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Consistency:
Continuity at ionization threshold

Four Physical Parameters:
(Photoabsorption Y Photoionization)

ath .

£ = Threshold Energy Continuity for Y atom:
(1= Quantum Defect
[' = Core Auger Width Thomas-Reiche-IKuhn Sum Rule:
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Atomic absorption:
Rydberg series of symmetric Lorentzians

Molecular/Solid-state absorption: Molecular/Solid-State O?
Broad, oscillatory, asymmetric profile Atomic Si. Fe?



Absorption Spetra

Experimental cross sections
(originally arbitrary units and
uncalibrated energies.
Renormalized and shifted for
consistency.

Analytical Fits (solid lines
through experimental data):
Atomic Quantum Defect
Analytical formula for O,
Modified Rydberg Series and
Resonance formula for O,
H,O.
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Molecular R-matrix Calculations with Quantemol  |AtemD8
(with Jonathan Tennyson, UCL) 2020

Using Quantemol- N: Ous antemol >
6. Type & level of the Calculatlon

5, 08V=CatCHT_RMAT.

2 types: ]

» Electron Scattering | - .o

« Photolonization

LILE Format

Inner-shell difficulties discovered with Quantemol: Improvements Needed

Mot

September 14, London
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Atomic R-matrix for Fe (2017) vs. Solid Experiment 2020

Large 2p?;, - 2p™,fine structure splitting large (720-707 ~ 13 eV)

Requiring relativistic treatment (spin-orbit+)

2p1 and 3d°® open shells require numerous configurations even in LS lowest order Cl
Full Breit-Pauli, large ClI R-matrix calculation is ultimately required

Cruder Fame-Transformation (Spin-Orbit series splitting) used

Chandra Data vs.
Model using Solid Fe
Experimental Data
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Large 2pt;, - 2p?y,fine structure splitting large (720-707 ~ 13 eV)

Requiring relativistic treatment (spin-orbit+)

2p1 and 3d°® open shells require numerous configurations even in LS lowest order Cl
Full Breit-Pauli, large CI R-matrix calculation is ultimately required (unfinished)

Cruder Fame-Transformation (Spin-Orbit series splitting) used

Photoionization of Fe |

Verner (LSIK-JAJOM) s
Experiment (Henke, LBL) @
.’- riment (x 2.3) (Kortright Kim)
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Photoionization of Fe | (0.6 eV FWHM except K&K)
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Photoabsorption Cross Section (Mb)
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Verner
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WMU Visit by N. R. Badnell
Summer 2019

Fine-Structure Splitting Needed
AUTOSTRUCTURE Easier

Experiment: Initial State Resolved
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nonuniform fine structure broadening

experiment 2p XAS spectrum of an iron atom.
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Corrales et al. (2016) m—
R-matrix (Atomic) w/ Auger Broadening
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Atomic R-matrix (LS)
Corrales+ 2019 Model
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Fig. 3.— Present R-matrix atomic cross section compared to the experimental olivine mea-

surements (arbitray units, resealed?)and the Chandra Si absorption model (Corrales et al.

2016).
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e

sis. In this model the Rydberg electron is perturbed by a
neutral ground state rare gas atom B in the form of a Dirac-
delta function:

Ves = Vob(r —R). (4)

-~

R Collaboration with Purdue University:
A R B Professor Chris Greene
Undergraduate Student Praneeth Medepali

FIG. 1. Three-body model of a diatomic molecule A*B, with the coordinate
system centered on the nucleus of atom A.

Additional atoms in molecule or solid are
treated as scattering sites and approximated
by delta-function s-wave scatterers.
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Using Eq. 31 at r = . we have

S(R)+C(R)K(R) = S(R)+C(R) %S(H}X(ﬁ‘){S(H)JrC:[R]K(ﬁ)}} . (35)
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Silicon ISM X-ray absorption: the gaseous component
MNRAS, July 2020

Gatuzz, et al.,
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Although the solid absorption analysis is
beyond the scope of this work, we
emphasize that the gaseous component
must be carefully modeled before
measuring the solid absorption features to
estimate accurately the depletion factor of
atomic silicon.
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Atomic, Molecular, Solid-State Findings -

AC, O, Ne predominantly gaseous atomic for K-edge models

AFe calculations and model fir including giant 2p->3d resonance shows
significant ~13 eV core fine-structure splitting AND ~1 eV individual
5D J-splitting: atomic fine structure needs refinement

AAtomic Si |, Si ll, Silll, Si XII, and Si Xlll model Chandra HETG data

ATheory: global cross section including asymptotic limits, absolute
Cross section, but resonance positions are least accurate

AExperiment: relative resonance spacing accurate, global energy
calibrated using other experiments

AX-ray Spectra (e.g., Chandra) and Spectral Models (e.g.,
XSTAR/ISMdabs) have best energy calibration

A(e.g., Ol KU 1s-2p EBIT experimental confirmation)
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