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Comment on "Relativistic Plasma-Wave Exci-
tation by Collinear Optical Mixing"

k2 Co2/c2+ (k )2g2 (4)

The parallel component to, /c was ignored' by Clay-
ton et al. When it is restored, since (kd) 0, was, in
fact, measured' to be co,/c, one infers (i) that the plas-
ma waves (at to, ) measured had k, = &2', /c and so a
phase velocity of c/J2, and (ii) that k, was at an angle
of 45' to the ruby-laser direction. (This implies that
the angle between the beating 9.6- and 10.6-p, m light

The measurement of plasma waves with phase velo-
city close to c (the velocity of light) was recently
described. ' The waves were produced by beating nom-
inally collinear (f/7. 5 optics) light at wavelengths of
9.6 and 10.6 p, m (from a CO2-laser system) in a plas-
ma of density 10' e/cm . The plasma density waves
were diagnosed by small-angle scattering, with use of a
ruby-laser system with its axis at right angles to the
CO2 optical axis. It is important to be sure that the
plasma-wave phase velocity is close to c because only
then can one hope to accelerate electrons to relativistic
energy by using the beating of 1aser light. %hile col-
linear plasma waves with velocities close to c may well
have existed in the system, we assert that the diagnos-
tic system measured plasma waves at 45 to the CO2-
laser axis at a phase velocity of c/J2.

The point is that the commonly used formula for the
scattering wave vector k„ for a scattering frequency co,
and a scattering angle 0, between the two light waves
with wave vectors kH (high) and kL (low), usually
both nearly equal to the mean light wave vector (k),
namely, 3

k, = 2(k) sin(8, /2),

is an approximation valid only for co, /k, 2 « c2, which
is not the case here. The correct formula is

k, = (kH —kL) cos2(e, /2)

+ (kH+ kL) sin (0,/2).

For the diagnostic laser scattering system, defining
kH+kL ——2(kd) and noting that kH —kL =to, /c for
light waves close to the vacuum velocity, this is more
transparently related to (1) as

k,~ = (co,2/c2) cos'(8, /2) + 4 ( kd ) ' sin (0,/2). (3)

One can usually neglect the term (to, /c )
x cos2(8, /2), but not here, since k,2 is not much
greater than co, /c . In the case considered here 0, is
small, so that (3) then becomes for 8, « 1,

waves was about 0.1 rad, which is consistent with the
f/7. 5 optics. )

It may seem remarkable that a very clear angular
selection was observed since other plasma waves are
presumably present, but, in fact, only those 45' c/&2
beat plasma ~aves can be detected if the angle
between the CO2-laser-light wave vectors is small.
More generally, applying Eq. (4) to both the small-
angle driver beat-wave system and the small-angle
scattering diagnostic systems, with axes at an arbitrary
angle of Hdt„one can quickly see that the only beat
waves that are detected are those whose wave vectors
are either along the bisector of the angle between the
two axes or at right angles to it (in the scattering
plane). These will be detected at scattering angles of

9, = (to, /(kd) c) [tan(ddt, /2) or —cot(i9db/2) ]. (5)

The respective phase velocities are c cos(ddt, /2) and
c sin(0d&/2). For the work discussed, Hdb was 90', and
so one was measuring plasmons that were at 45 to the
mean CO2-laser axis. In this case only, (kd) 0, = co,/c
as measured by Clayton et al. ' [and predicted by Eq.
(1)]. The scattering angles are the same for blue- and
red-shifted light; this would not be so in general.

In connection with the sideband measurements, it
should be pointed out that these have also been re-
ported by Lavigne et al.4

In view of the above, perhaps some of the discus-
sion of the results needs revision. The experimental
result is important and encouraging but, while
plasmons at c/J2 have been seen, those near c await
measurement and confirmation still.

F. Martin
T. %. Johnston

Institut National de la Recherche Scientifique-Energie
Varennes, Quebec, JOL 2PO Canada

N. Ebrahim
Atomic Energy of Canada Limited
Chalk River, Ontario, Canada

Received 18 June 1985
PACS numbers: 52.35.Fp, 52.35.Mw, 52.40.Nk

C. E. Clayton, C. Joshi, C. Darrow, and D. Umstadter,
Phys. Rev. Lett. 54, 2343—2346 (1985).

T. Tajima and J. M. Dawson, Phys. Rev. Lett. 43, 267
(1979).

3E. G. Sheffield, Plasma Scattering of Electromagnetic Radi
ation (Academic, New York, 1975), p. 40.

4P. Lavigne, T. W. Johnston, D. Pascale, H. Pepin,
F. Martin, R. Decoste, and K. Estabrook, Phys. Fluids 28,
409-415 (1985).

1985 The American Physical Society 1651


