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Plasmas span a range of temperature and densities

» High-energy, ionized state of matter

» extreme pressures, temperatures,
densities

» Locally-generated EM fields,

» Global-collective particle behavior,
» Hydrodynamic properties

» Highly Radiative

» Conditions categorize type of plasma
» “Cold”, nonthermal

» “Warm”, dense Can mix in

» “Hot”, thermal BIED plegisl
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Plasma processes come in two primary flavors

(a) Thermal - He « (b) Non-thermal - Ka

Thermal (* " line emission)

Incident photon
or electron

Multiply ionized (high internal energy) ions

Maxwellian (isotropic) particle energy
distribution
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[llustration of the kinciics of (a) thermal Hea emission
and (b) ncii-thermal Ka emission!

Ions & electrons = same temperature
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Non-Maxwellian particle distribution photoelectron
Ditferent ion & electron temperatures @ -

@ clectron Energy (keV)
Nonthermal radiation (“characteristic”) [llustration of nonthermal K-shell relaxation process

& spectral line profile?
ID. J. Ampleford et al., Sandia report SAND2015-10453 (2015) 2M. Uo et al. Jap. Den. Sci. Rev. (2014)



Nonthermal radiation valuable for assessing

conditions of cooler regions of capsule implosions

Nonthermal X—ray Spectroscopy 1S Implosion process
. o (o . . Bath of hohl
significant for stockpile stewardship 2t of hofiraum

- X-ray radiation
missions related to ICF, HED x-ray studies, \777“
etc.

Nonthermal x-rays can provide insight to
capsule preheat from nonthermal electrons

Compress '
and heat \

Mid-Z impurities in various capsule fuel
design can provide diagnostic fiducials for O —sontum
constraining temperature, density, etc.

Image: Zylstra, A.B., Hurricane, O.A., Callahan, D.A. et al. Burning plasma achieved in inertial fusion. Nature 601, 542-548 (2022). https:/ /doi.org/10.1038 /s41586-021-04281-w



Nonthermal radiation valuable for assessing
conditions of cooler regions of capsule implosions

Nonthermal X—I'ay SpeCtI‘OSCOpy 1S Implosion process
. o (o . . Bath of hohl
significant for stockpile stewardship " roy radiation.

X-ray radiation
missions related to ICF, HED x-ray studies, \771‘ NA\{
DT ice

etc.

Goal: Perform a comprehensive investigation on the
Nonth influence of nonthermal effects on x-ray radiation in
capsul laboratory plasmas, with an emphasis on production
efficiency and origin.

and heat \

Mid-Z impurities in various capsule fuel
design can provide diagnostic fiducials for O —sontum
constraining temperature, density, etc.

Image: Zylstra, A.B., Hurricane, O.A., Callahan, D.A. et al. Burning plasma achieved in inertial fusion. Nature 601, 542-548 (2022). https:/ /doi.org/10.1038 /s41586-021-04281-w 5



Z-pinches produce magnetically-confined HED plasma sources

with high x-ray yield

Plasma is created by sublimating solid material =~ Pre ﬁlﬂsed wire x-pinch’

e

through rapid heating (ohmic or laser).

1. Electric potential created across electrode gap

2. Current is pulsed through pathway medium .
, Foil, Gas, etc .
B B

]
3. Azimuthal magnetic field created about current .—-a——-(é—"—"—Q

carrying wires, confining material -/

|

4
Iz

4. ] x B Lorentz force acts radially to pinch material’
towards pinch axis

Voltage Magnetic Field lon
Schematic cartoon of Z-pinch plasma production process

Fuel-filled cylindrical liner!
Liner/Pusher

Bright spot
clusters
(x-ray image)

1E. Ruskov et al., Physics of Plasmas 27, 042709 (2020) 2V. L. Kantsyrev et al., Phys. of Plasma, 15, 030704 (2008)  °R. R. Childers et al., IEEE Trans Plasma Sci. 46: 3820 (2018)

6



Z-pinches produce magnetically-confined HED plasma sources

with high x-ray yield

Plasma is created by sublimating solid material =~ Pre ﬁlﬂsed wire x-pinch’

through rapid heating (ohmic or laser).

1. Electric potential created across electrode gap

2. Currentis pul.sed through pathway medium - ‘@*9
, Foil, Gas, etc

] X By
3. Azimuthal magnetic field created about current .—-a——-(é—"—"—Q

carrying wires, confining material -/

4. ] x B Lorentz force acts radially to pinch material’
towards pinch axis

" . .
Bright spot production
* Dense (10 cm?)
* High temperature (= 1 keV) plasma
* Bursts of x-ray emission (x-ray bursts)
* Production of hot, nonthermal electrons

Schematic cartoon of Z-pinch plasma production process

t A
B e AL L AR

Fuel-filled cylindrical liner!
Liner/Pusher

Bright spot
clusters
(x-ray image)

1E. Ruskov et al., Physics of Plasmas 27, 042709 (2020) 2V. L. Kantsyrev et al., Phys. of Plasma, 15, 030704 (2008)  °R. R. Childers et al., IEEE Trans Plasma Sci. 46: 3820 (2018)
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X-pinch experiments are performed on the pulsed-power 1
MA Zebra Generator at UNR

VACUUM GHAMBER IMF]RE S‘u"'.-’ITGH

INTERMEDIATE STORAGE

VERTICAL TRANSMISSION LINE MARX CAPACITOR BANK

2 TW pulsed power generator (~1 MA current)
Current rise time: 100 ns
Total energy: 150 kJ
Housed at University of Nevada, Reno (UNR)!2

IB. S. Bauer et al., 12th IEEE Int. Pulsed Power Conf. Dig. Tech. Papers 2, 1045 (1999) 2V. L. Kantsyrev et al., Phys. Plasmas, 10, 2519-2526 (2003) 8



X-pinch wire load geometry varied to study influence
on K-shell radiation and bright spot production!

Stainless steel (69% Fe, 20% Cr, 9% Ni) wire loads X-pinch load in Zebra? Shadowgrams of X-pinch wire loads
- 625

{

31° or 62.5° interwire angle

4 wires, 40 pm diameter, 830 pg total mass Interwire} '

Bright spots (> 3 keV) measured to determine
size and quantity

Diagnostic signals analyzed to characterize x-ray [ Zebra Shot # |
emission properties of bright spot sources 1588
1589
1590
Time-integrated x-ray Fe-Cr-Ni spectra are 1591
analyzed using non-LTE CRM. 1592

IR.R. Childers et al., JQSRT, 303, 108586 (2023)  2V. L. Kantsyrev et al., Phys. Plasmas, 10, 2519-2526 (2003) 9



X-pinch wire load geometry varied to study influence
on K-shell radiation and bright spot production!

Stainless steel (69% Fe, 20% Cr, 9% Ni) wire loads X-pinch load in Zebra? Shadowgrams of X-pinch wire loads
)
31° or 62.5° interwire angle

4 wires, 40 pm diameter, 830 pg total mass angle

Bright spots (> 3
size and quantity

thermal and nonthermal x-ray radiative signatures in a

single X-pinch plasma, with an emphasis on nonthermal
electron production.

Diagnostic signals analyzed to characterize x-ray [ Zebra Shot # [ Interwire Angle | Current [MA] [ Rad Yield [kJ] ]
emission properties of bright spot sources 1588
1589
1590
Time-integrated x-ray Fe-Cr-Ni spectra are 1591
analyzed using non-LTE CRM. 1592

IR.R. Childers et al., JQSRT, 303, 108586 (2023)  2V. L. Kantsyrev et al., Phys. Plasmas, 10, 2519-2526 (2003) 9



FWHM analysis performed on x-ray emitting source size

Bright Spot Spatial Analysis

62.5° 31°
Shadowgram TGPH Shadowgram TGPH
v Ay L

3
L
o W
1 i T
R

64 ns 28 ﬁs

hv > 3kev

64 ns

R.R. Childers et al., JQSRT, 303, 108586 (2023)
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FWHM analysis performed on x-ray emitting source size

Bright Spot Spatial Analysis Time-averaged spatial measurement results

31°
Ax1a1
Geometry _ .
Radial Axial + 0, Radial+op Areaztoy,,
[pm] [pm] [mm?]
hv > 3kev
64 ns 28 ns 64 ns Ak
& 535+216 417+137 0.25+0.13
62.50 Small-
: O 519+324 663 +443  0.46+0.43
Single, larger bright spots at cross angle
- 2
point (2 1.0 mm?~) 561+245 578+151 0.35+0.18
31° 037 +187 1280+314 1.16+0.37
. Large-
Multiple smaller bright spots along angle e ot |ooenes
pinch axis (< 0.5 mm?) * * 25 £0.

R.R. Childers et al., JOSRT, 303, 108586 (2023)



FWHM analysis performed on time-resolved x-ray diode signals
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R.R. Childers et al., JOSRT, 303, 108586 (2023)



FWHM analysis performed on time-resolved x-ray diode signals

—XRD (0.18 - 0.28 keV; > 0.7 keV) —PCD (> 0.75 keV) —Si-diode (> 9 keV) —TGPH

Largest
Source

Median
Source

Smallest
Source

5
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OV PE VAN d+47 ns +53 ns +59 ns + 65 ns +

R.R. Childers et al., JOSRT, 303, 108586 (2023)



FWHM analysis performed on time-resolved x-ray diode signals
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Synthetic modeling reveals distinct x-ray radiative
properties for each X-pinch geometry

* Nonthermal “cold” plasma region:
« T, <50eV,n,~10® cm™3
* Fe, Cr, & Niions of Ne-like & lower

E).(V-périr-nentalvD.ata‘
H - g - 18- - 0,
Ni - Te: 30 8V no: 3x10 7 12 0.5% —— Experimental Data
Fe - Combined 18
Cr - Combined — Cr-Tg:20eV;n.: 3%x10 7 f: 0.1%
31° —— Ni-T.: 20 eV: n,: 3x10'%: :0.1%
—— Fe- Combined

£~05%
1 Hea ‘ ’
Hea He-Ic

|
1 Li-like
Ni-K
T ' Be-like

t,‘ . Fe-KB

J‘m.mi. VT i e T e i A AT Ju“’m-w wmﬂu “Uln“m“ﬁ'ﬁh““m'mﬂd |

1.8 2.0 2.2
Wavelength [A] Wavelength [A]

2.0

R.R. Childers et al., JOSRT, 303, 108586 (2023)



Synthetic modeling reveals distinct x-ray radiative
properties for each X-pinch geometry

* Nonthermal “cold” plasma region: Intermediate “Satellite” region:
« T, <50eV,n,~10*® cm™3 « T, <1000eV,n,~10° cm™3
* Fe, Cr, & Niions of Ne-like & lower * Fe O-like to Li-like Ka satellites

—— Experimental Data

. 18
—— Ni-Tg: 30 eV; ng: 3x10 ; f: 0.5% )
—— Fe - Combined —— Experimental Data

Cr - Combined —— Cr-T,: 20 6V; ng: 3%10'%; £: 0.1%
31° —— Ni-T.: 20 eV: n,: 3x10'%: :0.1%
= —— Fe- Combined

Hea ‘
Hea He-IC

\
Li-lik
Ni-Ka '1 e Cr-lKa
| N

Be-like

t,‘ i Fe-KB

J‘h_h.hd.J Ly A ﬂm}l (VR TR ) Y Ju“’m-w wmﬂu “UJIW-MLWM'MJ |

1.8 2.0 2.2
Wavelength [A] Wavelength [A]

2.0

R.R. Childers et al., JOSRT, 303, 108586 (2023)



Synthetic modeling reveals distinct x-ray radiative
properties for each X-pinch geometry

* Nonthermal “cold” plasma region: Intermediate “Satellite” region: * Thermal “hot” plasma region:
« T, <50eV,n,~10*® cm™3 « T, <1000eV,n,~10° cm™3 e T, <2.0keV,n,~10%° cm™3
* Fe, Cr, & Ni ions of Ne-like & lower e Fe O-like to Li-like Ka satellites * Fe & Cr He-like and Li-like ions

R

_— E).(V-p.erir-nentalvD.ata‘
H - g - 18- - 0,
— Ni-To: 30 eVi ng: 3x10 = f: 0.5% —— Experimental Data
—— Fe - Combined 18
Cr - Combined — Cr-Tg:20eV;n.: 3%x10 7 f: 0.1%
31° —— Ni-T.: 20 eV: n,: 3x10'%: :0.1%
—— Fe- Combined

e-IC

o
He-IC
Li-like
Ni-chx '1 o Cr-lKa

Be-like

M . Fe-KB

1.8 2.0 2.2
Wavelength [A] Wavelength [A]

J‘h_hmui.J llh.l.l.:.l,.lmm_h* HUIJ A AI hu.H.MJJl Wl M..i.mhm;'___!._ I = Jl"“’m'“" “mm um.um}lﬁhuﬁlwimu "‘

2.0

R.R. Childers et al., JOSRT, 303, 108586 (2023)




Synthetic modeling reveals distinct x-ray radiative
properties for each X-pinch geometry

* Nonthermal “cold” plasma region: |+ Intermediate “Satellite” region: * Thermal “hot” plasma region:
« T, <50eV,n,~10*® cm™3 « T, <1000eV,n,~10° cm™3 e T, <2.0keV,n,~10%° cm™3
* Fe, Cr, & Ni ions of Ne-like & lower e Fe O-like to Li-like Ka satellites * Fe & Cr He-like and Li-like ions

—— Experimental Data

—— Ni-Tg:30eV; ng: 310 ; f: 0.5% )
—— Fe - Combined —— Experimental Data

Cr - Combined —— Cr-T,: 20 6V; ng: 3%10'%; £: 0.1%
31° O-like —— Ni-T,: 20 eV; n: 3x10'%; f:0.1%
= N-like —— Fe- Combined

C-like

Bk Enhanced thermal and satellite line
Bo-like intensity observed in 31° relative to 62.5°

Li-like
He-IC

Cr-lKa

Fe-Kp |
| AL hadb u W\ |.I.WHMJ‘. ALY N IJ.HMH ! \um .MLHMMMMHM.IMMML

20 20 2.0 22

Wavelength [A] Wavelength [A]

R.R. Childers et al., JQSRT, 303, 108586 (2023) 12



Synthetic modeling reveals distinct x-ray radiative
properties for each X-pinch geometry

* Nonthermal “cold” plasma region: |+ Intermediate “Satellite” region: * Thermal “hot” plasma region:
e T, <50 eV Results” -3

* Fe, Cr, &! By decreasing the interwire angle, we have successfully: ions

mewds ©  Increased x-ray radiation yield

R ° Increased production of hot K-shell plasmas with intense

nonthermal K-shell emission features

* Enhanced generation of satellite lines from highly charged ions
(valuable for nonthermal e-beam diagnostics)

* Produced smaller radiating sources by reducing bright spot size
for >3 keV energies

¥ “R.R. Childers et al., “K-shell radiation and bright spot characteristics of high-energy-density Fe-Cr-Ni M
L plasmas influenced by X-pinch load geometry”, J. Quant. Spectrosc. Radiat. Transfer, 303, 108586 (2023)

1.8 2.0 2.2
Wavelength [A] Wavelength [A]

R.R. Childers et al., JQSRT, 303, 108586 (2023) 12



Outline

Plasma Overview: Pulsed-power Z-pinch Plasmas

Influence ot X-pinch Load Geometry on Bright Spot
Production & K-shell Radiation

Conclusion/ Acknowledgements
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Radiation transport is investigated in a dense MagLIF
plasma using a novel Monte Carlo post-processor

X-ray fluorescence studied in MagLIF plasmas on Ly LIE S o

2 Laser entrance hole Akl fle“;b
° with CH foil Laser Laser el etk

heated fuel = o) implosion

MagLIF! produced by

field

Be Liner.

2.5 k] laser preheat of fusion core

ColdDD
gas (fuel)

Implosion by current-driven axial magnetic flux
Z-pinch compression to inertially confine fusion core

Two new computational packages developed: % 5 m“;ibfaife“
AU JUVAVAVS }
A screened-hydrogenic atomic data package S % - —

Ved
i X-rays

A novel Monte Carlo Radiation Transport code

Source x-rays Kp emission
Monte Carlo Rad transport utility = spatial analysis >Tri2oy %Xﬁfﬁ" i
of nonthermal particle origin W L -

IM. R. Gomez et al., Phys. Plasmas, 22, 056306 (2015) 2K.D. Hahn et al., J. Phys: Conf. Series 717:012020 (2016) 3S. B. Hansen et al., Phys. Plasmas, 25, 056301 (2018) 14



Radiation transport is investigated in a dense MagLIF
plasma using a novel Monte Carlo post-processor

X-ray fluorescence studied in MagLIF plasmas on
/. Fluorescence process?

N\~ X-rays

MagLIFl ] MagLIF Scheme? VXV bsorbed
- AVAVAV: -

AV VAV-=
fluorescence
> X-rays

Laser entrance hole

2 : Laser
th CH foil
W ° heated fuel

Azimuthal T C\ Al ¥ pre

drive field

Source x-rays KB emission
>7112 eV J@VIR?E- eV
SAAVAYA 2 b
L NP>
Photoionization i

(K-edge absorption) . @ 6400 eV
._,'_(u —-’—t\‘-—-

; fuel at fusion
ColdDD il - % temperatures 6
gas (fuel) X

Magnetization LaserPreheat Compression

7

M )
of nonthermal particle origin

IM. R. Gomez et al., Phys. Plasmas, 22, 056306 (2015) 2K.D. Hahn et al., J. Phys: Conf. Series 717:012020 (2016) 3S. B. Hansen et al., Phys. Plasmas, 25, 056301 (2018) 14
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Radiation transport is investigated in a dense MagLIF
plasma using a novel Monte Carlo post-processor

X-ray fluorescence studied in MagLIF plasmas on
Z.

MagLIF! produced by

2.5 kI laser nreheat of fiision core

Imy Goal: Explore spatial origins of nonthermal fluorescence |
Z-p production in a dense MagLlIF liner plasma shell.

Two new computational packages developed:
A screened-hydrogenic atomic data package
A novel Monte Carlo Radiation Transport code

Monte Carlo Rad transport utility = spatial analysis
of nonthermal particle origin

IM. R. Gomez et al., Phys. Plasmas, 22, 056306 (2015) 2K.D. Hahn et al., J. Phys: Conf. Series 717:012020 (2016)

Magl IF Scheme?

Axial field
compressed by

Laser entrance hole
with CH foil Laser Laser

heated fuel = o) implosion

Fluorescence process?®

H_&,—)

% 5 \\ absorbed
’V\ N> X- rays

SAVAVAVE  JVAVAV.S

§ Z% AV & /\—>
N / fluorescence
5 Xf\(g\» V7 X-rays

_._.___ e o _T

m - n=2 - -
Source x-rays g _Ie(;r511§5|\o/n
>T7112eV e
AW Aadd D
R s
Photoionization 16 Bmission

(K-edge absorption) @ 6400 eV
e e e n=1 e (.

3S. B. Hansen et al., Phys. Plasmas, 25, 056301 (2018)
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A newly constructed computational package uses Monte Carlo and screened-
hydrogenic-atom schemes to post-process radiation transport in MagLIF

Monte Carlo
Particle (MCP) -
computational
pseudo-particle

MCP scatters

Calculate

Randomly seeded isotropic

Source
radiation

Generate
MCPs

Iterate
through
binned
packets

Track MCP
through
medium

Seed origin
of MCP

Calculate:

Continuous
random
walk
process

-Cross
section

-opacity

-mean free
path (MFP)

direction & MFP

MCP escapes
Track location

MCP Absorbed

According to
relative cross
section

probability

MCP Bypass

No interaction

Continues to next site

emergent
spectrum

Fe

K, L, M Shell
1onization

Be

energy
deposition

Fe ionization

K-shell
Ka, Kp

emission

[-shell

La, Lp
emission
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Radiation transport kinetics defined by core radiation field and
screened-hydrogenic atomic data package

Employs screened-hydrogenic, super-config

Defined by emissivity of thermal core

radiator:
Statistical Weights
% 2 hv
jrof |l——| = 2 X 105 S0 nlie eTe Energy levels
=1 |ev - cm3 JTe
Binding Energies
Input variables: Transition
n, = n;,,=10% cm> Energies
Z ~1 (core nearly pure ,
hydrogen) Screening Factors
T, hv, Ahv, radius, height Oscillator
Strengths
Radiation field discretized: Radiative Decay
binned energies (Ahv), Rates
emissivity, and # photons Individual
“Monte Carlo Particle (MCP)” Autoionization
Rates

R.R. Childers et al., Contributed Talk, Division of Plasma Physics, Oct. 17, 2022, Spokane, WA

treatment of atomic structure to calculate:

Total
Autoionization
Rates

Fluorescence
Yield

Photoionization
Cross section

Gaunt-corrected
photoionization
Cross sections

Collisional
Ionization

Collisional
excitation

Seeding particle
origins

Randomized mean
free path (in units of
energy-dependent
attenuation length)

Selection of interaction
event (cross section

probabilities)

Isotropic Scattering

16



Code tracks MCP trajectory and interaction events

MagLIF Plasma: Axial View
Height: 1.00 cm, Radius: 0.05 cm, MC particles: 30000, AE: 1 eV
Nion(Be): 1.023e+24 cm™3, njop(Fe): 1.143e+20 cm™3

Cylindrical core

100 pm radius
1 cm height
2.7 keV thermal temperature

- 100 eV - 31,000 eV range w/ 1
% (cm) eV resolution

Radial View

500 pm shell radius

15 g/cc Be (~1.03 x 10%* ion/ cc)
114 ppm Fe (1.1426 x 10?° ion/ cc)

Scattering Events: 38485

Absorption Events: 5559 Emission Events: 423 e . : . . - . .
Be Kshel: 5133 Koo 208 ) | 7 Baseline ionization:

Fe K-shell: 342 Kg: 4 Average '5%823 eV

Fe L-shell: 81 K-shell Auger: 230 Fe <Z>: 2. _

Fe M-shell: 3 K-shell Yield: 0.33 Fe <Z>~3-5
Escape Events: 21634 Lap: 1

Non-interaction: 9393 L-shell Auger: 80 Be <7> ~ 2

Calculated T, shows good agreement with MagLIF liner T,: ~10 eV'?
IS. B. Hansen et al., Phys. Plasmas, 25, 056301 (2018) 2R.R. Childers et al., Contributed Talk, Division of Plasma Physics, Oct. 17, 2022, Spokane, WA




Code tracks MCP trajectory and interaction events

MagLIF Plasma: Axial View
Height: 1.00 cm, Radius: 0.05 cm, MC particles: 30000, AE: 1 eV ‘
Njon(Be): 1.023e+24 cm™3, njpp(Fe): 1.143e+20 cm—3

Cylindrical core

100 pm radius

1 cm height

2.7 keV thermal temperature

. 100 eV - 31,000 eV range w/ 1

% lem] ' ' eV resolution
Radial View

7 7 , == — _‘ 500 pm shell radius
O > aon & | = 15 g/cc Be (~1.03 x 10%* ion/ cc)
| = = 114 ppm Fe (1.1426 x 102 ion/ cc)

"'[Cm] 0.02

Scbattering Events: 384895 - = = =
Absorption Events: 555 Emission Events: 4 : —— === — : - g 2 .
Be K-shell: 5133 K,: 108 , —— = < Baselme 1onization:
Fe K-shell: 342 Kg: 4 Average 'Iz'e§8.23 eV . E = — 2 =
Fe L-shell: 81 K-shell Auger: 230 Fe <Z>: 2. ——— = -
Fe M-shell: 3 K-shell Yield: 0.33 Fe <Z>~3-5
Escape Events: 21634 Lag: 1
Non-interaction: 9393 L-shell Auger: 80 Be <7> ~ 2

Calculated T, shows good agreement with MagLIF liner T,: ~10 eV'?
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Code independently tracks nonthermal K-shell emission

K, Fluorescence Emission Ky Fluorescence — Axial View

Spatial statistics
performed on K-
shell photon

origin

Calculations
51 . [2-:_)‘1] 0-1 ' Suggest a region of
K, Fluorescence — Radial View prodUCtiOn
averaging
= from pinch axis
o o : . _ with a broad
' spatial

: == . . .

Scattering Events: 6 ) dlStrlbutlon
Absorption Events: 56 | G55

Be K-shell: 54 Emission Events: 2 ' — (

Fe L-shell: 2 Log: O MC Creation Events: 108

Fe M-shell: 0 L-shell Auger: 2 <r>:264 um
Escape Events: 52 Added Te: 0.19 eV 02 givs: 11489 um?
Non-interaction: 5 Fe <Z>: 3.15 Oradius: 107 um
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Code independently tracks nonthermal K-shell emission

K, Fluorescence Emission

Spatial distribution of Ka origin
projected onto each 2D plane

-0.1

X[, cng'o

Scattering Events: 6
Absorption Events: 56
Be K-shell: 54 Emission Events: 2
Fe L-shell: 2 Lo g:
Fe M-shell: 0 L-shell Auger: 2
Escape Events: 52 Added Te: 0.19 eV
Non-interaction: 5

0 MC Creation Events: 108
<r>:264 um ,
02, ius: 11489 um? -0.2
Fe <Z>: 3.15 Oradius: 10

K, Fluorescence — Axial View

points of
creation in
medium

-0.1 0.0 0.1
x [cm]
Ky Nuorescence — Radial View

7 um
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Code calculates emergent transmission spectrum with
escaped Fe fluorescence

Emergent Spectrum: rjper = 500 um Plasma Electron Temperature

Line Energies: — Continuum Emissivity (escape) ‘ —— Thermal Core T
g == Continuum Emissivity (absorbed) Temperature y

N = Trans+Fluor (Simulated) from deposition
1) SH atomic — Experiment: 22977 || of thermal core .
G Avg. Region Fluor. Prod.
data package (<r> *0)
(less

L4 TeKa
. TEKB

Temperature from
accurate) ' absorption of Ka photons

Temperature from

Linked absorption of Kp photons

database to
FAC
calculated
transition
energies,
config-
averaged

Intensity [J/eV/cm]
Temperature [eV]

N

-2 . . . .
10 6400 6600 6800 7000 7200

5000 10000 15000 20000 25000 30000 0.10 0.15 020 025 0.30
Photon energy [eV] Radius [mm]

Fe Ka/Kp show good agreement with Z XRSSS data (provided | Radial temp. profile = strong energy deposition
courtesy of Drs. Eric Harding via Stephanie Hansen) nearest thermal core = Plasma temp. gradients




Code calculates emergent transmission spectrum with
escaped Fe fluorescence

ent Spectrum: rjiner = 500 um Plasma Electron Temperature

1 1 . = Continuum Emissivity (escape)
Llne Energles. = Continuum Emissivitz (absolr?bed) Temperature 'I_I'_hermal Core Te
—— Trans-+Fluor (Simulated) from deposition ’ TeK“
1) SH atomic — Experiment: 22977 L03|| of thermal core -
Avg. Region Fluor. Prod.
data package (<r> +0)
(less Results
accurate) _
£
2) Linked A Successfully developed and implemented a novel Monte Carlo .
database to [ Radiation Transport code explore spatial origins on nonthermal Fe &
FAC 4 K-shell fluorescence:
calculated
transition : i .
energies, Production over a broad region (~107 pm) averaging ~264 pm
config- from the pinch axis.
averaged 7200

5000 10000 15000 20000 25000 30000 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45

Photon energy [eV] Radius [mm]

Fe Ka/Kp show good agreement with Z XRSSS data (provided | Radial temp. profile = strong energy deposition
courtesy of Drs. Eric Harding via Stephanie Hansen) nearest thermal core = Plasma temp. gradients
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