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GW190814: Gravitational Waves from the Coalescence of a 23 M., Black Hole
with a 2.6 M; Compact Object

LIGO ScIENTIFIC COLLABORATION AND VIRGO COLLABORATION

ABSTRACT

We report the observation of a compact binary coalescence involving a 22.2 —24.3 M, black hole and
a compact object with a mass of 2.50 —2.67 M, (all measurements quoted at the 90% credible level).
The gravitational-wave signal, GW190814, was observed during LIGO’s and Virgo’s third observing
run on August 14, 2019 at 21:10:39 UTC and has a signal-to-noise ratio of 25 in the three-detector
network. The source was localized to 18.5 deg? at a distance of 241fj1) Mpc; no electromagnetic
counterpart has been confirmed to date. The source has the most unequal mass ratio yet measured
with gravitational waves, 0.11270005  and its secondary component is either the lightest black hole
or the heaviest neutron star ever discovered in a double compact-object system. The dimensionless
spin of the primary black hole is tightly constrained to < 0.07. Tests of general relativity reveal no
measurable deviations from the theory, and its prediction of higher-multipole emission is confirmed at
high confidence. We estimate a merger rate density of 1-23 Gpc™2yr~! for the new class of binary
coalescence sources that GW190814 represents. Astrophysical models predict that binaries with mass
ratios similar to this event can form through several channels, but are unlikely to have formed in
globular clusters. However, the combination of mass ratio, component masses, and the inferred merger
rate for this event challenges all current models for the formation and mass distribution of compact-

object binaries.
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Gravitational waves

When massive, asymmetric objects move
the curvature of spacetime changes

This change travels at the speed of light
and are known as

LIGO/R. Hurt

Colliding black holes and
neutron stars are the best
sources of detectable
gravitational waves
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https://docs.google.com/file/d/1B7PzrwCanw2fAQJn6fu9yCkjr-UJ4B-p/preview
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Where are we?

From O1 and O2:

Masses in the Stellar Graveyard

in Solar Masses
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O3 (Apr 2019 - Mar 2020):

GW190425: Likely BNS
with component masses
between: 1.12-2.52 M |

GW190412: BBH with
component masses
~30 I\/|® and ~8M®

~50 candidate events from
the O3 public alerts



At the time of GW190814...

Normalized energy
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Detecting GW190814

Loud 2-detector event by low

14th Aug 2019
latency GstLAL

21:11 UTC

GCN issued:
- Blue skymap
- Classification = Mass Gap

~21:30 UTC

- GstLAL & PyCBC reanalysed
data with 3 detectors
- SNR: Hanford 10.6, Livingston
, Virgo 4.5
- GCN circular issued:
- orange skymap (38 deg?)

~23:30 UTC

GCN circular:
- Green skymap (23 deg?)
- Classification = NSBH

15th Aug 2019
~10:41 UTC
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No electromagnetic or neutrino
counterpart has been reported



Detecting GW190814

Loud 2-detector event by low
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Significance:
e False alarm rate of < 1in 42,000 years by
matched-filtering searches.
GW190814 is more significant than any
event in background
e False alarmrate < 1in 1000 years by 7
unmodelled search



GW190814 - Source frame masses
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GW190814 - Source frame masses
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GW190814 - Searching for tidal signatures
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Upper bound on primary spin magnitude x; : 0.07

GW190814 - Spl ns Effective inspiral spin parameter g : —0.00270 550
Upper bound on effective precession parameter x, : 0.07
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Higher order multipoles

>
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— GW190814 33-mode
— GW190412 33-mode

- Noise distribution

GW190814 has the
strongest evidence
for Higher order
multiples that we
have ever detected.
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Validating Einstein and Hubble

GW190814 enables tests of gravity in the highly unequal mass-ratio regime.

® Spin-induced quadrupole test ® Parameterized inspiral test ® Residuals analysis

General relativity validated by all three tests
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Compact object from the mass gap

GW190814 m, The secondary is heavier than known
~2.6M, NSs and lighter than known BHs.

2M, 3M, 4Mm, 5M

mass 4 ! ! —

PSR J0740+6620 BH candidate EM BHs
=21 M, ) =3.3M, 25M,
Cromartie+ (2019) u Thompson+ (2019) e.g. Ozel+ (2010)

GW170817 remnant

=27 Mo
LVC (2017)




Heavy neutron star or light black hole?

The secondary mass is above typical M., from EOS (vc201g): spectral EOS

estimates of the maximum NS mass.
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Probability Density
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Mass [M)

analysis of GW170817,M__ < 2.4 M (90% CL)

P(m,sM__)=3%

max

Mmax from NS POP (Farr+Chatziioannou 2020): fit to

Galactic NS population, M__ < 3.1 M (90% cL)
P(m,sM__)=29%

M__ from GW170817 remnant (e.g. LVC 2020):

max
map threshold for collapse of rotating remnant
to nonrotating maximum mass, Mmax <2.3 MQ
Pm,sM__ )< 1%

max
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Heavy neutron star or light black hole?

The secondary mass is above typical
estimates of the maximum NS mass.
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Rate of GW190814-like mergers

Masses in the Stellar Graveyard

in Solar Masses

GW190814 represents a new class so

of compact binary mergers. 4 1 } 3
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20 \ p |- (P
1-23 Gpc3 yr! | i
10 ~ R el
based on
e One detection so far 50— o« W % |
| Mass Gap |
e Surveyed spacetime volume V x T ! "9 :
L E Mue_utmn_sﬁﬁ________“j__?_,_ _______________ |
2 e ® " % ‘ s . — . o, .
BNS BBH 0..0....:..0 .‘.:.... oo s . .o.:...:.o’.o..:..oo . ®
110 i 3840 Gpc-3 10 _ 101 Gpc-3 1 = - LIGO-Virgo Neutron Stars ., ®
yr yr

Updated 2020-05-16
LVC GWTC-1 (2019) LVC GWTC-1 (2019) LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern



Astrophysical implications and formation channels

Masses in the Stellar Graveyard

in Solar Masses

GW190814: quite different * .
from other LIGO-Virgo and " 9 1 1 ) t 2
EM Black Holes X ’
20 . o —- ?
Possibly, a previously 10
of
coalescences 5
EM Neutron Stars -1 o M &
5 s &

Crucial implications for
astrophysics
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Updated 2020-05-16
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Astrophysical implications and formation channels

Robust mass measurement
+0.08
2'59—0.09 M@

Implications on

e Supernova explosion
mechanism

e Existence of the lower
mass gap

Adapted from Abbott B.~P, et al., 2019, ApJL, 882, L 24
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Astrophysical implications and formation channels

Robust mass measurement
+0.08
2. 59 —0.09 M@
Implications on

e Supernova explosion
mechanism

e Existence of the lower
mass gap

Adapted from Abbott B.~P, et al., 2019, ApJL, 882, L24
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Astrophysical implications and formation channels

Secondary mass (~2.6 M)

GW190814 is
> challenging
to explain

Mass ratio (~0.1) m

Inferred merger rate (1 - 23 Gpc™3 yr)

Astrophysical models

e Parameter space for GW190814 is unexplored

e Adopt a mass threshold to distinguish BHs and NSs (range 2 -3 M )
> GW190814-like merger labeled as either a BBH or a NSBH
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Astrophysical implications and formation channels

: e q(BBH)20.5and q (NSBH) > 0.15
Isolated binary

channel ° mergers with highly asymmetric masses
e dependence on assumptions
Globular clusters
_ e (q(BBH)z20.5
Dynamical f ti f NSBH highl d
channel e formation o ighly suppresse
e local merger rate density (NSBH) < 0.1 Gpc™ yr

e rates for GW190814-like systems < 0.1 Gpc yr
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Astrophysical implications and formation channels

Dynamical
channel

Youngq star clusters

e number of mergers with q < 0.2 is enhanced

e merger rates as high as
~100 Gpc3 yr' (BBH)  ~70 Gpc® yr'' (NSBH)
e rates for GW190814-like systems still unexplored

2nd-generation scenario

e secondary of GW190814 is a merger product
(dynamically acquire a ~23M ,companion)
e Exceedingly rare in young and globular clusters

e Uninformative spin posterior of the secondary of
GW190814
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Astrophysical implications and formation channels

Hierarchical systems (field or galactic centres)

Dynamical e quadruples? {{NS+NS] + BH} + BH

channel e unclear if mergers with q < 0.2 are enhanced

e rates (NSBH - BBH) < a few Gpc? yr
(likely lower for GW190814-like mergers)

: . median mass ratio q (NSBH) ~ 0.07
Active Galactic ° g ( )
Nuclei e Rate (NSBH) ~ 100 Gpc™® yr

e Dependence on poorly constrained AGN parameters
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Astrophysical implications and formation channels

> (GW190814 challenges all astrophysical models

> The parameter space relevant to explain GW190814 is still mostly unexplored
> No quantitative predictions for rates of GW190814-like systems (yet)

> Future GW detections of similar events: further insights on different formation

channels
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Summary

The GW190814 source is unlike any compact binary signal observed to date.

e Secondary is lightest BH or heaviest NS ever observed in a double compact-object system
e Most unequal mass ratio measured with GWs
e Tightest constraint on a primary spin

This event has exciting implications for the formation and mass spectrum of compact objects in the
Universe.
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