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STRONGLY COUPLED COULOMB
SYSTEMS

Ion traps (3D) One single charge
component in an inert

Electrons on the surface of neutralizing back-
liquid He (2D) ground

Storage rings (ID)

Electron
Gas

\

Metals (3D)

Semiconductor quantum
wells (2D)

Quantum wires (ID)

Quantum dots (OD)

Dense
electron-

ion
plasma

. Inertial fusion

• Gas discharges

Exploding wires

Heavy particles in a
polarizable back-
ground

Liquid
Metals

Meso-
scopic

plasmas

Dusty plasmas

— Charged colloids



17

Binary
mixtures

Electron-
hole

plasmas

Positive
and

negative
ions with
repulsive

core

Logarith-
mic

plasmas

^^ Planetary interiors

^•^ White dwarfs <^g

— Semiconductors

Electrolytes ^ ^
/

^Molten salts

/Vortices

•V
Computer

2 different ions in a
neutralizing back-
ground

Strongly correlated
positive and negative
charges

Solution of the 2D
Poisson equation



18

STANDARD RESPONSE FUNCTIONS
(OF THE "FIRST KIND"):
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linear response function

perturbation
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\ quadratic response function

Standard FDT (linear):

Xl
S(kco)

Quadratic FDT:

~ <P(DP(2) p(3)>(0) k2 co2)

three point dynamical
structure factor

(G. Kalman and X.Y. Gu, 1987., K.S. Golden, G.
Kalman and M. Silevitch, 1972)
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RESPONSE FUNCTIONS
OF THE "SECOND KIND":

linear response function

perturbation

\
quadratic response function

FDT of the "second kind": (X.Y. Gu, G. Kalman, Z.C.
Tao, 1992):

H1 ~ <p(l)p(2)p(3)>(0)

<p(l)p(2)p(3)p(4)> (0)

N.B.: Xi Xi

(G. Kalman and X.Y. Gu, 1987., K.S. Golden, G.
Kalman and M. Silevitch, 1972)
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DYNAMICAL MEAN FIELD THEORY

A DMFT can be based on the quadratic response and the
quadratic Fluctuation Dissipation Theorem. Again, a self-
consistent non-perturbative Mean Field Theory is obtained
for e(kco).

8 =

F(12) - Velocity averaged <F(12)>

Approximation
ofF(12)

T
Quadratic

Fluctuation
Theorem

Approximation

(K.S. Golden and G. Kalman, 1989)

The DMFT provides a dynamical e(kco), satisfies the High
Frequency Sum Rules and gives a much better description
of collective modes.
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Quasi Localized Charge Approximation

For strong coupling the particles are localized on a "short"

time scale in local potential fluctuations.

Correlations determine the average position of the particles.

Their motion can be described in terms of the almost

canonical collective cooridinates

and JtR

A: species index

A —

1/2
rk-x A

A A

a is the displacement and Ki a is the associated
momentum.
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Main Equations:

Equation of Motion for the collective coordinate

where C;j(k) is the dynamical matrix in layer-space;

ij{k) = n/m<p}j{k)k2

The correlational effects are represented through the D-functions:

where (pjj(k) and gij(k) ai"e the Fourier transforms of the interaction potential and
the pair correlation function respectively. The latter are supplied by HNC.

The dispersion relations reads

where SL = 0 <-> L modes and Sx = °o <-> T modes


