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PHYSICISTS all over the world are striving to
detect cosmic "messages" so subtle that they
challenge the finest technology of measurement,
yet so fundamental that until they are found one
of Einstein's most basic concepts will remain
maddeningly unconfirmed. The elusive
transmissions that are the objects of this quest,
now two decades old, are gravitational waves...

Unfortunately, the Italians' equipment [resonant
bar detectors] has found too much evidence and
too often. Whatever is happening occurs every
718 minutes, or twice a day - to be exact, twice
a sidereal day, or one complete rotation of the
earth with respect to the stars.

Under the direction of Dr. Ronald W. P. Drever:
at the California Institute of Technology and Dr.
Rainer Weiss at the Massachusetts Institute of
Technology, designs using lasers are being
developed for L-shaped detectors that are
three miles long on each side...
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In 1991 ...

A PROPOSAL to stake $211 million in public
money on the chance that gravity waves could
be exploited to fathom black holes and other
cosmic enigmas has deeply divided scientists
and will force Congress to make a difficult
decision in the next few weeks.

"] perused a list of about 2,000 astronomers and -
picked 70 ..." Dr. [J. Anthony] Tyson said in an
interview. "I got 60 replies, and they ran 4 to 1
against LIGO. ... I love gravity and the idea of
LIGO ... I just don't think LIGO would have
much chance of achieving its goals in the next
few years.” . .

To the criticism many astronomers have directed
at the project, Dr. [Rochus E.] Vogt replied:
"Astronomers are often slow to appreciate the
opportunities offered by innovations in .
physics and technology ... Sooner or later,
gravity-wave astronomy will come into its own.

I only hope I shall be alive to see it.".
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A century after the fundamental predictions of Einstein OZQ,' N :
and Schwarzschild, we report the first direct detection of
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regime and confirm predictions of general relativity for the .
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GW190521

Most massive binary black hole merger

GW150914

GW170608

GW190814

*at the time of discovery

Solar Masses

Exceptional *
events:

<= Largest BBH

| (GW190521)

U Smallest BBH

(GW170608)

www.ligo.org/detections/GW190521.php, www.hgo.Caltech.edu/neWs/ligo20171115
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The exceptional informs the population

Get to know

GW230523

Full name GW230529_181500

o-\c_,covered On 29 May 5 023 at 18115 Ut

most likely a merger between a
Neutron Star & Black Hole (NSBH)

- ()

~1.4 M, ~3.6 M,

Most symmetric NSBH event so far
more likely than prior GW NSBHs to have the neutron star

ripped apart by the black hole

~ 650 million light years away : @

@ Offline OR not operational
@ Online BUT not used for analysis*
® Online AND used for analysis

Detectors

Primary object in lower mass gap
further supports that this region is not empty

Mass (M) 2 3 4 5 6

* Although the KAGRA detector was in observing mode, its sensitivity
was insufficient to impact the analysis of GW230529

S. Galaudage/Observatoire de la Cate d'Azur




Neutron star — black hole binaries (NSBHSs)

BINARY NEUTRON STAR MERGERS AS OF MAY 2021: 2
*®

www.ligo.org/detections/NSBH2020.php s



Binary neutron stars (BNSs) - GW170817

Gamma rays, 50 to 300 keV GRB 170817A
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Gravitational-wave strain GW170817

July 22,2017

Frequency (Hz)

0]

Time from merger (seco

" LIGO; https://youtu.be/-YtSEmEgz2w

Andreoni et al. PASA, DOI:10.1017/pasa.2017.65 .




Binary neutron stars (BNSs) - GW170817

Gamma rays, 50 to 300 keV GRB 170817A
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Gravitational-wave strain GW170817

August 18,2017

Frequency (Hz)

0]

Time from merger (seco

" LIGO; https://youtu.be/-YtSEmEgz2w

Andreoni et al. PASA, DOI:10.1017/pasa.2017.65 L
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‘Nucleosynthesising the Universe . ,

The evolving composition of the Universe
1 @ Big Bang fusion
H @ Cosmic ray fission

@ Exploding massive stars
i Expleding white dwarls
@ Merging neutron stars

ﬂ c
Dying kw-mass stars
@ Very radicactive sotopes; nothing left from stars .'
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David J. Champion, Karl Wette

Pulsar timing
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... stay tuned ...

Agazie et al., ApJL, DOI:10.3847/2041-8213/acdac6
Antoniadis et al.. A&A, DOI:10.1051/0004-6361/202346844
Reardon et al., ApJL, DOI:10.3847/2041-8213/acdd02
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Bursts from e.g.
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Stochastic background
of many sources
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Post-BNS merger _
remnants — long-lived :
&) neutron star??
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Continuous gravitational waves
from spinning neutron
stars
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The challenge:

* Weak signals

* Noisy data

* Signal evolves over
disparate timescales
(days to years)

* Vast number of
filters required to
match all possible
signals; compute
cost grows steeply
with observing time

-* Sensitivity grows

slowly with time
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The future




The future...?
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ON THE RARITY OF DOUBLE BLACK HOLE BINARIES: CONSEQUENCES
FOR GRAVITATIONAL WAVE DETECTION
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ABSTRACT

Double black hole binaries are among the most important sources of gravitational radiation for ground-based
detectors such as LIGO or VIRGO. Even if formed with lower efficiency than double neutron star binaries, they could
dominate the predicted detection rates, since black holes are more massive than neutron stars and therefore could be
detected at greater distances. Here we discuss an evolutionary process that could very significantly limit the formation
of close double black hole binaries: the vast majority of their potential progenitors undergo a common-envelope (CE)
phase while the donor, one of the massive binary components, 1s evolving through the Hertzsprung gap. Our latest
theoretical understanding of the CE process suggests that this will probably lead to a merger, inhibiting double black
hole formation. Barring uncertainties in the physics of CE evolution, we use population synthesis calculations and
find that the corresponding reduction in the merger rate of double black holes formed in galactic fields 1s so great (by
~500) that their contribution to inspiral detection rates for ground-based detectors could become relatively small
(~1 in 10) compared to double neutron star binaries. A similar process also reduces the merger rates for double
neutron stars, by a factor of ~5, eliminating most of the previously predicted ultracompact NS-NS systems. Our
predicted detection rates for Advanced LIGO are now much lower for double black holes , but are still
quite high for double neutron stars . If double black holes were found to be dominant in the detected
inspiral signals, this could indicate that they mainly originate from dense star clusters (not included here) or that our
theoretical understanding of the CE phase requires significant revision.

Subject headings: binaries: close — black hole physics — gravitational waves — stars: evolution —
stars: neutron
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