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Current generation ground-based 
detectors
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Credit: https://www.ligo.caltech.edu/image/ligo20160211c

https://www.ligo.caltech.edu/image/ligo20160211c


Gravitational wave observations
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Credit: LIGO-Virgo / Aaron Geller / Northwestern University 



• GW170817: BNS + EM counterparts 
• GW200105 and GW200115: NSBH 
• GW190814: mystery mass gap object 
• GW190521: first IMBH detection 
• GW190412 and GW200129: spinning 

black holes

Detection 
highlights
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Image credit: NSF/LIGO/Sonoma State University/ A. Simonnet



GW170817:  
BNS + EM counterpart
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Credit: https://www.ligo.caltech.edu/image/20171016g

• Gravitational wave signal detected strongly by LIGO 
but only weakly by Virgo 

• Multi-messenger event very informative: 
• BNS are a source of short gamma ray bursts 
• Origin of gold and platinum

https://www.ligo.caltech.edu/image/20171016g


GW200105 and GW200115:  
NSBH systems
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Credit: B. S. Sathyaprakash, Penn State and Cardiff University

• First ever evidence of a binary composed of a neutron 
star and a black hole 

• No EM counterpart 
• Estimated NSBH merger rate of ~1/month within 1 

billion light years from Earth



GW190814: mystery mass gap object
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Credit: LIGO-Virgo / Frank Elavsky & Aaron Geller (Northwestern)

• Binary contains a 23  black hole 
and a 2.6  object 

• Nature of lighter object is unknown 
• No EM counterpart

M⊙
M⊙



GW190521: first IMBH detection
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Credit: LIGO/Caltech/MIT/R. Hurt (IPAC)

• First ever detection of an intermediate mass 
black hole 

• ; ,  
• Extremely short (burst-like) signal 

m1 = 85M⊙ m2 = 66M⊙ m1 = 142M⊙



GW190412 + GW200129:  
spinning black holes

PROMOTING SWISS INVOLVEMENT IN GW SCIENCE — 24.10.2022 

Credit: Abbott, R., et al. "GW190412: Observation of a 
binary-black-hole coalescence with asymmetric masses." 

Physical Review D 102.4 (2020): 043015.

GW190412

Credit: Hannam, Mark, et al. 
"Measurement of general-relativistic 
precession in a black-hole binary."

GW200129

• GW190412: 
• Asymmetric masses allow for 

detection of higher harmonics 

•  excluded at 90% confidence 

• GW200129 
• Possible first detection of precession 
• Data quality issues at time of event

S1 = 0



Short term future 
plans
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Image credit: https://www.ligo.caltech.edu/image/ligo20150731c



O4 plans
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Observing scenario  timeline.  Credit: https://dcc.ligo.org/LIGO-G2002127/public



GW searches
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GW modelling
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• O4 projected to being in March 2023 
• 4 detector network 
• Detectors will have greatly improved 

sensitivity 
• Expect many more varied GW detections

Conclusions
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