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Gravitational Waves

When massive objects

accelerate, the curvature

of space changes.

~ This change travels out

~ atthe speed of light as
gravitational waves

LIGO/R. Hurt

Colliding neutron stars
and black holes are
some the best sources
of detectable

ravitational waves




Gravitational Wave Spectrum
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LIGO

Laser Interferometer Gravitational-wave Observatory
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LIGO

Laser Interterometer Gravitational-wave Observatory

LIGO-Hanford LIGO-Livingston

Yacht Britannia

L0n (et ant
Yar GTC

on Ry NEWHAVEN

Royal Botanic WARRISTON
Garden
Edinburgh CANONMILLS

STOCKBRIDGE

MEADOWBANK

B National Galleries
mtland: Modern One e

Edinburgh Castle
=) c Arthur's Seat

thd 2% FOUNTAINBRIDGE DUD
radium & John Mclintyre

Summerhall Conference Centre...

WEST END

Prestonfid
. BRUNTSFIELD '
Edinburgh —rd % Top ratec

Napier
University THE GRANGE
Merchiston< -

PRESTONFIELD

T‘L"“\j




The basics of a GW Interferometer

Test
Mass

Power
Recycling

Laser 100 kW Circulating Power
Source

Recycling
"W Photodetector

B. P. Abbott et al., PRL 116, 131103 (2016)



Global Network




LIGO India

* LIGO India is being built as the : LIGO-India Site Location
Advanced LIGO configuration.

Aundha (Latitude 19° 36 50" N, Longltude 77 01 54 E)

Expected to be operational in 2030 with
starting sensitivity of 100-120 Mpc

Construction is starting now

(Conceptual ariel view of LIGO India Observatory)




Sensitivity

LIGO-Virgo binary neutron star inspiral range
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Public Summary Pages: https://gwosc.org/detector_status/




Observing Run Plan

https://observing.docs.ligo.org/plan/
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128 (so far been released)

218 GW events and counting
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Over the next year the LIGO, Virgo and KAGRA collaborations are
merging into the International Gravitational Wave Network - [GWN

IR1 (intermediate run 1) is due to start toward the end of October,
lasting 6 months

Not expecting signiticant sensitivity improvements in IR1 relative
to O4, i.e. detections every few days

Main drivers for IR1:
- overlap with Rubin
- commission hardware upgrades (being installed now)

11



https://observing.docs.ligo.org/plan/
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Plans for O5 remain uncertain, likely a run starting in 2028 for 2-3 years

Double the sensitivity compared to current detectors, so expecting a few
detections per day 12




Ground based detectors over the next 15 years
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ArXiv: 2306.13745
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Third Generation Telescopes

Cosmic Explorer - USA Einstein Telescope - Europe

40 and 20 km L-shaped surface observatory 10 km triangle configuration underground

Improvements (compared to today): New technologies (for example):
e Arm power - 1.5MW (750 kW) * cryogenic system to cool some of the main
e Test mass - 320 kg (40 kQ) optics to 10 - 20K

e Test mass suspension length - 1.6m (4 m) | ® new quantum technologies to reduce light

fluctuations
Construction projected to start mid 2030s

Construction projected to start in 2030s




Third Generation Sensitivity
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LISA

e Sensitive to the region 104 to 10-1 Hz

e Three satellites in equilateral triangle
e Arms - 2.5 million km
e LISA behind the Earth by ~50 million km

e LISA pathfinder demonstrated key
technologies

e Formally adopted by ESA January 2024
e Launch expected August 2035

e Sources include:
 Merging massive black hole binaries
e Extreme mass ratio inspirals
e Galactic binaries
e Inspiral of stellar mass black holes
(merger could be observed by ground

Nicolas Douillet - ARTEMIS

based detectors)

ArXiv:2402.07571
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Back to the GW Spectrum

THE SPECTRUM OF GRAVITATIONAL WAVES
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Questions?



