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Abstract

As the core of quantum technology, quantum computing and information processing
have emerged as current research hotspots, with chip processing technology playing a key
role in driving this technology forward. Novel photon devices such as all-optical diodes and
isolators based on optical non-reciprocity are indispensable components for integrated chips,
where amplified optical signals can mitigate the impact of external noise. Therefore, research
on non-reciprocal optical amplification is particularly important. This paper explores non-
reciprocal light reflection and non-reciprocal reflection light amplification in uniform atomic
media based on four-wave mixing resonance and the effect of spontaneous generated
coherence. By utilizing the linear modulation of the susceptibility rate through coupled fields
to break spatial symmetry, non-reciprocal light reflection and amplification are achieved.
Firstly, four-level double Lambda model is driven by two coupling fields and two weak probe
fields. By exploiting four-wave mixing resonance and breaking spatial symmetry, complete
non-reciprocal reflection (unidirectional reflection) amplification is realized, with a reflection
coefficient exceeding 2.0 even up to 6.0. Additionally, the width, height, and position of the
unidirectional reflection band are adjustable. The proposed scheme allows for flexible
adjustment of the width, height and position of the unidirectional reflection band, thus
offering versatility. This makes our approach potentially applicable in all optical networks
requiring controllable unidirectional light amplification. Subsequently, we consider the effect
of SGC on the reflection coefficient in a three-level Lambda system. We find that when
considering the SGC effect, the non-reciprocal reflection region becomes narrower and as the
coupling field detuning increases (decreases), the non-reciprocal reflection region shifts to the
right (left). Finally, we further explore non-reciprocal reflection light amplification by
combining four-wave mixing with SGC effects. Numerical results demonstrate that the
reflection coefficient in the presence of SGC effect is nearly 100 times higher than that
without SGC effect and the spectral linewidth can be reduced to 4 kHz. Moreover, in such

systems, the reflection coefficient of the probe field can be modulated periodically by the

II



angle and phase of the electric dipole moment. Our research provides more possibilities for
achieving efficient non-reciprocal light manipulation, promising the development of high-
performance photon devices with potential applications in quantum communication, quantum

computing and other fields.

Keywords: optical nonreciprocity; unidirectional reflection; four-wave mixing;

spontaneous generated coherence
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