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Introduction

Mean free path: [/ = v P, 1s the radius wave function of
V free electron and is renormalized.
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Opacity with Debye like screening
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Finite quantum coherence length for the thermal continuum electrons

LORENTZIAN PROFILE

When the radial wave functions are assumed to be plane waves, where P.;(r) = -‘f%emp(ikr}? the superimposed

radial wave function
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Finite quantum coherence length for the thermal continuum electrons
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FIG. 1. Momentum broadening of the ionized electron. The ionized electron is ejected from a photoionization process of Fe'™*

embedded in iron plasmas at a temperature of 180.0 ¢V and electron densities of 4.0x<10%, 4.0=10%, and 2.0x10* em—%.
Atomic units have been used for the HWHM of the momentum broadening,



Finite quantum coherence length for the thermal continuum electrons
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of Fe'"" embedded in the same plasma conditions as in Fig. 1.
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Finite quantum coherence length for the thermal continuum electrons
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Finite quantum coherence length for the thermal continuum electrons

Cross section (Mb)

1

Cross section (Mb)

- I ! L 2]
0 — 2.le[)iz cm : _ —
1] s /l.leU;lch > (a) -

o 4.0x10" cm & E
9.0 —— Free atom & el ele =
2.0 & d ‘ il
1.0 e o =
05F R -

B 4 i

L ; .
0.2 lr.t [ =
0 1 | L l 1 | 1 |.l' L I L | 1 I [l

1000
Photon energy (eV)

1050 1100 1150 1200 1250 1300 1350 1400 1450

000/ —— Total PI
==+ Direct PI
100 — Free atom
10
1
0.1
0.01
|
200 400 600 800 1000 1200 1400

Photon energy (eV)

29,205 1§ of Felt+

i 1P” of Fe'®
ire of 180.0 ¢V

1600

including both direct ionization
iments as in Fig. 1. (b) For the excited state
sedded in an iron plasma at an electron density of 3.0x10% em™ and

'y

]

,A'\/\\_,J\f' lh‘Al.;.H/\\.-'x.,....__,_ -';*wu__#

| | | | | | |

Expt.

Theo.

‘_‘\'-—v——

1000 1100

1200 1300 1400
Photon energy (eV)

1500 1600

Te=194 eV, n_,=4x10%? /cm3



1.5

D.5

)

cm /g

Opacity (10

(=

Comparison with experiment using CSD by Saha equation

. R B
b (a) 194 eV, 0.21 g/ce (4%107 cm ™)

— Expt.
— Theo. (Isolated)

Apcrmenne—

VAWe

'w»«

S - Sl iy,

(b) 181 eV, 0.167 glcc (3.1%10° cm™)

I [ [ I [ [ I [ I [
I 1 L] I 1 I T I L] I L] I 1 I 1
f (c) 169 eV, 0.11 gfec (2*10% em™
| 1
1 ‘ ',‘_t' -
'M ||' ' |.:“l'""".1|“k_--—-_,_._ i
Wl T Y R e
o e
o I —+——+————+—— .

j| ‘ w Ll i}

(d) 164 eV, 0.037 glec (7.1*10% cm™) _

ml T
L f m

1000 HDIEI IZDEI 1300 1400 1500 1600 1700 1800
Photon energy (V)

Theo. (w/i localization)

Expt.: J. Bailey et al..
Theo. (Isolated): using free-atom data

Theo. (w/i localization): using atomic data

with electron localization effect

Nature 517, 56 (2015).



Nuclear thermal motion driven electronic states

Quantum Molecular Dynamics
> QMD:

— Electronic states are described by using DFT

— ions’ moving on smooth potential surface is described by
Newton’s equation

» Langevin molecular dynamics in condensed matter
and material sciences

— ions in Langevin equation
MR, =F-y M R,+N,

J: represents the contribution of thermostat for controlling the
temperature of the system.



Nuclear thermal motion driven electronic states

Simulation for Sandia’s experimental plasma conditions
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Nuclear thermal motion driven electronic states

The electron density distribution around the ions in the cell
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Nuclear thermal motion driven electronic states
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Nuclear thermal motion driven electronic states

Two typical atoms chosen in the cell, one is close
to another and one is separated from others.
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Comparison with experiment using diagnosed CSDs
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Electron impact ionization processes

The energy differential cross section for the electron-
impact ionization reads

L) —pleplelpleo —1 = - 3 (20 +1

.  — :
[(Yiki, JT M| Z — | rr1k2, JTMT)|?,
p<q P4

(3)

where p(e) is the density of states of the corresponding
continnum electron [15], I the ionization potential, g;
the statistical weight of the initial state, k; the kinetic
momentum of the incident electron, Jp the total angu-
lar momentum when the target state is coupled to the



Electron impact ionization processes
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FIG. 1. Energy differential cross section of electron—ion collisional ionization of Mgt e+1s%2s 2§ — 1s® 'S+42e occurring in
a solid-density magnesium plasma at a temperature of 150 eV with a residual energy of (a) 50 €V, (b) 200 eV, (c) 800 eV,
and (d) 1400 eV. For clarity, the results obtained with the isolated-ion and screened-ion models are multiplied 10- and 3-fold,
respectively.



Electron impact ionization processes
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FIG. 2. Enhanced integrated cross section in electron-impact ionization of Mg®t e+15%2s 28 — 1s? 1S42e occurring in
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Electron impact ionization processes
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Electron impact ionization processes
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Summary

Here we propose the notion of a transient space localization
of electrons produced during the ionization of atoms
immersed in a hot dense plasma.

A theoretical formalism is developed to study the
wavefunctions of the continuum electrons that takes into
consideration the quantum de-coherence caused by
coupling with the plasma environment.

We find that the cross section is considerably enhanced
compared with the predictions of the existing isolated-atom
model.

And thereby partly explains the big difference between the
measured opacity of Fe plasma and the existing standard
models for short wavelengths, and also explains the big gap
between the extracted electron impact ionization rates
from laser heated Mg plasma and the calculated values
using the existing models.
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