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Abstract. We study the dispersion properties of low-frequency (in comparison with
the electron/positron gyrofrequency) shear electromagnetic waves in an ultra-cold
quantum magnetoplasma composed of electrons and positrons. By using the elec-
tron and positron fluid velocities deduced from the quantum momentum equations,
together with the continuity equations and Ampère’s law, we derive the governing
equation for the shear waves. This equation is then Fourier transformed to ob-
tain the dispersion relation, and to show the modification of the electromagnetic
wave dispersions due to the electron and positron quantum effects. The latter can
play a significant role in magnetic reconnection and in the formation of localized
electromagnetic wave structures at quantum scales in ultra-cold quantum mag-
netoplasmas.

It is well known that magnetized electron–positron plasmas, which are composed
of particles of the same mass and opposite charge, exist in the early universe [1,2],
in the bipolar outflows (jets) in active galactic nuclei [3, 4], in the polar regions
of neutron stars [5], in the inner regions of the accretion disks surrounding black
holes [6], at the centre of our own galaxy [7], as well as in plasmas in intense
laser fields [8] and in tokamaks [9]. In such plasmas, there are various new linear
and nonlinear wave modes and structures [10–17]. However, when the magnetized
pair plasma is extremely dense, the dispersion caused by density correlations due
to quantum fluctuations can also play an important role [18–22]. Several authors
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[23–31] have thus investigated different aspects of collective interactions in quantum
electron–ion plasmas.
In this paper, we consider the linear propagation of low-frequency (in comparison

with the electron gyrofrequency) shear electromagnetic waves in a homogeneous
ultra-cold magnetoplasma, composed of cold electrons and positrons, in an external
magnetic field ẑB0, where ẑ is a unit vector along the z-axis and B0 is the strength
of the magnetic field. At equilibrium, we have ne0 = np0 ≡ n0, where ne0(np0) is the
unperturbed electron (positron) number density. In the presence of a low-frequency
(in comparison with the electron/positron gyrofrequency ωc = eB0/mc, where e is
the magnitude of the electron charge, m is the electron/positron mass, and c is the
speed of light in vacuum) electromagnetic wave with the electric and magnetic fields
E = −∇φ − c−1∂Az/∂t and B⊥ = ∇⊥Az × ẑ, where φ is the electrostatic potential
and Az is the component of the vector potential along ẑ, the perpendicular (to ẑ)
components of the electron and positron fluid velocities are the sum of the E⊥ × ẑ
and polarization drifts, namely,

uj⊥ ≈ c

B0
ẑ× ∇ϕj + αj

c

B0ωc

∂∇⊥ϕj

∂t
, (1)

where αe = 1, αi = −1, ϕj = φ + (αj�
2/4n0em)∇2nj1, nj1( � n0) is the density

perturbation of particle species j (j equals e for electrons and p for positrons), and �

is the Planck constant divided by 2π. We note that (1) has been obtained in the drift
approximation (|∂/∂t| � ωc) from the momentum equations that include the linear-
ized form of the quantum correction [30]. The electron diamagnetic drift has not
been included in (1), since we are considering the case where TjFnj1 � (�2/m)∇2nj1,
where TjF is the Fermi temperature. The density perturbations nj1 are obtained
from the continuity equation

∂nj1

∂t
+ n0∇⊥ · uj⊥ + n0

∂ujz

∂z
= 0, (2)

where the parallel component of the fluid velocity ujz is determined from

m
∂ujz

∂t
= αje

[
∂ϕj

∂z
+

1
c

∂Az

∂t

]
. (3)

The system of equations is closed by the Poisson equation

∇2φ = 4πe(ne1 − np1) (4)

and Ampère’s law

∇2
⊥Az =

4πen0

c
(uez − upz). (5)

We now substitute the electron and positron fluid velocities from (1) into the
corresponding continuity equations (2), eliminate ujz by using (3), and then use (4)
and (5) to obtain

∂

∂t

[
∇2φ +

ω2
p

ω2
c
(2 + λ4

q∇4)∇2
⊥φ

]
+ c

∂∇2
⊥Az

∂z
= 0, (6)

where ωp = (4πn0e
2/m)1/2 is the electron plasma frequency and λq = (�2/4m2ω2

p)
1/4
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is the quantum wavelength. Furthermore, from (3)–(5) we find

(1 − λ2
e∇2

⊥)
∂Az

∂t
+ c

∂

∂z

(
1 +

1
2
λ4
q∇4

)
φ = 0, (7)

where λe = c/
√

2ωp is the skin depth.
Combining (6) and (7) we obtain

(1 − λ2
e∇2

⊥)
[

∇2 +
ω2
p

ω2
c
(2 + λ4

q∇4)∇2
⊥

]
∂2φ

∂t2
− c2

(
1 +

1
2
λ4
q∇4

)
∂2∇2

⊥φ

∂z2
= 0. (8)

Assuming that φ is proportional to exp(−iωt + ik · r), where ω and k are the
frequency and wavevector, respectively, we then Fourier transform (8) to obtain

ω =
ckzk⊥(1 + bq/2)1/2

K(1 + be)1/2
, (9)

where bq = k4λ4
q, be = k2

⊥λ2
e , and K2 = k2 + k2

⊥(2 + bq)ω2
p/ω2

c . Here k2 = k2
z + k2

⊥,
where kz and k⊥ are the components of the wavevector along and across ẑ, re-
spectively. For bq � 1 and be � 1, we have ω = ckzk⊥(bq/2)1/2/(k2 +k2

⊥bqω
2
p/ω2

c )
1/2,

which indicates a strong dependence of the electron quantum effect on the wave
frequency. Furthermore, for kz � k⊥, bq � 1, be � 1, and ω2

p � ω2
c , we have from (9)

that

ω ≈ kzc(1 + k4
⊥λ4

q/4), (10)

which exhibits the dispersion due to the electron–positron density correlations at
the quantum scale.
In summary, we have presented the dispersion relation for a low-frequency shear

electromagnetic wave in an ultra-cold quantum pair plasma in an external magnetic
field. It is found that the dispersions caused by the electron and positron density
correlations can play an important role in modifying the electromagnetic wave
propagation characteristics at the quantum scale. In closing, we stress that the
present results are a necessary prequisite for studying magnetic field reconnection
and localized electromagnetic waves (viz. solitons and vortices) in dense quantum
magnetoplasmas whose constituents are electrons and positrons.
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