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Abstract.
Relativistic plasma masers operating on the anomalous cyclotron-

Cherenkov resonance (w - kllvlI + WB/ "[res = 0) and on the Cherenkov-
drift resonance (w - kllvlI - kxUd = 0) are capable of explaining the
main observational characteristics of pulsar radio emission. Both elec-
tromagnetic instabilities are due to the interaction of the fast particles
of the primary beam and from the tail of the distribution with the nor-
mal modes of a strongly magnetized, one-dimensional electron-positron
plasma. In a typical pulsar, both resonances occur in the outer parts of
the magnetosphere at Tree ~ 109cm.

We have shown (Lyutikov, Blandford, & Machabeli 1999a) that pulsar ra-
diation may be generated by two kinds of electromagnetic plasma instabilities-
the cyclotron-Cherenkov instability, developing at the anomalous Doppler reso-
nance (w(k) - kllVii +WB I,res = 0), and the Cherenkov-drift instability, develop-
ing at the Cherenkov-drift resonance (w(k) - kllVii - kxUd = 0). The cyclotron-
Cherenkov instability is responsible for the generation of the core-type emis-
sion, and the Cherenkov-drift instability is responsible for the generation of the
cone-type emission. These electromagnetic instabilities are the strongest insta-
bilities in the pulsar magnetosphere (Lyutikov 1999). This differs from the more
common case of a nonrelativistic plasma, where electrostatic Cherenkov-type
instabilities (i.e., those that result in emission of electrostatic Langmuir-type
waves) are generally stronger than electromagnetic instabilities. There are two
main reasons for this difference. First, in a relativistic plasma, electromagnetic
wave-particle interactions become as strong as electrostatic ones. In addition,
for a one-dimensional plasma streaming along the magnetic field, the effective
parallel mass, i.e., melIII = ,3m (m is the mass of a particle, and, is its Lorentz
factor), is considerably increased by relativistic effects. This suppresses the de-
velopment of the electrostatic instabilities. In contrast, the effective transverse
mass, melI..L = ,m, is less affected by the large parallel momentum.
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For both instabilities, the energy is transferred from a particle to a wave
through a resonant interaction. In plasma physics, such instabilities are also
sometimes called "incoherent broadband masers". In pulsars, unlike atomic
lasers where emission is generated only in a single narrow line, a particle can
simultaneously resonate with several different waves in a broad bandwidth, but
different amplified waves have random phases: they are incoherent.

The cyclotron instability can develop in both the primary beam and in the
tail of the plasma distribution. The Cherenkov-drift instability develops on the
rising part of the beam distribution function. The free energy for the growth of
the instability comes from the nonequilibrium, anisotropic distribution of fast
particles.

For the development of both instabilities, the following conditions should be
satisfied: (i) the medium supports subluminous waves, i.e. its index of refraction
is larger that unity, (ii) the center of the particle's gyration is moving along the
magnetic field with a velocity larger than the phase speed of the normal modes,
and (iii) the "inversion population condition" for the resonant waves holds. All
of these conditions are satisfied for the pulsar plasma.

From the microphysical point of view, the emission process has more simi-
larities with Cherenkov emission than with synchrotron or curvature emission.
In the case of the Cherenkov-type process, the emission may be attributed to
the electromagnetic polarization shock front that develops in a dielectric medium
due to the passage of a charged particle with speed larger than the phase speed
of waves in the medium. It is virtually a collective emission process. Interest-
ingly, in a cyclotron-Cherenkov emission process, an emitting particle undergoes
a transition up in Landau levels, so population inversion requires more parti-
cles in the lower levels-this is satisfied by the one dimensional distribution of
particles in a pulsar magnetosphere.

The emission of a charged particle propagating in a medium with a curved
rnasnetic field differs from conventional Cherenkov, cyclotron, or curvature emis-
sion and includes, to some extent, the features of each of these mechanisms.
We have developed a formalism for considering the emissivity of a particle in
a curved field in a medium (Lyutikov, Machabeli, & Blandford 1999b). The
resulting process may be called, to some extent, a coherent curvature emission.

Instabilities develop in a limited region on the open field lines. The size of
the emission region is determined by the curvature of the magnetic field lines,
which limits the length of the resonant wave-particle interaction. The location
of thecyclotron-Cherenkov instability is limited to the field lines with large
curvature, while the Cherenkov-drift instability occurs on the field lines with the
radius of curvature limited both from above and from below. Both instabilities
produce narrow pulses, though they operate at radii where the opening angle of
the open field lines is large.
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