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Comment on “Large enhancement of four-wave mixing by suppression of photon absorption
from electromagnetically induced transparency”
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In this Comment we deal with a recent study of Ying Wu et al. [Phys. Rev. A 67, 013811 (2003)] on a
four-wave mixing process. We show that the authors’ claim, that a large enhancement of the generation
efficiency can be obtained by suppression of photon absorption from electromagnetically induced transparency,

is not correct.
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In their recent study [1] on a four-wave mixing (FWM)
process, Ying Wu et al. state that a large FWM enhancement
is obtained in their scheme when electromagnetically in-
duced transparency (EIT) is used to suppress photon absorp-
tion. The authors indicate *°Rb as a possible candidate for an
experiment and, with an atomic density N=10'> cm™ and an
interaction length L=2 mm, claim an enhancement of the
FWM generation efficiency larger than 10%, due to the pres-
ence of EIT. Here we will demonstrate that their claim is
incorrect since the maximum FWM generation efficiency is
actually obtained in the absence of EIT.

The scheme of Ying Wu er al. (see Fig. 1(a) of Ref. [1]) is
a modified version of a similar scheme, discussed by Deng et
al. [2] (see Fig. 1(b) of Ref. [1]), in which a giant enhance-
ment of the generated FWM wave was claimed as a result of
the presence of EIT. The difference between the two studies
is that the intermediate state |3) is taken as real in Ref. [1]
while it was considered as virtual in Ref. [2]. Due to this
resonant mixing, Ying Wu et al. [1] show that their scheme
results in a several orders of magnitude increase in the FWM
efficiency in comparison with the scheme of Deng e al. [2].
Assuming that the claim of Deng et al. [2] was correct, Ying
Wu er al. [1] conclude that their scheme provides a large
enhancement of the FWM generation efficiency due to the
presence of EIT. However, it has been recently shown [3]
that the claim of Deng et al. [2] was not correct, since the
efficiency of the FWM generation process in the scheme of
Ref. [2] is actually reduced by the presence of EIT, and the
maximum FWM signal is obtained in the absence of EIT.
Therefore, while actually showing an increase in the FWM
generation in comparison with the scheme of Deng et al. [2],
the scheme of Ying Wu et al. [1] provides only another ex-
ample in which the FWM generation efficiency is actually
reduced by the presence of EIT. In fact, according to the
formulas reported in Ref. [1], it is straightforward to show
that, as in the scheme of Deng et al. [2], also in the scheme
of Ying Wu et al. [1], the maximum FWM signal is obtained
in the absence of EIT.

For an easy comparison, we use the notation of Ref. [1],
where (), is the field responsible for EIT and (),(z,#) and
Q,,(z,1) represent, respectively, the pump and the generated
FWM fields that propagate along the z axis. The main result
of Ref. [1] is contained in Eq. (8), which reports the analyti-
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PACS number(s): 42.50.Gy, 42.65.Ky, 42.50.Hz

cal expression of the Fourier transforms W[,(z,w) and
W, (z,w) of Q,(z,7) and £,,(z,?), respectively. In Fig. 1 the
quantities [*7|W,(z,w)]* dw and [*7|W,(z,w)|* dw, which
are proportional to the pump energy and to the generated
FWM energy, respectively, are reported versus the interac-
tion length in the absence (dashed line) and in the presence
(solid line) of the driving field ({),=v,). The atomic param-
eters used are those of ®Rb as chosen by Ying Wu et al. [1],
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FIG. 1. Pump (a) and generated FWM (b) energies versus the

interaction length in the absence (dashed line) of EIT (.=0) and
in the presence (solid line) of EIT (Q.= ;).
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N=10" cm™3, Q,=0,=0.017,, and the power spectrum of
the input pump pulse |W,(0, )|* has been taken as Gaussian,
with a (FWHM) spectral width Sw=5X 10"2y,=1,/3.

The interpretation of the behavior shown by Fig. 1 is
straightforward, as already discussed in Ref. [3]. In the pres-
ence of EIT (solid line), the pump field €),(z,?) propagates
with negligible absorption and provides an almost constant
source term for the FWM field (),,(z,f). This saturates at a
value for which the source term—proportional to
Q,(z,t)—compensates for the loss term—proportional to
Q,,(z,1). In the absence of EIT (dashed line), the pump field
Q,(z,7) propagates with a strong absorption and provides a
strongly decreasing source term for the FWM field ,,(z,?).
The optimal interaction length L,,,, (=50 wm) is in between
the absorption length L, at the frequency of the pump field
and the absorption length L,, at the frequency of the gener-
ated field. For interaction lengths L much longer than
L,, (L=2 mm in the case of Ref. [1]) the FWM field Q,,(z,1)
is completely absorbed and, as claimed by Ying Wu et al.
[1], the FWM energy generated in the presence of EIT is
many orders of magnitude larger than that generated in the
absence of EIT. However, it is clear that this “illusory” large
enhancement is due only to the wrong choice of the density
length product (NXL) that provides—in the absence of
EIT—a completely opaque medium that completely absorbs
the generated FWM field. As shown by Fig. 1, with the same
interaction length L=2 mm but a reduced atomic density N
~2.5%10'" cm™, the FWM generation efficiency in the ab-
sence of EIT results many orders of magnitude larger than
the FWM generation efficiency obtained with N=10'? cm™
in the presence of EIT.

It has to be stressed that the study of FWM schemes in the
presence of EIT stems from the original work of Harris et al.
[4]. One must primarily distinguish between (1) processes in
which the driving field responsible for the EIT “actively par-
ticipates” in the mixing generation and that cannot occur in
the absence of that field (like that studied by Harris et al.
[4]), and (2) those in which the driving field responsible for
the EIT just “assists” the mixing generation and that can
occur also in the absence of that field (like that studied by
Ying Wu et al. [1] or by Deng et al. [2]). For processes of
type (1), near-unity photon flux conversion efficiency has
been observed experimentally [5], while, for processes of
type (2), no experimental evidence of any FWM efficiency
enhancement has been reported in the literature. The com-
parison between these two kind of processes is the most en-
lightening.

Taking cw excitation, and following textbooks of nonlin-
ear optics, it is straightforward to obtain the linear and non-
linear susceptibilities of the five-level scheme shown in Fig.
1(a) of Ref. [1] in their most general form. From here, one
can reduce to (i) the scheme of Ying Wu et al. [1] by taking
Qp, ), and (), below the saturation levels and obtain
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FIG. 2. Power spectrum of the generated FWM field |W,,(L, w)|?
in the absence (dashed line), and in the presence (solid line) of EIT.
For curve (a), L=50 um, corresponding to the maximum value of
the dashed curve of Fig. 1(b); for curve (b), L=730 um, corre-
sponding to the maximum value of the solid curve of Fig. 1(b). The
data of curve (b) (solid line) have been multiplied by a factor of
10%.
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(from which the scheme of Deng ef al. [2] is obtained by just
taking large detunings Aw;> vy3); or (ii) the scheme of Harris
et al. [4] by taking ).=0 and large detunings Aw,> v, to
obtain
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The comparison between Egs. (1) and (2) shows how the
dramatic difference between these schemes can be ascribed
to the different role played by constructive and destructive
interference of the EIT process. In the scheme of Harris et al.
[4] [Egs. (2)], absorption at the pump frequency is sup-
pressed by detuning the pump field far from resonance, while
absorption at the FWM frequency is suppressed by EIT in-
duced by the field {),. The nonlinear coefficient le) [Eq.
(2¢)] does not show the effect of destructive interference
caused by EIT and the ratio ij)/ X,(,i) results independent of
the value of the field (), responsible for EIT. On the contrary,
in the scheme of Ying Wu ez al. [1] [Egs. (1)], absorption at
the pump frequency is suppressed by EIT induced by the
field Q.. Unfortunately, so doing, the nonlinear coefficient
ij) [Eq. (1c)] experiences the same kind of destructive in-
terference and the ratio X,(j)/ )(2) decreases at increasing val-
ues of the field (). responsible for EIT.
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The spectral behavior of the nonlinear coefficient st) re-
flects into the power spectrum of the generated FWM field.
In Fig. 2 the quantity |W,,(L,w)|?, calculated in the absence
(dashed line) and in the presence (solid line) of EIT, is re-
ported. For curve (a), L=50 um, corresponding to the maxi-
mum value of the dashed curve of Fig. 1(b); for curve (b),
L=730 pum, corresponding to the maximum value of the
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solid curve of Fig. 1(b). The data of curve (b) (solid line)
have been multiplied by a factor 10. While the power spec-
trum of the generated FWM field in the absence of EIT (a)
reproduces the power spectrum of the input pump pulse
|Wp(0,w )|2, the effect of destructive interference in the pres-
ence of EIT in the scheme of Ying Wu er al. [1] appears
evident (b).
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