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Advanced LIGO

M. Cabero et al.,  
Class. Quantum Grav. 36, 

155010 (2019)



Advanced LIGO
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O1: Sept 2015 - Jan 2016 
O2: Nov 2016 - Aug 2017 
O3: Apr 2019 -> now

Made with ligoDV web: https://ldvw.ligo.caltech.edu/ldvw/view 
(courtesy of Jess McIver)

https://ldvw.ligo.caltech.edu/ldvw/view


Detector network

5Caltech/MIT/LIGO Lab



Gravitational-wave searches
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LIGO Scientific and Virgo Collaborations, 

Phys. Rev. Lett. 116, 061102 (2016)



Gravitational-wave searches
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Matched 
filtering

Signal-to-noise 
ratio (SNR)

Detector data 
+ 

waveform model

LIGO Scientific and Virgo Collaborations, 
Phys. Rev. Lett. 116, 241103 (2016)



Data quality noise rejection
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Noise events reduce 
the significance of 
candidate events, 

hence reducing the 
sensitivity of the 

search

Data quality 
flags (for known 
noise sources)

• Category 1 (CAT1): issue in the detector’s 
performance, data badly contaminated. 

• Category 2 (CAT2): instrumental or 
environmental noise transients of known origin.
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https://alog.ligo-
wa.caltech.edu/aLOG/

index.php?callRep=37630
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Caught	in	the	act! Peck	marks	at	CS

Raven	perched	just	past	where	
the	ice	is	accumulating

Peck	marks	at	EY

Pep	imitating	raven

https://alog.ligo-
wa.caltech.edu/aLOG/

index.php?callRep=37630
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CAT2 examples
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https://alog.ligo-wa.caltech.edu/
aLOG/index.php?callRep=34547
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CAT2 examples
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https://alog.ligo-wa.caltech.edu/
aLOG/index.php?callRep=34547
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CAT2 examples
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Noise 
transients 

from 
unknown 
sources 

(examples)
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S. Bahaadini et al.,  
Information Sciences 444, 172 (2018)



Gravitational-wave 
sources

O1-O2 & multi-messenger
 O3 status




GW sources in O1-O2
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LIGO Scientific and Virgo Collaborations, 
Phys. Rev. X 9, 031040 (2019)GWTC-1
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Independent analyses (IAS)

B. Zackay et al., 
arXiv:1910.09528

T. Venumadhav et al., 
arXiv:1904.07214
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Independent analyses (2-OGC)

A. H. Nitz et al., 
arXiv:1910.05331



Independent analyses (2-OGC)

A. Nitz et al., 
arXiv:1910.05331
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Multi-
messenger 
astronomy 

with 
GW170817

LIGO Scientific and Virgo Collaborations, 
Astroph. J. Lett. 848:L12 (2017)

See talks by Maria Drout 
and Daryl Haggard later 

today
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Hubble constant

LIGO Scientific and Virgo Collaborations, 
Nature 551, 85-88 (2017)

Host galaxy: 
NGC 4993
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Neutron star radii

LIGO Scientific and Virgo 
Collaborations, 

Phys. Rev. Lett. 121, 
161101 (2018)

Host galaxy: 
NGC 4993

C. Capano et al., 
arXiv:1908.10352 

(2019)

R1.4M⊙
= 11.0+0.9

−0.6 km
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Multi-messenger matrix 

B. Margalit et al., 
arXiv:1904.11995 (2019)
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O3 status (GraceDB)

22 retracted 
candidates

47 un-retracted 
candidates 

Uncertain
1

Terrestrial
3

Burst
1

Mass gap
3

BNS
4

NSBH
5

BBH
30

Last update:  
Jan. 28 2020
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BNS candidates in O3



GW190425 LIGO Scientific and Virgo Collaborations, 
arXiv:2001.01761 (2020)
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GW190425 LIGO Scientific and Virgo Collaborations, 
arXiv:2001.01761 (2020)
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NSBH candidates in O3

HL
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NSBH candidates in O3

See talk by Nicholas Vieira 
on EM follow-up later today
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Mass gap candidates in O3



S200114f
HLV: FAR 1 per 25 years
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Burst candidate in O3
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Example retraction: S190518bb

LIGO DCC: G1900994
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O3 status (GraceDB)

Uncertain
1

Terrestrial
3

Burst
1

Mass gap
3

BNS
4

NSBH
5

BBH
30

GEO

Current O3 Schedule (LIGO-G1901531)
23-August-2019

~70% observing mode

Engineering Runs (ERs), 
possible GW alerts with human vetting Observing

Commissioning

2019
Mar Apr May Jun Jul Aug AprOct

2020
Nov Dec Jan Feb MarSep May Jun Jul

LIGO ER14 O3a O3b

Downtime (no Data)

Virgo ER14 O3a O3b

KAGRA O3b

Commissioning break
Oct. 1 1500 UTC to Nov 1 1500 UTC 

ER15



Thank you

Canadian multi-messenger 
astrophysics workshop


McGill University
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Supernova GWs

V. Morozova et al., 
Astroph. J 861:10 (2018)


