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GW 1 9 04 1 2 R. Abbott et al., Phys. Rev. D 102, no. 4, 043015 (2020).
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GW 1 9 08 1 4 R. Abbott et al., Astrophys. J. Lett. 896, no.2, L44 (2020).
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G\/\/Z O O 1 O 5 & G \/\/2 O O 1 1 5 R. Abbott et al., Astrophys. J. Lett. 915, no.1, L5 (2021).
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GWZ200105 & GWZ200115
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R. Abbott et al., Astrophys. J. Lett. 915, no.1, L5 (2021).

Completing the trilogy:

Detecting the signals

At the time of GW200105, the LIGO Han-
ford detector was offline and only the LIGO
Livingston detector observed a signal with
a signal-to-noise ratio above the threshold
of detection. GW200115, on the other hand,
was seen by both LIGO Hanford and LIGO
Livingston. For both events, the signal-to-
noise ratio recorded by the Virgo detector
didn’t meet the detection threshold.

When we make any detection, we estimate
how confident it is. We compute the statis-
tical significance of a detection by working
out the possibility that noise could ran-
domly produce the same signal by chance.
We consider GW200115 to be an astro-

LIGO magazine (&

Soichiro Morisaki

is a postdoctoral researcher
at the University of Wiscon-
sin-Milwaukee. In his free
time, he visits breweries
and enjoys some beers

and cheese curds.

Leo Tsukada

is a postdoctoral researcher
at the Pennsylvania State
University. He likes workout
and hiking as well as enjoy-
ing sci-fi movies on Netflix

on weekends.

Black holes can spin, and measuring the
rate and orientation of the spins can help
us piece together how the binaries are
formed. There is a theoretical maximum
spin of a black hole. We found the black
hole spin for GW200105 could lie between
0 and as high as 30% of the maximum rota-
tionrate of black holes, while for GW200115,
the spin lies between 0 and 80% of the
maximum rate. For GW200115, the black
hole spin is likely to have a negative spin
projection. This means it is spinning in the
opposite sense to orbital rotation of the bi-
nary system, which is quite unusual if it is
the case. We do not have strong evidence
of neutron star spin because our measure-

https://www.ligo.org/magazine/|Z TR/ B
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. OBSERVING PLANS AND PUBLIC ALERTS
N |H D Eﬁ;}ﬁ\[ LIGO, VIRGO AND KAGRA OBSERVING RUN PLANS

[16 July 2021 update; next update by 15 September 2021]

The LIGO-Virgo-KAGRA collaborations are making good progress in the updates of the Virgo (where

installation of new hardware is complete), KAGRA, and LIGO detectors in preparation for O4. It is not yet

possible to give a definitive start date for O4, as there are some continued supply chain delays and the impact
of COVID continues. We can say at this time that the O4 observing run will not begin before August 2022, We

expect to be able to give a better estimate for the start of O4 by 15 September 2021 and will issue an update

then.
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R. Abbott et al., Phys. Rev. Lett. 125, n0.10, 101102 (2020), 51905214
R. Abbott et al., Astrophys. J. Lett. 900, no.1, L13 (2020).

« Zwicky transient facility (ZTF) (Z X %
BT IS K AARZTF19abanrhr D& H

M. J. Graham et al., Phys. Rev. Lett. 124, no.25, 251102 (2020).
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S. Mukherjee et al., arXiv:2009.14199 (2020).
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Distance-inclination

100.

600}

—  high spin

-- low spin

200}

Bl GW200105 |7

Bl GW200115

* Distance
GW200105: 2807113 Mpc
GW200115: 3007139 Mpc
(c.f. 40 Mpc for GW170817)

* Inclination
Both events disfavor 6,y ~ 90°,

suppressing higher-order moments.
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Waveform systematics
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* Remnant objects * Higher-order modes
Mass

(104727 My (GW200105) Inconclusive

Mg = <
\ 7,873:81 My  (GW200115)  Precession effect

Spin 004 Inconclusive

(0.431008 (GW200105)

Yf = ¢ * Lensing scenario unlikely for GW200105

+0.04 and GW200115, as masses do not overlap.

0387000 (GW200115)

« Test of general relativity

Less stringent constraints than the current
ones due to the weak signals.



Masses

Neutron star masses - GW200105 /\
Consistent with Galactic NS S8 - GW200115
population from EM observations  —

=

Black hole masses A, 2 \

GW200115 BH may be in the
lower mass gap 1l H

) —

« P(3Mg < m, < 5Mg) = 30% V=10 1.5 2.0 2.5
my (M)

* Correlated with negatively-

allgnEd prl mary Spl n Galactic NS masses from Alsing et al. 2018, MNRAS 478, no.1, 1377-1391
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Spins

Magnitudes
* BHs consistent with zero spin
» GW200115: can’t rule out high BH
spin
* Consistent with high BH spins
from NSBH progenitors

GW200115

Alignment

« GW200115 BH: probably negatively-
aligned
* Correlated with low primary
mass

ol SO PISSEL UL + P(x1, < 0) = 88%

3 4 5 6 7 8

my (M@> 33

— high spin NS




No significant detections of electromagnetic counterparts for both events.
e.g.S. Anand et al., Nature Astron. 5,46 (2021).

This is consistent with

o No tidal disruption expected
due to highly asymmetric
masses (and negative spins for
GW200115)

e The large distances (~7 times
more distant than GW170817)
and large uncertainties of their
sky localization
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The combination enters the leading tidal effect:

i 16 (my + 12my)miA; + (m, + 12my)m3A,

13 (m1 + m2)5

For NSBH (A{ = 0),

- 16 12+q , m,
A — q Az, ( = _)
13 (1 + CI)S my
which becomes vanishing for highly asymmetric masses (g — 0).



