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Aluminum absorption spectroscopy has been 
extended to low-temperature and high-density 
shock-heated conditions 

TC7497

• The ionization state indicated by the presence of absorption lines 
provides well-understood constraints on temperatures above 10 eV.

• The Stark linewidth of the absorption lines is a direct indication
 of electron density.

• The disappearance of the Ne-like 1s–3p line provides an additional 
density signature. 

• Density estimates from linewidths alone exceed factor-of-two precision 
above 2 g/cm3 and can be refined significantly using density-dependent 
K-edge shifts.
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X-ray absorption spectroscopy of a CH planar target with a 
buried Al tracer layer was performed with a Sm backlighter
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Absorption spectra are fit to PrismSPECT* model
spectra based on detailed atomic modeling
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• Level populations of a detailed-configuration, multispecies 
 atomic model obtained for collisional-radiative equilibrium.   

• Spectra of backlit uniform foils are obtained over a Te–t grid. 

• Parameter values and error estimates are obtained from
 least-squares fitting.

• Line shape modeling includes Doppler, natural, and Stark broadening.  

• Dense plasma effects include continuum lowering and the 
corresponding reduction in statistical weights.

*Prism Computational Sciences, Inc., Madison, WI 53711



Our application of absorption spectroscopy makes 
direct use of density-dependent spectral features
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• The 1s – 2p absorption line broadening is visible in the F-like – Li-like 
species above ~1 g/cm2.

• The 1s – 3p absorption line in Ne-like Al is extinguished by loss of
 the n=3 shell to continuum lowering.

• The density sensitivity of continuum-lowering D| exceeds that of 
 the ionization shift of the unperturbed K-edge |K above t ~ 1.0 g/cm3 .
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Temperature is inferred from the ionization-state 
represented by the 1s–2p lines of the individual 
ionization species 
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• Te and t measurements are possible above Te ~ 10 eV.
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Density is inferred much more precisely from K-edge 
shifts than from absorption-line broadening alone
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• Density measurements improve above t ~ 1.0 g/cm3.

• Additional density-dependent features add precision.
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Spectral fitting works well with real data, even with
an undetermined foreground
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Aluminum absorption spectroscopy has been 
extended to low-temperature and high-density 
shock-heated conditions 
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Summary/Conclusions

• The ionization state indicated by the presence of absorption lines 
provides well-understood constraints on temperatures above 10 eV.

• The Stark linewidth of the absorption lines is a direct indication
 of electron density.

• The disappearance of the Ne-like 1s–3p line provides an additional 
density signature. 

• Density estimates from linewidths alone exceed factor-of-two precision 
above 2 g/cm3 and can be refined significantly using density-dependent 
K-edge shifts.


