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Nonlinear electromagnetic waves in magnetized pdasthat are complex, with a number of ion
species, or charged dust grains, or pair plasmasfancreasing interest for laboratory, space and
astrophysical applications. Imbalanced electrod pasitron number densities occur (1) in the
plasma of a rotating pulsar magnetosphere, or{)td background additional ions or dust grains.
In each case the background charge may be conditiefge due to effectively infinitely massive
particles. Imbalance of the electron and positramiver densities leads to circularly polarized,
rather than linearly polarized, modes propagatilogpathe magnetic field. Here we analyse the
unique features of nonlinear waves in the examplead plasmas, and find general conditions for
modulational instabilities, firstly for propagatioparallel to the magnetic field, and then for
perpendicular propagation of ordinary (O) modes.

1. Introduction waves propagating parallel to the magnetic field,
Pair-plasmas, i.e., plasmas consisting deaturing a linear polarization. However, when the
negatively and positively charged particles bearingumber densities of the equal mass, oppositely
the same mass and (absolute) charge, have bebarged particles are unequal, due to a background
gathering increasing interest among plasmeharge such as due to very heavy patrticles, the
researchers in the last years. Magnetized electraratural small amplitude modes are circularly
positron plasmas exist in pulsar magnetospheres [fiblarized.Imbalanced electron and positron number
in bipolar outflows in active galactic nucleit the densities can occur either due to the Goldreich-
center of the Galaxyin the early universeand in Julian charge in the plasma of a rotating pulsar
inertial confinement fusion schemes usingnagnetosphere [1], or due to background additional
ultraintense lasers [2Nonrelativistic pair plasmas (relatively massive) ions or dust grains [6]. Irclea
have been created in experiments [Bhere is the case the background charge may be considered to be
possibility of pair production in large tokamaksedu due to effectively infinitely massive particlddere
to collisions between multi-MeV runaway electronerturbation theory is employed for a fluid model o
and thermal particles [4]. Plasmas composed of tvenich a plasma and shown to lead to a Nonlinear
populations of fully ionized particles with the sam Schrodinger-type equation for the wave amplitude.
mass and absolute charges of opposite chargle linear stability of the wave envelope and the
polarity, have recently been created in the lalooyat occurrence of envelope solitons are discussed.
[5] by creating a large ensemble of fullerene ions, in
equal numbers, thus allowing for a study of pai. The Model and Solution
plasma properties with no concern for mutual A non-relativistic two-fluid plasma model is
annihilation which limits electron-positroplasma used, with the momentum equations for each of the
lifetime. two oppositely charged fluids with equal mass
The physics of pair plasmas is substantiallparticles, but allowing for unequal number densitie
different from that of electron-ion plasmas, sitice
Iarge_ time and space scale_ separation among (9—U1+u~-Vu-=gj-(E+u~><B),
constituents due to the large ion-to-electron mass g J J m; J (1)
ratio, in an electron-ion plasma, is absent in & pa

plasma. In magnetized pair plasma, besides the _ .
electrostatic upper-hybrid waves, we have teThe total equilibrium charge is ensured to &z

perpendicularly _ propagating _ordinary andyl R 8 oe e e complete the
extraordinary modes as well as electromagnet?e P ' q P

339



28" ICPIG, July 15-20, 2007, Prague, Czech Republi

set. Full details of the model equations are found stable, it can give rise tiark soliton solutions, i.e. a

Ref [7]. propagating localized hole in a uniform wave energy
A reductive perturbation technique is used, withegion.

stretched time and space variables. The first order

solution is the well known linear mode dispersio. Results

relation. Ensuring that secular terms in the secoi®l. Parallel propagating waves

order solution vanish produces a compatibility The dispersion relation for small amplitude

condition, taking the form of the nonlinearwaves of frequency and wave numbégis

Schrédinger-type equation (NLSE) for the magnetic

field component perpendicular to the background (w*-Q%)(w®—c’k)— 0’0, 4+ N0 Q0 = 0.

field: (6)
0B, B o The parameter; = (n.-n)/(n,+n-) measures the
P PYIN 0|B,|B, = 0. imbalance of the two species. FgiO there are two

2 oppositely circularly polarized modes, separated by
_ _ a stop-band.
Heret=¢t is the slow time scale, arig &(x-vt) Plots of the coefficient® and Q (normalized)

is the moving envelope space coordinate, Wigh Wgainst carrier wave frequency, normalized to the
the linear wave group velocity. The dispersiogjectron cyclotron frequency, are shown in Figure 1
coefficient P is related to the curvature of theThe case of balanced electron and positron number
dispersion relatiom(Kk): densities £=0) is shown, when the wave is linearly
polarized. In addition, the cases of unbalanced
electron and positron number densities are shown
(n=0.5), when the waves are circularly polarized.
The shaded regions indicate the stop-band range of
frequency, with lower and upper cutoffs. kg0 a
modulational instability occurs fd&0.95. For #>0,

1
P=—-w"(k)
2 3)

which becomes for perpendicular propagation

) 2 at low frequencies both the LHP and RHP waves
p = %t become stable.
- 3
20 (4)

3.2 Perpendicular propagating waves

The nonlinearity coefficientQ is a complicated relz;lrt?oen small amplitude O-mode has a dispersion

function of the plasma parameters (see [7] for
detalls),'but S|mpI|f|es'fo_r the balanced case for = wzp‘eﬁ_i_czkz 7)
perpendicular propagation:

Thus the dispersion relation is relatively simple,
30%0? - . . _

_ p giving a single mode but the nonlinear behaviour
0= 20(Q2-3w?)’ 5) shows some complexities. In this case the
coefficientP is always positive, from equation (4).

Some results are shown in Figure 2, wh&¥@ is
lotted against normalized wavenumber for two
Red values of Q/w,. Balanced and unbalanced

' electron and positron numbers are considered: it is

andw, is the electron or positron plasma frequen%und that an imbalance tends to destabilize the

for the balanced case. :
. ave envelope, and also affects the envelope width
The NLSE supports plane wave solutions, and i\t/nd form P P

is well known that the solutions are stable to
perturbations ifPQ<0. If PQ>0 the solution is 4. Conclusions

unstable for perturbation wavelengths greater than We have considered the propagation of nonlinear

crltl(;:all i Valtle. {orgﬁ)‘?rtlﬁn?rl] to \«Ql P), th? amplitude-modulated EM wave packets in a pair
modulational -instabiiity € carrier wave IS plasma, allowing for an imbalance of electron and

quulatmnally unstable, it can S.t'” lead bml'ght ositron numbers (assuming the background
soliton solutions. If the wave is modulatlonallyp

Here Q is the electron cyclotron frequenayp e« is
the plasma frequency based on the sum of t
electron () and positron ;) number densities
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balancing charge is due to immobile particles). Thmodulationally

unstable,

depending

on

the

carrier wave was assumed to be (a) a parallghrameter range, and can lead to bright or dank-typ
propagating wave, or (b) a perpendicularhgolitons.
propagating ordinary-mode wave. The waves can be
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Figure 1: The nonlinea)) and dispersiveR) coefficients of the NLSE equation for waves prggiing
parallel to the magnetic field, as a function ofmalized frequency, for balanced electron and parsit
numbers £=0) (linearly polarized waves) (top two), and urmveled numbersy€0.5), for left hand
circularly polarized (LHP) (middle two) and righamd circularly polarized (RHP) waves (bottom two).
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Figure 2: The coefficient ratiQ/P versus wavenumber for perpendicular propagation.&ao, =2.1, for
balanced electron and positron numbers0Qf (solid curve) and unbalanced numbeys1(3) (dashed
curves). (bY2/w, =3.5, forp=0 (solid curve) ang=-1/3 (dashed curves).
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