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Initial LIGO operated from 2002 - 2010

Virgo joined in 200/

No gravitational waves were discovered

Advanced LIGO was constructed between 2010-2015
Immediately upon turning on, the first binary black hole

merger was discovered: GW 150914

Credit: LIGO & Virgo, ICRR U Tokyo
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GWTC-1 - GWs discovered from September 2015 - August 2017

BILIGO (2)VRGD ¥ Gegroia |

s12f \ I p B | 1) 7 F I
| [
) | )
128 - - fis
- J o \
25 GW150914 [ - GW151012 GW151226 F T GWI70104w— ‘H
1 1 1 ' L 1 1 I ! 1 1 L L 1 L 1 1
. B . : : '
512 ) = r \
- \
32 - GW170608 E GW170729 GW170809 r GW170814 ‘
AAAY \f | |
| 1 | 1 L | | 1 1 1 1 |
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
512F 1 = \
. i |
128 - | | i_ ‘ 2o
= g — =
- GwW170818 f - GW170823 GW170817 : BINARY NEUTRON STAR
‘ — !
) 1 1 | 1 1 ] L N [ [ — -
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 10 20 30 40

TIME [SECONDS]

LIGO-VIRGO DATA: HTTPS://DOI.ORG/10.7935/82H3-HH23

TIME [SECONDS]

I WAVELET (UNMODELED)

I EINSTEIN'S THEORY

TIME [SECONDS]

S. GHONGE, K. JANI | GEORGIA TECH



GWTC-1 - GWs discovered from September 2015 - August 2017

B. P. Abbott et al. 2019
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GW1/7081/: First multi-messenger source of GWs

At
et : ‘\‘i\‘

Iy

g 1 B . J p ,
oy Lightcurve from Fermi/GBM (10 — 50 keV)
\_\ =
@ 2250-
: ad
= onpnd_| e o™ —
2500 7 Lightcurve from Fe#sii/GBM Tl‘D,y};(') keV L 0 \ |
2250 — ~
) 1 wope +10.9 h
2000 - ® 750 [ i : ‘ P
1750 4 ;J‘:‘ B £ N .
1500 - 4-:@ 1! -j i Vi i :
1250 - o | s .
1750 4 Lightcurve from F@ni/GBM 15‘25@0'“8\/) - . - 3
1500 j[ \ 3 £
-
1250 -
1000 106 avitations 2 ne-ireque ap 1o
750 S 300
Lightcurve from INMSIGRAL/SPI-ACS
120000 4 (> 100 keV) v 200 LT40-20.5 d
117500 - %Y a0
115000 q
112500 I
100 3
400 o
300
200
100 9 4 6
P s 6 -4 -2 0 > 1 6 Abbot + ApJL 848 2 (2017)

M ne FrmTr v ar o A



LIGO, Virgo

y-ray

Fermi, INTEGRAL, Astrosat, IPN, Insight-HXMT, Swift, AGILE, CALET, H.E.S.S., HAWC, Konus-Wind )
| | I mil 11 | 0 |
X-ray

/ @\
Swift, MAXI/GSC, NuSTAR, Chandra, INTEGRAL [ \

uv |

G0 / |
Swift, HST /

- !
Optical ® - |
Swope, DECam, DLT40, REM-ROS2, HST, Las Cumbres, SkyMapper, VISTA, MASTER, Magellan, Subaru, Pan-STAR 5 / \
HCT, TZAC, LSGT, T17, Gemini-South, NTT, GROND, SOAR, ESO-VLT, KMTNet, ESO-VST, VIRT, SALT, CHILES E, TOROS, /
BOOTES-5, Zadko, iTelescope.Net, AAT, Pi of the Sky, AST3-2, ATLAS, Danish Tel, DFN, T80S, EABA I I I . “ II l I I I !/I I " I I \
5
IR ®

|
REM-ROS2, VISTA, Gemini-South, 2MASS,Spitzer, NTT, GROND, SOAR, NOT, ESO-VLF,Kanata Telescope, HST \ o \

|
/ ‘
). |
//l
/
/

|
|

Radio

ATCA, VLA, ASKAP, VLBA, GMRT, MWA, LOFAR, LW,

|
MA, OVRO, EVN, e-MERLIN, MeerKAT, Parkes, SRT, Effelsberg

// :t
m\nn vrAumomn W
:’ 1] ‘\'

100 -50 050 102 10 R 2 |
c (s) Abbot + ApJL 848 2 (2017) t-t. (days)



Masses in the Stellar Graveyard
Open queSt|OnS in Solar Masses

A

Are LIGO black holes from the same poraulation as "EM”
black holes?

20
?
1

Willé_lQO continue to,see neutron stars, consistent with
galactic:gbinary population?
0]

3

Will we continue to see a black hole mass gap?

EM Neutron Stars
2

. ¢ o Ozeletal 2012
S Slen e ® iene = =
1 ~ LIGO-Virgo Neutron Stars
L

LIGO-Virgo | Frank Elavsky | Northwestern
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Binary neutron star inspiral range
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Timeline

Commissioning -

Nov ‘16 -- Aug ‘17

LIGO binary neutron star inspiral range
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Apr ‘19 -- Sep ‘19

Binary neutron star inspiral range
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Number of Events/Candidates (excluding retractions)
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Real-time GW data DI’OCESSiﬂg (this is not a complete diagram)
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http://gracedb.ligo.org/events/E298046

Real-time analysis covers:

e Component:1-600M_
e Total<600M
e NS spin<0.05 10 1
e BHspin<l1 ‘
e Q<50
Millions of templates are E
searched in parallel E
101':
Candidates are uploaded to
GW database within 20
seconds of data acquisition.
100':

109 10! 102



Open public GW alerts:

LIGO/Virgo O3 Public Alerts

Detection candidates: 33

SORT: EVENT ID (A-2)

Event ID Possible Source (Probability)
S$190930t NSBH (74%), Terrestrial (26%)
S190930s MassGap (95%), Terrestrial (5%)

uTC

Sept. 30, 2019
14:34:07 UTC

Sept. 30, 2019
13:35:41 UTC

GCN

GCN Circulars
Notices | VOE

GCN Circulars
Notices | VOE

Location

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

FAR

1 per 2.0536 years

1 per 10.534 years



Open pUb“C GW alerts: https://femfollow.docs.ligo.org/userguide

Time since gravitational-wave signal
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https://gracedb.ligo.org Foucart, F., Hinderer, T. & Nissanke (2018)
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Number classified as BBH/Mass Gap: 23
Number classified as BNS: 4 (1 definite **, 1 reclassified as

NSBH if real)
Number classified as NSBH: 4 (1 definite *¥)
Number classified as terrestrial;: 2

There have been >1000 GCNs associated with follow-up

**based on mass alone - we do not know that there was an NS



BNS : 5190425z (Definite GW)

Originally discovered as L only (V contributed very low SNR)

50% area: 1378 deg?

60°

90% area: 7461 deg?
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distance: 15641 M
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BNS -> NSBH : 5190426c¢ (Marginal)

Initially Classified as a BNS but very, very marginal distance: 377100 ¥pc

KA LA TSV IALL AL LL LSV T TELLLL LSV TALFLLL LTSV TA LS LL LT T AL LS LL T LT IA LT LTS
TITLE: GCN CIRCULAR

NUMBER: 24411

SUBJECT: LIGO/Virgo $190426c: Update on Source Classification

DATE: 19/05/06 16:21:43 GMT

FROM: Deep Chatterjee at University of Wisconsin, Milwaukee <deep@uwm.edu>

LIGO/Virgo S190426c¢: Update on Source Classification
The LIGO Scientific Collaboration and Virgo Collaboration report:

Based on posterior support from preliminary parameter estimation
[1,2], under the assumption that the candidate S190426c¢c 1is
astrophysical in origin, the relative probabilities amongst

the signal categories [JH&§ : MassGap : BNS : BBH are revised

to be approximately 12 : 5 : 3 : 0.



Other marginal BNS : S190901ap, S190910h

S190910h: BNS (61%), Terrestrial (39%)
L1

S190901ap: BNS (86%), Terrestrial (14%)
L1, V1




5190814bv (Definite GW)

Originally discovered as L,V only

event ID: G347292
50% area: 133 deg?
90% area: 772 deg?
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5190814bv (Definite GW)

H had “low noise” data that was reanalyzed

12h
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5190814bv (Definite GW)

After follow-up, was reclassified as NSBH
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Other marginal NSBH : S190923y, S190930t, S190910d

S190923y NSBH (68%), Terrestrial (32%)

S190930t NSBH (74%), Terrestrial (26%)

$190910d NSBH (98%), Terrestrial (2%)




Going forward

O3b will begin on November 1, 2019 and run until April 30,
2020.

We are on track for > 50 confident GW detections by the end
of the run.
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