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Environmental Impact on Sensitivity
1. Seismic noise 

▪ Vibrations caused by local wind-generated 
turbulence

▪ Oceanic microseisms

▪ Infrastructure noise

2. Atmospheric pressure fluctuations

▪ Infrastructure noise

3. Magnetic field fluctuations

▪ Schumann resonances

▪ Infrastructure noise
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Infrastructure Culprits
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Vacuum pumps
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Chillers
Drivers,
AC DC adaptors

Electronics, cooling fans

Credit: I Fiori



Seismic Noise

Seismic noise varies 
greatly over the surface 
of the Earth, but GW 
detector sites are clearly 
more noisy.
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The Livingston Lesson
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March August

This helped us understanding that you 
need to survey a site for at least a year.



LIGOIndia Site
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Site 60km from the 
LIGOIndia site is 
about a factor 10 
quieter in ground 
amplitude at 10Hz 
than Hanford and 
Livingston.



Oceanic Microseisms
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0.3Hz

Coughlin/Harms 2011



Impact of Cities
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Proximity to larger 
cities typically elevates 
seismic noise above 
and below oceanic 
microseisms even if 
measured at «quiet» 
locations.

Coughlin/Harms 2012



Elevation

Seismic noise is typically 
stronger at smaller 
elevations, partially 
because there are more 
larger cities at lower 
elevations, and partially 
because of geology.
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Coughlin/Harms 2012



Earthquakes

Larger earthquakes anywhere on Earth can cause our 
detectors to fall out of lock.
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Mukund et al 2018



Seismic Fields

Based on Homestake 
data, we made the 
hypothesis that body 
waves dominate the 
oceanic microseisms 
during quiet times, 
interrupted by days-long 
Rayleigh transients.
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Atmospheric Sound

Sound noise varies 
as much as seismic 
noise.

Dependence on 
elevation, 
proximity to cities, 
etc not studied 
systematically yet.
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Bowman et al, 2005



Virgo HVAC System
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Hitting on a duct

OUTLET

INLET

High pressure/turbulence 
at the output

Air ducts undamped and 
partially located in the 
main halls.



Ventilation Studies at Virgo

At around 13h33, the ventilation fan was switched off, 
and briefly before 13h40 also the water pumps and 
chillers. At 13h45, only the fan was switched on again.
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Fiori, Paoletti et al



Sound Newtonian Noise

More than 10x higher 
pressure fluctuations 
inside Virgo buildings 
compared to LIGO 
turns sound NN into a 
potentially significant 
detector noise.
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Fiorucci et al 2018



Local Magnetic Fields
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Structure 
around test 
masses 
matters

Setup to 
measure 
impact of 
structure on 
magnetic field

Cirone et al 2018



Schumann Resonances
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Schumann resonances 
pose a potential 
environmental sensitivity 
limit to stochastic GW 
searches (local noise is 
about an order of 
magnitude stronger).

Coughlin et al 2018


