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Summary

• Spherical implosions offer superlative diagnostic access and ”self-backlighting” x-ray 
emission to probe the atomic physics of a localized tracer layer.

• Transition of Cr from emitting to absorbing is ascribed to a shock wave transiting, ionizing 
the buried layer.

• Constraints from additional measurements provide a robust platform for atomic physics 
studies at Gbar pressures.

Spherical implosions both compress matter to Gbar pressures and provide an 
internal x-ray source to probe that matter. 
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• Material properties depend on atomic physics.

• Atomic physics fundamentally changes at extreme 
conditions.

• Modified Ψ manifest as spectroscopic signatures1, 2

Understanding behavior of matter at Gbar pressures is important to astrophysics 
and inertial confinement fusion (ICF).
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Motivation

Two continuum lowering models yield observable differences in 
predicted spectra3 (200 eV, 40 g/cc, 3 Gbar)

New charge states, 
radiative transitions

Different prediction of 
outer shell structure

X-ray spectroscopy offers a ”window” into the 
atomic physics of Gbar systems
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• Uniquely capable of assembling material 
at extreme conditions
－ Hot, emitting core probes the 

surrounding dense shell
－ Conditions sufficient to perturb atomic 

wavefunctions

• Advanced target fabrication techniques 
allow deposition of sub-micron layers in 
the shell
－ Localized spectroscopic tracer 

minimizes gradients

• We are designing implosions to optimize 
atomic physics measurements of dense 
plasmas

Spherical implosions offer an unrivaled ability to assemble and probe atomic physics of 
dense plasmas.

Overview

2 atm D2 + 
Kr (1.27at%)

30 𝝁𝒎 CH

0.1 𝝁𝒎 Cr
(8 𝝁𝒎 from inner 

surface) 

27kJ laser drive

Implosion
Emission
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Time-resolved Cr spectrum 
during core flash

Defe
ct

Cr ionizes during the ~400ps core flash, indicating rapid change in 
thermodynamic state.
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Hydrodynamic simulations indicate that Cr is heated to ≈ 𝟐𝟎𝟎 𝐞𝐕 by a shock 
racing out from the imploded core during the x-ray flash.

CrShock

Gas
CH CH

1-D LILAC1 simulations

Spatial average
Rapid heating, 

ionization

Burn history at 6 keV

Radiative transfer

Emission after 
Cr ionization
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An opportunity exists to extend atomic physics to Gbar pressures:
1s-2p absorption depends on ionization through temperature and atomic model.

Synthetic Cr spectra1

New charge states, 
radiative transitions

Synthetic Cr spectra1 at 200 eV, 40 g/cm3 with two 
continuum lowering models
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Observed spectra constrained by additional diagnostics 
provide a rich understanding of atomic physics of Gbar Cr

• Additional constraints on 𝑻, 𝝆 are provided by other diagnostics
• Neutron yield, time-resolved imaging, time-integrated spectrometers, etc.
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