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Outline

• What are the main responsibilities of the Detector Characterization group?

• Gravitational-wave detector strain data: 
• Time Domain
• Frequency domain (PSD/ASD)
• Time-Domain (Post-Processing: Whitening, Filtering)

• Gravitational-Wave Detector Noise: 
• Persistent or slowly time-varying noise signals (lines)
• Transient noise signals (glitches)
• Auxiliary Channels
• Data Quality Products

• O4a Summary
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What are the main responsibilities of the DetChar group?
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The Detector Characterization (DetChar) group focuses on both 
instrumentation and data quality - investigating the detectors to identify 
and mitigate noise sources, and providing data-quality information to 
support gravitational-wave searches and the validation of candidate 
events.

Image credit: Generated by AI

[2]

[1]

[1] and [2] are adapted from Soni et al. (2025) and Abbott et al. (2017), respectively.



Gravitational-Wave Detector Data: Strain (Time Domain)
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Gravitational-Wave Detector Data: Strain (Frequency Domain)
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Data in time domain: Data in the frequency domain:

The Power Spectral Density (PSD) of the data - and its square root, the Amplitude 
Spectral Density (ASD), evaluated over long time periods - characterizes the noise 
spectrum of a gravitational-wave detector, which is limited by various noise sources.
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Gravitational-Wave Detector Data: Strain (Frequency Domain)
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Comparison of the noise ASDs of the LIGO detectors during O3b and O4a
[1]

[1]: Soni et al. (2025)



Gravitational-Wave Detector Data: Time-Domain (Post-Processing)

7

H1: 
GW150914

L1: 
Loud Glitch

(transient 
noise)



Categories of Gravitational-Wave Detector Noise
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Gravitational-Wave Detector Noise Sources: Lines
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Persistent (or slowly time-varying) artifacts are usually referred to as lines. 
These features increase the noise amplitude at certain frequencies and can impact continuous-wave 
searches.

Complementary information 
about spectral lines comes 

from tools such as Fscan and 
StochMon.

[1]: Soni et al. (2025)

[1]



Gravitational-Wave Detector Noise Sources: Glitches
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Short-duration artifacts are usually referred to as glitches. 
They increase the background noise, impacting transient gravitational-wave searches. Glitches may also affect 
parameter estimation, overlap with, or even mimic real gravitational-wave signals.

Omicron is the main tool used to 
search for excess power in the data, 

characterizing it by assigning 
information such as time, frequency, 

and signal-to-noise ratio (SNR).

[1]: Soni et al. (2025)

[1]



Gravitational-Wave Detector Noise Sources: Glitches
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Comparison of the noise transient 
(glitch) rates of the LIGO detectors 
during O3b and O4a for different SNR 
thresholds.

[1]

[1]: Soni et al. (2025)

How are glitches usually studied?



Spectrograms
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• We’ve seen the data in the time and frequency domains - now, let’s put them together in the 
form of spectrograms.



The Q-transform
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𝑄 ∝
𝑓0

∆𝑓0

[3]: Soni, Siddharth (2021).

Time or frequency 
resolution can be 
optimized depending on 
the analysis objective.

[3]



Q-values
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• How do the Q-values affect the morphology of the signal?

Q ~ 5 Q ~ 30

Q ~ 60 Q ~ 90

𝑄 ∝
𝑓0

∆𝑓0



Glitch Classes
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[4]: Glanzer et al. (2023)

Example of tool to classify glitches: 
Gravity Spy (Zooniverse platform)

Glitches can be classified according to their 
morphology in spectrograms:

[4]



Auxiliary Channels (Information from Various Sensors)
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Why does DetChar perform all this analysis? To help investigate the sources of glitches and lines.

Examples of tools to analyze 
auxiliary channels: Hveto, iDQ

How to validate whether an auxiliary channel is safe: 
Hardware Injections

[5] and [6] are  from Smith et al. (2011) and  Debasmita et al. (2025), respectively.

[5]

[6]



Data Quality Products
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The DetChar group analyzes potential issues in the data, defining segments to be vetoed. These 
vetoes are categorized according to the severity and understanding of the underlying problems:

➢CAT1: Indicates periods with technical problems or critical issues involving key detector 
components not operating in their nominal configuration.

➢CAT2: Marks times with known noise couplings to the strain channel — for example, due to high 
ground motion or environmental disturbances.

➢CAT3: Flags times with statistical correlations between the strain and auxiliary channels, where 
the coupling is not fully understood.

REF: Abbott, R. et al. (2023). Open data from the third observing run of LIGO, Virgo, KAGRA, and GEO.



O4a Summary
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O4a Significant Detection Candidates:
81 (92 Total - 11 Retracted)

O4b Significant Detection 
Candidates: 105 (114 Total - 9 Retracted)



Thank you!
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