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Abstract. The modeling of plasma behavior from mid up to strong non-ideality, e.g. plasma
with a dominant Coulomb interaction is of interest. The micro field is strongly dependent on
a form of used pseudo-potential. It is important to have in mind that the plasma behavior
is considered as a variation to the main form of a potential. It was obvious from previous
papers that the pseudo-potentials used in solid state physics, e.g. ab-initio ones, could be
used successfully in describing of a dense plasma. Here we present the candidates potentials
calculated with ab-initio method that should be analyzed in order to be used for describing
a dense plasma. As a result, after studying of the potentials, it is expected to have a method
of introducing a more complex atoms and ions in existing plasma model.

1. THEORETICAL REMARKS

In the dense plasma the inter-particle Coulomb interaction becomes dominant over
the thermal kinetic energy (Fortov et al. 2006). In such conditions a coupled system
of particles behaves partially like a crystal. The simplified version, for hydrogen case,
of non-ideality parameter I' is given by

E, e? 2a71/3 3 e
B, FTrgs ~ N8 B=1KT rws (47TN6) (1)

The plasma interaction, cut-off Coulomb potential, was used successfully previ-
ously, see for example Dimitrijevié, et al (2018), Sreckovié, et al. (2018), Mihajlov, et
al. (2015), Ignjatovié, et al. (2009). Although the expected plasma influence should
be governed in the far field concerning a ionic core radius, it is expected to have a
strong influence of the form of a ab-initio yielded pseudopotential. The area of in-
terest in Hydrogen model is in range of 0.1 < I' < 1.5, while for other species the
thourough investigation of model behavior is needed.
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2. THE PSEUDO-POTENTIAL

The describing plasma depends of two parts, the atom/ion content, as well as plasma
influence. While the plasma influence is described as a collective phenomena, the
atom and ion influence is described with the help of pseudo-potential. The idea
of describing a complex atom dense plasma as well as describing of complex atom
mixtures plasma arises. The atom and ion influence should be described by the ionic
core of the adequate complex atom and ion, while the plasma influence is described
with the collective phenomena modeling.

Since the slow processes could be described as a pseudo-static ones, they could be
included in a potential. The influence of ions could be described directly as a sort of
crystaline structure. It processes a smallest inter-ionic distance so the emitter could
feel a averaged potential of several layers of ions.

Besides mentioned approach, there are several ab-initio calculations that are po-
tential candidates for generating a pseudo-potentials capable for being used in dense
plasma modeling. Our choice was ATOM, the program originally written by Sverre
Froyen at the University of California at Berkeley, and now maintained by Alberto
Garcia.

It is expected that presented approach of pseudo static ionic content in plasma
could also enable a inclusion of more complex atom and ion plasma models. A first
step the comparison of exact model for Hydrogen with previously used Opium code
generated one as well as ATOM generated should be carried out.
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Figure 1: Dependence on ion density
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3. RESULTS AND CONCLUSIONS

As a first step approach was to model the behavior of ionic collective phenomena as
simple as possible and to have insight of influence of various processes.

The screening is modeled as a Debye one, although it is known that this kind of
screening model does not describe a behavior of dense plasma completely, it posses a
analytical form and could be easily included within analyzed model.

As a first model analysis a sensitivity on ion density is shown in Figure[I] Here it
could be concluded that more dense ionic content is, faster it converges towards the
constant value, e.g. it becames a constant slope in the right part of a graph with larhe
r. From this it could be concluded that the cut-off model describes well a plasma of
high densities.

From Figure [2|it becames obvious that if more intense screening is more separate
ion influence is even in a case of plasma of high densities. The cut-off is not capable
to adequately describe a plasma with high screening.

rws = 100 a.u.

100 ¢ ——
: =100 a.u. ——
i rD=1503.U. ******** R
— rp =200 a.u. e ]
= 10F E
o - ]
&) i i
Ll ! ] j
o TP ;
0.1 7 S S

1 10 100 1000

r[a.u.]

Figure 2: Dependence on screening length

From Figure [3| the influence on size of modeled pseudo crystal is shown. The
behavior for single layer and 2 layer model is presented, the validity of describing is
good up until a strongest local maximum in a area of r > r.. The figure is more
illustrative, since in every case of modelling it is necessary to have a prior investigation
of adequate model size. The computing time depends strongly on number of layers.

The idea of inclusion of calculations of collective phenomena of ionic content is a
inclusion of ionic processes directly in pseudo-potential. From the shown it could be
deduced that this approach could lead to applicable results, capable of describing a
plasma behavior more precisely than a cut-off model with the usage of non extensive
computing power facilities, e.g. it could be available to model a desired plasma
behavior on demand.
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Figure 3: Dependence on number of layers

Acknowledgements

This research was supported by the Ministry of Science, Technological Develop-
ment and Innovation of the Republic of Serbia (MSTDIRS) through contract no.
451-03-66,/2024-03/200002 made with Astronomical Observatory (Belgrade), 451-03-
47/2023-01/200024 made with Institute of physics, NOVA2LIBS4fusion Grant no.
3108/2021 and with the financial support from the Bulgarian Academy of Sciences
(Bilateral grant agreement between BAS and Astronomical Observatory, Belgrade),
that is gratefully acknowledged.

References

Vitel Y.: 2004, J. Quant. Spectrosc. Radiat. Transf., 83, (3-4):387-405, doi: 10.1016/
S0022-4073(02)00380-1

Chabrier G., Saumon D., and Potekhin A. Y. : 2006, J. Phys. A, 39(17):4411-4419, doi:
10.1088/0305-4470/39/17/S16

Fortov V., Iakubov I., and Khrapak A: 2006, Physics of Strongly Coupled Plasma, Inter-
national Series of Monographs on Physics. OUP Oxford., ISBN: 9780199299805

Dimitrijevi¢ M. S., Sre¢kovi¢ V. A., Sakan N. M., Bezuglov N. N., and Klyucharev A. N.:
2018, Geomagn. Aeron., 58(8):1067-1072, doi:10.1134/S0016793218080054

Srec¢kovié V. A., Sakan N., Suli¢ D., Jevremovié D., Ignjatovié¢ Lj. M., and Dimitrijevié¢ M. S.:
2018, Mon. Not. R. Astron. Soc., 475(1):1131-1136, doi:10.1093 /mnras/stx3237

Mihajlov A. A., Sre¢kovié V. A., and Sakan N. M.: 2015, J. Astrophys. Astron., 36(4):635-
642, doi:10.1007/s12036-015-9350-0

Ignjatovi¢ Lj. M., Mihajlov A. A., Sakan N. M., Dimitrijevi¢ M. S., and Metropoulos
A 2009, Mon. Not. R. Astron. Soc., 396(4):2201-2210, doi:10.1111/ j.1365-
2966.2009.14870.x

Soler J. M., Artacho E., Gale J. D., Garcia A., Junquera J., Ordejon P., Sanchez-Portal D.:
2002, Jour. Phys.: Condens. Matter, 14, 2745-2779, doi: 10.1088/0953-8984/14/11/302

138





