














































































































































































































































































































































































































































































































































with lines), and the parametric estimation from the A-MCMC (with the scatter points) for the
channel A and E , with the noise channel T for 10 parameters � = [ Nacc; Npos; 
 astro ; � astro ;

 cosmo; � cosmo; A1; � 1; A2; � 2]. We conduct the study with di�erent SGWBs, astrophysical

 GW;astro and galactic 
 GW;galactic . The error bar is given for 1 standard deviation of a Gaussian
posterior distribution. The horizontal dashed line represents the error level of 50%; abover this
limit we cannot separate the cosmological SGWB. We use the LISA Model from7 and the LISA
parameters values from the proposal8.

Figure 2 { Cosmological amplitude uncertainty estimation, Fisher Information study in line and MCMC in scatters.
The upper horizontal dash line represent the error level 50%. In fact, above the line, the error is greater than
50%.

5 Conclusion

We have studied the prediction of the measurement limit of a cosmological SGWB by LISA in
the presence of an isotropic astrophysical background, a galactic foreground, and LISA noise for
4 years of mission data measurement. The detection limit for DWD + BBH/BNS + Cosmo +
LISA noise is 
 Cosmo;lim = 8 � 10� 13 3. In future work, we will study the spectral separation
for more complex LISA noise, other DWD populations, and other cosmological models (broken
power law, peaks in frequency).
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Sources of geophysical noise, such as wind, sea waves and earthquakes, can have an impact
on gravitational wave interferometers causing sensitivity worsening and gaps in data taking.
During the 1-year long O3 run (April 1st 2019 to March 27 2020), the Virgo Collaboration
collected a statistically significant dataset to study the response of the detector to a variety
of environmental conditions. We used these data to correlate environmental parameters to
global detector performance, such as observation range, duty cycle and control losses. Where
possible, we identified weaknesses in the detector and we elaborated strategies to improve Virgo
robustness against external disturbances for the next run O4, planned to start in summer 2022.
In this article we present preliminary results of this study.

1 Introduction

Advanced Virgo 1 is a second generation laser interferometer (ITF) for detecting gravitational
waves (GW) located in Italy near Pisa. Each of the two 3 km long arms is a resonant Fabry-Perot
cavity. The differential arm motion (DARM) produced by a GW changes the interference pattern
of the laser beams onto the output photodiode. In the nominal working condition, or controlled
state, a force is applied through coil-magnet actuators to the seismic isolation systems 2 of input
and end mirror test masses in order to keep accurately at zero the differential arm length. The
GW signal is extracted from the output photodiode.

On 27 March 2020 the two LIGO, Virgo and GEO600 interferometers concluded 361 days of
joined data taking, named the third observing run, O3. During O3, Virgo achieved a BNS range∗

of 45−55 Mpc, operated in observing mode † for 75% of time, and lost the controlled state about
600 times. Periods of bad weather, corresponding to increased sea-wave activity and wind speed,

∗The binary neutron stars (BNS) range is a figure of merit of GW detectors sensitivity. BNS range is quoted
as the average distance to which the signal generated by the coalescence of a system of two neutron stars with
mass of 1.4M� could be detected with SNR of 8.

†The observing mode (or science mode) condition occurs when the interferometer is set in the nominal con-
trolled state and no voluntary disturbing action (such as occasional tuning operations, periodic detector calibra-
tions, weekly detector maintenance) is performed. Only data acquired in observing mode are used for GW signals
searches.
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were generally associated with increased noise in the GW signal below 100 Hz and some difficulty
in maintaining the interferometer in the controlled state, resulting in reduced duty cycle ‡. We
analyzed the large statistical sample collected during O3 to identify correlations between ITF
figures of merit (BNS range, duty cycle and control losses) and environmental parameters (wind
speed and ground seismicity) with the aim of understanding the Virgo interferometer behavior
in different external environmental conditions and propose strategies to improve the detector
robustness for the future O4 run, currently foreseen to begin in summer 2022. We present pre-
liminary results of this study. A comprehensive dissertation will be the subject of a forthcoming
publication.

2 Characteristics of Virgo site ground seismicity and wind

An extended network of sensors monitors the Virgo physical environment 3. The seismic wave-
field in the frequency range from 0.03 Hz to 50 Hz is monitored by three velocimeters Guralp
40T-60s, one for each experimental building located at the ITF vertexes. Velocimeters are
deployed at the deep basement on which the seismic suspensions of the input and end mirror test
masses rest. Virgo seismic wave-field is the sum of several sources whose contribution dominates
in a specific frequency band. In the absence of earthquakes, the next largest ground velocity
noise is due to sea waves interaction with the shore. This occurs in the range between 0.1 and
1 Hz. The prominent frequency peak typically lays between 0.3 Hz and 0.4 Hz 4,5. During O3,
the 128s-averaged root mean square (RMS) value of vertical ground velocity in the 0.1 Hz to
1 Hz band ranged from 10−7 m/s to 10−5 m/s, while 10% of the time it exceeded 4 · 10−6 m/s.
Ground seism motion between 1 Hz and 10 Hz has a marked daily cycle with drops during nights
and holidays. The dominant sources are intermittent wave bursts from vehicle traffic on 1 km
distant elevated motorways 4,5. We measure a reduction of about 20% of RMS noise in this band
during the Covid-19 pandemic lockdown in spring 2020.

A meteorological station (Davis Vantage-Pro-2) is located on the roof of a building close
to the Virgo central experimental area, at about 10 m height from ground. It monitors wind
speed and direction and other weather parameters at the rate of 0.4 Hz. Most of the time wind
follows a 24-hour cycle, with minimum speed around mid-nights and maximum speed in early
afternoons. During O3 the average wind speed was 10 km/h, while it was larger than 20 km/h
for 10% of the time. Wind gusts exceeding 60 km/h occurred for 0.01% of the time. Prevailing
winds blew from east during 35% of O3. Wind activity is associated with an increase of tilt noise
of experimental buildings floor. The same effect was measured at LIGO and interpreted as due
to the action of wind on experimental buildings walls 6.

3 Wind influences

A benchmark of interferometer sensitivity performance is the BNS range. It is a weighted average
of the detector sensitivity curve, to which low frequency bins in the range from 30 Hz to 150 Hz
contribute the most. Thorough O3, BNS range varied following an overall improving trend. Most
variations occurred because of known reasons: occasional tuning of ITF global alignment 8, noise
mitigations 3, technical improvements 7. A better figure to reveal residual unknown influences
affecting ITF low frequency sensitivity is the BNS range deviation from the weekly median. In
Figure 1(left), this quantity is plotted as a function of wind speed. We observe a degradation of
detector sensitivity performance for wind speeds of 25 km/h and above.

Wind also had an impact on the robustness and average duration of the ITF controlled
state. Our study evidences the correlation between wind speed and correction force applied to
the suspension coil-magnet actuators to keep the arm optical cavities on resonance. The larger
the wind speed the larger the correction signal C(t), up to the point that the maximum allowed

‡The duty cycle is the fraction of the time the detector is taking data in observing mode.
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correction signal (|C(t)| = 10 V) is reached and the controlled state is lost. Figure 1(right)
illustrates this study. We found out that 14% of O3 control losses were due to saturation of
these actuators. A figure of merit we computed is the average remaining duration of the ITF
controlled state after a given wind speed velocity is measured. As shown in Figure 2(left), this
quantity rapidly decreases for maximum wind speeds above 20 km/h. A mitigation strategy was
available, consisting in moving the control force from the end to the input marionette suspension
stage actuators. Those actuators were driven by a different electronic board, providing 4 times
more force. However, being these actuators more noisy and their calibration less accurate, it
was decided to use them only in extreme environmental conditions, but out of the observing
mode. For O4, it is foreseen to have a low noise actuation in use both for the input and the end
suspension marionettes, having a factor

√
2 more force with the same total noise.

4 Sea influences

Because of the wind action on sea surface, high winds and sea induced microseism often occur
together or with just a few hours delay, and it is difficult to select long time laps in which just one
of the two dominates. To disentangle effects of wind and sea on Virgo we followed a statistical
approach. We divided the O3 dataset in two subsets according to wind speed (v): a low-wind
subset (v < 25 km/h) and high-wind subset (v ≥ 25 km/h). For both samples we computed the
detector duty cycle as a function of RMS ground seismicity in the frequency range 0.1 Hz to
1 Hz. The result is shown in Figure 2(right). In the high-wind sample the duty cycle reduces
with increasing ground seismicity, while in the low-wind sample it is essentially independent on
it. In other words, the control state is not affected by microseismic activity as long as wind speed
is low. Our analysis shows that the ITF control scheme adopted during O3 8,9 is quite robust
against microseismic activity.

On the other hand, Virgo sensitivity was typically bad when sea microseism was high. The
main cause of sensitivity degradation was low frequency noise up to ∼100 Hz associated to
scattered light effects inside the interferometer 10,3. Tiny stray light beams may re-couple to the
interferometer main laser mode adding the phase noise they acquired along the path. In Virgo,
one source of scattered light is the suspended auxiliary optics, placed for example in transmission
of the two arms. The Suspended West End Bench (SWEB) was identified as the major culprit,
also by means of adaptive search algorithms11. Despite a force is exerted on the bench suspension
top stage to minimize the relative velocity between the bench and the end mirror, the SWEB
was moving too much at the frequency of the microseismic peak. This occurred due to a defect
in the suspension inertial damping control, which was identified and cured in preparation for O4.

Figure 1 – (left) Virgo BNS range deviation from weekly median is plotted as a function of wind speed, throughout
O3 observing time. White dots are the average value computed in each wind speed bin. (right) Cumulative
distribution of maximum control correction signal applied to the marionette stage of end mirror suspensions,
Cmax, in 4 different wind speed ranges between 30 and 50 km/h. Wind speed is averaged over 30-second long
segments, and Cmax is the maximum correction within the same 30-second segment. The red dashed line marks
9.5V: when |Cmax| reaches this value actuators saturate and the controlled state is always lost in a few seconds.
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Figure 2 – (left) Estimated remaining duration of Virgo controlled operation (Tlock) after a given 30-second
averaged wind speed is measured. This quantity is computed as: Tlock = 30s/P (Cmax > 9.5V). Where, P is the
probability that the correction exceeds 9.5 V. (right) Virgo duty cycle is computed as a function of RMS ground
seismicity in the 0.1 Hz to 1 Hz frequency band, for two complementary data samples: low wind speed time
periods (blue) and high wind speed time periods (red).

5 Earthquakes

Another issue we started investigating is noise induced by earthquakes (EQ). During O3, 54
earthquakes were either strong enough or close enough to cause control losses. EQ alerts were
provided by the Seismon 12 software tool developed by LIGO and adapted to Virgo. If the
warning was significant enough (based on a rough magnitude-distance cut) and it was received
early enough (i.e. before the seismic waves) the ITF control system was manually switched to
a more robust configuration. Seismon relies on the Earthquake Early Warning (EEW) data
streaming provided by the United States Geological Survey and a seismic model to predict
waves arrival time and amplitude at the Virgo site. At this preliminary stage we have identified
strategies to improve the effectiveness of the warning system. One way is to improve the coverage
to European and Mediterranean events, which are most significant for Virgo. To this end, we plan
to integrate in Seismon the EEW data stream from EarlyEst 13, a lightweight software package
for rapid global scale earthquake monitoring which reads data also from seismic networks in the
Mediterranean region. The new system performance can be estimated a priori using O3 Virgo
data. In case of close earthquakes (few hundreds km from Virgo) the warning might not arrive
fast enough to be received and processed. The solution explored by the project ASPIS 14 is to
implement a dedicated network of seismometers located at 100 km from Virgo to intercept seismic
waves and adopting a fast EQ identification algorithm. A complementary approach is to improve
the robustness of the Virgo controls. The plan is using close seismic shakes collected during O3
to study the response of Virgo and identify sensible degrees of freedom of the interferometer.
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Common techniques in Gravitational Wave data analysis assume, to some extent, the station-
arity and Gaussianity of the detector noise. These assumptions are not always satisfied because
of the presence of short duration transients, namely glitches, and other slower variations in
the statistical properties of the noise, which might be related to malfunctioning subsystems.
We present here a new technique to test the stationarity hypothesis with minimal assumptions
on the data, exploiting the band-limited root mean square and the two-samples Kolmogorov-
Smirnov test. The outcome is a time-frequency map showing where the hypothesis is to be
rejected. This technique was used as part of the event validation procedure for assessing the
quality of the LIGO and Virgo data during O3. We also report on the applications of the test to
both simulated and real data, highlighting its sensitivity to various kinds of non-stationarities.

1 Introduction

Gravitational Waves (GWs) are propagating “ripples” in the fabric of space-time, produced by
the coalescence of compact binary stars (CBCs) or other violent phenomena in the Universe 1.
Interferometric GW detectors, like Advanced LIGO 2 and Advanced Virgo 3, measure their
transit from the differential strain induced on the detector arms. Many sources of noise, either
of environmental or instrumental origin, can produce a similar effect. This noise is conveniently
described as a stochastic (or random) process, and our ability to extract the information on the
astrophysical signal is determined by how good we know the statistical properties of the noise 4.

Common GW data analysis techniques assume that the noise process can be modeled as
a stationary and Gaussian one 5. Stationarity implies that its statistical properties do not
vary over time, and can then be estimated from a single, sufficiently long, realization of the
process. Gaussianity ensures that the second order distribution moments are sufficient to fully
characterize it. In particular, the power spectral density (PSD) of the Gaussian process is the
sole quantity needed to fully represent its statistical properties.

When these assumptions cease to be valid, the noise characterization gets complicated, the
techniques used within the stationary and Gaussian assumption are no more optimal 6, and
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the corresponding estimates of the GW source properties are altered 7. Moreover, noise non-
stationarities are often the manifestation of some subsystem malfunction in the detector 8. For
these reasons, it is important to identify them, both for the assessment of the data quality in
correspondence of a candidate event and from the point of view of the characterization and
improvement of the detector.

2 A Stationarity Test Based on the Signal Band-Limited RMS

We present here a new test of stationarity based on the signal Band-Limited RMS (BLRMS)
that we have called BRiSTOL: Band-RMS Stationarity Test toOL 9.

2.1 Estimation of the Signal BLRMS

The BLRMS is the average power of a signal in a limited frequency band [fmin, fmax]:

BLRMS (t; [fmin, fmax]) =

√
1

fmax − fmin

∫ fmax

fmin
Ŝ(f ; t)df (1)

where Ŝ(f ; t) is an estimate of the signal PSD referred to the time t.
Using this quantity provides two advantages with respect to standard analyses based on the

PSD variability. Firstly, the highly correlated GW detector noise has regions of its spectrum
characterized by very diverse behaviors. There are parts of it with characteristic features, like
spectral lines, bumps and other structures where one would need a better frequency resolution,
and regions where the spectrum is flatter, described for example by some characteristic power
law. Averaging over the latter frequency regions has a variance reduction effect similar to that
obtained with the Welch method 10 in the time domain.

Secondly, many noise sources affect specific frequency bands only. If one knows a band
division of the spectrum able to bound them, these bands can be used for the BLRMS estima-
tion. Then, once a non-stationary noise component stands out in a specific band, this can be
immediately associated to a known possible source.
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Figure 1 – Left: effect of spectral line removal on the Amplitude Spectral Density (ASD) of Virgo. Right: glitch
removal from a Virgo BLRMS time series, where a glitch at about 200 seconds from the start is removed by the
thresholding MAD (orange band). These plots have been created with O3a open data of April 5, 2019 13.

2.2 Modified BLRMS Algorithm

The algorithm to compute the BLRMS from Eq. 1 can be improved with two additions to make
it more effective for the purpose of GW detector noise studies. Firstly, if a spectral line is
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contained in the band where we are estimating the BLRMS, this is going to dominate the result.
This is sometimes undesirable, especially if one is mostly interested in the non-stationarities of
the noise floor. For this reason, we have included in the method for computing the BLRMS the
possibility to automatically identify spectral lines and remove them with a technique similar to
the one described in 11.

Secondly, GW data often presents glitches. These are rapid excess of noise, with typical
duration shorter than one second. This feature makes them similar to burst GW signals. The
best algorithms to identify them are the so called Event Trigger Generators (ETGs)12. Then, to
focus on slower non-stationarities, usually not targeted by these ETGs, we may want to exclude
the glitches from our stationarity test. For this reason, we added the possibility to identify and
remove them with an algorithm that computes the moving median of the BLRMS’ time series
and applies a threshold based on their Median Absolute Deviation (MAD).

Examples of spectral line and glitch removal on Virgo O3a data are shown in Fig. 1.

2.3 BLRMS-based Stationarity Test

We have based our stationarity test on the modified BLRMS computation described above.
Firstly, for every frequency band, we divide the BLRMS time series in consecutive chunks
containing a statistically significant number of points. Then, we make use of specific metrics to
test the stationarity hypothesis comparing the BLRMS estimates in consecutive chunks.

A particularly balanced metric, useful for having an algorithm sensitive to a large variety of
non-stationarities, is the one provided by the two-samples Kolmogorov-Smirnov test 14, based on
the maximum absolute difference between the BLRMS empirical c.d.f.s in neighboring chunks,
respectively with n and n′ data points, {xi}i=1,...,n(′) :

F̂n(x) =
1

n

n∑
i=1

I(xi ≤ x) (2)

where I(. . .) is the indicator or characteristic function, equals to 1 if its argument is true, zero
otherwise. The previous quantity counts the proportion of the sample points below level x. The
test statistic is therefore:

KSnn′ =

√
nn′

n+ n′
sup
x

∣∣∣F̂n(x)− F̂n′(x)
∣∣∣ . (3)

With this normalization, the test statistic asymptotically approaches a Kolmogorov distribution,
which is independent on the distribution of the data (Kolmogorov Theorem). Also, p-values,
the probabilities of obtaining more extreme values from the same distribution, are available
for this statistic and can be reported in a time-frequency map where to verify the stationarity
hypothesis. An example of this representation for the test outcome is shown in Fig. 2.

3 Applications and Conclusions

In Fig. 2 we reported two examples of application of BRiSTOL. The time-frequency maps show
the p-values for the stationarity hypothesis in various time chunks and frequency bands. Red
regions are where stationarity should be rejected at a significance level α = 1%, that is, the
p-value there is smaller than this threshold. On the left, we reported the application to real O3a
Virgo data, while on the right we generated a (stationary) colored Gaussian noise from the ASD
in Fig. 1, to which we added some noise features: a sinusoid at frequency 90 Hz from time 500
to 1000 sec,a a moving line with exponentially varying frequencies between 10 and 1000 Hz from

aNotice that a sinusoidal signal is stationary. The only features highlighted by the colormap in Fig. 2 are
indeed its onset and offset, respectively at time 500 and 1000 seconds from the start.
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Figure 2 – Time-frequency map of the p-values for the null hypothesis of stationarity obtained with BRiSTOL. Red
regions are times and frequency bands where this hypothesis should be rejected at a significance level α = 1%.
Left: application to real Virgo O3a open data of April 5, 2019. Right: simulated colored Gaussian Virgo data,
randomly generated from the ASD in Fig. 1 with the addition of some noise non-stationarities.

1500 to 2000 sec, a “ramp” of white noise with increasing amplitude from 2500 and 3000 sec,
and lastly a 5 seconds “burst” (covering all frequency bands) at time 3250 sec. All these features
have amplitude (the maximum one for the ramp and the burst) equals to 10−22 in strain units.

BRiSTOL has been used for the validation of candidate events during O3 and for detector
characterization studies. Thanks to the minimal assumptions on the data, namely that the
possible non-stationarities can show up in the second order moments,b this test can be used as a
first step for assessing data quality. If non-stationary regions are identified, further analyses are
triggered to investigate the possible origin of them or, in the case of candidate event validation,
to check whether they can be detrimental for the estimations on the GW source properties.

References

1. B.S. Sathyaprakash and B.F. Schutz, Living Rev. Rel. 12, 2 (2009).
2. J. Aasi et al. (LIGO Scientific Collaboration), Class. Quant. Grav. 32, 7-074001 (2015).
3. F. Acernese et al. (Virgo Collaboration), Class. Quant. Grav. 32, 2-024001 (2015).
4. B.P. Abbott et al. (LIGO Scientific Collaboration, Virgo Collaboration), Class. Quant.

Grav. 37, 5-055002 (2020).
5. P. Jaranowski and A. Krolak, Living Rev. Rel. 8 3 (2005).
6. B. Zackay et al. , arXiv:1908.05644.
7. O. Edy, A. Lundgren and L.K. Nuttall, arXiv:2101.07743.
8. J. Aasi et al. (Virgo Collaboration), Class. Quant. Grav. 29, 155002 (2012).
9. F. Di Renzo, PhD Thesis, University of Pisa, etd-06192020-081853.

10. P. Welch, IEEE Transactions on Audio and Electroacoustics 15 2, 70-73 (1967).
11. F. Acernese et al. (Virgo Collaboration), Class. Quant. Grav. 22, S1189-S1196 (2005).
12. F. Robinet et al. , SoftwareX 12 100620 (2020).
13. R. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration), SoftwareX 13

100658 (2021).
14. A. Kolmogorov, The Annals of Mathematical Statistics 12 4, 461-463 (1941).

bA subsequent Gaussianity test can also reveal if this is sufficient to exclude non-stationarities at higher order.

262



Interactive Glitch Web Catalogue :
an on-line application for glitch characterization in the Virgo interferometer

N. Sorrentino1,2 a, F. DI Renzo1,2, F. Fidecaro1,2, G. Hemming3, M. Razzano1,2
1University of Pisa, Dipartimento di Fisica, I-56127 Pisa, Italy

2Istituto Nazionale di Fisica Nucleare, Sezione di Pisa, I-56127 Pisa, Italy
3European Gravitational Observatory (EGO), I-56021 Cascina, Pisa, Italy

The Interactive Glitch Web Catalogue (IGWC) is a web application developed for the rapid
and efficient analysis of the transient noises presented in the advanced gravitational wave in-
terferometers. IGWC contains quick-look tools for searching glitches in current and past ob-
servation runs, makes a first visualization of their distribution and shows their time-frequency
morphology. The software will be included in the next LIGO, Virgo and KAGRA event val-
idation pipeline and will store the results of a massive classification activity of the transient
noises presented in the Virgo detector.

1 Introduction

In 2016 the LIGO 1 and Virgo 2 collaborations announced the first detection of a gravitational
wave 3. The interferometers used for detection are commonly affected by many transient non-
gaussian noise components, due to instrumental and environmental reasons, which occur every
∼ 1 min 5. These are called glitches and their origin can be analysed by monitoring the glitches
that are coincident between the gravitational wave strain channel, i.e. hrec, and the auxiliary
instrument channels. On the other hand, the glitches have a time-frequency morphology, given
by the Q-transformation 7 application, which allows the classification in different recurring pat-
terns. With the increase in detection rate, due to the growing sensitivity of LIGO and Virgo
interferometers 5, we need a faster and more efficient analysis of the glitches occurring during
gravitational wave candidates events.

In this context, the idea of an Interactive Glitch Web Catalogue (IGWC) was developed
to provide some interactive tools for glitch investigation in current and past gravitational wave
observational runs. IGWC can accommodate various pipelines, including Omicron 6, a pipeline
commonly used during the LIGO, Virgo and KAGRA 4 observational run (O1, O2, O3 and
next ones). This software performs a multi-resolution time-frequency analysis of data from
gravitational wave detectors and identifies the glitches metadata based on Q-transformation

aCorresponding author: nunziato.sorrentino@pi.infn.it
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Figure 1 – IGWC overview. Orange blocks are the input data of the software. Blue blocks are the algorithms
presented, which return the output described in black blocks.

results, e.g. Signal to Noise Ratio (SNR), duration, frequency bandwidth. The approach of a
web tool to the detector characterization would explore the opportunity to have a rapid and
user-friendly monitoring system of the glitching detector status. The IGWC is connected to a
database system that will host the glitches labels produced by classification pipelines, e.g. the
GravitySpy citizen science project results 8. Other activities are planned, e.g. the REINFORCE
b European project, which aims to make a massive classification of the Virgo glitches, whose
results IGWC is going to collect.

2 Software description

The basic architecture of the IGWC application is shown in Fig. 1. The user starts with the
request to the databases. These contain Omicron triggers divided per observing run, with the
last one (O4) that will be loaded periodically with low latency for the real time analysis of
detector noise. Here the user can specify:

1. The GPS time interval;

2. The frequency range;

3. Minumum and maximum values of the SNRs;

It is also possible to select the data channel name(s), the generation pipeline and the classi-
fication labels archived in the system. Here the selected glitch information can be downloaded
in CSV format.

Once in the Interactive Plot Window (IPW), the user has the possibility to make a real
time exploration of the glitching status of the interferometers in the GPS time interval selected.
In particular the IPW provides some interactive plots, where it is possible to switch between
various channels, point out and compare the desired glitches attributes, and then save the result
on the local computer.

After that, there is the Single Glitch Analysis Window (SGAW), accessible by clicking on the
desired glitch among the IPW scatter points. This window first shows a summary of the available
information about that single glitch, then if it is already classified, providing its label. Here the

bREINFORNCE - gravitational wave noise hunting https://www.reinforceeu.eu/ (2021)
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Figure 2 – Virgo glitches from O2 classified by GravitySpy 8. There are Koi Fish glitches, which have the typical
pattern shown in Fig. 3, and Scattered Light glitches, more frequent at low frequencies and caused by the laser
scattered light in the interferometer subsystems. On the left, the circles radii and colors encode the triggers SNRs,
giving a general idea of the detector noise status. On the right, the SNR-time distribution shows which glitches
are classified in the dataset and how.

single glitch low latency analysis can be made with the list of coincident glitches through all
detectors channels (origin investigation) and tools for making the Q-transformation around the
glitch peak time (time-frequency characterization). Below there are some software application
examples.

3 Application

In Fig. 2 is shown an example of IPW usage. The glitches are distributed around the center of
the GPS time request. These are the axis values available for plotting:

1. GPS peak time;

2. Peak frequency;

3. SNR;

4. Duration;

5. Frequency bandwidth;

The right color bar emphasizes both the SNR and the class that the glitches belong to. The
user can look at the selected channels and pipelines by choosing one of them in the above widget.
All figures provided by IGWC can be saved locally. Moreover, the web interface provides three
double-click tools in the SGAW page, which lead to a deeper analysis of the single glitch making
use of the gwdama methods c:

1. View coincident glitches in other channels;

2. Download hrec data around the glitch, for independent analysis;

3. Make the Q-transformation of the glitch (Fig. 3);

Here the user can choose the Q-factor and the frequency range of the transformation, regu-
lating the resolution of the image. Moreover, the time window around the trigger can be set for
zooming the glitch component. Then there is a tool bar that allows to manipulate the image
and save it. The possibility of reaching a real time Q-transform of the hrec and auxiliary data,
together with the glitch metadata stored in the database, provides an investigation strategy for
giving a low-latency and efficient response to gravitational wave noise issues. Then the compar-
ison between the different channels trigger patterns make this application a useful resource for
having a quick idea of glitches possible origin.

cGravitational Wave DAta MAnager: https://reinforceeu.gitlab.io/wp3/gwdama/ (2021)
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