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Abstract Using a kappa velocity distribution function for
the electrons of the background plasma, the dynamics of a
beam of hot electrons streaming through the plasma and the
generation of Langmuir waves are investigated in the frame
work of quasilinear theory. It is shown that the Langmuir
waves are strongly damped by high energy tail of the Kappa
distribution function. The spatial expansion of the beam is
reduced and the spectral density of Langmuir waves be-
comes narrower. The height of the plateau in the beam distri-
bution function increases at small velocities and the average
velocity of beam is larger than that of a Maxwellian distribu-
tion. The influence of Kappa velocity distribution function
on the gasdynamical parameters is investigated. It is found
that, the height of plateau in the beam distribution function,
and its lower velocity boundary are enhanced while, the lo-
cal beam width in velocity space decreases.
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1 Introduction

Electromagnetic wave emission near the plasma frequency
and its harmonic is a fundamental process in solar ra-
dio physics. It has been fairly accepted that the energetic
electron beams accelerated during solar flares and guided
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along open magnetic fields lines are the source of the ob-
served electromagnetic radio emissions (Goldman 1983;
Dulk and Suzuki 1980). As move from the corona into the
interplanetary medium, these electrons excite the electro-
static Langmuir waves via beam instability, and then the
Langmuir waves are converted into electromagnetic radia-
tion (type III bursts) at the fundamental frequency and/or its
second harmonic via various linear or nonlinear plasma pro-
cesses such as nonlinear wave-wave interactions (Gurnett
and Frank 1975; Grognard 1982; Robinson 1992; Robinson
et al. 1993a, 1993b; Robinson and Cairns 1998a, 1998b).

For investigation of beam plasma system various alter-
native theories have been suggested. When the level of
Langmuir waves generated is quite low, and also beam-
to-background density ratio is small, the evolution of the
electron beam and generation of Langmuir waves, are of-
ten described using quasilinear theory (Vedenov et al. 1962;
Drummond and Pines 1962). The quasilinear theory de-
scribes the dynamics of interactions between the electrons
and Langmuir waves which are in resonant with the beam.
The influence of Langmuir waves on propagation of the
electron beam results in diffusion of the beam distribution
function in velocity space. As a result, the beam distribution
function relaxes in velocity space toward a plateau charac-
terized by its height and upper boundary (Takakura 1977,
1979; Grognard 1982).

The rate of beam-plasma interaction is determined by
the quasilinear relaxation time τ � n/nbωp where nb and
n are the beam and background number densities, respec-
tively and ωp is the plasma frequency. For a small beam-
to-background number density ratio the quasilinear time is
much smaller than the beam propagation time, and therefore
the quasilinear relaxation is normally considered to be the
fastest process governing the beam dynamics. If this condi-
tion is satisfied, we proceed from a quasilinear kinetic de-
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