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Fig. 1. (color online) (a) Schematic diagram of a four-level Double-Lambda type system; (b) arrangement

of the probe (coupling) electric fields and the relevant dipole moments di13 and di4 (d23 and da24); (c) illus-

tration of a step-off or square pulse propagation through this medium.
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Fig. 2. (color online) The imaginary part (a), (c) and the real part (b), (d) correspond respectively to the

absorption and dispersion for the probe field. The blue and black solid lines represent the case with and

without SGC when considering all-order susceptibilities. The red line displays the case of only taking into
account the first- and third-order susceptibilities. I = I3 = Iy =, v = 3.0 MHz, § = 1.0, 2. = 1.2,

(a), (b) for Ac = 307; (c), (d) for Ac = 0.
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Fig. 3. (color online) (a) The optical precursors sig-
nal and delayed main pulse for all-order susceptibilities
(blue solid line) and for the first-and third-order sus-
ceptibilities (red solid line) with SGC and (b) without
SGC; (c) the optical precursor for resonant coupling
field Ac = 0 with SGC; (d) the input square pulse.
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Fig. 4. (color online) (a) The transmission of a weak probe pulse with sequenced on-off step amplitude

modulation; (b) the transmission of a weak probe pulse with sequenced on-off step phase modulation;

(c) the applied amplitude modulation waveform; (d) the applied phase modulation waveform.
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Abstract

Optical precursors were first studied by Sommerfield and Brillouin in 1914 to resolve the apparent contradictions
between fast light propagation and the theory of relativity. They showed theoretically that the front edge of a step-
modulated pulse does not interact with the medium and always travels at ¢ because the dispersive material has a finite
response time to the optical pulse. The past experimental studies of precursors in classical pulse propagation were always
focused on an opaque medium with single or multiple Lorentz absorption lines. In these cases, the precursor signal cannot
be separated from the main pulse or otherwise the main field is absorbed. However, the electromagnetically induced
transparency (EIT) technique was successfully used to separate precursors from the main pulse due to the slow-light effect
in cold atoms. The EIT refers to the absorption suppression or elimination of a probe field through atomic coherence
in a certain medium dressed by a strong coupling field. In this paper, a four-level double-lambda atomic system with
two upper states coupled to the excited state is explored to separate optical precursors from a square-modulated laser
pulse with the effect of spontaneously generated coherence (SGC). The SGC effect occurs in the process of spontaneous
emission, in which the atom decays from closely placed upper levels to a single ground level. The quantum interference
between the decay channels takes place, which leads to decay induced transparency, thus enhancing the Kerr nonlinearity
and amplification without inversion. With the assistance of spontaneously generated coherence, an EIT window appears
with steep normal dispersion when the trigger field is far from resonance. Then we can obtain the optical precursors
which are separated from the main pulse due to the slow-light effects in the EIT window. In the absence of SGC, the main
pulse is absorbed by an opaque medium with Lorentz absorptive lines, so the slow-light effect could not take place. In
addition, we obtain the stacked optical precursors with the input probe field amplitude or phase modulated by designing
a series of square pulses. For the amplitude modulation case, the peak power reaches about 4.5 times that of the input
pulse. With the phase modulation we obtain a transient pulse with a peak power of 14 times that of the input, as a result
of constructive interference between the stacked precursors and main field. We expect these findings to be instructive in

devising optical devices for optical communication, detection and medical imaging among other applications.

Keywords: atomic coherence, electromagnetically induced transparency, spontaneously generated

coherence
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