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Outline
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- Detector Status Summary Pages
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A big thank you to previous 
workshop presenters D 

Macleod, J McIver and M 
Walker. I have taken a lot of 
inspiration for these slides 

from your great work!



The GWpy package contains classes and utilities providing tools and methods 
for studying data from gravitational-wave detectors, for astrophysical or 
instrumental purposes.


Documentation at: https://gwpy.github.io/docs/stable/index.html
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https://gwpy.github.io/docs/stable/index.html


LIGO DCC P1500072

What is strain data, h(t) ?

Slide by J McIver

See previous talk by 
Eleonora Capocasa 
for further details on 
the detectors!



What does GW data look like?

Open data: LIGO and Virgo data are sampled at either 16384 or 4096 Hz


Users should choose the sampling rate which is most appropriate for your 
search  

In tutorials 1.1 and 1.2 you will learn how to get and plot the data
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Data in the Frequency domain

Amplitude Spectral 
Density (ASD) of 
data from all three 
detectors on 2nd 
April 2019 at 03:00 
UTC


In tutorial 1.2 you 
will learn how to 
calculate the 
amplitude spectral 
density using GWpy
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Features in the GW data
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Features in the GW data: Spectrograms
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S. Chatterji et al. CQG (2010) 
Images: McIver

The Q transform

Q=12; f  = 10 Hz
0

S. Chatterji et al., Multiresolution techniques for the detection 
of gravitational-wave bursts, CQG 21 S1809 (2004)



Features in the GW data: Q transform
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In Tutorial 1.3 you will learn how to plot spectrograms and 
use the q-transform 



Noise Subtraction
After data collection we remove several independently measured terrestrial 
contributions to the detector noise:


• LIGO - remove calibration lines and 60Hz AC power mains harmonics. We 
also remove some additional noise due to non stationary couplings


• Virgo - remove broadband noise, including frequency noise from the laser, 
noise introduced when controlling the displacement of the beam splitter and 
amplitude noise of the 56 MHz modulation frequency.  

!11Image: D. Davis et al., Improving the sensitivity of Advanced 
LIGO using noise subtraction, CQG 36 055011 (2019)
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GW data in a perfect world…

Slide by M Walker



In reality…GW data also contains 
instrumental and environmental artefacts
Glitches are non-gaussian noise transients that are found in all detectors. 
Below are some of the worst glitch classes in LIGO data from O3

!14D. Davis et al., LIGO Detector Characterization in the 
Second and Third Observing Runs, arXiv: 2101.11673 (2021)



https://www.zooniverse.org/
projects/zooniverse/gravity-spy
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The data can also be non-stationary - meaning that it varies 
with time. 
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In reality…GW data also contains 
instrumental and environmental artefacts

B.P. Abbott et al., Effects of Data Quality Vetoes on a 
Search for Compact Binary Coalescences in Advanced 
LIGO’s First Observing Run, CQG 35, 065010 (2018)
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In the frequency domain is is clear to see many combs of lines in the data. 


More information at: https://www.gw-openscience.org/O3/o3aspeclines/

In reality…GW data also contains 
instrumental and environmental artefacts

https://www.gw-openscience.org/O3/o3aspeclines/
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Data Quality Information 
Available in GWOSC
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Data Quality Information
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DATA (Data Available): Failing this level indicates that LIGO/Virgo data are not 
publicly available because the instruments or data calibration were not operating in an 
acceptable condition. 

CAT1 (Category 1): Failing a data quality check at this category indicates a critical 
issue with a key detector component not operating in its nominal configuration.  

• These times are identical for each data analysis group.  
• Times that fail CAT1 flags are not available. 

CAT2 (Category 2): Failing a data quality check at this category indicates times when 
there is a known, understood physical coupling to the gravitational wave channel. 
For example, high seismic activity. 

CAT3 (Category 3): 
 - Burst: Failing a data quality check at this category indicates times when there is 
statistical coupling to the gravitational wave channel which is not fully understood. 
 - CBC: Category not used  

Data quality levels are defined in a cumulative way: a time which fails a given 
category automatically fails all higher categories.  
Data quality categories are defined independently for different analysis groups: if 
something fails at CAT2_BURST, it could pass CAT2_CBC.
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Auxiliary Channels
• We record over 200,000 channels per detector that monitor 

environment and detector behaviour


• We can use them to help track down and trace instrumental causes of 
glitches that pollute the searches.
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J.Smith et al., A hierarchical method for vetoing noise transients 
in gravitational-wave detectors, CQG 28 235005 (2011)



Physical Environment Channels
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Electronics room

Electronics room

Electronics room

P. Nguyen et al., Environmental Noise in Advanced LIGO 
Detectors, arXiv: 2101.09935 (2021)



Thunderstorms

• Top: Data between 10-100 Hz from accelerometers located in the corner station (CS), 
End X station (EX) and End Y station (EY)


• Bottom: Spectrogram of the GW strain channel at the same time. Excess noise in the 
frequency range of 20 Hz to 200 Hz coincides with the thunderclaps, with intensity 
depending on the thunder’s location.

!27D. Davis et al., LIGO Detector Characterization in the 
Second and Third Observing Runs, arXiv: 2101.11673 (2021)



Example of a data quality veto in O2

!28D. Davis et al., LIGO Detector Characterization in the 
Second and Third Observing Runs, arXiv: 2101.11673 (2021)



Data quality of individual events
Evaluation of the data quality around an event is important to:


• identify a clear instrumental origin and issue a retraction

https://gracedb.ligo.org/superevents/public/O3/



S191110af
• Potential Burst Source in LIGO and Virgo


• Looking at the LIGO-Hanford data, there was a clear correlation between 
an auxiliary channel (i.e. not sensitive to GWs) and the gravitational-wave 
strain channel 
 
   - Similar morphology between the two channels 
   - Origin of this event is instrumental (from the output mode cleaner) 
rather than astrophysical

!30D. Davis et al., LIGO Detector Characterization in the 
Second and Third Observing Runs, arXiv: 2101.11673 (2021)



Data quality of individual events

• rule out an instrumental origin 
(i.e. all GW events that have 
been published)


• identify if any instrumental 
noise needs to be mitigated 
before an analysis to 
determine the GW parameters 
is completed 
- i.e. glitch subtraction around 
candidate events. 
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Evaluation of the data quality around an event is important to:


• identify a clear instrumental origin and issue a retraction

R. Abbott et al., GWTC-2: Compact Binary Coalescences 
Observed by LIGO and Virgo During the First Half of the 
Third Observing Run, arXiv: 2010.14527 (2020)

Scattered light was present around the event 
GW190701_203306. Despite the overlap, the excess 
power from the glitch is successfully modelled and 
subtracted



Outline
• What is GWpy?


• What does GW data look like? 
- Time domain 
- Frequency domain 
- Time-frequency representation 
- Noise Subtraction


• Data Quality 
- Various forms of noise


• Identifying and Mitigating Sources of Noise 
- Data Quality Vetoes 
- Event Validation


• Data Quality Information 
- Detector Status Summary Pages


• Summary of resources and references

!33



Detector Status:  
https://www.gw-openscience.org/detector_status/
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https://www.gw-openscience.org/detector_status/day/20190402/
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https://www.gw-openscience.org/detector_status/day/20190402/
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https://www.gw-openscience.org/detector_status/O3a/



Resources
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For glitches:
GW150914 Detector Characterization paper: arXiv 1602.03844  
O2/O3 LIGO Detector Chracterization paper: arXiv: 2101.11673 
O3 Virgo paper: coming soon! 
Gravity Spy: gravityspy.org 

For lines:
O1/O2 lines paper: arXiv 1801.07204  
O3a lines calico on GWOSC: https://www.gw-openscience.org/O3/o3aspeclines/ 
O2 lines catalog on the GWOSC: https://www.gw-openscience.org/o2speclines/ 

Data Quality around events: GWTC-2 paper: arXiv: 2010.14527 

Data quality segments:
Data quality timelines: https://www.gw-openscience.org/timeline/ 

O3a Data Set technical Details: https://www.gw-openscience.org/O3/o3a_details/ 

Public interferometer status monitoring: https://www.gw-openscience.org/
detector_status/ 

O3 public alerts: https://gracedb.ligo.org/superevents/public/O3/

GWpy documentation: https://gwpy.github.io/

https://arxiv.org/abs/1602.03844
https://arxiv.org/pdf/2101.11673.pdf
http://gravityspy.org
https://arxiv.org/abs/1801.07204
https://www.gw-openscience.org/O3/o3aspeclines/
https://www.gw-openscience.org/o2speclines/
https://arxiv.org/pdf/2010.14527.pdf
https://www.gw-openscience.org/timeline/
https://www.gw-openscience.org/O3/o3a_details/
https://www.gw-openscience.org/detector_status/
https://www.gw-openscience.org/detector_status/
https://gracedb.ligo.org/superevents/public/O3/
https://gwpy.github.io/

