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Preface

With the advent of modern large telescope facilities (such as the Kitt Peak
and Cerro Tololo 4-meter telescopes in Arizona and in Chile, and the Keck 10-m
telescope in Hawaii) and orbiting observatories (such as the Hubble Space
Telescope and ROSAT) the quality and detail of astrophysical data being taken
today is without parallel. Many objects currently under intensive observation
exhibit temporal variations with time scales of order weeks, such as Type Ia
supernova light curves, and months, such as the evolution of the ejecta from
supernova SN1987A on its impact course with its circumstellar nebula. This
opens the possibility to test predictions of the macroscopic evolution of such
objects in real time with computer models which typically include an immense
amount of microscopic physics. Unfortunately, one does not have the luxury in
astrophysics of setting up clean, well controlled experiments in the universe to
test the ingredients, in particular the microphysics, contained in the
astrophysical models. Often times, debates about the details of various models
continue for years, and in some cases decades. Creating a surrogate
environment to serve as an astrophysics testbed would obviously be very
desirable.

: On the terrestrial front, the world has stood witness to the development of
a number of highly sophisticated and flexible, high power laser facilities
(energies and powers of up to 50 kJ and 50 TW), driven largely by the world-wide
effort in inertial confinement fusion (ICF). The charter of diagnosing implosions
with detailed, quantitative measurements has driven the ICF laser facilities to
be exceedingly versatile and well equipped with diagnostics. Interestingly, there
is considerable overlap in the physics of ICF and astrophysics. Both typically
involve compressible radiative hydrodynamics, radiation transport, complex
opacities, and equations of state of dense matter. Surprisingly, however, there
has been little communication between these two communities to date.

With the recent declassification of ICF in the USA, and the approval to
commence with construction of the next generation "superlasers", the 2 MJ
National Ignition Facility in the US, and its equivalent, the LMJ laser in France,
the situation is ripe for change. Access to these large laser facilities, present and
future, is becoming available to the outside academic community. Given the
physics similarities that exist between ICF and astrophysics, one strongly
suspects that there should exist regions of overlap where supporting research on
the large lasers could be beneficial to the astrophysics community.

As a catalyst for discussions to this end, Lawrence Livermore National
Laboratory sponsored the 1st International Workshop on Laboratory
Astrophysics Experiments with Large Lasers in Pleasanton, California, USA,
over a two day period at the end of February, 1996. Approximately 100
scientists attended from around the world, representing eight countries: the
USA, Canada, UK, France, Germany, Russia, Japan, and Israel. A total of 30
technical papers were presented. The two day workshop was divided into four
sessions, focusing on nonlinear hydrodynamics, radiative hydrodynamics,
radiation transport, and atomic physics-opacities. Copies of the presentations
are contained in these proceedings.
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The conclusion of the meeting was a consensus that there indeed do
appear to be areas where careful laser experiments could serve as an
astrophysical testing ground, a setting where emerging theories can have a "dry
run”. The challenge is to match the right astrophysics questions with the right
laser experiment. We hope that the outcome of this workshop will be the start of
a continuing dialog between the astrophysics and laser experiments
communities, which will hopefully lead to more discriminating astrophysics
experiments on the large laser facilities around the world.

It is our great pleasure to acknowledge the significant expert assistance
we have enjoyed in putting this workshop together. We are particularly
indebted to Misty Riendeau, Laurie Pinkerton, and Karen Queheillalt for their
assistance in planning, organizing, and running the conference. We also
acknowledge the assistance of Sandy Lynn and Cheryl Swinkels from our
Document Services Department. We are deeply indebted to Bruce Fryxell for
sharing his exquisite color images from his supernova simulations with us,
examples of which appear on the announcement poster, the name tags, and on
the cover of these proceedings.

*Work performed under the auspices of the U.S. Department of Energy by
the Lawrence Livermore National Laboratory under contract number W-7405-
ENG-48.

Bruce A. Remington
William H. Goldstein




WORKSHOP SUMMARY
Monday morning: Hydrodynamics I, Bruce Remington presiding

Mike Campbell (LLNL) welcomed the participants to the workshop, and
stressed the need to include academia and basic physics experiments into the use of
large lasers built for inertial confinement fusion (ICF) research. Mike pointed out that
only with outside users of lasers such as Nova and the future National Ignition
Facility, can the full potential of these ICF lasers be realized.

- Joe Kilkenny (LLNL) gave an overview of large lasers around the world that
might potentially be useful for astrophysics experiments. He then focused on laser
capabilities at LLNL, covering the parameter regimes accessible with Nova, the 100
TW laser, the petawatt laser, the USP laser, and standard diagnostic capabilities at
Nova.

Dave Arnett (University or Arizona) discussed the role of hydrodynamic
instabilities, in particular, buoyancy driven convection and Rayleigh-Taylor
instability, in the dynamics, evolution, and observables from Supernova 1987A. He
stressed the importance of testing current theories and models of supernova in any
way experimentally possible. One promising, and hitherto untried testing ground is
using large lasers to mock up subsets of the physics of supernova. The current
supernova experiment on the Nova laser is a model for designing experimental
benchmarks of the supernova codes.

Gail Glendinning (LLNL) discussed an experiment that is being designed,
together with Jave Kane (University of Arizona), a graduate student of Dave Arneit's,
to test the modeling of deep nonlinear instability evolution using the astrophysics
code PROMETHEUS. This appears to be the first experimental test of the nonlinear
hydrodynamics predictions of this widely used supernova code. The experiment has
progressed past its initial "shake-down" phase, and meaningful comparisons of
experimental results with PROMETHEUS simulations has just started.

Dick McCray (University of Colorado, Boulder) discussed the imminent
collision predicted to occur in 5 years of the expanding ejecta from SN1987A with its
surrounding circumstellar ring nebula. He summarized models and current
understanding of the ring, and predictions of x-ray, UV, and optical emissions
expected when the collision ensues. He stressed the multiple shock interactions
predicted, and pointed out the need to test modeling of these strong radiative shocks
in advance of the event.

Paul Drake (LLNL and University of Michigan) discussed the final design of
an experiment being developed for Nova, in collaboration with Richard McCray from
the University of Colorado at Boulder and Edision Liang from Rice University, to look
at the colliding plasma effects relevant to the SN1987A ring collision presented by
McCray. This experiment will use the Nova laser to generate the strong shock that
produces the laboratory equivalent of the expanding supernova ejecta. This
expanding ejecta will then impact a surrounding "ring nebula” of plasma created by
foam. The goal of the experiment is to examine the nonlinear shock hydrodynamics
expected in the collision, and characterize the radiation emitted in the multiple shock
interactions.
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James Stone (University of Maryland) described his new model for the
formation of hydrodynamic "bullets". The interesting hypothesis of this presentation
was that deep nonlinear hydrodynamic instabilities are the cause of a broad array of
astrophysical phenomena hitherfo unexplained. He stressed the need to access the
regime where radiative cooling behind the shock front affects the hydrodynamics. He
emphasized that if laser experiments could be designed that investigate any part of
this broad area of radiative hydrodynamics, then one might be able to impact the
development of astrophysics theories and codes that are still in their infancy. This is
. exciting, because this is precisely the regime that the Drake-McCray-Liang experiment
is being designed to address. o

Monday afternoon. Hydrodynamics II, Paul Drake presiding.

The theme of the Monday afternoon session, chaired by Paul Drake, was
the study of hydrodynamic phenomena in astrophysics and in the laboratory.
Three of the speakers (Grun of NRL, Dimonte of LLNL, and Schappert of
LANL) discussed experimental results from laser-based studies of the instability
of Taylor-Sedov blast waves. In such experiments, a target immersed in gas is
struck by a concentrated laser pulse. This produces a blast wave, similar to those
described by Sedov and by Taylor in the 1950’s, which takes hundreds of
nanoseconds to propagate across the experimental chamber. Such Sedov-Taylor
blast waves are believed to occur in a wide range of astrophysical systems
including supernova explosions. The experiments found that the blast waves
were sometimes stable and sometimes sirongly unstable, depending upon a
number of factors including the properties of the gas and the presence of a
magnetic field. ,

The instability of Sedov-Taylor blast waves is related to the
hydrodynamic instabilities which have produced mixing in supernova 1993],
discussed by Iwamoto of the University of Tokyo, who reported that the profiles
present in-the progenitor star can have a substantial impact on the instabilities
which occur when the star explodes. Similarly, the explosion of a type Ia
supernova is believed to produce a thin combustion layer which has some
similarities to a blast wave and is most definitely subject to strong hydrodynamic
instabilities, as discussed by Khokhlov of University of Texas at Austin. Both
Sedov-Taylor blast waves in astrophysical systems, and the shocks driven by
flowing plasmas, can become radiative, in the sense that they radiate power more
quickly than they receive power. This can lead to density collapse and strong
hydrodynamic instability, as discussed by Blondin of North Carolina State
University and by Klein of LLNL. Although laboratory studies have not yet
dealt with radiative shocks, some strongly-nonlinear hydrodynamic systems
have been studied. Experiments on the interaction of shock waves, on jets, and
on colliding plasmas were reported by Perry and Miller of LLNL. Additional,
possible experiments to look for pair production and to simulate other aspects of
supernovae were discussed by Liang of Rice. The general properties of late-time,
nonlinear hydrodynamic mixing in non-radiative systems are beginning to yield
to theoretical analysis, as Shvarts, of Negev Nuclear Research Center in Israel,
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showed. He also pointed out that the behavior is qualitatively different when a
shock passes through a previously-shocked medium, as is common in
astrophysical environments, and that this problem deserves study.

Tuesday morning: Atomic physics / opacities, Bill Goldstein presiding

The session on opacity, spectroscopy and radiation transport opened with
a historical overview of astrophysical opacity research from Arthur Cox, of Los
Alamos National Laboratory. Cox introduced the Hertzsprung-Russel diagram,
and described the large range of variable stellar systems whose evolution and
characteristics depend sensitively on radiative opacity. He identified banner
years in the ~55 year Iustory of opacity calculations, including the appearance of
Los Alamos opacities in 1964-70, and culminating with the publication of new
results from LLNL’s OPAL group in 1991-93. These improved tables evinced
enhancement factors of three in opacity owing to previously neglected bound-
bound transitions in iron. As Cox pointed out, the new calculations affected our
understanding of a long list of variable systems, including double-mode
cepheids, delta Scuti variables, and solar oscillation frequencies.

Cox went on to describe his recent work on the effects of convection on
the behavior of variables, and concluded that modern opacities may not, in fact,
fully explain observations of stellar pulsations.

The themes introduced by Cox were elaborated later in the session by
Carlos Iglesias, who addressed remaining uncertainties in stellar opacities, and
by Paul Springer who discussed experiments relevant to stellar atmospheres.
Iglesias pointed out that uncertainties in the solar interior opacities deduced
from code comparisons are as large as 35%, especially near the bottom of the
solar convection zone. The source of the discrepancies was traced to uncertainties
in the ionization balance. Present theories that describe the behavior of bound
states in dense matter do not agree, and there have been few experiments to test
them. Iglesias described recent laser-driven absorption measurements that have
proven valuable in validating some aspects of these theories, and proposed that
these experiments be extended to provide detailed input for ionization balance
models.

Paul Springer also pointed to discrepancies between models of stellar
opacity, particularly those arising from line-shapes, and the merging of lines into

qua51-conﬁnua These uncertainties are most pronounced at densities of 10° g/ cc
and lower, and experiments to access this regime are highly constrained in time-
duration, spatial size and spectral resolution. Springer concluded by describing a
nested-hohlraum design that produces the right conditions in simulations.

Steve Rose, of the Rutherford Appleton Laboratory, and the Department
of Physics and Space, University of Birmingham, followed Cox with a wide-
ranging review of current and proposed laser experiments in the UK with
relevance to radiation flow in astrophysics. Rose showed that the opacity
measurements he was describing - including high-density, short pulse laser
experiments - mapped out typical temperatures and densities in the sun. He also



described line transfer experiments in the presence of large velocity gradients, an
important effect Type Ia Supernovae, among other astrophysical systems. Rose
also proposed novel experiments to address the role of Compton scattering in the
energy balance of accretion-powered objects. He presented simulations showing
that the effects of Compton scattering on the radiation emitted from compressed
balls of DT gas was profound and measurable.

Rose concluded that the plasma conditions achievable with high-power
lasers are comparable to those found in certain astrophysical plasmas. He added
that complex laser experiments are underway in which the conditions are
conirolled to investigate specific, relevant physical processes.

Phil Pinto of the University of Arizona picked up one of Rose’s threads in
a talk on Radiation Transport in Flows with Large Velocity Gradients. He
described the light curve of Type Ia supernovae as a competition between
radiaoactive energy deposmon, adiabatic decompression, and radiative transport
to the surface. The transport is dominated by line absorption in large velocity
gradients. Escape is effected through exotic processes like Doppler downshifting
of thermal radiation and “photon-splitting.” Outside of the supernovae light
curve itself, there exists little data to guide the theorists in modeling the opacity
of such unique systems. Pinto suggested that laboratory experiments could test
elements of the models by measuring transport in laser-produced blow-off
plasmas, and by testing iron group atomic physics and branching ratios.

Tim Kallman of NASA and Duane Liedahl of LLNL discussed the
modeling and laboratory simulation of X-ray photoionized nebulae. The
opportunity to perform detailed studies of the X-ray emission from these
accretion-powered sources is among the most exciting prospects in astrophysics
for the next decade. But the analyses of spectra from accretion-powered X-ray
sources, which will comprise a substantial portion of the high-energy
astrophysics database, are likely to severely tax the capabilities of the currently
available analytical resources. The reason is clear: understanding of atomic
physics processes and the matter/radiation interactions in X-ray photoionized
plasmas is sketchy.

The essential aspect of an X-ray photoionized plasma is the high degree of
overionization relative to a steady-state collision-driven plasma at the same

temperature. The ionization state is characterized by the quantity, § = 4nF/n, the

ratio of the ionizing radiation flux to the electron density. Whenever € exceeds
~10 (cgs), electron impact ionization is less important than photoionization in
estab]ishing the charge state distribution. Similarly, the role of electron impact
excitation is reduced in comparison to recombination cascades as a population
mechanism, At present, the physical processes of "X-ray nebulae" are modeled by
complex computer codes which, nevertheless, rely on untested, simplifying
assumptions and approximations.

Liedahl pointed out that conditions achievable in targets using the Nova
laser, and conditions projected for the planned National Ignition Facility (NIF),
have excellent overlap with the parameters expected to characterize accretion-
powered plasmas. In proposed experiments, uniform, photoionized plasmas are




created by illuminating a low density gas target with broad-band ionizing
radiation from a laser-irradiated high-Z converter target. Preliminary
experiments and predictions for gas cell targets have already been made and a

- box-like target has been designed in which argon gas is contained by thin-foil
windows. This target allows argon pressures from 25 Torr (corresponding to ion
densities near 1018 cm-3) down to pressures several orders of magnitude lower.
A gold converter spectrum has also been measured on the Nova Two-Beam

Facility using .53 mm light in a line-focus geometry at an irradiance of 1014w

cm2. This spectrum has been used to estimate the values of x achievable at laser
facilities that are precisely those expected to obtain in the X-ray emitting regions
of accretion disks. Design calculations for an argon experiment using the 25-Torr
gas cell and the measured gold spectrum have predicted ionization into the
middle of the L-shell. Then, using absorption and emission spectroscopy,
respectively, to measure ionization distribution and temperature, a direct
comparison with the predictions of astrophysical simulation codes could be
carried out.at known - and controllable — density (gas pressure) and ionization
parameter (luminosity). '

Tuesday afternoon: Radiation transport, John Castor presiding

In the Tuesday afternoon session Nigel Woolsey (LLNL) began with a
discussion of ”Spectroscopy of Compressed High Energy Density Matter.” He
reported the results of a series of Nova experiments on implosions of capsules
filled with D2, CD4, N2 or Ne, doped with Ar, whose K-line spectrum is
measured. The object of the experiment was to make a sénsitive test of line-shape
theory as applied to the K lines, and in particular to assess the importance of ion
dynamics to the line shape, which should be a much greater effect with light
perturbing ions (D) than heavy ones (Ne). The same line shapes also provide
diagnostics of temperature and electron density. The theoretical comparison was
made to the FLY code of Lee, et al. The experimental results confirmed that the

FWHM of the He-like Ar KB line is a good density diagnostic, while the Li-like
satellites of the same line provide a Te diagnostic. The surprising experimental

result was that the central dip in He-like Ar KB, indicative of a lack of ion
dynamics, was absent in every case for Wthh the spectrum could be measured,
perhaps owing to gradient effects.

Dick More (LLNL) described “Physics on Short Pulse, High Intensity
Lasers,” referring to the capabilities of LLNL's Ultra-Short-Pulse laser facility.
The USP can deliver a pulse of 0.1 Joule with a pulse length of order 100 fs, and
the promise is to perform experiments on matter at >1 keV temperatures at solid
density, since the heating and ionization time scales can be made short compared
with the time scale for hydrodynamic motion. A variety of LASNEX simulations
was shown to indicate how the sample approaches LTE and steady-state
ionization equilibrium as a function of time and laser intensity. The
interferometric techniques for probing the velocity and density distributions in



the exploding sample were illustrated. Finally, some results were shown for the
spectrum of a sample of germanium.

“Femtosecond-Laser Driven Heat Waves in Solid” was the topic of the
presentation by Andrew Ng (University of British Columbia). The stimulus was
the experiment by Vu, Szbke and Landen with a buried layer of carbon in a glass

target exposed to a 5x1014 W/cm? intensity for 100 fs. The preliminary analysis
of the experiment used LASNEX and the classical (Spitzer) conductivity model.
In his study, Ng applied a hydrodynamic simulation coupled with a wave
equation solver (for the EM field), and used a more sophisticated plasma
conductivity theory. These simulations elucidate three different phases of
thermal wave propagation: skin-depth deposition, thermal conduction and shock
compression. The suggestion is made that the high velocity observed in the Vu,
et al., experiment might have been due to laser penetration. It is concluded that
accurate measurements of front velocity are a good discriminant for models of
electrical and thermal conductivity.

Astrophysics was represented in the session with the presentation
“ Asteroseismology of White Dwarf Stars” by Paul Bradley (LANL). Bradley
reviewed the classification of variable (pulsating) white dwarfs into DOV, DBV

and DAYV, based on surface temperature, ranging from 10° X for DOV to 104K
for DAV. These stars are oscillating in a mixture of many so-called g-modes,
which, like water waves, are based on buoyancy. The evolution of the cooling
white dwarfs is modeled, and at each point of its evolution the spectrum of g-
mode oscillating frequencies is computed. Fitting the computed spectrum to the
observations of individual stars allows their masses and surface temperatures to
be inferred, and also the amount of residual hydrogen-rich material left at the
outside of the white dwarf. The total masses that are found agree well with other
estimates of white dwarf masses, and with masses for white-dwarf progenitor
stars. The residual hydrogen masses turn up some surprises, and suggest that
DA and DB white dwarfs have different origins.

Anatolly Orishich (Novosibirsk) discussed “Interaction Processes Between
Exploding Plasmas and Media in Space,” based on experiments with the KI-1 CO2
laser at the Institute of Laser Physics of Novosibirsk State University, which can

deliver 1 kJ to targets up to 100 pg in mass, possibly with a magnetic field of 1 kG. The
experiments are intended to simulate the deceleration of nova and supernova ejecta
by interstellar material, the movement of plasmoids in the earth’s magnetosphere,
interplanetary shock waves generated by solar flares, and the influence of the galactic
magnetic field on the expansion of planetary nebulae. The governing processes, which
are studied using KI-1, are the collisionless interaction of super-Alfvenic plasma
flows; collisionless energy coupling to the background gas; interaction of the plasma
flow with a magnetic field and the role of turbulence; the formation of compact
plasma shells; and ionization waves.
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An LDRD-funded Petawatt modification to Nova will be

used in FY'97 for Fast Ignitor Physics (FIP) experiments |u
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The Target Physlcs Program Advisory Board The Large Neutron Scintlllator Array (LaNSA) Is located

Committee (TPPAC) consists of: ) under the Nova target chamber.
: tabaam Hova ) 10 laser
Or. Barrett Ripin, Chalrman American Physical Soclety " : 1a1gat ehambes °n CrwD
Or. Don DuBols Los Alamos Natlonatl Laboratory ® y - QR -~ -~
Prof. Roger Falcone University of Callfornla at Berkeley © 0 nsce
Dr. Damon Glovanlalil Sumner Assoclates )
Prof. Hane Qriom University of Maryland 4 l \
Dr. Jacob Grun Naval Research Laboratery L
Prof. Chan Josh! University of California at L.es Angoies e
Dr. Niches! Key Dareshury-Rutherford-Appleton Laboratory
Dr. Richerd Petrasso Massachusetts institute of Yechnology -
Dr. Philkp Rumasby Exitech Limited -
. Prof, Woll Seke University of Rochester 1\

Didiiscior A o e
ainclor AT

For FY96, a peer-reviewed pilot scheme for
University Use of Nova for high energy density
physics Is in place and working 1

o A call for proposals was made In Spring '95 with the criterion of C
quality high energy denasity physics, with small funding by
ORIF via LLNL for miscellaneous expsnses. Shot expenses
aro pald for by LLNL-{CF,

o Eighteen proposals wore racsived In astrophysics, atomlc
physics, high dansity physics, x-ray instrumentation, high
ma_d‘netl’o flelds, plasma physics and ICF .

o -An ekibriidl 13-member committee of sclentists (Ghalred by
DZ. B. Ripin), Judged the proposals and recommended procoed- K

Ing with riine proposals, anticlpating using ~300 shots In FY96

e By Decomber '95, ~33 shots had been used with promising
rosuits in five of the approved Investigation

For FY87, the pllot scheme could be expanded with Increased
resources {dentifled for supporting research at Universitles




: ' The laser and dlagnostic capabllity of Nova has steadily

i | crease
: Higher Speed Gating has Clearly Demonstrated _ Increased
. Reduced Motional Blurring Fv | es}es]| 67]) 68] s9)oo | 91190203 |osjoes]eslor] |
1000 oh
Direct drive Implosion of a qlass microballoon at 12 ' WAL
Initlal radlus on the Omega laser :
1 1 |
o
mollonal
¢ urring
] —»u:!;ifn‘ - !
:} . (24
35 pseoc gatin, 100 psec gating ' . U N SIS [ O S
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We have overcome the limitations of spatial and

Nova has approximately 60 established diagnostics: temporal scales for weapon physics on Nova by
most of them are run by the facility T} advanced diagnostic development - L)
Xetayimagers [ Nauteon dizgnostica no J
LerT e i vty Sawaaact & Rt NEmcPOs 3 « temporal resolution of 30 psec with x-ray framing cameras
{ Qulod sef oy kambg saneis 1 [ 1) N HTO4QuAY 2
4 Brakod MR 249y brager HSDSS ! Hghtas, Ngh saa. spectiemater LaNSA 1
i g s mictacope A / etumtet svute it NTOP o « gpatlal resolution of 3 pm FWHM with xrl microscopy
é W "::u nhmlcopn :;" : m& " :'ia O'OM 1pecteIcepy m&] t '
; Lage s bckil s , (iamy specronst + soft x-ray backlighting with xrl's for Interferometry and
) edlriupraehaon v : deflectometry of hohlraum plasmas
mmmm Cuwoe ] .
B ! * high-energy x-ray backlighting: photon energles up to 6-9 keV,
Xetay snetiromerdrs . Quilcal sneciometergand Imagars delay times up to 50 nsec
Sueahed HSCBKeamsien 2 Sueidody siad Inagw ° 300 3 »
Hoh resclon sireahed smeter  HICXS 1 Suoakad optical spactiematony 1, * 308858 .
e e e A It N 1 ¢ high-resolution x-ray spectroscopy
4 Oeted arysind TOrS ) Colarimorss ar12y 0 ]
Catod naging XLV spssvremiior FIUTV: . Fulbosm Bach sconn 0 1
Y Low reoshution 2oy dode arioy Dan ]
4 Low rea. Ngh snongy Busressary FREX 2
Spatial eohermnes dagrovie ]
Creaing Ineidenes spsetrenisr COFFN ]
1
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Much development motivated by weapon
physics needs

AN EW-¥ MORE COMPREHENSIVE SET WILL EVOLVE FOR THE NIF]
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Elghteen proposals for University Use of Nova

were recelved (continued) L]
Elad Tlle Prncipal Investigator
Plssma Physke Hot Electron Transport .Kado, CRE.OL
Translent 4-Wave Mixing and Thomson Joshl, UCLA
Scattering
g troscoplc Investigation of Colllding Clothiaux, Rubum u.
Flreball Experiments Peterson, U. of Wisconsin
X-Ray Laser tHova Experimants In Thomson Scattering DeQroot, UC Davis
%-May Disgaestics  Photopumplng for x-a;y Gain at 10-50 A Elton, U. of Maryland
IcF Monochromatic X-Ray Crystal imaglng Gabol, CREOL

Interferometry using a 155 A soft x-
recently demonstrated

Dlrect Deive Implostons with Foam Butfer

F Protons {or pR and Symmetry
n

ray laser was

W, Imperial College
Potrasso, MIT

pieta
S E R P ee

[ 2A0]
Ty
1415 0l

i

o 200 400 600 800
X [um)

Interferogram obtainad-
without secondary plagma
ahows excellent fringe '
viaibllty. This disgnostic wii

- |scon be used to measure
elsotron denasities in large
- lsqalelength plasmas.

Accessibility of U.S. ICF lasers to non-ICF users €

FY96 pliot program for University Use In place

Shots, targets, miscellaneous support supplied

18 proposals/9 agreed

Proposals Judged on sclentlfic merit by
Independent review committes

For FY97 new call for proposals expected In
Spring '86

Shots, targets, miscellaneous support and
small contracts expected

Nova

bt

\

— Natignai Loner Facllity in Placa
— Shots, tarql;ta through Rochester, grants
through DOE
9 proposale/é agreed In FY08
Call for proposals for FY87 In summer
- Contact J. Knauer

Nike (NRL) — Leoss formal arrangements
Trident (LANL) Contacts — Steve Obeneohaln (NRL)
— Bob Watt (8NL)

Draft four year plan for use of Nova

}gQg : 199; a 3992 1999

Ignition orlented SBSS
ORI R et jea—

Wl g 3e ot 1o ey ——————

10 loonead Bves Foaelng

F‘u-MMMd mEETTISY

l:n;u'nliim"—"

[Tho annhual and quinquennial planning processes are In process |




we have achieved >50 joules in a 400-fsec pulsc :
producing a new world record for peak power (125 TW) |

’

EEE T

LR,
dTalfise

OMEGA has irradiated targets
with >37 kJ UV in 60 beams

Laser facilities in ICF have large and diverse capabilities
S for high energy density physics experiments 0

Nova (LLNL - 1984) - 40 kJ/30 TW, 0.35, 0.53 um; primarily Indlrect drive
ICF, also planar direct drive ICF; HEDP physics on opacity, rad-
hydro, EOS, x-ray laser. i
~ 100 TW (1995); 100 TW, 1 ps, 1.05 um; Indejonileni beam synched

with 1 Nova beam; fast ignitor ICF; Hign density plasmas
~ PetaWatt (1996); 1 PW, 1 ps, 1.05 pm; 1 Nova beam synched with
the other nine beamas; fast ignitor ICF; High denslty plasmas

Omega upgrade (U Rochestsr -1885) — 30 kJ/30 TW, 0.36 pm; primarlly
direct drive imploslon taallity; potentially can do Indirect drive exps.
with -20 TW.

Trident (LANL - 1992) - 2 beams, 100 J/beam 1.06, 0.53 um + a backtighter
beam; dlagnostic development, plasma physlos, planar hydro and
direct drive .

Nike {NRL - 1995) - 2 kJ/0.4 TW, 0.26 ym + a backlighter begn _ nar

leact sdeivn aned ntanar hurlea avne




Hydrodynamm Instabilities in Type II
Supernovae

Dave Arnett
University of Arizona
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Supernova 1987A Rings
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Hydrodynamic Instability Experiments for
Supernovae

S. Gail Glendinning
Lawrence Livermore National Laboratory
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Hydrodynamic Instability Experiments for
Supernovae

Moller of al., density at Ho-H intorfaco. 1212557 s

Nova expanmenial gata al Cu-Ghe satatana
-l0g,(exoosurel 1234 6 ne

$.G.Glendinning', D.Arnett?,
M.Berning?, J.Castor!, J.Kane?,
B.A.Remington!, A.Rubenchik!
LLNL; 2Unlv of Ariz, Tuscon;

3Heinrich-Helne-Universitat Disseldor; ‘Univ
of Calif, Davis

Workshop on Laboratory
Astrophysics Experiments
with Large Lasers
Pleasanton, CA

26 February, 1996

On Nova, we can examine hydrodynamic growth
from well-characterized initial conditions at
relevant conditions

Supernova measurements (SN1987A) and simulations indicated important
role for turbulence and mix at every interface
Conditions for Nova experiments are similar to SN conditions

+ Shock pressures ~100 MBar (10" dyn/cm?, 10" Pascal)
* Growth scaling (time*Yacceleration/spatial scale)~10

+ 30 ns laser experiment = about 10 hrs of hydro (SN) growth
» Reynolds number ~ 3x10°(about 107 for SN)

» Temperatures: 10-30 eV (100-500 eV for SN)
Goals:

o first year;
= identify and characterize suitable drive and target
+.axamine growth (two-dimensional)
 connect with two-dimensional astrophysical modeling
» second year:
* two-dimensional experiments
¢ feed-through (multiple layers)
= single and multiple initial modes
* model with astrophysical codes
» third year: examine effects of three-dimensionality
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This talk describes current experimental status

» We have examined varlous shaped drives and térget
configurations

¢ We have best results from single-shock experiments

o Experlments with two-dimensional (single-mods) initial
perturbatlon are in progress

» We have some quantitative comparisons with codes
o HYADES for one-dimensional predictions

¢ CALE and PROMETHEUS predict hydrodynamic
evolution of material interface

- For thin targets, we can backlight through the

target and use the variation in x-ray transmission
as a measurement of surface modulation

Our experiment uses x-ray drive to drive a planar
interface and x-ray radiography to determine the
interface position and modulation

/-
N

i\

* The primary diagnostic tool Is a time-resolving pinhote
camera with multiple frames

* Instrument spatial and temporal response functions are
well known
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We micasure the x-ray drive with time- and Supernova relevant measurements to date

spectrally- resolved absolutely calibrated x-ray include face-on and edge-on views
. 15 um Cu decelerated = T T T T ] ]
ledeS (DANTE) - b CH t=7.5 ns §~ 0.4 i:r:'::s::n:o'amenul .
02577 20 yorT vl B 031 rwrevammoncy
X-ray drive 120 4 Dan g ;
> e Stumulane S o2 ~
2 o020/ £ ol - A =
< 4% ¢ 3 800 um 2 o0l .
3 2 & o - s 1t
g 0i5- 5 & 3 00 *
g dwo B = gl ) - 2 S eees MY N N S
s o0 3% " e o 2 4 8 8 10
b= = - . - N .
§ 0.05 Laser power 7° g ‘;'on 2-0 radiograph T i T Tlm? (nS)l T T
L —_— | 20~ -1 15 um Cu decelerated :gg _'_ o e ety :
0.00 t X 1 0 0 [ [ \ [} 1 - by CHZ' t:‘-l‘s ns E 100} .‘45.:"‘ " n
Y 4 ) 00 05 10 15 20 25 30 - e Fiducial S ol ) o i
Time (ns) Tere = § ol . it ]
* We check the x-ray drive measurement with shock Cu package © ;g B 1
velocity measurements 3 Hohlraum wall - 7]
* One-dimensional codes (typically HYADES) use X-ray Time —————» ¢ ‘é 1 ; :', ; ; (‘5
?;:\ée;lr:easuremenls to predict conditions within p]ana{ 1-D radiograph Tinke (0s)

+ Two-dimensional imaging is required for measurements of modulations

+ Cu package was too thin for this drive; muitiple shocks reached the
interface (not enough growth)

* We map 1D results as conditions for two-dimensional
codes (CALE, Prometheus) just prior to arrival of shock

at interface
Increasing the Cu thickness improves the We have a sequence of images vs time (from 3
velocity profiles at the interface shots) which extend to 35 ns and show clear
Interface velogity in laser expenment: evidence of nonlinear behavior
g' 5x10° —T1"""7 =10, -
.9 ‘E 4= ‘5 pm ihick C., f s Y the T -
:‘d g 3 \ 85 1 1 o Cu
;o
E 0 e
ia £ 1H ’
.it) 0 ! 1 /I } ~
: 3 0 2 4 ¢ & 10
0 a ‘rll L ]
o i lntedace vefbeity in SN T
» Cu was 80 pm average thickness ~ § 'O’ T :
(plastic 500 pm thick) - sl g :
* Ripples in Cu were A=200 ym. n;=20 $§ L B
um 2. 2 e TS Simulated radiographs
* 1 ns square drive produces shocks § J
which coalesce before reachingthe 1 - Initiaf dhinnest *
back surface of the Cu § , Cu
o :"(g"g"g?ry“s\aafag%"r?v“g?uf;g:tgfues for 2 P Y S + Phase of modutation has inveried. as anticipated




CALE predicts similar structure to that obsetved

CALE simulation Data, t=30.4 ns
att=30ns

8 B0 oo

400 pm

,B * The code predicts significant spike-formation and
.gll)l-up B TS CALE and PROMETHEUS both predict bubble
served e P and spike positions very well

Bubble and spike positions
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* Early in the evolution, Fourier harmonics are easily
determined and show some dilference between codes

and data



Co]]1s1onal of SN1987A with Circumstellar
Nebular Ring

. Richard McCray
JILA, University of Colorado
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An Experiment Relevant to the Supernovae
Ejecta-Ring Collision

R. Paul Drake
Lawrence Livermore National Laboratory
and
University of Michigan
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An Experiment Relevant to the
Supernova Ejecta-Ring Collision

Workshop on Laboratory
Astrophysics Experiments
With Large Lasers
February, 1996

Liborsiory Avoshyes 34§ Work partially performed undat the suspees ol ihe U S Depanimunt ol Ennrgy Ly the Lavaence
’ Livetmore Nationst Ladorsioly
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A. Paul Drake
Lawrence Livermore National Laboratory,
and Unlversity of Michigan

The Ejecta from SN 1987A are now
plowing through the circumstellar matter

polar HIl —-lonization
axls freseeeeen, front
H Il region |__Cool From:

Shell Chevaller & Dwarkadas

(RSG) Ap. J. 452 L45 (1995)

Hot
Shocked,
Wind .
(BSG) |

FreeWind |
(BSG)~

~ Shock Front

Free Wind
(RSG)

-Equatorlal Riny

Radius

® The structure developed during this period will determine
the emlssion we observe when the ejecta strike the ring

@ lh any event, the emission from the ring
* willbe wmatic and Informative

Here's what I'll show you

L

1
> SN 1987A provides the context and real-time data
> How we can simulate the SN environment using Nova
> lIssues and options for such an experiment
Collaborators:
Lawrence Livermore Natlonal Laboratory
Bruce Remington, Kent Estabrook, Gall Glendenning,
John Castor, Rlch London, Claire Max
Universlly of Colorado, Boulder
Richard McCray
Universlty of Callfornla, Davis
Alexander Rubenchik
Rice Unlversity, Houston
Edison Liang
Lo alony Mcpmici A}
A rough schematic of current-day profiles
will motivate the layout of a simulation experiment
SN 1987A profiles at ~ 10 years/§2§°k°d
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The H Il zone, if present, will cause higher densities and lower temperatures
in the shocked matter, Both forward and reverse shocks will ‘n strong.
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Here is one way to simulate
the circumstellar environment

Plastic Disk:
"Stellar Matter" .
Plastic Disk:
Laser (or X-rays): : “Ring"

“Explosion”

Vold  ‘upderdense foam:
"Clrcumstellar matter"

Let's examine this one plece at a time .....

3 Laborstony Abephymcs 24 « §
¥
o0

The ejecta can drive a strong shock
in low-density foam

Interaci'on occurs where Pojacta ~ Proam

Thus x/t= Cojacta I (4 Pyoits Proam )
Ejecta

So the upstream Mach number is

M, = (/) Cloam = {c

A strong shock requires (¢, ., / C(,) > 2,

so preheat of the foam must be controlled

Underdense foam:
“Clrcumstellar matter”

elacta / ctoaq}) In (4 Psolid lploam )
~iN400=6

We can make ejecta much like the star does

Plastic Disk: 100 pm thick CH,
“Stellar Matter"

Ejecta have SN-like features :
T o vt
a o< r/t?
high-velocity, cool matter

Laser (or X-rays):
"Explosion"

Crude model-isothermal rarefaction:

P =4Pgong ©XP - ()dce]octan

frradiate 1 mm dia,

= und d
Cause a 2 10 eV shock \ Cojocts = Initlal sound spee
to break out back slde Electa;
~ 10 eV plasma

For H, ¢, = 30 km/s at 10 eV and Is e T!2

Foam preheat limits the
ejecta velocity

The foam Is irradiated by the shocked disk
untll the ejecta strikes it after ~ 1 ns.

. Assume that the foam absorbs °Tsa4 forins

We can infer a preheat depth by making Ty, . = T
in the heated region

For C foam at 20 mg/cc one tinds

= 3
dpwhua' =3 pum (Tgg /10 eV)
Thus, shock temperatures up tc several times 10 eV

are plausible.

Preheat is more of a problem as density drops and
atomlc mass Increases.
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We can diagnhose the shock using
established techniques

radlography: .
bolometry: density .
temperature\ g:
shocked , disk ‘
imaging: ‘
matter shock struéture
electa

backlighter .

Typical dimension:
Typlcal resolution:
Timescales:

1 mm for entire target; 100 pm for shock
10 um
1 ns for shock propagation; 100 ps for diagnostics

Labaratony Athophysca 294 « 12

We are improving this design
and working on scaling

> Modeling x-ray driven designs to get stronger, more uniform shocks

> Exploring doped foams to obtaln radiatively-cooled shocks —

plan to greatly vary the hydrodynamic Instabliity growth rates

> Varying the geometry to seek scale-free behavior

> Using gas rathier than foam to access collislonless shocks

> We will propose Nova shots this spring and

hope to obtain the first data during the next year



Formation of "Bullets" by Hydrodynamical
Instabilities in Stellar OQutflows

James M. Stone
University of Maryland
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Use of the word “bullet” s provocative

Allen ¢ Burton (1993) refer to ™

c muv?u?o ejection
of matter. ”

Tmplies Knots are qecelerated to supersonic speeds
ot ‘source

But <tudies ‘of nteraction of dense clump with
supersonic  wind  show this (s diffievlt
% clump is fragmented
¢q. Stone 4 Norman (1992)

Klein, Meiee € Colello 1199%)
Yu ¢ Stone (1995)

An alternatve n%_g&._.o:.. “bullets” form In st In

o supersonic wind

Stone € Norman U13934,19935, 199%)  demonstrated that
dense Knots can form in _a_.or_.\ collinated ou}fhws
e, protestellar .wnrv.
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The Hydrodynamics of Shock-Cloud
Interactions in the Interstellar Medium

Richard 1. Klein
Lawrence Livermore National Laboratory
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