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K, plasma diagnostics

propagation in warm dense matter

+ + o+ +

modification of spectral line profiles.
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mid-z materials K : in X ray range (100 eV-1 Mev) relevant for diagnostics
warm dense matter (n: 102° — 104 cm~3)
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K, emission line in flourescence spectra
Warm dense matter

+ the electron excitation from Eo (ground state) to E; (initial state) and photon emission
from E; to E (final state) in K, fluorescence
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+ titanium u. zastrau, A Sengebusch et al,. High Energy Density Phys. 7,47-53 (2011)
+ Si: solid density nit = 5x10*2cm—3
+ different emitter configurations are considered
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Si K, emission line in flourescence spectra

+ K. x-ray fluorescence spectra of
pure Si and Si compounds

+ cold emitters T ~ 1 eV

Intensity (Normalized)

+ fine structure K,1 and Ka.2

+ shifts due to chemical binding
depending on chemical surrounding

Zhenlin Liu, Shouichi Sugata,et al., Phys. Rev. B 69, 035106 (2004)

-1 0 1 2
Chemical Shift from Si (+1739.98¢V) eV
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Si emission lines from SiO, aerogel
(At UNILAC accelerator at GSI-Damstadt)

+ X-ray emission spectra of low-density SiO» aerogel induced by Ca projectiles

+ different penetration depths x

Ca-projectile Si-target

o v + different penetration energies E
(@) x1=0.5mm ( E1=11.4-10.6 MeV/u )
Tl (b) xo=5mm (E>=8.5-7.6 MeV/u)
Xp 2
3| Es (¢) x3=10 mm ( E3=5.2-4.0 MeV/u)
x-ray photon energy X

J. Rzadkiewicz, A. Gojska et al., Phys. Rev. A 82, 012703 (2010)
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Si K, LMY satellites,

Phys. Rev. A 82, 012703 (2010)
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Theory- Blue shift due to excitation and ionization
+ description of isolated ionic emitter H® by self-consistent
Roothaan — Hartree — Fock equations. c.c. JRootaan (1951).
+ Bunge wave function @pim(r, 0, ¢) = Rai(r) - Yim(0, ¢)
wl = > St Ciin

Si Bunge

2wl

00 02 04 06 08 10
radial from nucleus [ay]

+ Gaussian wave function H.s. schiegel and M. J. Frisch, lntemauonalJournal of Quantum Chem. 54,83.87 (1995)

Ge(7, b, by, by ) = N(be, by, I, ) x™ yly 2" e "
+ unperturbed ionization and emission energies obtained from chemical ab initio code G03
+ using Gaussian basis set: 3 — 21G*, 19 basis functions
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Binding energy for different charge states of Si (in eV)

Binding energy
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Number of bound electrons  (N)

+ Ground state of Si:
1522522p°3523p?
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+ for emission of Si™ (N=13):
initial state: 1s'2522p®3523p?
final state: 1522522p°3s23p?
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Ko, LNMO and K, LN m*
Comparison of the K, L% with satellites energy shifts
Ko LN M° Ko LV M*

2,2 .
MO: represents the ground-state 3s~ 3p’ Number of L-shell vacancies (N)
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Theoretical data: J. Rzadkiewicz, A. Gojska et al., Phys. Rev. A 82, 012703 (2010)
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Red shiftf due to plasma polarization

+ lon sphere potential obtained from Poisson-equation :

AP(r) = 4me ne(r) + 4me ny(r) — 4w Ze 6(r)
+ density of bound electrons: n, = = 3= |Rui(r)[?
+ self-consistency with respect to free electron density:

dp p? —p? e ¢(r
ni(r) oc [y kg T3 OXP [(meT + kﬁ(r))}’Po = \/2meg(r)

+ perturbative ansatz H = H° + H' with H = —e[¢(r) — ¢(r, ne = 0)]

+ due to plasma shift energies polarization due to plasma screening:
AEW =< il H [ > — < d¢|H [t >

October 2 © UNIVERSITAT ROSTOCK | MATHEMAT IAFTLICHE FAKUL FUR PHYSIK




Universitat
Rostock

Traditio et Innovatio

Red shiftf due to plasma polarization

Si: T=30eV

+ using Bunge RHF function
+ configuration of Si* :

Red shift energy [eV]
|
N

3l initial state :

- 15'25%2p°®3523p?
4 . . . final state :

B 1 2 3 4 15%25%2p°3s%3p?
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Plasma Composition
Coupled saha equation

2
+ Degeneracy parameter © = Z21- > 1, Epormi = 50— (37°ne)*°

+ Boltzmann distribution function £. (p) = e ~#(p*/2me—ne)
+ due torelations pim = fim+1 + pe assuming local thermal equilibrium conditions

™ {m)

+ iteration to be solved : n,,) = [e*“e/ ke T} - o)
i

10

Silicon: Atom unit
6=1at T=12.5eV

8
6
4
2
0]

October 2 20



Universitat ()
Rostock

/' Traditio et Innovatio

electron-ion interaction

1/3
+ Wigner-Seitz radius R defined by R = (ﬁ

41 ne

+ the ion sphere has Wigner-Seitz radius R to build ion-electron shift :

Aei _ 7Zionez o 7672 Zion 2/3 (E)l/3
¢ 4meoR e \ Am 3
+ internal partition function of ion-electron shift:
(m: number of ionisation steps)

ol"(m) = 2"exp

1 e? 1/3
ky T (47)2/3¢0 ( ) ZX2/3]
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electron-electron intferacton

+ then the electronic chemical potential in the classical low density case reads

B ne)\3 € [ nee? \/27r2ne)\ et ne)\3e n neX2e?
fe = eokBT S(kBT 8\/§ 4kg T

+ Montroll-Ward approximation: = AHF 4+ AMW

Sit M=5x10%em 2
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Plasma Composition
Planck-Larkin partition function

+0M(m) = 2mexp [f

Mw

ke T

o[

2

ke T (47r)2/3€0 (

+ Planck-Larkin partition function for bound contnbuhons

O,in,PL

necm™
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Synthetic spectra
+ average emission power from N; atoms in state E;

(Pix = Ni - A - - wik

+ with spontaneous transition probability,

=228 frn]
+ with approximation
Py = NiEA
+ intensity give as
s __ NiEoA _ n (Eo )
bt Noer g Arer — nrer \ EgF

/AFTLICHE FAKULTA




Universitat (&
Rostock

Traditio et Innovatio

Synthetic spectra

+ Lorentz profil for individual spectral lines

_ma(2/2)?
(€~ Eof* + (127

+ convoluted with Gaussian instrument function

ILorentz ( E)

o0 1
I(E) = dz liorentz(E 4+ z) —— ex
(E)= | dzhoune(E+ 2) e o

+ fixed parameters for Si:
Lorentzian linewidth v = 0.43 eV
Gaussian width '¢ = 0.13 eV

G.Graeffe, H. Juslen et al., J.Phys. B: Atom. Molec. Phys., Vol. 10, No. 16,1977
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K, LOMO line for Si

T=30 eV, Nyt = 5x1022cm—3
1

K} [o—e experiment data [2]
— simulation result

Si

Intensity
(=)
n
T

0
E-E, [eV]
+ fine structure Ps,, and P; > influence the intensity

+ distance of 0.591 eV between fine-structure components (semi-empirical NIST data)
+ experiment data [2]: zneniin L, Shouichi Sugata.et ., Phys. Rev. B 69, 05106 (2004)
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spectrum with satellite emission lines
temperature = 30 eV

Ka LN MO (N=0,1,2,34) Ka LN pm4 (N=0,12,34)
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Summary and Outlook

+ X-ray emissipr_lzlsttongly’depend on the ion.configuration and emitter environment

+ red and gg? nergy shifts are determined by emit 8r Gonfiguration and plasma
paramet S Neh s

+ spectra with different temperatures i

AL
+ the photon emission spectra are considered using different configurations to improve
MP for the x-ray transitions in K, L satellites

background: hrwlsl.bp.biéggpo'tmw_ PImM2TTud6Y/SsNv3CMImEI/AAAAAAAABXY 1600-hy 18-2039.jpg
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