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Gravitational waves are...

... ripples of spacetime,
too faint to ever be
useful [detectable]
W)

... detectable, we just

... yep, pretty faint; they figure out how to
have an amplitude of 10%! measure changes in

(late 1960s and 1970s) distance of 1018 m
(late 1960s and 1970s)







More than 300 control loops
needed to keep the

40 kg high quality interferometer optimally running

fused silica mirrors,
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Slide: L. Barsotti Interferometer noise + gravitational wave signal



Opening a new window to the Universe

Cumulative Count of Events and (non-retracted) Alerts
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OBSERVING
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Observing timeline
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aLIGO O4 commissioning highlights

@ Increased input laser power to the interferometer

(0 Improve auxiliary control loops to minimize controls noise

& Replace test masses with egregious point absorber in optical coating

% Scattered light and acoustic coupling mitigated with baffle install and window
removal

% Electromagnetic interference noise identified at LHO

Online noise subtraction for witnessed noises (lines, auxiliary loops)



QUANTUM ENGINEERING

Frequency-dependent squeezed state injection



aLIGO noise budget

—Quantum noise

—Seismic noise

—Gravity Gradients

—Suspension thermal noise

—Coating Brownian noise
Coating Thermo-optic noise]
Substrate Brownian noise |
Excess Gas

—Total noise
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Quantum imprecision

e Quantum fluctuations

* Quantum optical noise

e Specially engineered
guantum states of light




Quantum Noise in an Interferometer

Radiation pressure noise
Coherent intracavity field +
guantum fluctuations
=» fluctuating force
=>» mirror displacement

Shot noise

Coherent signal field +
guantum fluctuations
=> fluctuating phase




Squeezing in Advanced LIGO

Ultra-High Vacuum envelope
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Squeezing in Advance

Ultra-High Vacuum envelope
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Broadband quantum enhancement
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LIGO Optical Layout (O4)
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O4: Broadband quantum enhancement
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Strain noise [1/Hz'/?]
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AROUND THE WORLD

Virgo, KAGRA, LIGO India






ADVANCED VIRGO+ PHASE |
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KAGRA O4 configuration
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COMING SOON






LIGO India

An India-US partnership to construct a third
LIGO observatory in India
— LIGO detector components already in possession

Science case: significantly improved localization
of GW events

NSF-DAE-DST MOU signed in 2016

—  “..the LIGO-India project will be a partnership among NSF,
DAE, and DST, through their respective awardee institutions
and participating laboratories, to provide such a capability, to
operate it for a period of at least ten years, and to pursue a
program of gravitational-wave science.”

Status:

— LIGO India Observatory in final design phase

— Site acquired; construction has begun

— Vacuum system prototyping program underway

— LIGO India Testing and Training Facility completed

—  Final approval from Government of India in spring 2023



A BIT LATER

3rd Generation detectors
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CLOSING REMARKS



A brilliantly dark and warped future

 Observing run 4 underway

* Worldwide terrestrial network 1073
coming online
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* Planning and design of future
detectors that can map black hole

Cosmic Finstein
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The end



