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Comment on "Cascade Focusing in the Beat-Wave
Accelerator"

Gibbon and Bell' have reported on the results of a nu-

merical analysis describing the conditions under which

the laser beams in the plasma beat-wave accelerator
(PBWA) will experience enhanced focusing. They found
that the diffractive properties of the radiation-beam en-

velopes (of frequencies co~, co2) depend strongly on the in-

itial frequency mismatch h, coo between the radiation beat
frequency h, co=co~ —co2 and the ambient plasma frequen-

cy m~0, i.e., h, co=hmo+mzo. When Acoo=0, they ob-
serve the radiation-beam envelope to diffract more rapid-

ly than it would in vacuum. For small negative values of
h, coo, they observe enhanced focusing of the radiation-
beam envelope. Gibbon and Bell offered energy cascad-
ing as the explanation for their results; however, the un-

derlying physical mechanism may be more clearly under-

stood by considering the optical-guiding properties that
the resonantly generated plasma wave has on the radia-
tion beams in the PBWA.

The physical mechanism for producing optical guiding
using a plasma wave (with phase velocity =c) is similar

to the mechanism for producing optical guiding using a

density channel. This may be understood by considering
the index of refraction t) of a radiation beam (of fre-

quency co) in a plasma with a density profile p(r), i.e.,

rl= 1
—co&op(r)/2co pp, where pp is the ambient density.

A density channel will have tip/tlr & 0 and, hence,
t)tl/Br (0, which is necessary for the radiation to be re-

fractively guided. Similar guiding results from a plasma
wave of the form Bp=Bpp(r)sin(k~g), where g=z ct, —
k& =co&p/c, happ & 0, and c)bpp/c)r (0. Provided Bpp is

sufficiently large, the radiation beam will be focused
over regions where sin (k~ g) (0 (which correspond to
decreases in the electron density). Conversely, in regions
where sin(k~g) & 0 the radiation experiences enhanced
diffraction. Thus, a plasma wave of sufficiently large
amplitude breaks up an initially uniform radiation beam
into "beamlets" (of length (m/k~) centered about

k~(= —z/2+'2jz (j =integer) which remain optically
guided as they propagate.

In the PBWA, optical guiding is more complicated
since the plasma wave is resonantly generated' by the ra-
diation beams, Bp=Bpp(r)sin(Acorn/c+8), where 8(g) is

the nonlinear phase shift of the plasma wave. Assuming
the envelopes of the radiation beams coi, co2 are identical
and by averaging over a period of the beat wave Aced, the
real part of the index of refraction is g= 1

—
coI, p/

2co —(co~2pBpp/4co2pp)sin8, in the regime where relativis-
tic effects are negligible. Thus, refractive guiding is a

strong function of 8(g). For no frequency mismatch,
scop=0, initially (at the head of the radiation beams)
Bpo=0 and 8=0. As the plasma-wave amplitude grows,
nonlinear effects cause 0 to monotonically increase up to
the point of saturation, 8=+/2. When 8=@/2, 8tl/c)r
& 0 and the radiation beams experience enhanced

diffraction. A small initial frequency mismatch
h, coo & 0 allows the saturation point to be prolonged and
a larger amplitude of the saturated plasma wave may be
achieved. The maximum amplitude at saturation, Bp„&'",

is obtained for an optimal mismatch hcoo '. When
Acop=hcoP', 8 (initially, 8=0) progressively decreases
to the point where 8= —z/2 (cipp=8p„&'"/2) for which
Btl/cir (0 and, thus, enhanced guiding of the radiation
beams is achieved. This is in agreement with the nu-

merical results of Gibbon and Bell. Physically, this may
be understood by considering the small-scale structure of
the radiation-beam envelope. At saturation, 8=x/2, the
plasma wave is phased such that the peaks of increased
density in the plasma wave (Acorn/c+8=rc/2+ 2jn)
coincide with the intensity peaks of the combined radia-
tion envelope,

I&l+&~l'= I&, I'+ 1&21'+2I&1ll~,leos(~~(/c),

thus leading to enhanced diffraction of the radiation beat
wave. For the case h, coo=hcoo~', the point at which
8= —z/2 corresponds to the plasma wave phased such
that the troughs (minima) of plasma density (Acorn/

c+8 = —n/2+ 2jz) coincide with the intensity peaks of
the combined radiation envelope, thus indicating that the
intensity peaks may propagate as optically guided beam-
lets.
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