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Sc K shell constrains T (), supports spatial uniformity SCRAM accurately predicts the Ge charge-state distribution during 1-D

Synthetic line ratios sensitive to T Synthetic line ratios insensitive to n, expansion, but discrepancy emerges at late time
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- Spectra from non-local-thermodynamic-equilibrium (non-LTE) plasmas
of open-shell configurations are necessary to benchmark and discriminate
between conflicting atomic models

- Synthetic Ge L-shell spectra generated at T,, n; inferred from diagnostics agree with
observed spectra at early times
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- After onset of radial expansion near 2.5 ns, synthetic spectra indicate substantial
recombination, contrary to indications of a steady charge state in observed spectra
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- Recent buried-layer experiments constrain the evolution of temperature Tg
and ion density n;, and record Ge L-shell spectra
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- While atomic kinetics models show good agreement with spectra recorded
at higher density, they are unable to match data recorded at lower densities

Intensity (arbitrary units)

Te distribution . § I ‘h/m\

LEEN I
: " . —— . : T, = 2000 eV, n; = 4.5 x 1019 cm~3
Planar targets produce uniform, uniaxially expanding plasma : OF | | | o ane
and a quasi steady-state temperature [1] Spectrum fit - | '

' W ' — Data = ' ) # Rapid release
| ; |
| — Fit /\ / | Nl
AT
= | | | I

‘ Hegat |

\ Ly He Ly 2.5

Li-sat o | . .
OH"/UL_A A,.f\‘__f_A_“ ﬁj\ *gﬁ‘—‘k——

4200 4600 5000 5400 2000 2500 Time (ns)
Photon energy (eV) Temperature (eV)

-l
o
o

Laser and diagnostic geometry
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- Spectra exhibit Li satellites, He-like W (2p3/o — 184/9), Y (2p3/2 > 181/9), and Heﬁ;
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- State populations are found by solving
coupled rate equations for population
n of each state p of all charge states

A(g, p) Discrepancy can be exploited as a mechanism to infer kinetic rates

Level p Y
A(p, 1) - The accuracy of the atomic kinetics
’ models is dependent on accuracy of
Ground rate coefficients
' “Atom” - The accuracy of recombination rates will be inferred from the charge-state
® Height distribution of spectra recorded after the end of the drive pulse
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Rate equation for population —recombination at different densities can be probed by varying the duration
n of excited level p [4] + = jon level of the drive pulse

1 = ground level
K = collisional coefficient
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go A = spontaneous emission rate
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- The buried layer is a viable platform to investigate recombination rates at
densities n; <1020 cm-3
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- Spectra from non-local-thermodynamic-equilibrium (non-LTE) plasmas
of open-shell configurations are necessary to benchmark and discriminate
between conflicting atomic models

- Recent buried-layer experiments constrain the evolution of temperature T,
and ion density n;, and record Ge L-shell spectra

- While atomic kinetics models show good agreement with spectra recorded
at higher density, they are unable to match data recorded at lower densities



Planar targets produce uniform, uniaxially expanding plasma

and a quasi steady-state temperature [1]
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X-ray images of self-emission constraint n; (f)
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Inaccurate collisional or radiative rates will predict inaccurate spectra
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Rate equation for population
n of excited level p [4]

P(p)=n¢n,[n. K, (p)+a(p)]

+n4[ne K(1,9)]

* Non-LTE spectra are determined by

a balance of competing collisional
and radiative rates

- State populations are found by solving

coupled rate equations for population
n of each state p of all charge states

- The accuracy of the atomic kinetics

models is dependent on accuracy of
rate coefficients

+ =ion level

1 = ground level

K = collisional coefficient

A = spontaneous emission rate
o, = electron capture rate

+ 2. n(q)n.K(q,p)+A(q,p)|
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D(p) =ne K(p)+ A(p)

E29271



Sc K shell constrains T, (f), supports spatial uniformity
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- Spectra exhibit Li satellites, He-like W (2p3/0 > 1s1/2), Y (2p3/2 > 187/2), and Heg;
and Ly, and Lyg

- Emission-weighted T, inferred by fitting Sc spectra to ensemble of single-Tg
spectra synthesized by 0-D calculation in the atomic kinetics model, SCRAM [3]
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SCRAM accurately predicts the Ge charge-state distribution during 1-D

expansion, but discrepancy emerges at late time

- Synthetic Ge L-shell spectra generated at T, n; inferred from diagnostics agree with
observed spectra at early times

- After onset of radial expansion near 2.5 ns, synthetic spectra indicate substantial
recombination, contrary to indications of a steady charge state in observed spectra
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Discrepancy can be exploited as a mechanism to infer kinetic rates
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- The buried layer is a viable platform to investigate recombination rates at
densities n; <1020 cm-3

- The accuracy of recombination rates will be inferred from the charge-state
distribution of spectra recorded after the end of the drive pulse

—recombination at different densities can be probed by varying the duration
of the drive pulse
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