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Matsko et al. Reply: In recent papers [1–3] we have
theoretically studied stimulated Brillouin scattering (SBS)
in an ultradispersive medium, and shown that the proper-
ties of SBS change drastically when the group velocity of
light in the material approaches or becomes less than the
speed of sound. In particular, forward SBS not allowed in
a dispersionless bulk medium takes place in the coherent
medium. In the preceding Comment by Kovalev [4], it is
claimed that our results are incorrect. We disagree.

We consider an interaction of two arbitrary plane
monochromatic waves Ep1e2i�n1t2 �k1 �r� and Ep2e2i�n2t2�k2 �r�

with an acoustic wave Ase2i�vb t1 �q�r�. The wave vector of
the acoustic wave �q should satisfy Bragg’s condition

�k2 2 �k1 � �q . (1)

The vector �q shows the direction of propagation of the
acoustic wave. For example, when Ep1 is the carrier
wave with �k1 � �ez jk1j and Ep2 is the Stokes wave with
�k2 � �ez jk2j (jk1j . jk2j), then �q � 2�ez�jk1j 2 jk2j�,
which means that the acoustic wave propagates in the
same direction as the carrier wave. To consider either
Stokes or anti-Stokes SBS, there is no difference in which
form the solution for the sound wave vector is written.
Since for the subsequent discussion in our paper [1] the
direction of �q never appears explicitly, our results are
correct irrespective of the definition.

The frequency, vb, of the acoustic wave that can be
excited in the material is, generally, independent on the
phase-matching condition (1). To have an efficient SBS
the frequency of the waves should satisfy

n1 2 n2 � vb . (2)

Thus, conditions (1) and (2) are independent and of a gen-
eral nature and Eqs. (1) and (2) and Fig. 2 in [1] perfectly
match each other, in spite of Kovalev’s claim.

We define an ultradispersive medium as a medium with
linear dispersion

j�k1j 2 j �k2j � �n1 2 n2��Vg , (3)

where Vg is the group velocity of light. The expres-
sion (3) is valid in some finite bandwidth of frequencies
n0 1 dn $ n1,2 $ n0 2 dn, n0 ¿ dn, that depends on
the material (atomic vapor, doped solid, photonic band gap
structure, etc.). The dispersion relation for the sound wave
is chosen as vb � qVs. More general dispersion relations
are analyzed in [3].

The steep dispersion of the medium drastically changes
the properties of SBS. For example, for backward SBS
(jk1j . jk2j), the phase-matching condition is vb�Vs �
j �qj � 2j�k2j 1 �n1 2 n2��Vg. If Vs � Vg and n1 2 n2 �
vb this condition is never fulfilled unless j�k2j � 0. Be-
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cause j�k2j cannot go to zero, as mentioned in [1], the
scattering is forbidden by the phase-matching condition.
Strictly speaking, Kovalev supports our statement regard-
ing backward SBS.

Interesting phenomena may occur if the bandwidth of
the steep dispersion is less than the bandwidth of usual
backward SBS in a dispersionless medium. Then, one will
be able to see backward SBS for all allowed frequencies,
except the frequency region of steep dispersion (cf. dark
resonances in quantum optics).

For the forward scattering, in turn, the phase-matching
condition vb�Vs � j �qj � j �k1j 2 j�k2j � �n1 2 n2��Vg is
always satisfied if Vs � Vg, n1 2 n2 � vb , and 2dn .
vb , i.e., scattering occurs for any resonant acoustic fre-
quency that is in the linear dispersion band of the medium.
The exponential growth for the acoustic and Stokes waves
occurs in the whole region where we have the phase-
matching condition fulfilled, in spite of Kovalev’s state-
ment. This broad band scattering [1] is similar to SBS in
plasmas, where a similar situation occurs for the spatial
modes of plasma waves [5]. On the other hand, the reso-
nant frequency for the acoustic wave should be fixed by
external conditions, for example, by boundary conditions
as in [2,3], to have exponential narrow band growth of the
waves.

In conclusion, we believe that our results are correct and
that electromagnetically induced transparency leads to a
truly anomalous regime of stimulated Brillouin scattering.

The authors gratefully acknowledge support from the
Office of Naval Research.

A. B. Matsko,1 Y. V. Rostovtsev,1 M. Fleischhauer,1,2

and M. O. Scully1

1Department of Physics and Institute for Quantum Studies
Texas A&M University
College Station, Texas 77843

2Fachbereich Physik, Universität Kaiserslautern
D-67663 Kaiserslautern, Germany

Received 26 July 2001; published 28 May 2002
DOI: 10.1103/PhysRevLett.88.239302
PACS numbers: 42.50.Ar, 42.65.Es, 42.81.– i

[1] A. B. Matsko, Y. V. Rostovtsev, M. Fleischhauer, and M. O.
Scully, Phys. Rev. Lett. 86, 2006 (2001).

[2] A. B. Matsko, Y. V. Rostovtsev, H. Z. Cummins, and M. O.
Scully, Phys. Rev. Lett. 84, 5752 (2000).

[3] Y. Rostovtsev, A. B. Matsko, R. M. Shelby, and M. O.
Scully, Opt. Spektrosk. 91, 519 (2001) [Opt. Spectrosc.
91, 490 (2001)].

[4] V. I. Kovalev, preceding Comment, Phys. Rev. Lett. 88
239301 (2002).

[5] V. N. Tsytovich, An Introduction to the Theory of Plasma
Turbulence (Pergamon, New York, 2002); W. L. Kruer, The
Physics of Laser Plasma Interactions, Frontiers in Physics
Vol. 88 (Addison-Wesley, Redwood City, CA, 2002).
© 2002 The American Physical Society 239302-1


