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h+
h×

• Theoretical solutions of Einstein’s 
vacuum equation

• Transverse waves with two independent 
poralization states (+ and ×)

• GW propagation speed is c
• Emitted by accelerating 

mass quadrupole moments 

• Cause strain deformation of h~1/D

Gravitational Waves (GW)





Laser Interferometer Gravitational-wave Observatory (LIGO)

LIGO Hanford Observatory

4 km

4 km

LIGO Livingston Observatory





Detectors today and in the near future



Source: The LVC, LRR 23, 3 (2020)
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Compact Binary Coalescence (CBC)

Source: The LVC, PRL 116, 061102 (2016)



Detections (so far…)

ligo.elte.hu +39 and 17 candidates since April 1st 2019: 
gracedb.ligo.org/superevents/public/O3/

https://gracedb.ligo.org/superevents/public/O3/


Detections (so far…)

ligo.elte.hu +39 and 17 candidates since April 1st 2019: 
gracedb.ligo.org/superevents/public/O3/

Black Hole Hunter:
blackholehunter.org

https://gracedb.ligo.org/superevents/public/O3/
https://blackholehunter.org/




Source: Abbott et al. PRX 6, 041015 (2016)

GW

What do we detect?

Source: The LVC, PRL 116, 061102 (2016)



Mf , 𝛘f
𝛘f = cSf/(GMf

2)

Binary parameters (ignoring initial spins)

f0 , τ
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Constraining black hole spins

χp



Precession spin parameter

Equal-mass binary:
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How do these binaries form?

Stellar clusters

Galactic disks



Source: The LVC, LRR 23, 3 (2020)



Source: 1M2H, Swope Telescope, Ryan Foley

August 17, 2017 August 21, 2017

Swope & Magellan telescopes







Velocity [km/s] = H0 [km/(s⋅Mpc)] ⨯ Distance [Mpc]

Hubble-Lemaître law:

H0: Hubble constant
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Credit: Swope Telescope, Ryan Foley
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GW190814

Source: JPL-Caltech/R. Hurt



GW190814

Source: Max Planck Institute for Gravitational Physics/Simulating eXtreme Spacetimes (SXS) Collaboration/N. Fischer, S. Ossokine, H. Pfeiffer, A. Buonanno



GW190521

Source: LIGO/Caltech/MIT/R. Hurt (IPAC).



What else do we expect?
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LIGO-related publications of the Eötvös University group in the past 5 years
Refereed short-authorlist publications:
• Dálya, G., Raffai, P., & Bécsy, B.; "Bayesian reconstruction of gravitational-wave signals from binary black holes with nonzero eccentricities", CQG 38,

6 (2021)
• Bécsy, B., Raffai, P., Gill, K., Littenberg, T., Millhouse, M., & Szczepanczyk, M.; "Interpreting gravitational-wave burst detections: constraining source

properties without astrophysical models", CQG 37, 10 (2020)
• Takátsy, J., Bécsy, B., & Raffai, P.; "Eccentricity distributions of eccentric binary black holes in galactic nuclei", MNRAS 486, 1, 570 (2019)
• Fishbach, M., et al. (+55 authors & The Virgo Collaboration); "A Standard Siren Measurement of the Hubble Constant from GW170817 without the

Electromagnetic Counterpart", ApJL 871, 1, L13 (2019)
• Dálya, G., Galgóczi, G., Dobos, L., et al. (+6 authors); "GLADE: A Galaxy Catalogue for Multi-Messenger Searches in the Advanced Gravitational-Wave

Detector Era", MNRAS 479, 2, 2374 (2018) [+VizieR Online Data Catalog: GLADE v2.3 catalog (Dalya+, 2018), VII/281.]
• Gondán, L., Kocsis, B., Raffai, P., & Frei, Z.; "Eccentric Black Hole Gravitational-wave Capture Sources in Galactic Nuclei: Distribution of Binary

Parameters", ApJ 860, 1, 5 (2018)
• Gondán, L., Kocsis, B., Raffai, P., & Frei, Z.; "Accuracy of Estimating Highly Eccentric Binary Black Hole Parameters with Gravitational-wave

Detections", ApJ 855, 1, 34 (2018)
• Bécsy, B., Raffai, P., Cornish, N. J., et al. (+6 authors); "Parameter Estimation for Gravitational-wave Bursts with the BayesWave Pipeline", ApJ 839, 1,

15 (2017)
• Szölgyén, Á., Dálya, G., Gondán, L., & Raffai, P.; “Target-based optimization of advanced gravitational-wave detector network operations”, CQG 34, 7

(2017)

LSC publications we made significant contributions to:
• Abbott, B. P., et al. (+1187 authors); "A Gravitational-wave Measurement of the Hubble Constant Following the Second Observing Run of Advanced

LIGO and Virgo", ApJ 909, 2, 218 (2021)
• Abbott, B. P., et al. (+1253 authors); "GW190814: Gravitational Waves from the Coalescence of a 23 Solar Mass Black Hole with a 2.6 Solar Mass

Compact Object", ApJL 896, 2, L44 (2020)
• Abbott, B. P., et al. (+1313 authors); "A gravitational-wave standard siren measurement of the Hubble constant”, Nature, doi:10.1038/nature24471

(2017)
• Abbott, B. P., et al. (+3620 authors); "Multi-messenger Observations of a Binary Neutron Star Merger", ApJL 848, L12 (2017)
• Abbott, B. P., et al. (+935 authors); "Search for Gravitational Waves Associated with Gamma-Ray Bursts During the First Advanced LIGO Observing

Run and Implications for the Origin of GRB 150906B", ApJ 841, 2 (2017)
• Abbott, B. P., et al. (+935 authors); "All-sky search for long-duration gravitational wave transients with initial LIGO", PRD 93, 4, 042005 (2016)



Stay tuned for more:

LIGO news and detections: ligo.elte.hu

Black Hole Hunter game: blackholehunter.org

• GraceDB site: gracedb.ligo.org/superevents/public/O3/
• “Chirp” application for tablets and smartphones
to follow live LIGO-Virgo alerts (from Fall 2021).

LIGO-Virgo Compact Binary Catalog:
catalog.cardiffgravity.org/?lang=hu 

András Molnár
PhD student


