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Stimulated optical processes are exploited in many applications, from providing optical amplification in optical
telecommunication [1], to the making of sensors, the development of new laser sources [2–4] and in microscopy [5, 6].

Raman, Brillouin and Rayleigh scattering, in the presence of an intense pump beam, can be strongly amplified
by the nonlinear interaction of the pump and so-called probe field via a χ(3), or four-wave-mixing process resulting
in stimulated scattering. The defining feature of the stimulated processes is the exponential gain of the scattered
field either on propagation or as a function of the pump power. The achievable gain is known to be limited by the
emergence of competing nonlinear processes at high intensities and by depletion of the pump field over long interaction
lengths [7].

In this presentation we show that even absent these limiting factors, the gain changes
from linear in the pump intensity to square root in the intensity at high pump fields.
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FIG. 1. The gain as a function of the intensity of the pump
beam: (black)The gain according to the classical treatmen.
(red) The gain according to Eq. (1).In both cases ε = 1 and
χ = −i1 ∗ 10−13.

The change of intensity of the amplified field can be de-
scribed classically through the nonlinear wave equation
[8]. Here we show that by using an integral equation
approach we do not have to make the slowly-varying
envelope approximation and show that there is a more
appropiate carrier wave possible, that is also valid at
high intensit of the pump. Solving this integral equa-
tion results in a gain factor that is equal to

gI = 2Re

(
ik02

√
n22 +

12χI1
n1ε0c

)
, (1)

where, k02, is the free space wave number at frequency
ω2, n2, is the linear refractive index evaluated at ω2,
I1, is the intensity of the pump beam and, χ, is the
third-order susceptibility.

The difference between the classical expression for
the gain and our result is illustrated in Fig. 1, where
the gain is plotted as a function of the intensity of
the incident pump beam. Due to the correction to the
linear part of the refractive index, the increase of the
intensity of the signal, rapidly falls behind the classical
prediction.

[1] Y. Aoki, J. Lightwave Technol. 6, 1225 (1988).
[2] R. Frey and F. Pradere, Opt. Commun. 12, 98 (1974).
[3] V. I. Karpov, E. M. Dianov, V. M. Paramonov, O. I. Medvedkov, M. M. Bubnov, S. L. Semyonov, S. A. Vasiliev, V. N.

Protopopov, O. N. Egorova, V. F. Hopin, A. N. Guryanov, M. P. Bachynski, and W. R. L. Clements, Opt. Lett. 24, 887
(1999).

[4] S. H. Baek and W. B. Roh, Opt. Lett. 29, 153 (2004).
[5] C. W. Freudiger, W. Min, B. G. Saar, S. Lu, G. R. Holtom, C. He, J. C. Tsai, J. X. Kang, and X. S. Xie, Science 322,

1857 (2008).
[6] C. W. Freudiger, W. Min, G. R. Holtom, B. Xu, M. Dantus, and X. S. Xie, Nat. Photonics 5, 103 (2011).
[7] J. Grun, Mcquilla.ak, and Stoichef.bp, Phys. Rev. 180, 61 (1969).
[8] R. W. Boyd, Nonlinear optics (Academic Press, San Diego (California), 2008).

Speaker: Thomas van Dijk
Session: Spectroscopic imaging: from physics to medicine - 2
See program for placement.

PQE-2014 Abstract Processed 26 November 2013 0


