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Based on our reading of his Comment, it seems that the
main claim of Grabbe1 is that in our paper,2 we have mis-
characterized his previous results3 on Bernstein–Greene–
Kruskal �BGK� modes. In order to address this concern, we
begin by quoting from Ref. 2 the two citations to his 2005
paper3 �which is Ref. 27 in Ref. 2�:

“3D BGK solutions have been constructed under the as-
sumption of a strong magnetic field so that one can use some
form of gyro-kinetic or drift-kinetic equation.24–27 Solutions
have also been obtained in the presence of an infinitely
strong background magnetic field.28–30”

“These 3D features seem to be consistent with recent
theories that extend the 1D BGK mode to the case with
strong magnetic field.24–30,58 The physical reason for the ex-
istence of such solutions is actually related to the 1D aspect
of such a theory, since charged particles are tied to a strong
magnetic field like beads to a wire, which reduces a 3D
problem to a 1D problem �in the limit of an infinitely strong
magnetic field�.”

In both the quotations above, we distinguish between
solutions with a strong and an infinitely strong magnetic
field. It is physically reasonable to argue, for reason of con-
tinuity, that if a solution exists in the infinite magnetic field
limit, there exists a minimum value of the magnetic field
strength over which the solution remains valid, although it
may not be easy to pinpoint exactly what that minimum is. In
fact, we have not discussed the domain of validity of any of
these solutions, since that is outside the scope of Ref. 2.
Thus, Grabbe’s claim that we “lumped together” solutions
for strong and infinitely strong magnetic fields is without
merit.

Our main focus in Ref. 2, as well as its forerunner �Ref.
4�, is to determine exact BGK solutions in higher dimensions

�three-dimensional �3D� or two-dimensional �2D�� if they ex-
ist. By exact solutions, we mean solutions that satisfy the
Vlasov equation and the Poisson equation exactly, simulta-
neously, and self-consistently. The 3D and 2D solutions dis-
cussed in Refs. 2 and 4 are exact. They are exact in the same
sense that the classical one-dimensional �1D� BGK solutions
are exact. One may argue that neither the classical 1D BGK
solutions nor our 2D solutions exist in a 3D world, and that
3D approximate solutions are more realistic, but it is impor-
tant to recognize the distinction between an exact and an
approximate solution. Grabbe appears not to recognize this
distinction. The solutions obtained in previous studies, based
on gyrokinetic theory or otherwise, are approximate solu-
tions of the Vlasov–Poisson system of equations in the sense
that they rely on asymptotic expansions, and can be consid-
ered exact only in the infinite magnetic field limit.

We apologize for our failure to cite Grabbe’s multiple
papers on the subject.5 This is not because we considered the
other papers by Grabbe less important than the one we cited.
It is our hope that the interested reader will be able to track
his other studies from the paper we have cited.
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