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VIRGO DATA CHARACTERIZATION AND IMPACT
ON GRAVITATIONAL WAVE SEARCHES

A world-wide network of gravitational-wave detectors
(LIGO, Virgo, GEO) is searching for gravitational waves
(GW) emitted by astrophysical sources. To observe the tiny
ripples in space-time produced by gravitational waves,
these detectors use laser interferometers able to accurately
measure the distance between mirrors hung in a vacuum
and isolated as much as possible from their environment.
The change in distance between the mirrors caused by a
gravitational wave is very small; smaller than the size of an
atomic nucleus over the several-kilometer length of the
interferometer's arms.

The sensitivity of such complex instruments is limited by
various types of noise. Seismic, acoustic and
electromagnetic disturbances near to the interferometers or
noises arising from the detector controls can produce bursts
of noise (also called noise transients or "glitches") which
can make it more difficult to detect gravitational waves. The
use of several detectors in the LIGO-Virgo-GEO network
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Time-frequency plot of a noise transient in the Virgo
detector during a scientific run, which could not be rejected
by data quality investigations

allows scientists to identify and to eliminate many of these noise transients by requiring a coincident detection. A
noise transient is local to a single detector but a gravitational wave should be seen by several detectors in the
network. Requiring a "coincident detection" means requiring that the signal is present in more than one detector in

the network.

Even if coincidence is a powerful way of eliminating noise
transients from our searches, several of them can still be
coincident in multiple detectors simply by chance. These
remaining coincident noise transients reduce our ability to
detect bursts of gravitational waves from astrophysical
sources such as colliding black holes or supernovae. To
increase our sensitivity and allow us to see further into the
universe, we need to eliminate those noise transients from
the data. Since there are many different noise sources in
each detector, identifying and discarding noise transients in
the gravitational-wave detector data is an arduous task
which requires a detailed characterization of each detector
and its environment. Most of this work consists in tracking
down various sources of noise ("noise hunting"). The result
of these investigations is either the mitigation of the noise
source or the development of a set of data quality (DQ) flags
which are lists of time segments where data quality is
considered as degraded -- that is when noise transients
have the greatest chance of occurring. For the July 2009 -
January 2010 data set (known as the VSR2 scientific run),
the DQ flags were able to remove about 70% of the
strongest Virgo noise transients and allowed an increase by
about 30% of the volume of the universe in which
coalescing neutron stars and black holes could be detected
-- a significant increase which demonstrates the importance
of noise hunting and DQ flags development.

SELECTED FIGURES FROM THE
PUBLICATION
For more information on how these figures were

generated and their meaning see the publication at:
http://arxiv.org/abs/1203.5613.

These are the time-frequency visualizations of the main types of noise
transients observed in the Virgo detector. Glitch families are
identifiable by their unique time-frequency morphologies. When
identified, the glitch present in the environment monitoring channel is
shown in the inset plot. The first plot shows a power-line glitch also
detected by the magnetometers. The second map shows a series of
glitches caused by scattered light induced by seismic activity. The
third glitch is caused by a TCS instability (the TCS is the Thermal
Compensation System used in Virgo to prevent mirror deformations
due to high-power laser beam). The fourth plot presents an airplane
event with a clear Doppler effect. The fifth event is due to a glitch in
the laser stabilization loop. The last glitch with an undefined shape is
due to a seismic event converted to higher frequencies.


http://www.ligo.org/
https://wwwcascina.virgo.infn.it/
http://www.geo600.org/

Searches for gravitational waves from continuous
sources (such as rotating neutron stars) can be spoiled by
noise at specific frequencies -- noise frequency lines --
due to various environmental noise sources. Real-time
monitoring and follow-up investigations of potential noise
sources generating frequency lines is thus essential.
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detection. Thus, our network of detectors sends "real-time"
alerts to guide astronomical telescopes to interesting
locations in the sky in the hope of catching the event as it

happens. This requires GW searches to analyse data and ) o wal

to identify noise transients with low latency. The goal is to e it B

deliver events to telescopes a few minutes after the waves |y i -

reach our detectors. However, we do not want noise sl Ml., 118

transients to trigger the pointing of telescopes. Beginning g 20 A“ 49.0?

with the VSR2 scientific run, Virgo scientists have been % "‘)‘ﬁ“ ey

able to identify various types of noise transients and have wH'p

set up an online software architecture which produced, & .

with a time delay of about 30s, more than 90 DQ flags. b I T
These DQ flags have been used to discard false events, Days o VSR st Day oher VB sar
thus preventing us from wasting telescope observing time. Frequency plot produced by NoEMi, showing the noise frequency lines
This is an important step towards generating very low g:flff;::’n'e’;t”r‘neo:g:‘;gﬁ’;'nzf”‘e interferometer and in one seismic
latency data quality information for use by the next

generation of detectors, like Advanced Virgo and

Advanced LIGO. These future interferometers plan to GLOSSARY

issue prompt alerts for joint searches with astronomical

telescopes on the ground or in space. Noise and Noise transient: The output of the Virgo

interferometer comprises spurious fluctuations, called

noises, that originate from various instrumental and
READ MORE environmental sources such as seismic motion of the
ground, human activity or electromagnetic disturbances.
Some of these disturbances are not permanent and the
The publication describing the Virgo detector characterization results: noises they generate may occur intermittently during
http://arxiv.org/abs/1203.5613 short time periods. We call them "noise transients".
Repository of data used in the publication:
https://dcc.ligo.org/cgi-bin/DocDB/ShowDocument?docid=86230

Advanced Virgo homepage: https://wwwcascina.virgo.infn.it/advirgo/

Frequency line: Any signal (for instance the sound of your
voice) has its energy distributed over various frequencies,
or spectrum of the signal. When a signal has only one
frequency (like the fundamental sound of a vibrating
The S6/VSR2-VSR3 all-sky burst search: string) its energy is concentrated in a single frequency
http://www.ligo.org/science/Publication-S6BurstAllSky line.

The S6/VSR2-VSR3 low mass CBC search:
http://www.ligo.org/science/Publication-S6CBCLowMass

The VDQ Group webpage:
https://wwwecascina.virgo.infn.it/DataAnalysis/VDBdoc

Spin-down: Pulsars are rotating neutron stars whose
electromagnetic observation has shown that their
rotational speed decreases with time (pulsars lose
energy). Part of this energy loss could be due to GW
emission.

Visit our website at http://www.ligo.org/
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