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Fig. 1. (a) Schematic diagram of the cavity setup with an
OPA which is pumped by a laser to produce parametric
amplification in the cavity; (b) transition paths of the sys-

tem for quantum interference.
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Fig. 2. Variation curves of the zero-time-delay second-order
correlation function ¢(?)(0) with the nonlinear gain G of
the OPA. Other parameters are 2/x = 0.01, 6 = —0.0341x,
Ag=1.
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Fig. 3. Contour plot of the second-order correlation func-
tions lg [g(Q) (0)] vs. the nonlinear gain G of the OPA and
phase 6. Other parameters are §2/k=0.01, A, =1,
¢ = 0.5rad.
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Fig. 4. Contour plot of the second-order correlation func-
tions lg [g<2) (O)} vs. the phase @ and ¢. Other paramet-
ers are 2/k =0.01, Aqg =1, G = Gopt -
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Fig. 5. Contour plot of the second-order correlation func-
tions Ig [¢(?) (0)] vs. the nonlinear gain of the optical para-
metric amplifier G and phase ¢. Other parameters are
2/k =001, Ag =1, G=Gop.-
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Fig. 6. (a) The second-order correlation functions g(%)(0)
vs. the nonlinear gain of the optical parametric amplifier G ;
the blue solid line indicates the numerical results by numer-
ically solving Eq. (3) and the red diamond corresponds to
the analytical results of Eq. (13) and Eq. (15); other para-
meters are Ag =1, 2/k=0.01, ¢ =0.5rad, § = op;
(b) the second-order correlation functions g(2)(0) vs. the
phase €; the blue solid line indicates the numerical results
by numerically solving Eq. (3) and the red diamond corres-
ponds to the analytical results of Eq. (13) and Eq. (15).
Other parameters are A, =1, 2/k =0.01, ¢ = 0.5 rad,
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Abstract

In this paper, we present a scheme to realize an unconventional photon blockade effect in a Fabry-Perot
cavity and optical parametric amplifier (OPA) composite system. The system includes a tunable phase of
complex driving strength, the second-order correlation function is used to describe the photon statistical
properties. The numerical simulation of the photon blockade effect is conducted with different parameters. Our
calculations show that the unconventional photon blockade effect can be controlled by the tunable phase of
complex driving strength. Under the weak driving condition, the exact optimal conditions for strong photon
anti-bunching are analytically derived (i.e. the optimal nonlinear gain of optical parametric amplifier and the
phase of the field driving for the strong photon anti-bunching are obtained), and obtain the analytic
calculations of the second-order correlation function. Under the optimal conditions, we perform a numerical
simulation with different parameters. The optimal conditions for strong photon anti-bunching are found by
analytic calculations, which are in good agreement with the numerical results. The results provide a platform
for coherently operating the photon blockade and have potential applications in quantum information processing

and quantum optical devices.
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