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INTRODUCTION

Small environmental or instrumental 
disturbances can enter the detector and 
mimic or mask astrophysical signals

Understanding how noise couples into the 
main gravitational-wave channel is essential for 
improving detector sensitivities



DETECTOR CHARACTERIZATION (DETCHAR) 

Focus on instrumentation 
and data quality

Works closely with 
commissioning 

Develop tools to track 
noise coupling

Identify and characterize 
noise sources

Support noise 
mitigation efforts

AND DETCHAR GROUP RESPONSIBILITIES

Monitor detector state

Provide DQ information 
for pipelines

Validate candidate 
events

Understand how noise 
affects detector 
performance

Flag data-quality (DQ) 
issues



NOISE SOURCES AND TYPES OF NOISE

Persistent (or slowly time-varying) artifacts are 
usually referred to as lines. 

Short-duration artifacts are usually referred to as 
glitches. 

Different noise sources produce distinct signatures in the data: stationary, non-stationary, broadband, narrowband, or 
transient. We usually split them into two main types:

 Identifying which is which is the first step toward understanding coupling

Abbott, Benjamin P., et al. (2017)Soni et al. (205)



🡖

How can we identify 
the noise source?

AUXILIARY CHANNELS

pem.ligo.org

Noise can originate 
anywhere, DARM shows the 
effect, and auxiliary channels 
help to show the cause



AUXILIARY CHANNELS

We monitor thousands of channels:  seismometers, microphones, magnetometers, temperature sensors, suspension 
sensors, alignment signals, and control signals to help us to identify where the noise originates and how it 
propagates.

Smith et al. (2011) 



COUPLING MECHANISMS

We are concerned with noise that couples into the gravitational-wave channel (DARM), and this 
coupling can occur through different pathways:

Optical CouplingPhysical Coupling Control or Digital Couplings

The DetChar group works to identify these coupling pathways and relies on several tools to do so.

Ground motion - suspensions - surfaces 

Magnetic fields - coil-magnet actuators 

Acoustic noise -  optical benches

Scattered Light

Beam Jitter - motion of input optics

ADC saturation

Cross-coupling between DOFs 
(angular - longitudinal)



v

What are these tools (and 
websites), and how do they help us 

identify noise coupling?



TOOLS

As mentioned, the interferometer 
is large and distributed over many 
subsystems, so auxiliary channels 
are essential for identifying where 
noise is entering and how it 
couples to DARM. 
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“TOOLS” - PEM.LIGO.ORG

Visualizes where each environmental 
sensor is installed (arms, corner 
station, electronics bays, vacuum 
chambers)

Includes sensor type and orientation

Allows channel lookup by name or by 
clicking on the detector map



“TOOLS” - PEM.LIGO.ORG



“TOOLS” - Inside LIGO https://wiki.ligo.org/Main/InsideLIGO
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TOOLS - AUXILIARY CHANNELS

L1:PEM-EX_ACC_BSC4_ETMX_X     

How to read LIGO channel names

Ifo: H1, L1

Subsystem: 
PEM - physical environment monitor
SUS - suspension
LSC - length sensing and control
PSL - pre stabilized laser

Location (macro): 
EX - end station, x arm

Sensor type: 
ACC - accelerometer

MicroIdentifier: 
ETMX - end test mass, x arm

Direction: 
X - direction of x arm

Location (micro): 
Basic Symmetric Chamber 4



TOOLS - LIGODVWEB

https://ldvw.ligo.caltech.edu/ldvw/

Allows checking auxiliary channel 
names and their information



TOOLS - LIGODVWEB
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TOOLS - LIGODVWEB

Searching for accelerometer channels



TOOLS - LIGODVWEB
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TOOLS - Detector Logbooks

By examining channels in the time series, frequency domain, and spectrograms, we can identify anomalies and connect them to 
recent tests, changes, or updates in the interferometer.

https://alog.ligo-la.caltech.edu/aLOG

https://alog.ligo-wa.caltech.edu/aLOG

https://logbook.virgo-gw.eu/virgo/



Persistent noise: spectral lines



TOOLS - FSCAN (Lines)

A tool to identify and characterize spectral lines in DARM and in auxiliary channels.

FFT length = 1800 s (variable)
Δf=1/T, allowing us to identify narrow spectral lines

Long-duration FFTs for detailed spectral estimates 

Identifies persistent narrowband features

Ideal for stationary / slow noise coupling (calibration 
lines, violin modes)

Provides daily/weekly spectrograms and line lists for 
commissioning



TOOLS - FSCAN (Lines)

Fscan allows us to track line features over time, and to use coherence 
between DARM and auxiliary channels to investigate whether those lines 
are coupled.



TOOLS - FSCAN (Lines) - EXAMPLE
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Transient noise: glitches



TOOLS - OMICRON (Glitches) 

A tool to identify and characterize transient noise in DARM and in auxiliary channels.

Detects excess power in the data;

Uses the Q-transform for optimal 
time-frequency resolution;

Provides trigger lists, including: peak 
time, central frequency, SNR, Q, 

duration Robinet et al. (2020)



TOOLS - OMICRON (Example) 



How can we use Omicron information?



TOOLS - HVETO

A hierarchical method for vetoing noise transients in gravitational-wave detectors

HVeto uses Omicron triggers to find statistically significant DARM-AUX coincidences

HVeto then takes these trigger lists and looks for statistically significant time coincidences

J R Smith et al (2011)

HVeto uses a Poisson probability to 
quantify how unlikely it is that the 

observed DARM-AUX coincidences 
occurred by chance



TOOLS - HVETO (Example)

1st round: Find the most significant AUX–DARM coincidence (the winner channel) → veto → remove 
associated DARM glitches

2nd round: Re-run on remaining DARM triggers → new channel → veto

3rd round: Repeat → reveal additional coupling families

Stop: When no significant channels remain



TOOLS - GRAVITY SPY

Combines community classifications, 
DetChar expertise, and a deep-learning 
pipeline to classify noise transients using 

Omicron spectrograms

A machine-learning framework for classifying noise transients in gravitational-wave detectors

M Zevin et al. (2017)

Y Wu et al. (2017)

Uses multi-time-window Omega scans of each transient



TOOLS - GRAVITY SPY (Example)

J Glanzer et al. (2020)

Class labels enable DetChar to study glitch populations statistically: 
counting dominant classes, identifying emerging morphologies, 
and tracking their evolution over time, which may reveal changes 

in noise coupling mechanisms.

LIGODV-Web also provides glitch information



TOOLS - OMEGA SCAN

We can select a glitch class and investigate its behavior and possible coupling.



TOOLS - OMEGA SCAN

We can select a glitch class and investigate its behavior and possible coupling.

As output, the Omega Batch generates an HTML summary page for each input time, showing the event’s 
spectrograms, trigger properties, and the top auxiliary channels ranked by their correlation with DARM.



TOOLS - OMEGA SCAN (EXAMPLE)

https://alog.ligo-la.caltech.edu/aLOG/index.php?callRep=73447



TOOLS - OMEGA SCAN (EXAMPLE)
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TOOLS - OMEGA SCAN (EXAMPLE)

In this case, the Omega Scan revealed that loud glitches are most often correlated with ERM PDs either in 
the x-arm or in the y-arm, but not both.

https://alog.ligo-la.caltech.edu/aLOG/index.php?callRep=73447



TOOLS - OMEGA SCAN (EXAMPLE)

In this case, the Omega Scan revealed that loud glitches are most often correlated with ERM PDs either in 
the x-arm or in the y-arm, but not both.

https://alog.ligo-la.caltech.edu/aLOG/index.php?callRep=73447



TOOLS - OMEGA SCAN (EXAMPLE)

In this case, the Omega Scan revealed that loud glitches are most often correlated with ERM PDs either in 
the x-arm or in the y-arm, but not both.

https://alog.ligo-la.caltech.edu/aLOG/index.php?callRep=73447



TOOLS - SUMMARY PAGES

Pages that provide daily and real-time summaries of detector performance, environmental conditions, and data-quality 
indicators, integrating information from multiple diagnostic tools.
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Pages that provide daily and real-time summaries of detector performance, environmental conditions, and data-quality 
indicators, integrating information from multiple diagnostic tools.

https://ldas-jobs.ligo-la.caltech.edu/~detchar/su
mmary/

https://ldas-jobs.ligo-wa.caltech.edu/~detchar/su
mmary/

https://vim.virgo-gw.eu

https://ldas-jobs.ligo-la.caltech.edu/~detchar/summary/
https://ldas-jobs.ligo-la.caltech.edu/~detchar/summary/
https://ldas-jobs.ligo-wa.caltech.edu/~detchar/summary/
https://ldas-jobs.ligo-wa.caltech.edu/~detchar/summary/
https://vim.virgo-gw.eu


TOOLS - SUMMARY PAGES
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TOOLS - SUMMARY PAGES



● Noise can couple into the strain channel through different pathways, and 
understanding these mechanisms is essential for improving detector 
performance.

● Auxiliary channels provide crucial information to identify where noise originates 
and how it propagates into DARM.

● Tools such as Fscan, Omicron, HVeto, Omega Scan, Gravity Spy, and the DetChar 
summary pages help reveal noise features, transient behavior, and potential 
coupling mechanisms.

● Together, these tools support DetChar efforts to diagnose, track, and mitigate 
noise, ultimately improving the sensitivity..

● Many other tools also deserve attention, such as iDQ, UPV, BRUCO, LASSO, and 
STOCHMON.

● In addition, DetChar continuously develops and explores custom tools and 
analysis methods, incorporating new techniques as needed.

Summary and Conclusions



vTHANK YOU!
Any questions?


