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D’Ariano et al. Reply: The aim of our Letter [1] was B =1 — %(77 +1)forG=1+7n"" ie, B =1/2
to show that saturation effects in a traveling wave lasefor small 7.
amplifier may reduce the output noise due to spontaneous For the above reasons we think that the SNR is still a
emission, and such reduction can be achieved for sizabl@asonably useful concept for nonlinear amplifiers, at least
gains and realistic values of all physical parametersvhen the noise figure is very good and the device is not
(direct detection is considered). In the linear regimepathologically nonlinear (nonpolynomial). On the other
spontaneous emission gives a 3 dB noise figlRe= 2),  hand, why is the SNR usually considered instead of the
which is the value achieved by linear phase sensitiv8ER? (This is what happens in the experiments quoted
amplifiers (PIA), and is usually referred to as the SQLby Nilssonet al) A main reason is that when the BER
for noise in amplifiers. is very low (as in our case, and as is often the case) it is
Nilssonet al. [2] now address a separate issue that wasery difficult to either measure or computer simulate it.
not considered in our Letter, and which deserves careful A final clarification is in order, in response to the ob-
attention. Their point is as follows: “For on-off commu- jection raised by Nilssoet al. on the use of our “on-off”
nications it is the BER—not the SNR—which representsdefinition [Eqg. 2 of our Letter] of the SNR for not small
the quantity of interest, and two are generally unrelatednodulations. The considered optical amplifiers provide
for non-Gaussian noise and/or nonlinear devices. Thusmplification of dc inputs, without the need of modula-
in principle, it may happen that the saturable amplifier istion around a high-derivative working point. Hence, the
no more valuable than the PIA in improving the transmit-objection does not pertain to the case of dc inputs, where
ted BER, although it beats the SQL.” In fact, the effectby definition the input “modulation” between the 0-1 dc
of saturation on BER ig priori not obvious, as the pho- levels is twice the central value, and can never be consid-
ton probability distribution is amplified asymmetrically, ered as small. For dc signals, others use a SNR defined
resulting in a shorter right (high-number) tail and a longeronly in terms of the on ensemble averages, i.e., with signal
left (low-number) tail. The right tail of the “off” distri- S = (0),, and noiseN" = (AO?),,. For the PIA both
bution is cut, whereas the left tail of the “on” distribution definitions give the SQL for sufficiently large gains. More
is stretched, and the resulting effect on the intersectiogenerally, the different numerical values arise from a dif-
area—which gives the BER—depends on the detailed arferent SNR at the output. In the on-off definition, the dc
alytical form of saturation. contribution of the amplified vacuum is subtracted from
Actually, the point made by Nilssoet al. is not mean- the signal, and the noise is averaged together with the am-
ingful for the communication scheme we consideredplified vacuum: These two contributions nearly cancel out
with ideal detection,and for which there is no way of for sufficiently high signals. Remarkably, saturation en-
improving the BER, even with a noiseless photon num-hances the former contribution as compared to the latter,
ber amplifier (PNA) [3]. The issue must be posed inwith the consequence that the on definition would lead to
terms of comparing the SQL-breaching saturable amplieven lower (i.e., better) noise figures than ours.
fier with the PIA in improving the BER fononideal de- G. M. D’Ariano acknowledges interesting discussions
tection, where there is actual room for BER reduction. with H. P. Yuen.
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