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• Many slides are adapted from data quality presentations made by Ronaldas 
Macas, Laura Nuttall, Marissa Walker, and Jess McIver. 

• For previous workshop slides, see https://gwosc.org/odw/

https://gwosc.org/odw/


3Slide by T.Sawada [LIGO-G2400946]

https://dcc.ligo.org/LIGO-G2400946/public
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• What does GW data look like? 
• Time domain, Frequency domain, Time-frequency map 

• Data quality: noise artifacts in strain data 
• Glitch 
• Lines 

• Mitigating noise artifacts 
• Data quality information 
• Noise coupling, Physical environment channels 

• Monitor tool, Public summary page 

• Reference 
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What is strain data, h(t) ?

6Slide by J McIver

See previous talk by Jonah 
Kanner to find out how the 
differential arm behave 
when the gravitational 
wave passed.



What does strain data look like?
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• h(t) sampling rate for open data: 16384 or 4096 Hz 
• It’s difficult to obtain the information from the raw data.

https://github.com/gw-odw/odw-2024/blob/main/Tutorials/Day_1/Tuto_1.2_Open_Data_access_with_GWpy.ipynb

LIGO-Livingston h(t) 

https://github.com/gw-odw/odw-2024/blob/main/Tutorials/Day_1/Tuto_1.2_Open_Data_access_with_GWpy.ipynb


Strain data in the frequency domain
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• Fourier transform: x(t) —> X(f) 
• Power spectrum density (PSD) 
• Amplitude spectrum density (ASD) 

• Median, mean 
• ASD is often used to represent the sensitivity.

https://github.com/gw-odw/odw-2024/blob/main/Tutorials/Day_1/Tuto_1.2_Open_Data_access_with_GWpy.ipynb
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Fourier transform of data, 
called the Frequency 
spectrum

https://github.com/gw-odw/odw-2024/blob/main/Tutorials/Day_1/Tuto_1.2_Open_Data_access_with_GWpy.ipynb


What does strain data look like?

9Made with GWpy by Duncan Macleod

LIGO-Hanford h(t) 

• Signal processing by using time domain filter. 



Strain data in the frequency domain

10Made with GWpy by Duncan Macleod. Code: https://git.io/gwpy-ligo-scattering-animation
0.5 second FFT; 5 averages covering 1.5 seconds; 50% overlap 

LIGO-Hanford h(t) 

• h(t) data is not always stationary —> non-stationary

https://git.io/gwpy-ligo-scattering-animation


• Normalized spectrum is convenient to find the excess.

Time-frequency map (normalized spectrogram in gwpy)
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Made with GWpy by Duncan Macleod

LIGO-Hanford h(t) 

Roughly speaking, 
normalized amplitude 
=  (blue ASD) / (orange ASD)
     in the previous page

See also https://gwpy.github.io/docs/stable/examples/spectrogram/ratio/

https://gwpy.github.io/docs/stable/examples/spectrogram/ratio/


Q transform
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S. Chatterji et al. CQG (2010) 
Images: McIver

Q=12; f  = 10 Hz0

: Quality factor 
  how many times it oscillate 
  before dumping 



Time-frequency spectrograms
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LIGO-Hanford h(t) 

Made with GWpy by Duncan Macleod
See also https://gwpy.github.io/docs/stable/examples/timeseries/qscan/

https://gwpy.github.io/docs/stable/examples/timeseries/qscan/
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GW data in a perfect world…
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Signal (GW150914)
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Strain data is non-stationary!

16D. Davis et al., LIGO Detector Characterization in the 
Second and Third Observing Runs, arXiv: 2101.11673 (2021)

J. Aasi et al.,The characterization of Virgo data and its impact on 
gravitational-wave searches, arXiv: 1203.5613 (2012)

• Multiple type of non-stationary noise 
• Duration 
• Central frequency 
• Characteristic shape  

• Glitch 
• Short duration disturbance

GW170817, arXiv: 1710.05832 (2017)

https://arxiv.org/abs/2101.11673
https://arxiv.org/abs/1203.5613
https://arxiv.org/abs/1710.05832


Gravity spy: citizen science for glitch classification
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gravityspy.org

http://gravityspy.org
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Instrumental lines
Instrumental lines
= narrow band, persistent artifacts

Sources:
• 60Hz power line harmonics,
• Violin modes of suspension
• Environmental disturbances, etc…

Instrumental lines can degrade the CW 
search sensitivity because they share the 
similar features with CGWs leading the 
increase of the false-alarm rate. Also, lines 
much affect on the PSD estimation.

Fig: https://gwosc.org/O3/o3speclines/
13

Slide by T.S.Yamamoto [LIGO-G2400946]

https://dcc.ligo.org/LIGO-G2400888/public


In reality…GW data also contains instrumental and environmental artifacts
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In the frequency domain, it is clear to see many combs of lines in the data.  

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

https://www.gw-openscience.org/O3/o3aspeclines/


Noise Subtraction for O3 dataset
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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.   

For details, see https://gwosc.org/O3/o3_details/

Image: D. Davis et al., Improving the sensitivity of Advanced LIGO 
using noise subtraction, CQG 36 055011, arXiv: 1809.05348 (2019)

https://gwosc.org/O3/o3_details/
https://arxiv.org/abs/1809.05348
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Data Quality Information available in GWOSC

22See https://gwosc.org/archive/dataset/O3a_16KHZ_R1/

• The non-stationary noise remains in the data of observation run, even 
though many attempts to identify the origin. 

• To reduce the effect of the non-stationary noise to the analysis, we provide 
the data quality information with several categories (classes)

https://gwosc.org/archive/dataset/O3a_16KHZ_R1/


Data quality information
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DATA (Data Available): Failing this level indicates that LIGO 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 as LIGO open data. 

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): 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. 

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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Data quality information
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Auxiliary channels

28

h(t) 

wind 

microphone 

time 

a
m

p
lit

u
d

e
 

CQG 28, 13 (2012)

We record over 200,000 channels per detector that monitor the environment 
and detector behavior. 
We can use these to help trace the instrumental causes of glitches that pollute 
the search backgrounds. 

Subset of LIGO’s auxiliary channels for O3 are publicly available. 
See https://gwosc.org/O3/auxiliary/

https://gwosc.org/O3/auxiliary/


Physical environment channels

29[Covas et al. (2017), arXiv 1801.07204]

https://arxiv.org/abs/1801.07204


Example of noise coupling: thunderstorms
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• 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.

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

 20

 200



Example of noise coupling: Virgo data
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J. Aasi et al.,The characterization of Virgo data and its impact on 
gravitational-wave searches, arXiv: 1203.5613 (2012)

https://arxiv.org/abs/1203.5613


How to get Data Quality Segments: (1) GWOSC Timeline Query
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https://gwosc.org/timeline/query/Run/

https://gwosc.org/timeline/query/Run/


How to get Data Quality Segments: (1) GWOSC Timeline Query
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https://gwosc.org/timeline/query/Run/

https://gwosc.org/timeline/query/Run/


How to get Data Quality Segments: (1) GWOSC Timeline Query
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https://gwosc.org/timeline/query/Run/

Here I selected the O3b data flags for L1.

https://gwosc.org/timeline/query/Run/


How to get Data Quality Segments: (1) GWOSC Timeline
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https://gwosc.org/timeline/query/Run/

Segments can be plotted (with interactive zooming) or downloaded

https://gwosc.org/timeline/query/Run/


How to get Data Quality Segments: (2) using gwpy
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Example of how to find and plot data quality segments: 
https://gwpy.github.io/docs/stable/examples/segments/open-data/

https://gwpy.github.io/docs/stable/examples/segments/open-data/


How to get Data Quality Segments: (2) using gwpy
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Example of how to find and plot data quality segments: 
https://gwpy.github.io/docs/stable/examples/segments/open-data/

Period which you referred

Period which `H1_DATA` 
and `L1_DATA` flags are 
active.

https://gwpy.github.io/docs/stable/examples/segments/open-data/
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Public daily detector status (O2, O3, O4a)
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https://www.gw-openscience.org/detector_status/day/20170817/

Date selection

39

https://www.gw-openscience.org/detector_status/day/20170817/


Public daily detector status (O2, O3, O4a)
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https://www.gw-openscience.org/detector_status/day/20170817/

https://www.gw-openscience.org/detector_status/day/20170817/


Public daily detector status (O2, O3, O4a)
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https://www.gw-openscience.org/detector_status/day/20170817/

For inspiral range, see https://gwpy.github.io/docs/stable/examples/miscellaneous/range-timeseries/

Inspiral range: indicator of sensitivity 
                       how far we can detect the signal from BNS, on average

https://www.gw-openscience.org/detector_status/day/20170817/
https://gwpy.github.io/docs/stable/examples/miscellaneous/range-timeseries/


Public daily detector status (O2, O3, O4a)
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https://gwosc.org/detector_status/

Includes summary plots of LIGO segments and sensitivity over the run 

https://gwosc.org/detector_status/O4a/

https://gwosc.org/detector_status/
https://gwosc.org/detector_status/O4a/


Observing run summaries (O4b)
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https://gwosc.org/detector_status/day/20240410/

https://gwosc.org/detector_status/day/20240410/
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Useful references for data quality
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For glitches:
GW150914 Detector Characterization paper: arXiv 1602.03844  
O2/O3 LIGO Detector Characterization paper: arXiv: 2101.11673 
O3 Virgo Detector Characterization paper: arXiv: 2205.01555 
Gravity Spy: gravityspy.org 

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

Data Quality around events:  
GWTC-2 paper: arXiv: 2010.14527 
GWTC-3 paper: arXiv: 2111.03606 

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/ 

O4a public alerts: https://gracedb.ligo.org/superevents/public/O4/

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

https://arxiv.org/abs/1602.03844
https://arxiv.org/pdf/2101.11673.pdf
https://arxiv.org/abs/2205.01555
http://gravityspy.org
https://arxiv.org/abs/1801.07204
https://www.gw-openscience.org/o2speclines/
https://www.gw-openscience.org/O3/o3aspeclines/
https://arxiv.org/pdf/2010.14527.pdf
https://arxiv.org/abs/2111.03606
https://www.gw-openscience.org/timeline/
https://www.gw-openscience.org/O3/o3a_details/
https://www.gw-openscience.org/detector_status/
https://gracedb.ligo.org/superevents/public/O4/
https://gwpy.github.io/
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