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Presentation is based on following articles
● GW190521: A Binary Black Hole Merger with a Total Mass of 150 Msun, Phys. Rev. 

Lett. 125, 101102 (2020)
● Properties and astrophysical implications of the 150 Msun binary black hole merger 

GW190521, Astrophys. J. Lett. 900, L13 (2020)
● GW190814: Gravitational Waves from the Coalescence of a 23 Solar Mass Black Hole 

with a 2.6 Solar Mass Compact Object, Astrophys. J. Lett. 896, L44 (2020)
● GW190425: Observation of a compact binary coalescence with total mass ~3.4 Msun, 

Astrophys. J. Lett. 892, L3 (2020)
● GWTC-2: Compact Binary Coalescences Observed by LIGO and Virgo During the First 

Half of the Third Observing Run, arXiv:2010.14527
● Population properties of compact objects from the second LIGO-Virgo 

Gravitational-Wave Transient Catalog, arXiv: 2010.14533



Ways to observe universe
● Electromagnetic

○ Visible light

○ Radio frequencies

○ Infra-red

○ …

● Neutrinos … and cosmic rays

● Gravitational waves (from 2015)
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3rd observation run (O3)

● The O3 run
○ Start: 1 April 2019
○ Break: Oct 2019
○ End: 30 April 2019

● LIGO/Virgo low-latency public alerts for transient event candidates
○ Notices and circulars available through the Gamma-ray Coordinates Network (GCN) 

https://gcn.gsfc.nasa.gov/gcn3_archive.html

● Event candidates will be publicly available
○ https://gracedb.ligo.org

● Japanese KAGRA detector to joined in Feb 2020

https://gcn.gsfc.nasa.gov/gcn3_archive.html
https://gracedb.ligo.org
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GW190425 - second binary neutron star merger
● Second BNS observed
● Components

○ First: 1.61 - 2.52 Msun
○ Second:  1.12 - 1.68 Msun 
○ Total mass: 3.3 - 3.7 Msun 

● Result object in massgap region 
● Poor localization
● No GRB counterpart
● No matter effects observed





GW190814 - gravitational waves from an atypical 
coalescing binary 

● Heavier component has 23 solar masses
● Lighter component has between 2.5 and 3 solar 

masses
● Mass ratio 1:9 
● The legither component is either

○ an heaviest NS
○ or a lightest BH

● Higher GW modes were observable
● New GR tests weere possible



GW190521 - most massive BBH merger up to date
● component masses

○ 66 Msun
○ 85 Msun [!!!]

■ this cannot be a result of a 
core-collapse due to pair 
instability

● most massive merger up to date
● first intermediate black hole 

observed in LIGO 100-1000 Msun 
mass

● ApJL 900,L13 (2020) 
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GW190521 - EM candidate S190521g
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.251102







Summary
● We started to filling gaps in stellar graveyard

● First observation of intermediate back hole 100-100 Msun

● First observation of objects from massgap (3-5 Msun)

● What's more there were 39 detections of GW in O3a

● We can start population studies


