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Fig. 1. Three-level A-type atomic system: (a) A three-
level atomic system interacting with a probe field E,
and a coupling field E¢; (b) the angel between the rel-
evant dipole moments di3 and dj2 is 6; (c) atoms are
trapped in an optical lattice formed by a retroreflect-

ing laser beam of wavelength ajaty = Alatt/2-
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Fig. 2. The reflectivities and the gain or loss of the probe field versus the detuning A, /I" as n = 0 (black dashed
line) and 7 = 1 (red solid line), where A = 0.06I", =0, § = 0, 2.0 = 20020 = I', Ac = 0, I'32 = 0.001 MHz,
Iy = INs = I' = 6 MHz, Ayt = 781.00 nm, Aljage = 0.25 nm, A3; = 780.02 nm, Ny = 7.0 x 100 cm~3,

L = 3.0 mm: (a) The reflectivities versus the detuning; (b) the gain or loss versus the detuning.
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Fig. 3. The reflectivity and the gain-loss of probe field versus the detuning A, /I": (a) The reflectivity versus the

detuning when 6 = 1/4; (b) the gain-loss versus the detuning when 6 = 1/4; (c) the reflectivity versus the detuning
when A = 0.061; (d) the gain-loss versus the detuning when A = 0.06". Other parameters are the same as in Fig. 2.
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Fig. 4. The reflectivity and the gain-loss of probe field versus the detuning A, /I": (a) The reflectivity versus the

detuning; (b) the gain-loss versus the detuning. A =8 x 1074I", & = 0.67 and other parameters are the same as in

Fig.2.
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detuning. Other parameters are the same as in Fig.4.
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Abstract

The photonic band gap is a spectral range which cannot propagate in a periodic optical nanostructure, that is,
the structure itself has a “forbidden band”. It has been successfully applied to the filters, amplifiers, mixers, etc. As is
well known, dynamically tunable photonic band gaps in cold atomic lattices are of great importance in various research
fields. However, the photonic band gaps of a traditional photonic crystal are non-tunable because the periodic structure
is determined once the photonic crystal is grown. On the other hand, a majority of previous researches focused on
improving the reflectivity of photonic band gap, which can only keep approaching to 1. Due to the action of the
vacuum of the radiation field, near-degenerate lower level has an additional coherence term, the spontaneously generated
coherence term. In this paper, we consider a three-level A-type atomic system driven by a strong coherent field, a weak
coherent field and an incoherent pump, in which the two ground states are of hyperfine structure. The one-dimensional
photonic band gaps are formed by cold atoms trapped in a one-dimensional-ordered optical lattice and this system may
create two photonic band gaps (PBGs). The trapped cold atoms have a Gaussian density distribution in each period
as determined by the optical potential depth and the average atomic temperature. We investigate in detail how the
reflectivities of the two PBGs are influenced by the coherent effect of spontaneously generated coherence. Then, we find
that the reflectivities of the two band gaps can be significantly improved by the spontaneously generated coherence.
The reflectivities of such two band gaps can be dynamically manipulated by varying the intensity of incoherent driving
field and the relative phase between the probe field and the coupling field, which cannot be realized in a conventional
A-type atomic system. Besides, by adjusting the parameters appropriately, the reflectivities of these two band gaps can
be higher than 1, which is because probe field gain stems from the spontaneously generated coherence. In the future,
photonic transport properties can be investigated in the three-dimensional atomic lattices and this work is meaningful

for the optical routing, photodiode and transistor.

Keywords: photonic band gap, electromagnetically induced transparency, spontaneously generated

coherence
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