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Photoinduced relaxation in a nonmonochromatic pump field should lead to the
decay of the coherent response of the medium and to an increase in the

saturation intensity, thereby strongly affecting the conversion efficiency.

PACS numbers: 42.65.Cq, 42.65.Gv

1. The behavior of the higher-order optical nonlinearities under resonant condi-
tions is attracting interest because of its importance to spectroscopy and broad fields
of application.

In this paper we use the model of a two-level medium to derive a theory for the
frequency up-conversion of a signal through the use of a nonlinear susceptibility of
arbitrary order at a many-photon resonance of a given nonmonochromatic pump
field. The dynamics of the populations, the time-varying response of the medium,
the Stark shift of the levels, and the width of the field frequency spectrum are all
taken into account.

This approach is mandated by the trend toward frequency conversion through
the use of nonlinear susceptibilities of progressively higher order in the field of a
randomly modulated pump.?
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2. The self-consistent semiclassical system of equations for a two-level medium®
has been simplified to derive equations for the population difference 1, the off-dia-
gonal density matrix element g,, , and the complex amplitude of the converted light,
Ay, which arises in the parametric conversion of the signal field 4;_, by virtue of the
generalized susceptibility of order/-1:
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Here A; is the complex amplitude of the pump field (i#!-1); T, , are relaxation
time; ry is the composite matrix element of the k-photon transition: gy is the com-
posite matrix element of the Raman-like transition; the frequency difference from
resonance is 8 =w g, ~2K | w; +§, N = Ef;.,, p;l14;1 is the Stark shift;y = 2mwN/nc;
w; is the frequency of the converted light; V is the concentration of particles;%; is
the linear part of the refractive index at the frequency wy; and u is the wave velocity.

These equations are the starting point for an analysis of many-photon frequency
up-conversion of a signal for the case in which the pump field is not monochromatic
and the conversion is a time-varying process.

3. Using the procedure of Ref. 7 for taking the average of stochastic differential
equations, we find from (1) some equations describing the time evolution of the av-
erage conversion efficiency, ()= (T=%2, 4;4}0,, 0,,), for the case in which the
pump field is applied instantaneously with a diffusing phase. The corresponding
time evolution is shown in Fig. 1, from which it is clear that the broadening of the
frequency spectrum of the pump field causes a qualitative change in the conversion.
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FIG. 1. Time evolution of the average conversion efficiency for various widths of the field fre-
quency spectrum,D;+1-D, =0;2-D, >D,;3-D, >D,.
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While the resonant response in a monochromatic field is coherent (curve 1), the
photoinduced relaxation in a nonmonochromatic field leads to a decay of the coher-
ent interaction and to a transition to incoherent conversion (curves 2 and 3). The
threshold pump intensity at which nutation of the average conversion efficiency a-
rises can be estimated from I,y ~¥/k*D?>T, T, , where k is the order of the re-
sonance, and D is the half-width of the field frequency spectrum, which has a Loren-
tzian shape.

4. In steady-state conversion for a frequency-degenerate pump field with § =0,
the average normalized conversion efficiency is
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where I is the pump intensity normalized to the saturation intensity I, = (1/4T, T, r%)
=(VAT, Trp)'*, 0, , =T, 03 =y +k2D, a4 =@y + 0 +k°D, a5 =0, +2k2D,
and $=0, +a, 2+, 0, 205 ..
It follows from (2) that under the condition /- 2 >k the maximum average con-

version efficiency in a nonmonochromatic field exceeds the maximum conversion ef-
ficiency in a monochromatic field,
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but this maximum efficiency is reached at a higher pump intensity,
Topt ~1 opt D =0) ¥ a, /a, . )

5. In summary, in parametric frequency conversion by virtue of a nonlinear sus-
ceptibility of arbitrary order, accompanied by the excitation of a many-photon re-
sonance by a nonmonochromatic pump field, the dynamic gain in the average conver-
sion efficiency due to photoinduced relaxation can be expected to decrease signifi-
cantly or vanish altogether in the field of picosecond or nanosecond pump pulses.

In the steady state, the average conversion efficiency can reach a much higher value
than in 2 monochromatic field, because of an increase in the saturation intensity in a
nonmonochromatic pump field.
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