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Pump-noise-induced Hanle effect in forward four-wave mixing
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This is an addendum to our previous publication [Phys. Rev. A 36, 143 (1987)] dealing with
cross-correlation —induced resonances in four-wave mixing. The temporal fluctuations of the
source lead to well-resolved Hanle resonances in forward four-wave mixing which is in contrast to
the dephasing-induced resonance in the same geometry.

In a previous paper, ' which we shall refer to subse-
quently as AKC, we discussed the efFects of cross corre-
lation between the pump and probe fields on four-wave-
mixing signals. We developed a consistent theory to
show the existence of the cross-correlation —induced ex-
tra resonances which were first predicted by Prior et al.
There might be practical difficulties in producing com-
plete cross correlation between the pump and probe
fields especially for the case in which pump and probe
frequencies differ greatly (by many many cm '). The
case of Hanle resonances is especially attractive since in
this case both pump and probe fields are derived from
the same source and hence they are automatically fully
correlated. Thus fluctuation-induced resonances should
be seen much more easily in experiments on Hanle sys-
tems. In this paper we consider forward four-wave
mixing on the optical transition j =0 to j =1 and we
study the fluctuation-induced Hanle resonances. It turns
out that for the geometry under consideration, it is
difFicult to see the collisional dephasing-induced Hanle
resonances because of the large background produced by
the dephasing collisions. The background on the other
hand is negligible for the case of fluctuation-induced res-
onances. In this sense forward four-wave mixing is
ideally suited for studying fluctuation-induced Hanle res-
onances.

The geometrical arrangement is shown in Fig. 1. The
pump and probe are assumed to be derived from the
same source and hence their frequencies are identical.
These beams make a small angle P with each other. We
assume that the pump is linearly polarized and that its
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1, +1)]. The probe is as-
sumed to be o.+ polarized. Since the radiation generated
by four-wave mixing is dominated by the o. com-
ponent, we will focus only on this contribution. Any
background o+ component of the generated radiation
can be removed by an appropriate polarizer. Thus we
will calculate the induced coherence given by the density
matrix element p, 3 with states labeled as
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signal I is to be scanned as a function of the magnetic
field or co,z, the Zeeman splitting between the two excit-
ed states.

We first discuss briefly the analytic form of the signal
produced by the dephasing collisions. For large values
of the detuning b one finds the approximate value of the
signal as [cf. AK (Ref. 5) Eq. (2.17)]
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FICs. 1. Beam geometry.

This result shows why it is that for the forward
geometry the dephasing collisions not only lead to the
presence of the Hanle resonance but also substantially
increase the background, thereby making impossible the
observation of dephasing-induced Hanle resonance for-
ward four-wave mixing.
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FIG. 2. The forward four-wave-mixing signal produced in

the j =0 to j =1 optical transition, as a function of the Zee-

man splitting co» (magnetic field) for various values of the fluc-

tuation parameter y, . The medium has no dephasing collisions

(I ~"=I @=0) and the detuning 6 has been set equal to 1000.
All parameters are in units of y.

We next discuss how temporal fluctuations of the
source can lead to well-defined and well-resolved Hanle
resonance in forward four-wave mixing. For this pur-
pose we assume that no dephasing collisions are present
and we use the theory developed in our previous paper.
The calculations are based on Eq. (15) of AKC, ' which
gives the spectrum of the coherently generated radiation.
It should be noted that in addition to the four-wave-
mixing contribution to this spectrum there are also
several other frequencies generated by the fluctuations of
the source. We isolate the poles responsible for four-
wave mixing and compute the residue at such poles.
The spectrum has some poles of order two because the
frequencies of the pump and probe are the same (5=0).
The four-wave-mixing contribution is obtained by sum-
ming up the contributions from all the poles correspond-
ing to the eigenvalues of M in the neighborhood of zero
and +co,2. Note that ~,2 is being scanned in the vicinity

of zero, as is typical for Hanle resonance experiments.
Some typical results of our computations are shown in

Figs. 2 and 3. There we see the existence of a well-
resolved fluctuation-induced Hanle resonance for which
peak height scales as y, . The width of the resonance is
essentially independent of y, and of the order of y. The
lines are far from Lorentzian. This should be contrasted
with the usual pressure-induced resonance whose peak
height (width) is independent of (proportional to) pres-
sure.
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FIG. 3. Same as in Fig. 2 but for larger values of y, .
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