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By use of a hydrocode it is shown that the interaction of high-intensity light with an ex-
panding plasma surface produces a positive plasma cloud followed by a negative plasma
cloud. This result, which is opposite to that without the laser light, is the result of the non-
linear (ponderomotive) force.

PACS numbers: 52.35.Mw, 52.50.Jm

A well-known insufficiency of the earlier macro-
scopic two-fluid theory of plasmas' was the impossi-
bility to reproduce directly Langmuir (electrostatic)
waves and their coupling with electromagnetic
waves because the theory needed the approximation
of electric quasineutrality. Though phenomena of
electric fields in plasmas were concluded in the sur-
face of laser-produced plasmas, or in cosmic plas-
mas, 3 the step towards a consequent macroscopic
theory describing these phenomena was not possi-
ble before the approximation of quasineutrality
could be overcome by a genuine two-fluid descrip-
tion with unrestricted electric fields. 4 The numeri-
cal models, however, needed time steps much
shorter than the plasma oscillation period, 5 and fi-
nally resulted in detailed electric field mechanisms,
such as plasma rotation in tokamaks, as a basic ef-
fect (and not as a higher order anomaly), " and in
the first quantitative theory of the decrease of ther-
mal conduction in pellet fusion.

We report here on the evaluation of the theory to
explain the observation of the measured double
layers in laser-produced plasmas with an inversion
of the polarity for which we found a direct connec-
tion with the generation of cavitons due to non-
linear force action. Detailed experiments showed
the surprising result that the first part of a laser-
produced expanding plasma is positively charged
followed by a negative plasma cloud within a tem-
poral resolution of 1 nsec. This is an "inverted
double layer" because any freely expanding plasma
has first a negative and then a positive charge.
The experiment in Ref. 7 was calibrated in situ and
therefore any regular double layer can precede the
inverted double layer, only within a shorter time
than the experimental resolution (1 nsec). The ap-
pearance of a strong inverted electric double layer
in a laser-produced plasma can be analyzed from
the following evaluation of a hydrodynamic compu-
tation of laser-plasma interaction where special at-
tention has been given to the generation of electric

fields and double layers in the interior of inhomo-
geneous plasma.

Macroscopic hydrodynamic computations could
not cover these electrostatic mechanisms, as they
were developed as one-fluid codes (wAzER, LAS-

NEX, MEDUSA, etc.) and the two-fluid theory' was
essentially based on electric quasineutrality of the
plasma; the theory of the nonlinear forces in laser-
produced plasmas required an extension to oscillat-
ing space charges and the addition of nonlinear
terms. 8

The fact that the nonlinear forces from the laser
act on the plasma electrons and the ions follow elec-
trostatically was the motivation for the development
of a genuine two-fluid code for electrons and ions
coupled by the Poisson equation. We derived from
this code the generation, coupling, and collisional
damping of electrostatic plasma oscillations by ther-
mal (pressure) or electromagnetic (nonlinear force)
driving of the plasma dynamics. The generation of
very high electric fields (more than 10' Vicm) for
10' -W/cm neodymium-glass laser irradiation was
derived. Also without laser fields the electric fields
were simply generated by gradients of the electron
density and/or the temperature.

We use this code to study the sign of the space-
charge densities for comparison with the measure-
ment of the inverted double layers. The code
uses one-dimensional hydrodynamics of the elec-
trons and ion fluid with coupling by electric fields,
viscosity, and thermalization according to the
equipartition time. The laser fields are calculated
from the Maxwellian equations with internal reflec-
tion using the spatial and time dependence of the
optical constants including the nonlinear intensity
dependence of the collision frequency. As the code
was covering the electrostatic oscillations and had to
follow time steps below a few femtoseconds, we
could only follow the plasma dynamics to a few pi-
coseconds where the inverted double layers ap-
peared to be similar to the experiments in the
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