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Plasma Parameters
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Definition of EMD
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Pseudopotential Models.
Hellmann Potential

Hans G.A. Hellmann (1903-1938) ®

* Born on the 14th of October in
Wilhelmshaven, Germany L}
» Sentenced to death on the 29th ¢

May 1938 |
Fundamental Contributions:

» The molecular virial
Hellmann-Slater theorem (1933)
e The Hellmann-Feynman

(molecular force) theorem (1936)
« Pseudopotentials (1934) Hans Hellmann in the 1930s
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Pseudopotential Models.

Hellmann-Gurskii-Krasko (HGK) Potenﬁ

Electron-lon I nteraction
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Pseudopotential Models.

Hellmann-Gurskii-Krasko Potential

| on-1on | nteraction

8 . 8
P : - HGK
<& 7+ : < 7+
z Na' | HGK o Cs - - - -Hard Core
= | ~=
= 6 T Coulomb < 6 ---- Coulomb
: - - - -Hard Core
5+ | 51
|
41 | 4
|
31 "L 31
2+ 2 1L
1+ 14
0 I I = I 0 - I - I - I - I -
0,0 0.2 0.4 0.6 0,8 0,0 0.2 0,4 0.6 0.8 1,0
R=rlr, R=r/r,
2.2 —r / Rgji 2.2
e’ 1-e""™ 7€ a s, _
g, = z - Valency; a, R.=2R-, are adjustab

to the optical spectra parameter




o, (R)KT

Hellmann-GurskiiKrasko potential

for alkali elements
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Screened Hellmann-Gurskii-Krasko
Potential
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Screened Hellmann-Gurskii-Krasko
Potential

if e Reei Rei <<ToerTois then fore—i angd-i  interactions:

Screened e-i HGK in the Debye approximation:
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“Yu. V. Arkhipov, F.B. Baimbetov, A.E. Davletov,.Ehys. J. 8, 299-304 (2000)



Screened Hellmann-Gurskii-Krasko
Potential °

Electron-lon I nteraction

2 2 !
4 4 | 1
o kT — 1 q’ei/kBT i
el B 1__ ______ 2 1__ |‘ ______ 2
""""" 3 " Tttt 3
0 0 —

r=02 =08

4 — 1 —3
a1 n, = 103 N n, = 0.7 10*cm
T =3000(K T =3000(K
-5 : | : 5 :
0,0 0,5 1,0 0 1
r/(e’/4Te k. T) r/(e’/4me k.T)

Comparison between the different e-i pseudopotentials of semiclassical Li*-
plasma: 1: Hellmann-Gurskii-Krasko potentia?; Screened Hellmann-Gurskii-

Krasko potential 3: Screened HGK in a Debye-Huckel approximation
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A New Type of the Screened
Hellmann-Gurskii-Krasko Potential
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Comparison of the new Hellmann-Gurskii+'sg “
Krasko Potential with the Old One
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Comparison between the different e-e pseudopotentials of semiclassical Cs'-
plasma at T=8000 K, n,=10%° m-3: 1: Hellmann-Gurskii-Krasko potentiaZ;

ScreenedHellmann-Gurskii-Krasko potential3; Screened HGK in a a Debye-
Hlckel approximation



EMD at location of an ion

According to Ortner's ° theory for TCP plasma:
Fourier transform of EMD:
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In the Debye Approximation:
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6J. Ortner, |. Valuev, W. Ebeling, Contrib. PlasmiayB.40, 555 (2000)



EMD at LI *-1on
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EMD at Cs™- ion
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EMD in Alkali Plasmas at an ion®
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he Talils of EMD

At T -0 . Holtsmark distribution :

P(ﬁ)z%?lexp(—l“)sin(lﬁ)dl with a=3/2

At B~ oo . P(B) 014963 " =1.49637"

At [ - . Mayer distribution :

P(B) =2/ il ¥?B?exp(r B 12) Fails in the strong-field limit !
A.Y. Potekhin's” asymptote

P(B) O KB 2 exp(I BY% - B7¥?)| is more accurate !
"A. Y. Potekhin et al., Phys. Rev.E, V. 65, 036412
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Log P(B)
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The Static Structure Factors
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"Gregori, Glenzer S. H., O. S. Landen, Phys. Rev. E 7840@2(2006)

8 P. Seuferling, J. Vogel, C. Toepffer, Phys. Re¥0A323 (1989)
9V. M. Adamyan, I. M. Tkachenko, High. Temp. (USABR7 (1983);
Sov. J. Plasma Phys. 11, 481 (1985)



The Static Structure Factors
for Be?*- plasma
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Summary

* The EMD at the location of anion and neutral point have been calculated using couplin
parameter integration technique for Alkali plasmas proposed by Ortner et al. and
compared with MD and MC simulations. The EMD are stidied in a frame of theHellmann-
Gurskii-Krasko pseudopotential model which takes into account theon structure. For
determination of RDF the screened HGK potential inthe Debye and moderately coupled
screened approximation have been used, where thetker shows good agreement with MC
at moderately largel .

« With increasing of [ the ion core structure stats to play sgnificant role and influences
the EMD very much

* The tails of the EMDs at anion at low [ or neutral point are in all cases ot.evy type, but
with the different exponents depending on the denst and temperature of plasma. The long
tails at a neutral point are compatible with theHoltsmark's tail .

*At high values of [' the EMD tails measured at aion obey to thePotekhin law.

*The high-field tails for Alkali- plasmas decay much faster than the fields acting gorotons
iIn hydrogen plasmas.

*The screened HGK model can be used for determination of the static ral dynamic
structure factors for X-ray Thomson scatteringapplications



