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K’;/ Vacuum fluctuations: losses

Losses: 1—1> witht <1
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K’;/ Vacuum fluctuations: losses

Losses modeled by a beam splitter: ¥ °=1—¢> with f < 1
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Extra vacuum fluctuations enter through the empty port,
which mimics coupling to other modes due to absorbing or
scattering centers.
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I/  Vacuum fluctuations: gain
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Gain: G = g°>1
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Something is missing again.: coupling to other modes.



Gain: G = g°>1

Vacuum fluctuations: gain
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Extra vacuum fluctuations enter through the empty port,
which mimics coupling to other modes due to amplifying

atoms.
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I/  Vacuum fluctuations: gain
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Input noise amplification

Excess noise

The amplification process necessarily introduces noise.



Vacuum fluctuations: gain

) —%— (G

lal,
0)

.;.

POLYTECHNIQUE

A . A 2 AT
aout T gain T \/g _lavac

—

A A

(AE,,,) =G(AE,,) +(G-D[£"]

A A

(AE,,,) =G(AE,,) +(G-D[£"

A

If‘ in> = ‘ 05> (coherent state), then: (AEP,-” )2 — (AEQin )2 = [2(1) :|2

leading to:
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The intensity is amplified by a gain G, while the noise is amplified by a
factor (26-1). Thus the signal-to-noise ratio is degraded by a factor:
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I/ Phase sensitive amplification
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One quadrature is amplified while the other is "deamplified"

Then:
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Intensity and noise are
(de-) amplified by the
same factor.
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i/ PTA vs. PAS
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Phase insensitive amplification Phase sensitive amplification
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Coupling to other modes No coupling to other
through amplifying atoms modes than the pump

(open system) (Hamiltonian system)
10



{45/ Implementation
Q) Mode ¢
Mode £ 3 %(Z)Cristal / Q=0+
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Degenerate case: () = @'

Effective Hamiltonian: H = Ho +V
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One quadrature is amplified, while the other one
is "deamplified ».

11



Levenson et al. Vol. 10, No. 11/November 1993/J. Opt. Soc. Am. B 2233

Reduction of quantum noise in optical POLYTECHNIQUE
parametric amplification

J. A. Levenson, I. Abram, and Th. Rivera

France Telecom, Centre National d’Etudes des Télécommunications, Paris B, BP 107, 92225 Bagneux Cedex, France

Ph. Grangier

Institut d’Optique, BP 147, 91403 Orsay, France

Received November 23, 1992; revised manuscript received April 13, 1993

We experimentally demonstrate that a type-II pulsed optical parametric amplifier operated in a phase-
insensitive configuration works as a near-perfect classical optical amplifier whose noise figure approaches 3 dB
at high gains. We further demonstrate that, when operated in a phase-sensitive configuration, this amplifier
works as a quantum-optical amplifier whose noise figure goes below 3 dB and approaches 0 dB at high gains.
The noise figure of 1.45 = 0.2 dB, measured for a gain of 9 dB, is clearly in the quantum regime.
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. eps eps PP . N a coherent beam.
insensitive or phase-sensitive amplification. The photodiode

current is split 90/10, with each partial current measured by use
of a spectrum analyzer and a boxcar combination.



Conclusion
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Phase insensitive amplifiers degrade the
signal-to-noise ratio, due to coupling to
vacuum modes

Phase sensitive amplifiers can amplify
without degrading the SNR

Practical implementation is based on
parametric processes, based on ¥ or y
processes.

See Tarek Labidi's poster for
implementation in nonlinear optical fibers



