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GRAVITATIONAL WAVE DETECTORS JOIN FORCES
FOR A NEW YEAR-LONG SIGNAL HUNT
Cascina (Pisa, Italy) - The Virgo and LIGO detectors are ready to start the new Observing
run called O3, lasting a whole year. The hunt for gravitational waves is set to start on April
1st when the European Virgo detector, based in Italy at the European Gravitational
Observatory (EGO), and the LIGO twin detectors, located in the state of Washington and
Louisiana (USA), will start to take data becoming together the most sensitive gravitational
wave observatory to date.
During a one-year period the LIGO and Virgo Collaborations will register science data
continuously, and the three detectors will operate as a global observatory. Since August
2017, the end of the second observation run O2, the two collaborations have intensively
worked on their interferometers to improve the sensitivity and reliability. Scientists have
also improved their offline and online data analysis and developed further the procedures
for releasing Open Public Alerts: these will within minutes notify the physics and astronomy
community when a potential gravitational-wave event is observed.
“With our three detectors now operational at a significantly improved sensitivity, the global
LIGO-Virgo detector network is expected to make several new detections. Moreover it will
allow precise triangulation of the sources of gravitational waves. This will be an important
step towards our quest of multi-messenger astronomy”, says Jo van den Brand of Nikhef
(the Dutch National Institute for Subatomic Physics) and VU University Amsterdam, who is
the spokesperson for the Virgo collaboration.
“Going from the pioneering era that led to the historical discovery to the present
observatory era, where the interferometer and the infrastructure will have to operate
faultlessly for 24 hours, seven days in a week for a whole year was and continues to be a
daunting challenge;” says Stavros Katsanevas, Director of EGO, “I have confidence
however that we will face this challenge with the same success we faced the previous
one."
The detector sensitivity is commonly given in terms of the distance at which it can observe
the merger of a binary neutron star system. “During O2 Advanced Virgo could observe
neutron star events up to a distance of 88 million light years”, says Alessio Rocchi,
researcher at INFN and Virgo’s commissioning coordinator. “Both LIGO and Virgo
Collaborations have been working to improve the sensitivity of the detectors, also
exploiting the upgrades installed on the interferometers. With respect to O2, the Virgo
sensitivity has improved by about a factor of 2, which means that the volume of the
observable Universe has increased by a factor of 8", concludes Rocchi.
"The quality of the data collected by the instruments is a determining factor to detect
gravitational-wave signals buried into noise and to measure their properties", says Nicolas

Arnaud, CNRS researcher currently seconded to EGO and Virgo detector characterization
coordinator. "A lot of progress has been made in that direction since O2, thanks to the
combined effort of the collaboration as a whole, from the instrumentalists to the data
analysts".
The scientific output of observation run O3 is expected to be tremendous and it will
potentially reveal new exciting signals coming from new sources such as the merger of
mixed binaries made by a black hole and a neutron star. O3 will also target long lasting
gravitational waves produced for instance by spinning neutron stars which are not
symmetric with respect to their axis; however, the detection of such signals is still an
enormous challenge and the LIGO and Virgo Collaborations are raising up to it.
Furthermore, thanks to the upgrades of Virgo and LIGO, signals for the merger of binary
black holes, such as for GW150914 the first gravitational-wave event ever detected, are
expected to become quite common, perhaps up to one per week. Scientists also expect to
observe several binary neutron star mergers, such as GW170817 which opened the era of
multi-messenger astronomy as well as providing insights into binary evolution, nuclear
physics, cosmology and fundamental physics.
"The new software we have built is able to send Open Public Alerts within five minutes",
says Sarah Antier, postdoc at the Université Paris Diderot and responsible of the low
latency program for the Virgo Collaboration. "This will allow to follow-up the gravitational
wave signal with neutrino and/or electromagnetic searches, that may lead to multimessenger discoveries. Observations of many signals as we expect during O3 will give us
a census of the population of stellar mass remnants and a better understanding of the
violent universe."
Since August 2017 both LIGO and Virgo have been updated and tested. In particular Virgo
has fully replaced the steel wires which were used in O2 to suspend the four main mirrors
of the 3 km long interferometer: the mirrors are now suspended with thin fused-silica
(‘glass’) fibres, a procedure which has allowed to increase the sensitivity in the lowmedium frequency region, and has a dramatic impact in the capabilities to detect mergers
of compact binary systems. A second major upgrade was the installation of a more
powerful laser source, which improves the sensitivity at high frequencies. Last but not least
squeezed vacuum states are now injected into Advanced Virgo, thanks to a collaboration
with the Albert Einstein Institute in Hannover, Germany. This technique takes advantage of
the quantum nature of light and improves the sensitivity at high frequencies.
Squeezing is a major upgrade also implemented in the two LIGO interferometers in the US
for this next observation run. Moreover, the laser power has been doubled to more
precisely measure the effect of passing gravitational waves. Other upgrades were made to
LIGO's mirrors at both locations, with a total of five of eight mirrors being swapped out for
better-performing versions.
“We had to break the fibers holding the mirrors and very carefully take out the optics and
replace them," says Calum Torrie, LIGO's mechanical-optical engineering head at Caltech.
"It was an enormous engineering undertaking."

During O3 the LIGO and Virgo Collaborations will continue to communicate new findings to
the scientific community as well as to the general public. Furthermore scientists will keep
on extracting all possible physics results from the data.
The global LIGO-Virgo network will provide prompt localizations of gravitational-wave
signals and will release confident events publicly through the Open Public Alert system to
maximize the science that the entire scientific community can do with the gravitationalwave detections and to minimize the chance of missing any electromagnetic or neutrino
counterparts.
The Japanese detector KAGRA is expected to join the global LIGO-Virgo network in the
last part of O3, extending the detection and pointing capabilities of the global network.

LIGO is funded by NSF and operated by Caltech and MIT, which conceived of LIGO and
led the Initial and Advanced LIGO projects. Financial support for the Advanced LIGO
project was led by the NSF with Germany (Max Planck Society), the U.K. (Science and
Technology Facilities Council) and Australia (Australian Research Council-OzGrav) making
significant commitments and contributions to the project. Nearly 1,300 scientists from
around the world participate in the effort through the LIGO Scientific Collaboration, which
includes the GEO Collaboration. A list of additional partners is available at
https://my.ligo.org/census.php.
The Virgo Collaboration is currently composed of approximately 350 scientists, engineers,
and technicians from about 70 institutes from Belgium, France, Germany, Hungary, Italy,
the Netherlands, Poland, and Spain. The European Gravitational Observatory (EGO) hosts
the Virgo detector near Pisa in Italy, and is funded by Centre National de la Recherche
Scientifique (CNRS) in France, the Istituto Nazionale di Fisica Nucleare (INFN) in Italy, and
Nikhef in the Netherlands. A list of the Virgo Collaboration groups can be found at
http://public.virgo-gw.eu/the-virgo-collaboration/. More information is available on the
Virgo website at http://www.virgo-gw.eu.
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