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Overview

m Motivation
m Correlated and anti-correlated noise

» Quantum noise in a gravitational wave
detector

m Squeezed light
m Application to gravitational wave detectors
m Experiment and results




Motivation

m LIGO limited by Shot
noise at f> 200Hz

s Advanced LIGO
expected to be limited
by quantum noise at
most frequencies

Quantum noise e
reduction in gravitational — S
wave detectors ?w_\m_ﬂ%mq

proposed 1981 by

C.M.Caves'

= Never before done
‘experimentally




Michelson Interferometer

m [he electric field at
the output is a vector
sum of the electric
flelds in each arm

m [he angle between
the vectors is the
phase difference at
the beam-splitter

m GW detectors operate
on a ‘dark fringe’

Electric Field Amplitude

Sum of electric fields of the two michelson arms
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Noise in a Michelson

m Correlated noise

mcg. _|m.m.® IFPOWET me..mm«_hm_wﬂ_ﬂcmﬁ_c:m
fluctuations

m No correlated noise
couples to photo-
detector in an ideal
Interferometer on a
dark fringe

| DCQD._”C m JO_wm on Adds no noise to signal | Adds no noise to signal
iInput beam has no
effect
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Noise in a Michelson li

= Anti-correlated noise

= eg. Quantum vacuum
noise

= Anti-correlated noise

couples onto signal !

s GW signal - from an
anti-correlated effect

m Quantum vacuum
noise can be reduced
using squeezing

Anti-Correlated

Anti-Correlated
Amplitude Fluctuations| Phase Fluctuations

v

Adds noise in the Adds noise in the
orthogonal quadrature | same quadrature
to the signal as the signal.




Quantum Vacuum Noise |

m Light has intrinsic
random QM
fluctuations

m Described by the
Heisenberg

uncertajniy pangiple m el

= [he two non-
commuting
guadratures:
= Phase quadrature, X-




Quantum Vacuum Noise Il

m Laser contributes only
correlated noise

= Anti-correlated noise
couples-in at the
beamsplitter: Vacuum

uctuations

Phase quadrature
uctuations: Shot Noise

= Amplitude quadrature |
fluctuations: Radiation _r-o
Pressure Noise Photodetector Vacuum Noise

Beamsplitter




Squeezing

= Reduce noise in one Amplitude
guadrature at the Squeezed State
expense of increasing
the other quadrature AX =172
noise AX =2

= Inject squeezed
vacuum in the dark R
port of Michelson

Photodetector




Squeezing in a Michelson

m Local Oscillator ol
selects the phase
quadrature

= Amplitude squeezed
light reduces noise in
phase quadrature’

1 Shot noise regime




Experimental Setup

Power
Recycling
Inject
Squeezing in
the Dark port

Use already
built Squeezer

Realistic
configuration,
compatible
control

Power
Recycling
Mirror

Spectrum
Analyser

Beamsplitter

Detection



Results

Signal @ 5.46 MHz with/without squeezing

c) 90% PRM

a) Michelson

d) 90 PRM + sqz
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b) Michelson + sqz
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Control

s PRM with Squeezing, three degrees of freedom
= Differential mode
s Common mode
m Squeezing phase

m Differential mode uses Offset Locking
= Proposed for Advanced LIGO
= No modulation required
s Compatible with Squeezing

m Four other degrees of freedom in the squeezer







Conclusions

m Experimental demonstration of Shot noise
reduction in a power recycled Michelson
using squeezing

m Injection optics for squeezed light are
compatible with full scale detectors

s Compatible control scheme

m Shot noise reduction of 2.3 dB




