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Gravitational wave detector network

GEO600, 2011

Advanced LIGO

Hanford, 2015 Einstein Telescope

Cosmic explorer

Advanced Virgo “\ o yire - P
2016 b LIGO India: 2025 \4& P

KAGRA 201

00 |\

Advanced LIGO
Livingston, 2015

Slide courtesy: H.Llck, LIGO DCC: G1601727, NASA webpage: The earth at night



A gravitational wave detector

/ - heA

hpi) = ———— | ——
T 27 (Ly + Ly) \| Pian

Strain =




Advanced LIGO

Advanced LIGO

Optical Layout, L1 or H1

with Seismic Isolation and Suspensions
G1200071-v5

J. Kissel Nov 13 2017

BSC5/BSC10

BSC3 BSC4/BSC9
‘Common
Arm Length
OBSC IS+ HEPl " Readout < \, HAM4
4 SHAMIS1 + FF L4Cs + HEPI /
4 bHamisi + HEPI Signal
Recycling
|| Passive Stack + HEPI Cavity
Test Mass Quad Sus (QUAD)
Beam Splitier / Fold Mirror Triple Sus (BSFM) \
HAM Large Triple Sus (HLTS) "\ HAMS
HAM Small Triple Sus (HSTS) /
Transmission Monitor & Telescope Double Sus (TMTS)
Output Mode Cleaner Double Sus (OMCS) Output
Faraday Single Sus (OFIS) e | | Haws
Optical Parametric Oscillator Single Sus (OPOS) < > Differential
» \ L s ArmLength
HAM Auxiliary Single Sus (HAUX) Squeezed Light ZW1 o e
HAM Tip-Tilt Single Sus (HTTS) Injection System 19707 om



An advanced gravitational wave detector
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Fabry Perot Michelson 3

o To detect a TkHz GW using a simple Michelson ->

EY
75km
o Fabry-Perot cavity increases the stored power in
the arm L
e Italso increases the accumulation time of the
signal
Y
Lyp  2F
Lyica 7
Laser BS

E—
1 2heA 7\ IX EX
h(f) = 8FL ( P, > (1 + (f_p> > WReadout




Power recycled Fabry Perot Michelson

e How do we increase the laser power in the ifo? EY
o Additional mirror in the input path
¢ Optical recycling! Increased laser power going into
ifo! Ly
» Compound cavity with, high finesse cavity from
input side (Common ARm Motion)
o For GW, just an arm cavity (Differential ARm 1Y
Motion)
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Signal recycling

o |dea similar to power recycling,increase storage
time of an interferometer for GW signals

¢ Signal sidebands can be‘recycled’ by adding a
mirror in the output path

¢ SR tunes the bandwidth of the interferometer

» Optimize the sensitivity curve depending on the
noise shape; Dynamic signal tracking
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