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Comment on “Generation of Electromagnetic Pulses from Plasma Channels Induced
by Femtosecond Light Strings”

Gennady Shvets, Igor Kaganovich, and Edward Startsev
Princeton Plasma Physics Laboratory, Princeton University, Princeton, NJ 08543

In a recent Letter [1], Cheng et. al. calcu-
lated/predicted several new effects: that (a) fraction of
the short laser pulse momentum can be imparted to
plasma electrons via collisional damping of the laser,
thereby exciting a long-lived (longer than an oscillation
period) plasma wave, which (b) gives rise to a spatially
uniform dipole moment of a plasma, which (c) emits far-
field narrow-band radiation at the plasma frequency ωp

over the recombination time of the plasma. We claim
that the calculation of the effect (a) is in error and the
predicted effects (b,c) do not occur as described. In fact,
predicted narrow-band emission at ωp would not occur
even if the momentum transfer and the dipole excitation
were calculated correctly.

(a) Cheng et. al. calculated that an electron absorbing
laser radiation due to collisions at a rate γ is displaced
by a distance ξ0, given by Eq. (8), which does not de-
pend on γ because it is proportional to the product of
the gained momentum (∝ γ, according to Eq. (7)) and
the drift time T ≈ γ−1. This argument holds only if
there is no restoring force −ω2

pξ from the plasma ions
over this period of time. Because the restoring force can
only be neglected for t ¿ ω−1

p , the calculation of Cheng
et. al. is valid only if γ À ωp. For such highly collisional
plasmas it is not sensible to talk about plasma oscilla-
tions since they decay within less than one period (or
about a picosecond for the chosen plasma density) due
to electron-neutral collisions. This contradicts the au-
thors’ claim that the duration of the plasma oscillations
is limited by the plasma recombination.

Plasma oscillations can last longer than one period if
γ ¿ ωp, but the oscillation amplitude is reduced from
that given by the authors by a factor γ/ωp. For exam-
ple, for γ = 3 × 1011 s−1 (which corresponds to one un-
damped plasma oscillation), the correct displacement of
the plasma electron by the radiation pressure force FRP is
a factor 6 smaller than claimed by Cheng et. al. . In other
words, under no circumstances can the plasma oscilla-
tions with amplitude ξ0 and lifetime > ω−1

p be excited via
collisional absorption force FRP given by Eq. (7). More-
over, Cheng et. al. overlooked the usual ponderomotive

force FP = − e2

2mω2
L

∂z|EL|2 =
e2

2mω2
Lvg

∂t|EL|2 because

they used an approximate relation between electric and
magnetic fields. When collisions are negligible FP À FRP

and ξP
0 = (e2/2m2cω2

L)
∫ +∞

−∞
dt|EL|2 [2]. The authors’

claim that the usual ponderomotive force (which is pro-

portional to the spatial intensity gradient) is too small for
light strings of 100µm diameter and centimeter length is
wrong: the spatial gradient that matters in this case is in-
versely proportional to the short pulse length ctp ≈ 3µm.

(b) Cheng et. al. incorrectly assumed that all plasma
electrons oscillate in phase regardless of their position
z, so that ξ̇(t, z) ≡ ξ̇(t) is a function of time only, pro-
ducing a uniform current Jz. This can only happen if
the plasma oscillations are excited instantaneously by
the laser pulse propagating with an infinite speed. In
fact, plasma oscillations are set up by the laser pulse at
different times t = z/vg, where vg < c is the group ve-
locity of the pulse. Therefore, ξ̇(t, z) ≡ ξ̇(t − z/vg), and
the longitudinal wavenumber of the current perturbation
with frequency ωosc is kz = ωosc/vg. For L = 1 cm long
plasma filament this translates into the phase difference
of ∆φ = ωpL/c ≈ 60 for plasma oscillations excited along
the light string. The destructive interference of these os-
cillations will surely destroy the radiation conjectured by
Cheng et. al.

(c) The idea of using a laser-driven plasma filament
for radiation generation using the setup of Ref. [1] is er-
roneous for two reasons. First, it is impossible to pro-
duce far-field radiation by creating an excitation which
moves uniformly with a subluminal speed vg < c. In-
deed, for electromagnetic radiation in free space k2

⊥ =
ω2

osc/c2 − k2
z < 0, and radiation does not propagate out

of the plasma channel.
Second, even if the long-wavelength (kz ≈ 0) dis-

placement ξ0 of a plasma column envisioned by Cheng
et. al. could be set up somehow, it still would not emit
narrow-bandwidth radiation at ω = ωp. Plasma waves
can never emit radiation at ωosc = ωp because the dis-
placement current (1/4π)∂t

~Ep (where ~Ep is electric field
of a plasma wave) exactly compensates the plasma cur-
rent −en~v prohibiting radiation. While Cherenkov-like
radiation is possible when the velocity of the laser pulse
exceeds that of the emitted radiation, and was even ex-
perimentally observed in electrooptic materials [3], it is
not narrow-bandwidth.

Moreover, 2-D oscillations of a narrow plasma column
differ substantially [4, 5] from the simplified 1-D case
considered by the authors. Cheng et. al. erroneously
predicted the far-field radiation because Eq. (11) con-
tains a prescribed current Jz which is not calculated self-
consistently: the effect of ~Erad on the electron motion
was neglected. By inserting the prescribed current Jz

into Eq. (11) Cheng et. al. demonstrated that, not sur-
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prisingly, a driven electron current emits radiation. This
not the same as demonstrating that an initially perturbed
plasma filament emits radiation while executing a self-
consistent plasma oscillation.

This research was supported by the U.S. Department
of Energy.
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