Sgueezed Light at
Sideband Freguencies below 100 kHz

Roman Schnabel, H. Vahlbruch, S. Chelkowski,
A. Franzen, N. Grof3e, H.-A. Bachor,
W. P. Bowen, P. K. Lam, K. Danzmann.

1H] ¢ ]

Max-Planck-Institut flr Gravitationsphysik (Albert-Einstein-Institut),
Institut fir Atom- und Molektlphysik, Universitat Hannover

LIGO-G040209-00-U



Quantum Noise of a Conventional MI

Linear noise spectral density [1/ VYHz]

—
DI

]
=]

Quantum noise in phase quadrature

Noise reduction by squeezed |
light, (-6 dB in variance) '

\ Standard quantum limit

\ (SQL)

—

10 100
Frequency [HZ]

LIGO-G040209-00-U



Optical Spring SR Interferometers

f Quantum noise of GEO 600 |
z 1072 (design values)
-
= SQL
c
3
5 Amplitude /|
©
210 -
W .
QL ; -0 OB
§°
2 "A\
3 \
QL
=
= _,| [J-Harms etal., PRD (2003)] v

10 — Y

1 10 100

Frequency [HZz]

LIGO-G040209-00-U



Power-
recycling

Laser

Al
=11 Signal-recycling

Vacuum noise : | y

\ 4
IQ Detector

Roman Schnabel

LIGO-G040209-00-U



Ww 009

Power-
Recycling
mirror

Laser

11 Signal-recycling mirror

Faraday Rotator

Squeezed
state

A 4
[J Photo diode

Roman Schnabel

LIGO-G040209-00-U



Squeezed Light from an OPA

¥

Roman Schnabel OPA

LIGO-G040209-00-U



Optical Parametric Amplification (OPA)

Linearised decomposition of the field
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Optical Parametric Amplification

Generation of phase
squeezed light "
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OPA Amplitude Noise Transfer Function

Amplitude quadratures in frequency space
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Locked Amplitude Squeezed Light
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OPA Amplitude Noise Transfer Function
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Common Mode Noise Cancellation
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Common Mode Noise Cancellation
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Common Mode Noise Cancellation

Amplitude noise variance: inside OPA cavity bandwidth:
V.;lt — <(Xo+ut)2> - <X3Lut>2 ‘Q‘ << "(‘

M ﬁ Roman Schnabel Variance 14

LIGO-G040209-00-U



+Vit

loss [\/5\/4191055%%/&2] 2}/(1—g/ﬁ;)2

LIGO-G040209-00-U



Common Mode Noise Cancellation
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Common Mode Noise Cancellation
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The Hannover Squeezing Experiment
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Squeezing Spectrum at Low Frequencies
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Common Mode Noise Cancellation
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Bowen et al. (2002)
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Summary

e Squeezed states below 100 kHz were
demonstrated (carrier light at 1064 nm).

 We used a single OPA scheme employing
600 mW laser power in total.

* Further experiments will aim for acoustic
frequencies.

LIGO-G040209-00-U



