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Gravitational Wave Transducer

quantum measurement
(back action)
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Interferometer Response to GW
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Interferometer Response to GW
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Interferometer Response to GW
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Interferometer with ,,Free* Mirrors
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aLIGO Noise Sources - Spectral Density
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Gravitational Wave Transducer

quantum measurement
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Interferometer Response to GW

laser

credit:

m\ : G281 o
5 ¢
¢/l
D h 21h
> Sl=—1 o=
§ ¢ 2 En
S .
; > beamsplitter mirror

photodetector

2 VAVANVAVEAVAVAVAVEAN
NSNS N NN NN

AVAVAVA
AVAVAYA

interference

Patrick Kwee, AEI

{;{ ] Leibniz
i 0; 2 § Universitit
to 9! 4 | Hannover 10




t

';(
192
oo 4

Michelson IFO at mid-fringe

normalized power

mid-fringe

\ dl variation due to

\

power variation at
interferometer output
due to gravitational wave

gravitational wave

Leibniz
Universitat
Hannover




Michelson IFO With Varying Intensity
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Phasor Picture
= define E = R(A) with A(z,t) = a - exp(i(a)t — kz))

= plot a = Ey(t) - exp(i.(t)) as a vector in complex
plane

= use basepoint of vector to identify frequency on
second horizontal axis

13



Dark Fringe Operation Point
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Operation Point




Differential Phase Change in Arms
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Phase Shift in Arm Cavities
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Gravitational Wave Transducer
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frequency domaint description:

H(f) = C(f) - h(f)

optical responce (optical gain)

AT G Lo (Gore * Pins Pro\ ™2
C(f)= C/l{m 0( prcGl LO) 'K_(f)
Src

K_(f): differential coupled cavity pole
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Gravitational Wave Transducer

quantum measurement
(back action)
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Sinusoidal Phase Shift in Arms - Sideband Picture
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Quantum Vacuum Fluctuations - Two Quadratures
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Quantum Vacuum Fluctuations - Radiation Pressure
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Quantum Vacuum Fluctuations - Radiation Pressure
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Squeezing - Amplitued Quadrature
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Squeezing - Phase Quadrature
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Advanced LIGO - Quantum Noise Shaping
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Gravitational Wave Transducer
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Thermal Noise - Fluctuation Dissipation
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Thermal Noise - Fluctuation Dissipation
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Gas and Squeezed Film
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Charge Noise
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Optlcal LaYOUt Advanced LIGO (power levels 01)
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Advanced LIGO Laser

high power oscillator (HPO)

medium power

‘ amplifier pre-mode-
noise cleaner (PMCQ)
eater
EOM  Fl F %
NPRO AOM 150W
injection locking PMC locking

relative power noise: RPN < 10781/ vHz
relative frequency noise: % <107 Hz/VHz

power fraction in higher order spatial modes: HOM < 0,1%
beam pointing at 4km: dx < 0,2 mm
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Advanced LIGO Laser Beam Preparation
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Vacuum System
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Seismic Isolation System
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Test Mass - Seismic Isolation
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Advanced LIGO seismic isolation system
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Low Loss Quadruple Pendulum Suspension
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Mirrors

Surface error, central 160 mm diam.,
power and astigmatism removed, rms

> 1 mm™ 1-750 mm™" Radius of curvature spread
Specification < 0.3 nm < 0.16 nm -5, +10m
Actual 0.08-0.23 nm 0.07-0.14 nm -1.5, 41 m
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Armlength Stabilization System
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Thermal Compensation System
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Length Sensing and Control
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Calibration via Radiation Pressure
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Advanced LIGO

Parameter Initial LIGO Advanced LIGO
Input Laser Power 10 W 180 W
(10 kW arm) (>700 kW arm)
Mirror Mass 10 kg -— 40 kg

Interferometer Topology

Power-recycled Fabry-Perot
arm cavity Michelson

Dual-recycled Fabry-Perot
arm cavity Michelson

(stable RC)

—

GW Readout Method

RF heterodyne

o

DC homodyne

Optimal Strain Sensitivity

3x1023/ rHz

Tunable, better than 5 x 10-24
/ rHz in broadband

o

Seismic Isolation Performance

~ 50 Hz

1:Iow

~ 12 Hz

1:Iow

Mirror Suspensions

Single Pendulum

Quadruple pendulum
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Sensitivity Improvement Advanced LIGO
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Noise Morphology During O1
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Noise Projections - High Frequencies

Lnoise(f) = Lo - hnoise(f) = T(f) ’ N(f)
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Noise Projections - Low Frequencies
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Time Varying Response and Stationarity (01)
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Gravitational Wave Transducer

quantum measurement
(back action)

4
h(t) == }-:}e :>>:>9:>>:>6=:> H(ty)
f A

heat bath

environment

52



Near Future Developments

Redshift
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The Future of Gravitational Wave Detectors
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