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Quantum squeezing, in which uncertainty in one degree of freedom of a quantum state
is reduced beyond the standard quantum limit, is crucial for precision measurements such
as gravitational wave detections, quantum imaging, etc.. In general, one can employ a
conjugate four-wave mixing process (FWM) to generate two-mode squeezing in one of the
joint quadratures of the quantum probe and signal fields. Typically, two-mode squeezing
in FWM is implemented at the far-detuned regime, in order to reduce the gain or loss
for the two fields which would introduce quantum noises and thus be detrimental for
the squeezing process. However, in the far-detuned regime, the interaction between the
quantum fields and atomic medium is usually weak, resulting in low squeezing efficiency.

Is it possible to achieve efficient two-mode squeezing at the near-resonance regime
where gain or loss is strong for the two fields? A positive answer is meaningful since it
would be useful in an applied point of view and might also bring new underlying physics as
we discussed below. Here, inspired by the recent progresses on non-Hermitian dynamics,
we investigate the FWM process where the quantum probe and signal fields experience
symmetric gain and loss simultaneously, forming an effective non-Hermitian Hamiltonian
for the two fields. Due to the non-Hermitian nature of the Hamiltonian, efficient two-mode
squeezing can be achieved at the near-resonance regime despite that strong quantum noises
are presented.
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Figure 1: Two-mode squeezing in the FWM process as a function of propagation distance.
Here b represents the amplitude of the symmetric gain and loss.
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