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LIGO-Virgo-KAGRA basics



A global network of interferometric GW detectors
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Gravitational-wave sources
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Current observational results




'fflrst observatlon of black hole fofmaﬂon 4
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O3b highlights

neutron star — black hole mergers!
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O4a: GW230529
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FILLING THE MASS <—> GAP

with observations of compact binaries from gravitational waves

GW190425 : i
(primary) GW230529 GW200115
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Mass of compact object (M) 1 p 3 ) 5 6

Includes components of compact binary mergers detected with a False Alarm Rate (FAR) of less than 0.25 per year

Figure credit: Shanika Galaudage / Observatoire de la Cote d'Azur
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Fundamental physics
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Fundamental physics
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LETTER

doi:10.1038/nature24471

AG in LVC PWT

A gravitational-wave standard siren measurement
of the Hubble constant L self-calibrated distance indicator

The LIGO Scientific Collaboration and The Virgo Collaboration*, The IM2H Collaboration*, The Dark Energy Camera GW-EM
Collaboration and the DES Collaboration*, The DLT40 Collaboration*, The Las Cumbres Observatory Collaboration*,

The VINROUGE Collaboration* & The MASTER Collaboration*
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Gravitational-waves to resolve the H, tension?

Cepheids & SNe (local)
1 CMB (early universe)
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Virgo

KAGRA
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https://gracedb.ligo.org/: 124 significant detection candidates in O4
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https://gracedb.ligo.org/

Towards 3G and the Einstein Telescope
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3G ground-based detectors: ET and CE

ESFRI

ROADMAP 2021 i IR
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Sos-Enattos, Sardinia | Euregio Meuse-Rhine (EMR)
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3G ground-based detectors: ET and CE

Median source

Best 10% of sources
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Particularly for ET:

longer arms (= 10 km)
underground

active subtraction
“xylophone” (HF-LF)
cryogenic

glass — silicon

laser wavelength?
coating material?
quantum technology
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3G ground-based detectors: ET and CE

arXiv:1903.09260; courtesy: Evan Hall, Salvatore Vitale
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COMPACT OBJECT BINARY POPULATIONS

BINARY NEUTRON-STAR MERGERS
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Other sources
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Data analysis challenges

e (O(10°) compact binary detections = big data!

e Very long signals = need new data analysis methods!

e Overlapping signals.
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ET Collaboration

Budapest; 2022 June 09

Site Characterization electronic Infastructure

Waveforms

Common Tools Stellar Collapse | NS

Data Analysis Platform Nuclear Physics
Instrument Science Observational Science

Fundamental Physics Synergies w/ GW

Cosmology Multimessenger Obs

Population Studies

Forum on future EM and neutrino experiments?
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EXTRA SLIDES



Characteristic Strain
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Nicola Tamanini

0.01 0.1 10

EM counterparts!
» StMBHBSs: [Del Pozzo et al, 1703.01300; Kyutoku & Seto, 1609.07142]
» EMRIs: [MacLeod & Hogan, 0712.0618]

» MBHBSs: [Tamanini et al, 1601.07112; Petiteau et al, 1102.0769]

Nicola Tar Cosmology with LISA standard sirens

StMBHBs: el Pozzo et al. (2017); Kyutoku & Seto (2016)
EMRIs: macleod & Hogan (2007)

MBHBS: Tamanini et al. (2016); Petiteau et al. (2011)
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