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Abstract

Abstract

In this thesis, we report the applications of the quantum correlated twin
beams and the generation of the nonclassical light for quantum information from
Non-degenerate Optical Parametric Amplifier (NOPA).

Four parts will be presented in this thesis:

1. The relations among the three types of squeezed states light, which can be
generated in experiments, are discussed with a unified theoretical model.

2. The classical and quantum properties of output subharmonic fields from
continuous Nondegenerate Optical Parametric Amplifier(NOPA) are studied.
The quadrature phase squeezing of coupled-mode and the intensity difference
squeezing between the signal and idler modes of the output field from NOPA
are discussed and compared.

3. According to the characteristic of the intensity quantum correlation between
the twin beams, a weak absorption measurement scheme for the unmodulated
sample with the sensitivity beyond the sub-shot-noise limit is proposed and
experimentally realized. The improvement of the signal to noise ratio relative to
the SNL is 2.5dB. A QND-like quantum measurment of intensity difference
fluctuation is accomplished in theory and experiment, also in that, a 50/50 beam
splitter is used as the coupling device of QND and the twin beams are injected
into its dark port as the meter wave. The experimental results with transfer

coefficients 7, +7, =1.31 and conditional variance V,, =-2.1dB are fulfilled

s/m
all QND criteria.
4. The coherent squeezed state with 3.7? 0.02dB has been experimentally

generated from a cw non-degenerate optical parametric amplifier into which the
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Abstract

seed waves with degenerate frequency but orthogonal polarization are
injected. The quantum correlation of 3.7dB between the signal and idler modes
is obtained, too. The bright Einsten-Podolsky-Rosen (EPR) beams with the
quantum correlation between the quadrature-phase amplitudes of the spatially
separated signal and idler beams is directly inferred from the measured
quadrature-phase squeezing of the output vacuum squeezed-state light field
formed from superposition of the original signal and idler modes. The correlation
degreeis 0.8537? 0.004.

The creative works are as follows: A. The classical and quantum properties of
Nondegenerate Optical Parametric Amplifier are discussed in theory. B. The
frequency degenerate quantum correlated twin beams is generated in
experiment. C. The coherent squeezed state is generated in experiment, and
the EPR correlation between the signal and the idler modes is reduced directly

from the measured squeezed state.
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Classical optics describes only one aspect of light, it
is not all in conclusion, many fascinating effects are due to
the quantum nature of the light, they are the foundation of
quantum optics.

-------- H . A. Bachor
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Fig.1.1 Historical results of squeezing experiment.
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I am incessantly busy with the question of
radiation....... This quantum question is so uncommonly
important and difficult that it should concern everyone.
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Great mathematical ideas do not blossom in
workshop, as a rule, but on the other hand the theorist
should not divorce himself from a healthy and intimate
connection with practical question.
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3.2

Fig. 3.2 Scheme of an Optical Parametric Amplifier.

o), @ and ) are the incoming pump and injection fields. y, and y, are the

contributions to the cavity damping from the input-output coupling and losses, respectively
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The field is still young and full of surprises, it is
therefore highly likely that the most useful application of
squeezed light have not get been imagined
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Fig.4.1 The different properties used to characterize a measurement device. The
conditional variance, AXZ%s/m , is plotted against the sum of the two transfer
coefficients, T, + T, . A beamsplitter lies at the point, T, + T, =1, AX?%ym =1, whereas
the perfect QND device would be located at the point T, +T, =2, AX?s/m =0. Open
triangles and filled circles represent QND experiments using third- and second-order
nonlinearities, respectively. The asterisks represent "quantum repeater” schemes where the

signal is amplified. The white asterisk represents QND experiment in Shanxi University.
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Fig. 4.7 Beamsplitter used as a measurement device
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In theory, there is no difference between theory and
practice. But in practice, there is.
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transmission curve of NOPA when the cavity is locked and the pump wave is open.
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Fig. 5.6 Experimental result of intensity difference squeezing. a) is shot noise limit with
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Without doubt the most important factor in
determining the progress in the application of squeezed
light is the degree of squeezing produced by emitters.

-------- J.Ryan and M.Fox
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Fig. A-2 Curve of a)second harmonic wave transmission through the scanning
F-P cavity, b) the frequency stability second harmonic wave through the
scanning F-P cavity, 1ms responds to 75MHz
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