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Abstract

The parameteric down-converiont is a useful method to
obtain non-classical state in quantum optics. (1) The
analytical solution of the Fokker — Planck equation of Non-
degenerate Optical Parametric Amplification (NOPA) for
generation of squeezed light is presented. The maximum
intra-cavity compression of squeezed light derived from the
analytical solution is 1/16 (vacuum fluctuations 1/4). To
compare it with that of the previous result 1/8 of Degenerate
Optical Parametric Amplification (DOPA), it seems that the
squeezing for NOPA is superior to the squeezing for DOPA.
(2) An analytical solution of the phase-mismatched Fokker -
Planck equation and the amplitude quantum fluctuation after
passing through the periodically inverted quasi-phase-matched
(QPM) device are obtained. The calculated results for QPM
device, conform to that of the Langevin equation in the case
of no loss £ = 0, in the noise case # 7% 0, mainly resorts to the
solution of F - P equation. From which we can derive the
knowledge about the dependence of squeezing on the loss
coefficient 2. The squeezing is nearly perfect for small loss
k =0, 2X ¢, , make a comparison between the QPM device and
phase matched device at threshold & = ¢, our result 1/6. 7
shows slightly ineffective than that of 1/8 in phase-matched
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device, the squeezing decrease continually for loss £ =€,
near the vacuum fluctuations for very large loss. (3) A
detailed analysis of the quantum fluctuations in a DOPA is
given when the pump depletion is present. we first deduce the
time-dependent linearly driven Fokker — Planck equation of
the Degenerate Optical Parametric Amplification (DOPA) in
the generalized positive - P representation and evaluate its
exact solution. Both the above-and below-threshold behavior
is calculated. Our results below threshold or near threshold
conform to that obtained by the linear theory or perturbation
series expansion near threshold. Above threshold, the short-
time behavior is close to the linearization approximation,
whereas with the increase of 7, the long-time behavior shows
squeezing is always 1/2 quite different from the linear
theorem. These characteristics of squeezing provide a method
of parameter control for the maximum squeezing. (4) An
analytical solution of the Fokker — Planck equation of the
nonlinear time-dependent degenerate optical parametric
amplification (DOPA) in the P representation for generation
of squeezed light under considering the pump depletion is
presented, then, evaluate the quantum fluctuation near or far
away from threshold. If neglect the term (cc 7), the ordinary
solution transitions to the previous obtained linear
approximate solution naturally. When consider of the term
(oc 1), we compare our solution to that of Drummond et. al,
our results conform to that obtained by the perturbation series
expansion theory near threshold, and apply for the whole
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region far away from threshold. When # — 0, quantum
fluctuation is close to vacuum fluctuation. While # > 1, the
squeezing is near to the linear theory 1/(1 + ). (5) The
solution of the Fokker — Planck equation for non-degenerate
parametric amplification to deduce the condition of optimum
realization of the EPR paradox is obtained. The numerical
simulation shows that the optimum realization of EPR
paradox can be achieved by adjusting the degree of squeezing
and this is the limit to demonstration of the EPR paradox for
a certain finite loss 2. The squeezing for optimum realization
EPR paradox is not the largest, but an appropriate value for
each finite loss £. Obviously, the realization of EPR paradox
studied by Reid belongs to the special case of no loss 2 = 0, in
the limit of the squeezing er very large, V = 1/2ch (er) gives
the optimum realization. This can be seen from the trend of
curve with 7= 0, 0.1, 1, 2 shown in Squeezing curve. To a
great extent, the result quite accords with the experiment,
which done by Z. Y. Ou. (6) Based on (1) and (5), we use
the solution of the time-dependent Fokker — Planck equation
of non-degenerate optical parametric amplification to deduce
the condition of demonstration of the EPR paradox. The
analytics and numerical calculation show the influence of
pump depletion on the error V in the measurement of
continuous variables. And then achieve the optimum
realization of EPR paradox by adjusting the parameter of
squeezing. As a result, the curves belong to the time-
dependent move up and left relative to the curves belong to

34— —
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the time in-dependent case. The result shows that the
optimum realization of EPR paradox can be achieved by
adjusting the degree of squeezing and this is the limit to
demonstration of the EPR paradox for a certain finite loss 4.

By studying the non-linear effect of optical parametric
down-conversion, including phase-mismatched, loss, pump
depletion, we obtain the quantum fluctuation and
entanglement and application them for quantum measurement
and quantum information, these theoretical investigation
provide base for the actual experimental. Sum up, we make a
comprehensive and detail work about optical parametric
down-conversion, which studying by full quantum machine,
and the above results being integral system.

Key Words degenerate (non-degenerate) optical parameter
amplification, quantum fluctuation, EPR paradox
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