produce a radiative precursor. The pre-
cursor is strongly sensitive to the shock velocity, so it was
possibleto control it by varying the laser energy. Figure 92.44
shows a photograph of a target used for experiments on
OMEGA. Uptoten laser beamsstruck thefront surface of this
target, delivering several kJof energy to an 800-pm-diam spot
inal-nspulse. Thelaser irradiation shocked and accelerated
a60-um-thick plasticlayer that crossed a 160-p/m vacuum gap
toimpact thelow-density foam, usually of density 0.01 g/cm3.

Figure 92.44

An image of the target for the radiative precursor experiments. The laser
beams approach from the left, driving a shock wave through the foam
contained in the rectangular structure.

The structure of the precursor was investigated using ab-
sorption spectroscopy. Additional laser beams irradiated a
thulium backlighter plate, permitting animaging crystal spec-
trometer to obtain absorption spectra like those shown in
Fig. 92.45. Absorption lines were detected from up to six
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different ionization states. The lines from higher ionization
statesappear at higher temperatures. From theentire spectrum,
one could determinethelocation of the shock, thetemperature
of the shocked material, and the temperature profile in the
radiative precursor, with the help of the OPAL2? atomic code.
It was observed that the precursor became longer as the laser
drive energy increased, and that its behavior was consistent
with asimple model of the threshold velocity for the produc-
tion of a precursor. A paper based on these data was recently
published in Physical Review Letters.28 These experiments
are now entering an analysis and writing phase. In addition, it
is anticipated that such experiments will provide quality
benchmark cases for astrophysical modeling. Participants in
such comparisons will include the University of Maryland
and the ASCI Flash Center at the University of Chicago.
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Figure 92.45
Absorption spectra at three locations, showing the spatial development of
four of the absorption lines. The spectra are offset vertically for clarity.

b. Radiative Shocks: Astrophysical shocks, whenthey become
cool enough, enter aradiatively collapsing phaseinwhichtheir
density can increase several orders of magnitude. All super-
nova remnants eventually pass through this phase, and such
shocks arise in a number of other contexts. This team’s work
with radiative-precursor shocks in foams represented a first
step into radiative hydrodynamics. With the adoption of gas
targets, however, shocks can be produced on OMEGA that
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radiatively collapse. Several OMEGA shotswere devoted to a
preliminary attempt at such an experiment during FY 02. They
used only radiography asadiagnostic. Figure 92.46 showsthe
datathat were obtained onthefirst attmpt. Theoverlaid profile
shows the average of a 290-um-high horizontal strip through
the unobstructed portion of theimage. One can clearly seethe
absorption feature due to the shock. Its position confirms that
the shock velocity is well above 100 km/s. The laser and
diagnostic settings were optimized for other experiments on
thisday, causing significant motional blurring (and weakening
the absorption feature). Much better data can and will be
obtained in future experiments. Such experimentswill occupy
approximately half of thetarget shots planned for the next year
under this NLUF program.

U323

Figure 92.47
Structures developed at 26 ns from a two-mode perturbation.
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Figure 92.46
Imageand profilefrom afirst attempt to produceacollapsing radiative shock.
The notch in the profile toward the right is produced by the shocked gas.

c. Multimode Rayleigh-Taylor (RT) Instability at a Decel-
erating, Embedded Interface: It isfruitful to examine multi-
mode systems because (a) the actual stellar explosionsinvolve
many modes and (b) the growth of multimode structuresis a
more-severe test of simulations. During FY 02 data were ob-
tained that showed the time evolution of the structures pro-
duced frominitial conditionsincluding one mode, two modes,
and eight modes. The perturbations were designed to keep the
global peak-to-valley amplitude constant at 5 um as the num-
ber of modeschanged. Figure 92.47 showssomedatathat were
obtai ned using atwo-mode perturbation, and Fig. 92.48 shows
somedatafor an eight-mode perturbation. At earlier times, the
multimode data show articulated spikes. Later, as in these
figures, they show the emergence of large-scale features.
Additional data are needed and will be obtained soon. The
emergence of the large-scale features will be compared with
theories of bubble merger. The effect of the number of modes
on the width of the “mix region” will also be examined.
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Figure 92.48
Structures developed at 26 ns from an eight-mode perturbation.

d. Onset of Turbulence in RT Instability at a Decelerating,
Embedded Interface: Basedonascalinganalysis,itisbelieved
that it will be possible to observe the transition to a turbulent
state in the evolution of RT that develops from a 3-D initial
condition. Figure 92.49 shows a radiograph of the structures
producedfromaninitial 3-D perturbationthat included asingle
modewith 71-umwavel ength and noi se at much shorter wave-
lengths introduced when the (50-mg/cc) foam was machined.
By this time, the unstable fingers have devel oped significant
modal structure and have moved forward and overtaken the
shock. Earlier, thefingershaveasimpler spectral structureand
remain well behind the shock. L ater, the ability to distinguish
the fingers is lost perhaps due to rapid diffusion caused by
turbulence. Continuationsof these experimentswill determine
whether, in fact, the onset of turbulenceisbeing observed, and
further analysiswill evaluatetheimplicationsfor astrophysics.
Several publicationsbased on thiswork have appearedin print
during the last year.2%-31 One additional manuscript has been
submitted for publication.32
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Figure 92.49
An experiment with a 3-D initial single-mode perturbation produced these
structures 17 nsinto the experiment.

Sudies of the Dynamic Properties of Shock-Compressed
FCC Crystals by In-Situ Dynamic X-Ray Diffraction.
Principal Investigators: H. Baldis (University of Californiaat
Davis), D. Kalantar (LLNL), and collaborators from LLNL,
LLE, the University of Californiaat San Diego, University of
Oxford, and LANL.

This experiment usestime-resolved dynamic x-ray diffrac-
tion to investigate the response of alattice under shock com-
pression. Over thelast two yearsthiswork included studies of
shocked single-crystal Si with peak pressures ranging from
<100 kbar to 200 kbar, experiments on single-crystal Cu3? to
study the dislocation density in the post-shocked material
(these studiesincluded recovery of shocked samples) at pres-
sures ranging from 100 to 600 kbar, and investigations of
deformation substructure in Cu.

Major accomplishments during the reporting period in-
clude the following:

* Implementation of multi-target shots. In several series of
shots during this year, diffraction targets, VISAR wave
profile targets, and shock-recovery targets were simulta-
neously fielded on shots. This approach greatly increases
theeffectivenessof target shotsproviding triplethedataper
shot than would have been available if the three experi-
ments were individually shot.33
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» A pressure scan for Si was completed to record multiple
lattice planes.

e Thewave profile of shocked Si was recorded.

» Theshock breakout from 200 mm Cuwasused to determine
the timing for future diffraction measurements.

» Shocked crystals were recovered and examined.

Inrecent experimentsamultiplefilm plane (MFP) diagnos-
tic has been implemented that allows the observation of x-ray
diffractionfromawiderangeof | attice planes(Fig. 92.50). The
MFP has been used to record diffraction from Si shocked at a
rangeof pressuresasseeninFig. 92.51. Figure92.52illustrates
the analysis of such images showing a multi-wave structure
that depends on intensity. A maximum of 6% compression is
observed for the range of pressures attained on Nova and
OMEGA in x-ray and direct-drive modes.

A two-phase approach has been adopted to analyze these
data. First, the line pattern of known crystal configurationsis
predicted; then the diffracted lines are fit to the prediction to
determine the lattice spacing and unit normal vector. An IDL
code is used to calculate the expected diffraction pattern for a
given crystal lattice.

Optical Mixing of Controlled Stimulated Scattering
Instabilities (OMC S3) on OMEGA.

Principal Investigator: Bedros Afeyan (Polymath Research
Inc.) and collaborators from LLNL, LANL, and LLE

The goal of this experiment is to examine suppression of
backscattering instabilities by the externally controlled gen-
eration of ion-acoustic-wave or electron-plasma-wave turbu-
lence. The experiments in general consist of using optical
mixing techniques to generate resonant ion-acoustic waves
(TAW) in flowing plasmas created by the explosion of foils
irradiated by the OMEGA laser. During this year the interac-
tion scaling with probe intensity was examined.

The transmission of the probe beam and the Raman
reflectivity of the pump beam were measured systematically
for alarge number of probe beam energies. The scaling of the
Raman suppression with probe beam energy was examined,
and transmission enhancement at |ow energiesthat saturatesat
high energies was observed (see Fig. 92.53). The energy
transfer at high probe energies is significant, and the SRS
suppression in the wavelength or plasma density window that
corresponds to Mach-1 flow is suppressed significantly, up-
wards of factors of 8.
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(a) Hlustration of theconcept of dynamicx-ray diffrac-
tion in probing response of crystals to laser-driven
shocks; (b) schematic showing the MFP diagnostic;
and (c) illustration of typical experimental configura-
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Figure 92.51 Figure 92.52
Images of a diffracted signal from different lattice planes taken from a Lineout from x-ray diffraction data of Si for various energies showing a
shocked-Si experiment on OMEGA at different laser-drive energies. maximum | attice compression of ~6.4%.
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Measured transmission of the probe beam and the Raman reflectivity of the
pump beam asafunction of probebeam energy. Notethat with the pump beam
off, the transmission of the probe beam is|ess than 50%, even at moderately
low energies, and decreases with energy down to less than 40% at a probe
beam energy of ~490 J. The reflectivity of the pump beam falls with
increasing probe energy. The energy transfer at high probe energies is
significant, and the SRS suppression in the wavelength or plasma density
window that correspondsto Mach-1 flow is suppressed significantly, upward
of factors of 8.

FY02 LLNL OMEGA Experimental Program

TheLLNL programon OMEGA in FY 02 totaled 406 target
shotsfor target ignition physics, high-energy-density science,
and NWET (Nuclear Weapons Effects Testing). This repre-
sents a 30% increase over the target shots taken by LLNL on
OMEGA in FYO01. Highlights of these experiments include
the following:

Laser—Plasma Interactions: Beam-energy-transfer experi-
ments were continued during FY 02 to investigate beam-en-
ergy transfer34for avariety of NIF target/beam configurations
in order to select the optimum configuration to minimize the
potential deleterious effects of this process on NIF targets.

To expand the LPI (laser—plasma interaction) database on
OMEGA, oneof the OMEGA beamlineswasmodified to allow
it to generate second-harmonic radiation for LPI experiments.

Cocktail Hohlraums: Experiments continued to investigate
the potential of “cocktail” hohlraum materials to increase the
soft x-ray emission and energy coupling to capsule in NIF
targets. During FY 02, detailed atomic physics model predic-
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tions were verified on OMEGA experiments by observing
enhanced cocktail re-emission at 450 eV (see Fig. 92.54).
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Figure 92.54

During FY 02 cocktail hohlraum experiments were conducted on OMEGA
that in conjunction with LASNEX code simulations indicate that cocktail
materials may be advantageous compared to Au for the NIF hohlraums.
(a) Cocktail geometry; (b) experimental data from cocktail hohlraum
experiment comparing Au and “cocktall” re-emission; (c) cocktail-to-Au
intensity ratio at 450 eV (squares) and 750 eV (circles) plotted as afunction
of radiation temperature from the OMEGA experiments compared to the
LASNEX predictions.
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X-Ray Thomson Scattering: X-ray Thomson scattering can
accessthe density/temperature parameter spacethat ischarac-
teristic of the Fermi degenerate to warm dense matter regime
(seeFig. 92.55). OMEGA experiments have demonstrated for
the first time spectrally resolved x-ray Thomson scattering

data®® (Fig. 92.56). These experiments are important because
they indicate that x-ray Thomson scattering may work for ICF
implosions. Future experiments are planned to investigate
superdense matter using this technique.
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Albedo Experiments: A seriesof experimentswereinitiatedin
FY 02 on OM EGA to measure the absol ute al bedo of asecond-
ary hohlraum as shownin Fig. 92.57. Three detectors are used
in this measurement: DANTE, a PCD in H11, and aPCD in
P11. DANTE is the primary diagnostic, while the P11 PCD
monitors the effect of the secondary hohlraum and the H11
PCD serves as backup for the DANTE measurement. Initial
measurements confirmed that the secondary hohlraum has no
significant effect on the primary’s radiation temperature. In
measurements comparing the albedo of Au and U, the Au
albedo was observed to be smaller than that of U.
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( Ph > ~ N o ~N
—> > N
PS Pd),\ N N N .
p L
P11 PCD 4 DANTE
|
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Figure 92.57

Schematic of the* Albedo” experiment. A half-hohlraumisirradiated by aset
of OMEGA beams and provides radiation that heats a secondary hohlraum
attached toitsback. DANTE isthe primary diagnostic viewing thewall of the
secondary hohlraum; the H11 PCD is a backup for DANTE. The P11 PCD
monitorsthe primary hohlraum to determinethe effect of the secondary onits
radiation temperature.

Hot Hohlraum: A series of experiments are underway on
OMEGA to produce high-radiation-temperature hohlraumsby
reducing the scale size of the hohlraums. Hot hohlraums are
needed for NIF opacity experiments, but their physics regime
is not well understood. Scaled experiments at OMEGA are
used to compare experimental results to theoretical models.
The laser coupling to the hohlraum was determined as a
function of scale size by measuring x-ray drive, backscatter,
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and intensity of hot electrons. Scale-1/2 and -1/4 hohlraums
were driven in a half-hohlraum configuration, and radiation
temperatures of ~350 eV were demonstrated.

Gas-Filled Radiation Sources: Experiments continued under
an NWET program to develop high-efficiency x-ray sources
for the NIF. During FY 02 the experiments were designed to
explore x-ray emission in the >10-keV region. Typical targets
included Kr-filled CH cans(1.2 mmlong, 1.5 mmindiameter).
Figure 92.58 shows time-framed x-ray images from two ex-
periments with 0.5-atm- and 1.5-atm-Kr-filled cans. X-ray
emission isobserved fromthefull extent of the can (1.2-mm x
1.5-mm diameter) and beyond the duration of the 1-ns laser
pulse in both cases.
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Figure 92.58

X-ray framing camera images from shot 25819 (0.5 atm Kr) and 25818
(1.5 atm Kr) show the pressure dependence in the evolution of >10-keV
x-ray emission. The times are referenced to the start of the ~1-ns-long laser
pulse.

Dynamic Hohlraums: A series of experiments dubbed “dy-
namic hohlraums’ werecarried out on OMEGA indirect-drive
mode. Theseexperimentsweredesignedtoimagearadiatively
collapsed shock. The configuration is shown schematically in
Fig. 92.59. A gas-filled CH shell isirradiated directly by 40
OMEGA beams. To achieveasuniformadriveaspossiblewith
only 40 polar beams, the polar-beam energies are lowered in
comparison to the rest of the beams. Typical data from these
implosions are shown in Fig. 92.60.
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Nonideal Implosions: The nonideal implosion (NIBI) experi-
ment is designed to study highly distorted implosions. This
experiment, carried out on OMEGA in FY 02, used the direct-
drive configuration shown in Fig. 92.61.

Experimentswere carried out with symmetrical capsulesas

well asmachined capsul eswith a50° radiographictracer “cap”
as shown in Fig. 92.62.
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Figure 92.59
Schematic illustration of the “dynamic hohlraum™ direct-drive implosion
experiment designed to image a radiatively collapsed shock.

27527 (all Xe) framing camera

Figure 92.60

Streaked (left) and gated (right) x-ray
images of x-ray-backlit implosions of
Xe- and Xe/Do-filled CH shells. The
separation between the plastic shell and
the collapsed shock is discernable in
shotswith Xefill but not on shots with
partial D> fills

Double-Shell Implosion Experiments: The effect of Au
M -band asymmetry on the implosion of double-shell capsules
is being investigated on OMEGA. The motivation for this
work isthat 80% of the radiation reaching the inner shell ina
double-shell configuration is 2 to 4 keV Au “M-band” radia-
tion. Simulationsindicate that the inner glass shell will suffer
an ~25% distortion from an ~10% P2 M-band asymmetry at a
convergence of ~60%. To ameliorate this problem, an elon-
gated hohlraum configuration is being explored.
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Figure 92.61
System configuration for the OMEGA NIBI experiment. Forty OMEGA beams are used to drive the implosion while twenty beams are used to produce two

separate backlighting views. The forty drive beams can be adjusted to produce various asymmetric drive configurations. The beamsindicated in yellow on the
left are used for the two backlighting views.
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Figure 92.62
Target schematics (left top and bottom) for some of the NIBI implosion targets. The time-gated x-ray-backlit images on the right show the evolution of the

core asymmetry when the targets are driven with a strong ¢ = 1 mode (higher energy on the top pole).
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Charged-Particle Spectrometry in Indirect-Drive Implosions:
To assess the effectiveness of charged-particle spectrometry
on the NIF, acollaborative experiment involving LLNL, MIT
PSFC, and LLE was implemented on OMEGA in FY02.
During the experiment D3He-filled shellswereimploded in a
conventional hohlraum configuration. Wedged-range-filter
(WRF) spectrometers were used to measure the yield, spec-
trum, and spatial distribution of primary D3He protons. Initial
resultsfrom these shotsindicate that capsule areal density can
be measured with this configuration. When viewed through a
diagnostic hole in the hohlraum, the proton slowing down
indicated acapsule pR~ 42+9 mg/cm? compared to apredicted
areal density of ~49 mg/cm?. No large asymmetriesin proton
emission were observed. It was concluded that charged-par-
ticlespectrometry can beanimportant diagnosti c techniquefor
indirect-drive targets. Improvements in the diagnostic were
suggested by the results of these experiments to optimize the
technique for indirect-drive experiments.

IDrive: Work continued on OMEGA in FY 02 to implement
the IDrive technique as a high-pressure drive technique for
materials studies. One of the goals of this program is to
measure the material strength of solid aluminum (6061) at
peak pressures of ~300 kbar. The experiments include soft
recovery of accelerated foilsin order to provide the opportu-
nity for microscopic analysis of the highly strained regions of
the materials.

FY02 LANL OMEGA Experimental Program

The LANL program on OMEGA in FY 02 continued exper-
iments in support of stockpile stewardship (ACE), cylindrical
mix (CYLMIX), and double-shell implosion campaigns and
began the asymmetric direct-drive sphere (ADDS) campaign.
LANL continued NIF phase-2 diagnostic development and
also collaborated with alarge national group on the hydrody-
namic jet experiment. LANL also provided shock-breakout
measurementsfor the SandiaNational L aboratory (SNL) ablator
characterization campaign. Each of these experimental cam-
paigns has been documented in pre- and post-shot reports.
Highlights of these experiments include the following:

ACE Experiments: The ACE experiments successfully ob-
tained data in support of the Stockpile Stewardship Program.
Thisyear anew backlighter configuration was devel oped that
provides views of the experiment at two different times, thus
increasing the efficiency of the experiments. In collaboration
with AWE, afluorescence-based spectro-meter wasfielded to
measure temperatures in radiation-driven experiments.
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Asymmetric Direct-Drive Spheres: Thegoal of theasymmetric
direct-drive spheres (ADDS) campaign is to elucidate the
effect of mix on imploding capsules. The experiment uses
directly driven DT-filled capsules. The energies of each laser
beam are adj usted so that the capsul eseesapositiveor negative
drive asymmetry as measured by the second L egendre mode.
Theoretical calculations predict a difference in neutron yield
and core shape, depending on the sign and magnitude of the
asymmetry. The primary diagnostics of mix are neutronyield,
imaging of the emitted neutrons, and x-ray imaging (in col-
laboration with LLE).

Figure 92.63 presents the first simultaneous neutron and
x-ray images of asymmetric implosions. The predicted shapes
and neutron yields agree with the measurements in direction
and magnitude.

CYLMIX: The Richtmyer—Meshkov instability occurs when-
ever a strong shock passes through an interface between two
materials. The CYLMIX experiments study this instability
under unique convergent, compressible, miscible plasmacon-
ditionsin the presence of a strong (Mach number greater than
5) shock. To produce a strong shock, small plastic cylinders
(Fig. 92.64) are directly driven by the OMEGA laser.36 The
implosion trgjectory has been carefully mapped and simula-
tions tuned to match the measurements, asin Fig. 92.65.

As the cylinders implode, the marker band mixes into the
surrounding material andthemix widthismeasured. Thisyear,
extensive measurements spanning several nanoseconds were
made of the dependence of the mix width ontheinitial surface
roughness of the marker layer as afunction of time. Compari-
sons with simulations to validate hydrodynamic models have
been made.

Hydrodynamic Jet Experiment: LANL also participated in a
large collaboration that includes researchers from LLNL,
AWE, LLE, U. Michigan, and NRL to simulate jets in super-
nova explosions.3” Astrophysical codes will be validated by
comparison to OMEGA experimental data. The experiments
are presently optimizing the target and diagnostics while
designwork linking 2-D LASNEX cal cul ationstotheradiation-
hydrodynamic code RAGE is underway. Exploratory experi-
ments were conducted this year.

NIF Diagnostics: Development continued on Phase 2 fusion

product diagnostics for the NIF. A second Gas—Cerenkov
gamma-ray burn-history diagnostic, with increased time reso-
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Figure 92.63
X-ray (top) and neutron (bottom) images for three different degrees of asymmetric drive. The x-ray images are from the GM X| diagnostic, and the 14.1-MeV
neutron images were obtained in a LANL/CEA/LLE collaboration. All images are as seen by the diagnostic. The arrows indicate the perturbation axis.
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Figure 92.64

A view of atypical CYLMIX target from the side showing the backlighter
disk on the right, the Al marker band in the middle, the foam inside the
cylinder (white areas), and the viewing aperture on the left. The primary Figure 92.65

diagnostic is an x-ray framing camera with aline of sight down the axis of Measured radius versus time plot demonstrating good modeling of the
the cylinder. experiment.
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[ution, wasbuilt and fieldedin conjunctionwith LLNL. Devel-
opment continued ontheneutronimaging system (NIS), which
was a primary diagnostic for the ADDS experiment, asillus-
trated in Fig. 92.63. The NIS is fielded in collaboration with
CEA and LLE.

FY02 SNL OMEGA Programs

SNL carried out atotal of 24 target shots on the OMEGA
laser in FY 02 and al so participatedin several of thecampaigns
led by other laboratories. The SNL-led campaignsincluded the
following:

Indirect-Drive Ablator Shock Coalescence: The achievement
of indirect-drive ignition of a NIF capsule requires capsule
shock timing precision of ~150 ps. Thefirst attempts at time-
resolved measurement of the coalescence of two shocks (at
pressures of ~10 and 50 M bar, respectively) inaBe+0.9% Cu
wedge ablator were made in a collaborative effort involving
SNL and LANL. The principal diagnostic was the LANL
Streaked Optical Pyrometer (SOP).38 The hohlraum drive for
this experiment consisted of a 2-ns square pulsein six beams
followed by a1-nssguare pulsein nine beamsdelayed by 1 ns.
As shown in Fig. 92.66, shock coalescence occurred within
about 300 ps of the pre-shot calculation.

Indirect-DriveAblator Shock Velocityat 50Mbar: Theachieve-
ment of indirect-drive ignition of a NIF capsule requires
capsule ablation pressures in the range of 1 to 100 Mbars. In
FY02 SNL/LANL experiments on OMEGA extended the
shock velocity data for Be + 0.9% Cu ablator samples to the
50-Mbar level3? (Fig. 92.67). Shock velocities in the ablator
were measured with Be + 0.9% Cu step samples. Al step
witness plates were also used to confirm the shock pressure
levels generated in the Be + 0.9% Cu ablator samples.

Indirect-DriveAblator X-Ray Bur nthrough Measurements. To
achieve indirect-drive ignition of a NIF capsule, ablator
burnthrough timing must be predicted to within afew percent.
In FY02 SNL/LLNL experiments on OMEGA extended the
x-ray burnthrough3® data for polyimide and Be + 0.9% Cu
ablators into the range of 190- to 200-eV hohlraum tempera-
tures. As shown in Fig. 92.68, the experimental technique
provides simultaneous measurements of ablator x-ray
burnthough and x-ray re-emission (in the interior of the
hohlraum). Asshowninthefigure, experimental arrangements
involving multiple sample regions were also tested in the
FY 02 experiments.
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Figure 92.66

Predicted (a) and actual (b) shock coalesence as measured with SOP.
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(a) Schematic illustrating the setup of a shock velocity measurement experiment. A step target is mounted on the back of a half-hohlraum that isirradiated by
asubset of OMEGA beams. (b) Experimental data from two shock velocity measurement experiments. (c) Plot of shock velocity versus shock pressure from

the OMEGA experiments compared to data from other sources in the | CF-ablator—relevant regime of interest.
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Schematic illustrating the ablator burnthrough measurement technique used on the SNL experiments on OMEGA.
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Time and Spatially Resolved Measurements of X-Ray
Burnthrough and Re-emission in Au and Au:Dy:Nd Foils: A
mixture containing two or more high-Z elements can result in
amaterial with ahigher Rosseland mean opacity than either of
the constituents. Computational simulations of the x-ray re-
emission properties of such “cocktail” materials indicate that
wall lossesin aNational Ignition Facility (NIF) ignition-scale
hohlraum could be reduced by a significant amount (when
compared to walls made of pure Au).*3 In a recent set of
experiments on OMEGA a collaborative team including
SNL, LLNL, and GA used x-ray framing and streak cameras
to simultaneously measure the x-ray burnthrough and re-
emission of pure Au and Au:Dy:Nd cocktail samples exposed
to a hohlraum radiation temperature of ~160 eV. Although
the burnthrough measurements indicate the cocktail has a
higher Rosseland mean opacity than pure Au, the measured
x-ray re-emission fluxesfrom the two materialswere approxi-
mately equivalent.

CEA

CEA had four half-day dedicated shot opportunities on
OMEGA during FY02. A total of 19 target shots were pro-
vided for experiments including tests of the LMJ three-ring
symmetry and other aspects of indirect-drive targets. In addi-
tion, CEA participated in collaborative experiments on imag-
ing the neutron core emission using the CEA-provided
neutron-imaging system (NIS).*4
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