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Cornell’'s Lab of Plasma Studies
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J. B. Greenly, et al. Rev. Sci. Instrum. 79, 073501 (2008).
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- The differential scattering cross-section is given by:

do 2 2 Y1 o -The structure factor can be split
| — ’60 €1 ‘ rO ( vg,) . .
dwqd2 wo into three pieces:

|.) a piece due to scattering from electrons comoving with the ions
(k) + q(k)|°Sii(k) 6(w)

2.) a piece due to scattering from “free” electrons  Sge(K, w)

3.) a piece due to scattering from bound electrons SB(/(’ w)

- This work is focused on the scattering from “free” electrons.

J. Chihara, J. Phys.: Condens. Matter 12, 231 (2000)



Current Methods to Compute S__(k, w)

® Plane Wave Form Factor Approximation - widely
used in the WDM XRTS community, but has a fundamental
inaccuracy in that it uses plane waves continuum states.

® Impulse Approximation - assumes large energy transfer
relative to the initial state binding energy. It is a reasonable
approach at finite temperatures, but requires knowing binding
energies independently and breaks down for low energy

transfer.

® Average-Atom Approach —Uses Average-atom wave
functions for bound states and plane waves for “free” states.

Johnson,W. R. Thomson scattering in the average-atom approximation (2012).



Statistical Approach to Computing Scattering

(€0 ko) (€1 K1) Use conservation of

energy and momentum
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Method: Solve energy and momentum equations for
an arbitrary electron velocity and weight each velocity
by its likelihood of occurrence based on its momentum-
space wave function or its density of states.



Comparison of Method to an Experiment on Solid
Beryllium at Ambient Conditions collected at a
scattering energy of 9890 eV and to Souza’s model.
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Comparison of Method to Souza’s Model on Warm
Dense Titanium at 5 eV and 4.51 g/cm? with a probe

energy of 4750 eV and collected at an angle of 130°.
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Slide comparing to
Fourier transform of
Bessel Functions or will
just overlay bessel on
previous plot.



Comparison to an Experiment on COBRA using
Ambient Aluminum with a Probe Energy of 4750 eV
and Collected at a Scattering Angle of 130°
by Cad Hoyt from Cornell’s Lab of Plasma Studies
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Impulse Approximation

The structure factor can be written as:

do Wy w, 1 f lwot
(dﬂ)m LSk, @) = )Th o) ate

X<i|ei1{te-ik-r -iHt Liker i)

e e
The Hamiltonian operator (H=H_+V) can be expanded using
the Campbell-Baker-Hausdor{l theorem:

iHt _ , iHgyt
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e
The essence of the impulse approximation come from
exp (- 3[H,, V]t%)=1

so that all Lie bracket terms vanish.



Future Work

X Expand the Impulse Approximation to improve
accuracy.

X Compare with ongoing XRTS experiments at Cornell s
Laboratory of Plasma Studies and at Sandia National

Laboratories.
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The “free” electrons are not really free.
They are distorted by the atom.
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High-Resolution Measurements Can
Benchmark Theory

0227065 B. A Mattern and G. T. Seider

“The information content in
the measured XRTS spectra
> for WDM has been insufficient
; to alert the experimenters to
< the presence of an unphysical
model for the electronic
structure.”
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