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CAGMon Tool: Identifying and Diagnosing Coherent Associations and
Causalities between Multi-channels of the Gravitational Wave Detector
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The gravitational-wave detector is a very complicated and sensitive collection of advanced instruments, which is influenced not only by
the mutual interaction between mechanical/electronics systems but also by the surrounding environment. Thus, it is necessary to 10
categorize and reduce noises from many channels interconnected by such instruments and environment for achieving the detection of
gravitational waves because it enhances to increase of a signal-to-noise ratio and reduces false alarms from coincident loud events. For
this reason, it is of great importance to identify some coherent associations between complicated channels. This study presents a way of
identifying (non-) linear couplings between interconnected channels by using some correlation coefficients, which are applied to practical
issues such as noises by hardware injection test, lightning strokes, and air compressor vibrations gravitational-wave detector.

Frequency [Hz)
8

00

To identify the association between GW channel and other
auxiliary channels of instruments and environments monitoring
devices that cause harmful transient or continuous noises

To use three correlation measures - Pearson’s correlation
coefficient (PCC), Kendall’s tau correlation (Ktau) and Maximal
Information Coefficient (MIC)

MIC determines the non-linear correlation between two random
samples whereas other two indices provides linear relationship
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Application to GW Data

1. Lightning Stroke: 22 March 2020 at KAGRA
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Lightning Stroke found near KAGRA at 22 Mar. 2021 [5]
Confirmed EM effect of Lightning propagated to KAGRA

2. GW Sensitivity Range Drop by Air Compressor Periodic Noise

CAGMon Results

3. Acoustic Noise induced by Strong Winds

Coefficients Trend K1:PEM-MIC_BS_TABLE_POP_Z_OUT_DQ (stride: 512.0 seconds)
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CAGMon Results Periodic Range Drop
Correlated peaks with a harmonic f=26.5 in 2.58 hours/day
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Strong winds found in a day time (9AM-7PM) between valley of IKENO Mt.
PEM MIC channels are affected by this wind effects in the underground facilities
Strong non-linear correlations between MIC-GW channels

Seismic vibration by strong winds propagates to the tunnel of KAGRA, then
excites the acoustic pressure level (FEM simulation below)
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