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1. Introduction: possible astrophysics spifs from ICF?
(ICF vgscourtesy of Dan Casey and David Schlossberg)

2. Discovery Science on NIF
(a) Nuclear science
(b) Materials science
(c) Hydrodynamics
(d) Plasma physics

3. This will be a survey talk
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The past few years mark a historic turning point for KED
We now have an igniting plasma in the laboratory!

Laser Entrance Hole (LEH)
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Generalized Lawson Criteria for Inertial Confinement Fusion ignition:

GLG=PpeatHO ¢ 0B MEZ GKSNB 106¢0 Aa |
GLC= (p/420Gbark,/50mm) > 1), AbtShawarel(2022)

H. Abu-Shawarelet al, PRL129, 075001 (2022).

H. Abu-Shawarelet al, PRL132 065102 (2024).

O. A. Hurricane et al., PRL32 065103 (2024).
(Vgscourtesy of Dan Casey)o. A. Hurricane et alPoP28, 022704 (2021)

M.D. RosenPoP3 1 , 090501 (2024) , AThe | ong r



Inertial Confinement Fusion, rampant instabilities at

Daniel Casey

On behalf of the NIF indirect drive collaboration
HEDLA 2024 banquet talk

Tallahassee, Fl

May 29", 2024

LLNL-PRES-850405

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under contract DE-AC52-07NA27 344. Lawrence Livermore National Security, LLC



'
HEDLA2024 Conclusion

This is what 5.2 MJ looks
like In the laboratory:

What can we learn from it?

How can we use It?

LLNL-PRES-850405

This work was performed u d h p of the U.S. D epartme fE Ele)% by Lawren L vermore
National Laboratory under contract AC5 2 07NA27344 wrenceL rmore al Security, LLC




Hydrodynamic simulations of thermonuclear flamfonts, and the deflagration to
detonation transition are important for understanding Typ&A supernovae (SNA)

A Typela supernova$NIa) is the explosion of a carbboxygen white dwarf (WD)
due to accreting matter from a companion star until reaching thermonuclear runaway

[S.C. Leung, MNRAS 454, 1238 (2015)]
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’
HEDLA2024 Conclusion

This is what 5.2 MJ looks
like In the laboratory:

What can we learn from it?

How can we use It?

LLNL-PRES-850405

This work was performed u d h p of the U.S. D epartme fE Ele)% by Lawren L vermore
National Laboratory under contract AC5 2 07NA27344 wrenceL rmore al Security, LLC

Burn front unstable to
LandauDarrieusnstability -
In a TypelA supernova?



Corecollapse (Typ&) supernova simulations also suggest strong
hydrodynamic instabilities leading to hydro mixing and turbulence

343‘-06 5.e+03 l.e+04 2.e+04 243704

Figure 1. Regions of intense vorticity during the stalled-shock phase of the
explosion of a CCSN. The color code shows the amplitude of the vorticity.
The data are taken at 210 milliseconds after bounce for a 20-M progenitor.
The progenitor model was computed with MESA (23] 24], while the simulation
was performed in 3D using the FLASH code with M1 neutrino transport [25-
27]. Turbulent convection immediately behind the shock is clearly visible and is
characterized by the presence of small tubular structures with intense vorticity.
Similar structures are known to characterize incompressible turbulence in periodic

[GerardNavo, Darmstadt, Coreollapse supernova
simulations with FLASHAp.J951, 112 (2023) ]

Isentropysurfaces of a 281, model,
at 390msafter corecollapse bounce

500 km

[A. Burrows, Princeton, MNRAS 491, 271
(2020),simulations with  FORNAX 3D code]
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Discovery Science on NIF

8% of NIF facility time goes to Discovery Science, which leads-#0~3tbts/yr

The areas of Discovery Science research correspond to nuclear science,
materials science, hydrodynamics, and plasma physics.

A few examples from each area will be shown.
Nuclear science Materials science and EOS

clouds

gaseous hydrogen
liquid hydrogen

metallic hydrogen

core
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Nuclea : : :
scienc Progressawards the first plasmaelectron screening nuclear experiment on NI“
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nge'ﬁgg Progress dwards the first plasmaelectron screening nuclear experiment on I\“
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Materials
science »-*\

Materials science

clouds
gaseous hydrogen
liquid hydrogen

metallic hydrogen

High pressure materials scie
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Ramp compression of diamond to Serapascals(TPa) on NIF LLg
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Diffraction experiments on ramp compressed diamond to 18 Mbar on NIF observe
no phase transitions (no BC8), at least for the ~10 ns duration of the experiments

A
XS laser

(optional)

(not to scale)

NIF laser drive

[A. Lazicket al., Nature 589, 532 (2021)]
[R.Rygg RSI 91, 043902 (2020)]
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AExtreme metastability of di amug
to the BC8 post -diamond phase of <car bono
B diamond M defects liquid B BC8
600GPa. 7750K L NCD pre-melting curve 2000 GPa, 5500 K

[NguyenCong,
l. Oleynik et al.,
J.Phys.Chem.Le{R024)]
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Materials — The melt curve of iron (Fe) was measured at pressures up to“
1000GPa(10 Mbar) using time resolved diffraction on NIF
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Material i i 1
caeras A measurement of the shock driven equation of state ofHg, to near-Gbar “

pressures, relevanto carbon envelopes of white dwarfswas carried out on NIF
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Be was studied in NIF Discovery Science experiments at dense plasma“
conditions up to 3Gbar(300TPg pressures using XRTSr&y Thomson scattering)
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A DS platform that can probe the properties of the deep interiors
of exoplanets has been developed on NIF
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CoRoF7b is a supeEarth exoplanet that orbits ati{pe star, and has a mass of ~4.08x M
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Hydrodynamics

Hydrodynamics and turbulent flows

B :

remington_HEDS_seminar_2024 v5.ppix



e It appears we are not the only ones interested LLg

In turbulent flows and mixing
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Hydro

We are not the only ones interested Iin turbulent mixing LLg

FIG. 7. Vincent van Gogh, The Starry Night, Saint Rémy, June 1889. Copyright The Museum of Modern Art, New York.
< https:/isww.moma.orgcollection/works/79802 >
remington_HEDS_seminar_2024 v5.pp

[Ye Zhou et al.PoP26, 080901 (2019)]



Hydrodynamics

Hydrodynamics

Core collapse supernova simulation for SN19
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Muller, Fryxell, and Arnett,
Astron.Astrophys251, 505 (1991
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"W Core collapse supernova simulation for SN1987A predicts |Je S

scale, deep nonlinear RT evolution from the core outwards

| T [

: : : 3
r (10°cm) r (10 cm)

K. Kifonidis, AA 408, 621 (2003)
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"4 Core collapse supernova simulation for SN1987A predicts | e

scale, deep nonlinear RT evolution from the core outwards

r (102 cm)

t =5,000 sec

0.2 06 10
r (102 cm)

r (102 cm)
K. KifOﬂidiS, AA 408, 621 (2003) remington_HEDS_seminar_2024 v5.ppék



Hydro Classical RT instability experiments have been done on Omega and NIF in dir
drive, cylindrically convergent geometry, at a factor of ~3 difference in spatial s

Diagnostic was endn radiography onto GXD
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"Yi°Radiative shock stabilized Rayleigtaylor (RT) instability experimerp
are being carried out on NIF through the Discovery Science prog
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Hydro Unique regimes of turbulent hydrodynamics observed reduced thermal
conductivity due to micro turbulence on NIF. Is there a useful followexprmnt?
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