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Fig. 1. (a) Three-level A model coherent atomic system;
(b) the intensity of coupling field G¢(z) varies with posi-
tion by step, k=05 and k=28 corresponding to red
dashed and blue solid respectively, the constant coupling
field G¢ = 25MHz corresponding to green dotted line;
(c) diagram of the homogeneous atomic medium illumin-
ated by coupling and microwave fields vertical « axis, and
probe field travels along x direction, the medium length

L=8um.
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Fig. 2. (a) Population distribution of each level vs. A, with the constant coupling field G. = 25 MHz; (b) population distribution

of each level varies with position with stepped coupling field (k = 8); (c), (d) the population difference p11 — p33 between level

|1) and level |3) varies with position z and detuning A, or position z and relative phase ¢ with step coupling field (k =38).

Other parameters: & = 3n/2,
I3, =6MHz.

No=3x10" cm~3

Gg =15MHz, G, = 0.3 MHz, Ac =0, d13 =2.0x 1072°C-m, I3 =
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G¢ = 25 MHz, stepped coupling field (k=5) and (k=38),

(e) Left and right reflectivity of the probe field vs. detuning A, , corresponding to constant coupling field
respectively; (b), (d), (f) the corresponding contrast of left and right

reflectivity vs. detuning Ap . Other parameters are the same as in Fig 2.
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Fig. 4. Changes of the imaginary part of the polarizability with the detuning and relative phase: (a) Gc=9MHz; (b) G =
16 MHz ; (¢) G =25MHz; (d) G¢ = 36 MHz. Other parameters are the same as in Fig. 2.
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Perfect non-reciprocal reflection amplification in
closed loop coherent gain atomic system”
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Abstract

High-performance non-reciprocal photonic devices can improve the efficiency of optical quantum
manipulation, information processing, and quantum simulation effectively. The enhanced optical signal can
simultaneously amplify the weak signal output by the quantum system and isolate the sensitive quantum
system from the back-scattered external noise, which is the core technology of high-performance photonic
devices. In our previous work (2023 Opt. Ezxpress 31 38228), we have achieved dynamic control of unidirectional
reflection amplification based on four-wave mixing gain and the use of coupling field intensity varying linearly
with position. In this work, we design a simple three-level closed loop coherent gain atomic system, setting the
intensity of coupling field to be varying with position step shape to break the spatial symmetry of probe
susceptibility, and achieving perfect non-reciprocal reflection light amplification. In contrast, the stepped
variation of coupling field intensity is easier to adjust in experiment, greatly reducing the difficulty in the
experiment. Specifically, the system introduces phase modulation. By changing the phase, the frequency region
of probe gain and absorption can be switched, which makes the modulation of reflection amplification more
flexible.

Keywords: perfect non-reciprocal, reflection amplification, relative phases
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