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Fig. 1. The V-type three-level atom with upper levels
near the band edge of the photonic crystal.
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Fig. 5. The time evolution of the upper-level popu-
lations for different initial states of the system when
we(t) meets Eq. (12) with n = 0, fo = mB/4, and
[#(0)) = 0.9413]e1) — 0.3376|e2) (dark solid curves) or
[@(0)) = 0.3376|e1) + 0.9413|e2) (gray solid curves).
The light gray dash curves describe wc(t) varying with

time.
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Fig. 6. The time evolution of the upper-level populations for different 7’s when w(t) meets Equation (12).
The initial state is [¥(0)) = 0.9413]e;) — 0.3376e2) in (a), and [#(0)) = 0.3376|e1) + 0.9413|e3) in (b). The

modulation frequency fo is m8/4. And 5 is 0 (gray curves) or 1/2 (dark curves).
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Fig. 7. The time evolution of the upper-level populations for different fo’s when wc(t) meets Eq. (12). The
initial state is |¥(0)) = 0.9413|e1) — 0.3376|e2) in (a), and |¥(0)) = 0.3376|e1) + 0.9413|e2) in (b). The
modulation frequency fo is 18/4 (gray solid curves), n3/7 (dark dash curves) or m3/10 (dark solid curves).
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Abstract

The spontaneous emission from a V-type three-level atom embedded in an isotropic photonic crystal with dynamic
photonic band edge is studied. We consider the situation where the atom interacts with all possible radiation modes, and
calculate numerically the evolution of atomic population without using Markov approximation. The calculation method
can be used in related researches. In the present paper, we mainly discuss the effects of modulation parameters and the
quantum interference on spontaneous emission when the band edge is modulated with step function or triangle function.
We hope that the results can contribute to the applications in the dynamic photonic crystal environment in controlling the
spontaneous emission via the quantum interference. The results show that in the step-modulated situation, the number of
the photon-atom bound dressed states after the modulation has happened depends on atomic transition frequencies and
the band edge frequency at that time, and is identical to the one in the unmodulated situation with the same parameters.
The long-time evolution of the atomic population is affected by the time when the modulation happens. Depending on the
system initial state, after the modulation has happened, the quantum interference can weaken the probability amplitude
components corresponding to the photon-atom bound dressed states, and cause the upper-level population to decay
quickly from a great value to a value near zero; or on the contrary, it can strengthen the bound dressed states, and make
the upper levels retain a high population. In the modulated situation with trigonometric functions, after long enough
time, the total upper-level population presents a decaying quasi-periodic oscillation behaviour. And the evolution of the
total upper-level population tends to synchronize with the modulation, so the frequency of the quasi-periodic oscillation
is approximately equal to the modulation frequency. But, the quantum interference can destroy the synchronization
under some conditions. The decay rate of the total upper-level population is affected by the modulation frequency, and

also by the initial state of the system and the angle between two dipole moment because of the quantum interference.

Keywords: photonic crystal, V-type three-level atom, spontaneous emission, quantum interference
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