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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.
…
"I 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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  Liam Kidston; Alan Porritt: AAP; Lukas Coch / AAPIMAGE; Mike 
Bowers/The Guardian; Getty; NCA NewsWire / Damian Shaw



  
Published by the American Physical Society under the 
terms of the Creative Commons Attribution 3.0 License.
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but taken in July 2007 (at GR/Amaldi in Sydney)



  

but taken in July 2007 (at GR/Amaldi in Sydney)

17 years later, I count
~16/30 people still in the field



  

but taken in July 2007 (at GR/Amaldi in Sydney)

4/30 women in this photo (~13%)
8/50 women at this event (~16%)



  

Binary black holes (BBHs)

OzGrav, LVK



  

Binary black holes (BBHs)Boring?

OzGrav, LVK



  www.ligo.org/detections/GW190521.php, www.ligo.caltech.edu/news/ligo20171115

Exceptional*
events:

 ⇐ Largest BBH
(GW190521)

⇓Smallest BBH
(GW170608)

*at the time of discovery



  

Abbott et al. PRX, DOI:10.1103/PhysRevX.13.011048

Black hole mass spectrum

Binned Gaussian Process
Flexible Mixtures

Power law + Spline
Power law + Peak

Chirp mass

Primary black hole mass
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The exceptional informs the population

S. Galaudage/Observatoire de la Côte d'Azur



  

www.ligo.org/detections/NSBH2020.php

Neutron star – black hole binaries (NSBHs)



  

Binary neutron stars (BNSs) – GW170817

LIGO; https://youtu.be/-Yt5EmEgz2w

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



  

Binary neutron stars (BNSs) – GW170817

LIGO; https://youtu.be/-Yt5EmEgz2w

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



  
J. A. Johnson, Science, DOI:10.1126/science.aau9540

Nucleosynthesising the Universe
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Pulsar timing
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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
Xu et al., R.A.A, DOI:10.1088/1674-4527/acdfa5

… stay tuned …

Pulsar timing



  
spitzer.caltech.edu; University of Warwick/Mark Garlick;
Abbott et al., PRD, DOI:10.1103/PhysRevD.104.022005

Stochastic background
of many sources

Post-BNS merger
remnants – long-lived

neutron star??

Bursts from e.g.
supernovae



  

Continuous gravitational waves
from spinning neutron
stars

OzGrav/Carl Knox
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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



  

The future…?



  

www.einsteintelescope-emr.eu, news.mit.edu. C. Blair et al., DOE

The future…?
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Unported License. It makes use of the works of Kelly Loves Whales and Nick Merritt.

Thanks for listening!
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