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Fig. 1. (a) Double-A energy level diagram of ®Rb D1 transition line; (b) schematic of the coherent feedback-controlled phase-

sensitive amplifier.
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Fig. 2. Curve of intensity-difference squeezing versus re-
flectivity k of the beam splitter under the ideal condition.
IDS represents intensity-difference squeezing; PSA repres-
ents phase-sensitive amplifier; CFC-PSA represents coher-

ent feedback-controlled phase-sensitive amplifier.
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Fig. 3. Curve of intensity-difference squeezing versus re-
flectivity k& of the beam splitter under the practical experi-

mental parameters.
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Fig. 6. Experimental system design on coherent feedback controlled PSA.
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Abstract

The intensity-difference squeezed state is an important concept in quantum optics, which is not only of
great significance for fundamental research in quantum physics, but also an important quantum resource in the
fields of quantum communication, quantum computing, and quantum precision measurement. The optical
parametric amplifier based on atomic four-wave mixing is one of the most effective means to achieve intensity-
difference squeezed light. However, due to the absorption loss of atomic vapor in the light field, the output
squeezing still needs improving. By feeding the non-classical optical field from the optical parametric amplifier
back to the input port, the quantum characteristics of its output optical field can be enhanced. However, the
intensity-difference squeezing enhancement from a phase-insensitive amplifier is experimentally realized based
on coherent feedback control. The intensity-difference squeezing enhancement of the phase-sensitive amplifier
has not been discussed. In this work, a two-port coherent feedback-controlled phase-sensitive amplifier is
analyzed theoretically. The dependence of the intensity-difference squeezing, respectively, on the feedback
intensity, the intensity gain of the optical parametric amplifier, and the losses of the system are investigated.
For the ideal case in which the losses of the system are ignored, infinite squeezing can be achieved by adjusting
the strength and phase of feedback. Considering the actual atomic absorption losses, squeezing enhancement can
also be achieved over a wide range of intensity gains within a certain feedback intensity range. In addition, the
squeezing enhancement is quite efficient for the medium intensity gain range. The intensity-difference squeezing
enhancement strongly depends on the absorption loss of atomic vapor. The smaller the absorption loss, the more
significant the squeezing enhancement effect is. Furthermore, the experimental feasibility of this scheme is also
considered in detail. Our research can provide useful references for achieving high-quality non classical light
fields in experiment, which may find applications in quantum information processing and quantum precise

measurement.

Keywords: optical parametric amplifiers, squeezed light field, coherent feedback control, squeezing

enhancement
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