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In this work a partially ionized plasma under
extreme conditions which is in such experi-
ments using heavy ion beams have been inves-
tigated. Particularly, equation of state and shock
adiabatic (hugoniot) which connects the density
and pressure of the plasma ahead and behind of
the shock wave are calculated.

The effective screened interaction potentials
[1,2] for nonideal dense electron-ion plasma
which taking into account electron’s wave na-
ture at small interparticle distances is used:
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The effective potentials (1) can be used for non-
isothermal as well as for isothermal plasmas. The
electron-ion temperature of non-isothermal plasmas
is presented as 7, = \/TTI [3].

Equation of state for dense hydrogen plasma is
calculated by shock wave compression hydrogen
modeling. In presented approach the analytical ex-
pression of the correlation energy and excess part of
the pressure are calculated on the basis of effective

potentials (1). The correlation energy has the fol-
lowing form:

lE-mail: gabdullin@physics.kz

?E-mail: ramazan@physics.kz
3E-mail: zhandos@physics.kz
4E-mail: miriael@mail.ru

5 : 3
E-mail: g.akhtanova@gmail.com

n
U =27V Ny €, /1 <
’ rzlf:k L7 \1-(26,/ 2,7°)
: Uy R s Vo e S
B(1-B'4; )(1+B4,) A(1 A&;ﬂ)(HMw)J
+27Ve (ZZnnL,/L',—nfi“ W2t J 2)
kT, (1-C,)

Equation of state has the form:
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Ionization degree is calculated using modified
Saha equation with lowering of ionization potential
hydrogen atoms.

Additionally, calculation of shock adiabatic in
HNC approximation using Deutsch quantum poten-
tial [4] and Saha equation is done.

Obtained results are compared with experi-
mental data [5] on shock wave experiments and
with other known theoretical approaches.
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Nowadays, a state of matter under extremely
high pressure is an object of high interest. In-
vestigation of dense matter has crucial impor-
tance for application [1] as well as for under-
standing of universe evolution. Particularly,
many expectations associated with an inertial
confinement fusion, where dense plasma is a
working substance. Experimental investigation
of dense nonideal plasmas based on using of a
shock wave compression, a high-power laser
and an ion accelerator devices [1-2]. A charac-
teristic feature of all of the above experiments is
that the resulting plasma is non-isothermal. The
reason for that is a big difference between the
mass of ion and electron.

In presented work stopping power of the pro-
jectile ions in a dense, non-isothermal plasma
and temperature relaxation between electrons
and ions are considered. These properties of
plasma have to be calculated accurately taking
into account both quantum and collective ef-
fects in plasmas.

The stopping power for protons in a dense
plasma represented as the sum of contributions
due to bound electrons (be) and free plasma
electrons (fe) [3].
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where v, and Z,, are the velocity and the effective
charge of the ion, », is the number density of the
ion species k, v,, is the number of bound electrons
in the ion k& A and J, are the Coulomb logarithms
for the free and bound electrons, respectively.

The Coulomb logarithm is obtained on the basis
of effective potentials. These interaction potentials
take into consideration long-range many particle
screening effects as well as short-range quantum-

mechanical effects[4-6].
The Coulomb logarithm is determined by the

center-of mass scattering angle &, [7]:
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where E :_;.mwul s My = mamﬂ/(ma +mﬂ) is the

reduced mass of the particles of species a and S,
V(r) is the interaction potential of particles, r, is
the classical distance of the closest approach,
b, =Z2,Z,1(m,v")is the impact parameter for 90°
scattering. We take the maximum and minimum
impact parameters ash_ =7,, b =max{bl,7n Qp} :

where 7,, is the Debye radius, Xaﬁ is de Broglie wa-

velength.

Relaxation of temperatures is investigated in
a wide range of plasma parameters according to
well known formula
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Obtained results for stopping power and re-
laxation time compared with an available expe-
rimental data [8] and molecular-dynamics simu-
lation results [9]. Also, advantages and disad-
vantages of used approach in comparison with
other theoretical methods are discussed.
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