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Strongly coupled plasma (SCP) is an elaeiion system where the number of charged
particlesNp in the sphere of Debye radius is less thaAchieved are values dflp about
10*-102. Coulomb interaction enerdyetween particles becomes comparable to the value of
thermal energy in SCP. The expansions thatths smallness of Coulomb to thermal energy
ratio fail for SCP. Nordegenerate SCP is treated in the paper.

Plasma waves and collective degrees of freed®asma waves are the foundation of
the SCP theory as for theonventional plasma whedy > 1. The collision mechanism
changes wheiNp becomes less than 1 because of the change of screening radius from the
Debye value to the average interparticle distafil]. For that reason the maximum value of
the damping decrement to plasma frequency ratio does not exceed 0.2 and plasma waves ex-
ist in the whole area of SCP parameters A2lother plasma characteristic is the nunef
collective degrees of freedom introduced by Bokns. proportional to the inverse value of
Np and reaches its maximum for SCP [1]. Theref the subsystem of free charges in SCP
can be described as a system of the collective variables with relatively small interaction be-
tween them. This presentation opens upihg to the development of SCP theory.

Spectra of bound and localized electron staldgese states supplent the collective
variables. Quasi-classical bound states gwetlzer oscillatory modelnteraction between
oscillatory modes of Lieagmuir plasma waves amdectron bound statessudts in: (a) limita-
tion of the bound state spectrum, (b) repuldietween dispersion cugg of plasma waves
and bound states and (c) fornoatiof the soft energy gap between spectra of bound and free
electrons. The concept developed is chedkgdhe comparison with experimental optical
properties of SCP: shift, brdaning, merging and absoluteansity of spectral lines and
photoionization (recombination) spectraS€P of diverse chemical species [3].

Transformation of bound and free states spettis presented in Fig. 1. The valuelof
is compared witlJ in Anderson localization. The value dfluctuation & 4J) is compared
with A in Lifshits localization.The cases for ideal, nonidesid liquid-metal plasmas differ
remarkably becauskgrows exponentially witlN, U grows slowly asN\**, 4, and 4, do not

depend oM, the energyr of jump from4; to 4, grows slowly agv**>.



31st EPS 2004; G.E.Norman et al. : Principles of theory of strongly coupled nonideal plasmas 20f4

1 : 10 Fig. 1. Schematic illustrations of the relation between
1 L Ll ! | characteristic energies for three examples (1 eV, N
0.01E -, AL (a) 2\ /’ = =2n) of different casesa — ideal plasma (N 10'° cn
- 43 3 b— nonideal plasma\(~ 108 cm¥), ¢ — liquid-metal
0-0015_ "= plasma K ~ 10 cn). Horizontal axis presents the val-
- . ues of the principle quantum numbe upper horizon-
O'OOUI%_ 5 _§ tal) and the corresponding hydien-like energies (lower
- SIT -an slp - horizontal) of the isolated atoiy, = — Ry/rf, Ry is the
0.1 — — Rydberg constant. Vertical axsesents the values of 4
§ A=] A, Ap, U\/ § (line 1), 4 (step-wise dependence 2); (line 3) andU
0.01 ;_ ’-J _; (horizontal 4)J is the averaged value of the overlapping
% % integral "™, m{R) between neighboring ions, wharegl
0.001 ;— —; andm (n', I”andm’) are principal, orbital and magnetic
% % quantum numbers of the first (second) iB% |r—r,|,
ri and r, are ion radius-vectors; the dependence
1'0§ & ) 42144505 3/(R) = I',4(R) is found numerically; the dependencies
01 - 4 T_f J(E,) correspond to inter-ionic distancBsfor different
= N S values ofN. 4 is the spacing of atomic energy levels:
- -5 -log(IEVRy) | 5 R . .
WL | |IIIIII L |”HW A1 = 2Ry n® for small Stark splittinggd = 4, = Ry n
~1.0 ~0.1 ~0.01 227 for large Stark splitting (n) jumps fromA; (n) to 4, (n)

2N2/3

at 4, (n) = Ag; it corresponds to the Inglis-Teller formuld: = 3eaFn? = 13e’an°N*?is the Holtzmark split-

ting which is valid for both ideal and non-ideal plasmas as Monte Carlo calculations skoweth average

microfield. U = €2 (NT)**is a fluctuation of the potential energy

a — The intersection ofl;(E,) with A(E,) corresponds to the lhg-Teller merging at
E. = ar, sincegr is less tharl & |; the energys corresponds to ¢hintersection oftJ(E,)
with A(E,). The electron states are one-centered (atomidifer &, as electrons are local-
ized both to Andersonl(< U) and Lifshits (4 < A) criteria. The overlapping of Stark com-
ponents results in tHaglis-Teller continuum, which igormed by individual atoms.

b — the intersectiomy, of 4J(E,) with A(E,) occurs on the vertical part of ti€E,) de-
pendence. The energysubstitutes (&7). The Inglis-Teller continuum disappears. The non-
overlapping discrete atomic stagsvive to the left side frorm. The region to the right side
from &, whereU > J > A/4, is formed by multi-centered quantum states of electrons local-
ized in long-wavelength flucation of micropotential. Thisegion corresponds to the soft
gap in optical spectrd(E,) tends to infinity at a certain energy The states in the interval

& < E < g can be treated as multi-dered classical states locadd in the fluctuation of
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Fig 2. Static electrical conductivity versus

nonideality parameter. Filled symbols are

different experimental data; empty sym-

bols are MD results: thombus and squares
— [4], triangles — our results, asterisks —
Apfelbaum E.M., Ivanov M.F., 2001.

Theoretical curves: 1 — Spitzer formula, 2

— the same with fixed Coulomb logarithm
(L.=3), 3 — the same with A, = (A° +
1)"2/2, 4 — [5] where the scattering of

electrons by plasma waves is taken into

account, 5 — ¢ =,/ 4m.

0.1 1 Y

micropotential. Using # one-electron density of staiemot valid in SCP. Statds> & de-
scribe infinite free motion. The values gfand& can be estimated from the percolation the-
ory. The border between the caseandb corresponds tt = 0.5<10"® cmi™. It coincides
with the border between ideal and nonideal plasmaisdt eV

¢ — the intersectionyp of 4J(E,) with A(E,) occurs on thety(En) part of theA(E,) de-
pendence aN > 0.5<10°* cni>. It means that delocalizatidakes place both to Anderson
and Lifshits criteria. The whole regiong) < E < & is a precursor of the valence zone.

Thermodynamics and conductivitfhe smallness of the thermal de Broglie wave-
length to average inter-partiatistance ratio is used to @l the thermodynamic functions
and equation of state of SCPhe pseudopotential model is usedether with the plasma
wave and bound state contributio®asma waves contribute to the effective electron colli-
sion frequency and, thereforeflirence a number of SCP properties, for example, electrical
conductivity (Fig. 2).

Stochasticity of particle trajectoriesThe inherent featuref MD system is the
Lyapunov instability, i.e. divergence of partittajectories [6]. Due to this divergence there
appears a dynamic memory ting that limits the time interval when a solution of the
Cauchy problem is valid for MD numericaitegration. For times greater thanMD trajec-
tory ““forgets" its initial onditions and ceases to correlate with the hypothetical Newtonian

trajectory with the same initial conditions. The valug,pfiepends on the Lyapunov expo-
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Fig 3. (a) Dependence of K f,, on the fluctuation of the total energy caused by the additional Langevin
forces. The arrow corresponds to the vibration of ions in water electrolyte.

(b) The value of 7,3 depending on the nonideality parameter for different initial conditions: 740) =0,
crystal — circles, 73(0) = 0, quasirandom — squares, 7,0) =0 — rhombus, 7T,(0) = T{0) = 0 — trian-

gles. Crosses correspond to #,, dashed line is drawn to guide the eye. I' = 1.28.

nentK and a noise that initiates the trajectoryedgence. Such noise could be simulated e.g.
by additional Langevin forces which resutfluctuation of the total enerdytang (Fig.3, a).

The distinguishing feature of relaxationtwo-temperature SCP [7] is a nonexponen-
tial stage of the relaxation for t,g that precedes the exponential one. The valuggafe-
pends on the initiadonditions but stays comparable with(Fig.3, b). The next stage of re-
laxation is the exponential one (see [2]).
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