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1)

The Virgo site noise environment during O3



Virgo O3 environmental monitoring

Also:

● weather station
● external magnetometers
● cosmic muon detector 



Noise spectra: seism and magnetic 

SEISMIC - NEB Guralp 60s - NS
Percentiles -  full O3 science 
mode dataset MAGNETIC - representative spectra

Inside
External magnetometers
Quiet reference Sardegna - 
SosEnattos



Noise statistics: micro-seism 
RMS in [0.1,1 Hz] m/s

Fall
Winter Spring

Summer 



Noise variability - daily modulations: seism and magnetic

20% reduction during COVID lockdown (reduced traffic)

SEISMIC MAGNETIC



2)

Correlations between environmental noise and ITF



Correlations with ITF sensitivity: seism

~1Mpc





Microseism glitches are due to scattered light

Scattered light arches
well described by the motion of 
suspended bench (SWEB) with 
respect to WE test mass

SWEB WE TM



3)

Quantify robustness of ITF against the environment 
(bad-weather = wind and sea-activity)







Wind is responsible for lock losses



4)

Earthquakes, Lightnings and Cosmic muons



Earthquakes during O3 
Early warning software Seismon (by LIGO) was installed and operated during O3

Seismon distributes EQ alerts (time, epicenter, magnitude) it receives from USGS and estimates P 
and S waves arrival time at Virgo.

Italian EQ
small but close

Teleseisms, 
critical threshold is  
Magnitude > 6 

Mediterranean 
region



Earthquakes during O3

Seismon works well for distant 
earthquakes, not so much for 
closer EQ (Italy and 
mediterranean) 

Plan is to improve by 
integrating in Seismon alerts 
from INGV (Italian institute of 
Geophysics) which has better 
coverage of this area.  



Impact of lightning strikes

● Magnetic pulse 

Excites suspension 
mechanical mode at 48Hz, 
likely acting on magnetic 
actuators

● Sonic pulse

Triggers scattered light 
paths



Cosmic muons
One telescope for cosmic muons was installed in CEB and 
operated for 14 days during O3

Seven GW alerts occurred during this period (4 public). 
Found no statistical evidence of an excess of muons in 
correspondence of these events.

The muon rate and the glitch rate are both correlated with 
the environment (mainly atmospheric pressure) but that 
there is no causation identified between the two.
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