
(1)

Non stationary seismic noise and 
the search for IMBH    

Matteo Di Giovanni, Carlo Giunchi, Gilberto Saccorotti, Andrea 
Berbellini, Lapo Boschi, Marco Olivieri, Luca Naticchioni, Giacomo 
Oggiano, Stefano Cuccuru, Massimo Carpinelli, Domenico D’Urso, 

Davide Rozza, Alessandro Cardini, Andrea Contu, Carlo Migoni, 
Daniele Mura, Annalisa Allocca, Luciano Errico, Enrico Calloni, 
Aniello Grado, Luciano Di Fiore, Rosario De Rosa, Lucia Trozzo, 
Federico Paoletti, Irene Fiori, Ettore Majorana, Maria Marsella, Piero 
Rapagnani, Jan Harms, Michele Punturo, Fulvio Ricci

Scientists involved in Site Characterization



Non stationary noise and the 

search for IMBH

Motivation of the analysis  

 Extending the bandwidth towards 2 Hz opens the 
observation to the Intermediate Mass Black Hole 
coalescing binaries (IMBH)

 Their signal lasts in the detector about 1 minute and 
the frequency of the signal of the inspiral phase lies 
within the 10 Hz band 

 Considering the Newtonian Noise (NN): what is the 
probability, for a signal lasting 1 minute, to have the 
noise in the bandwidth higher than designed?
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New installation of seismometer in -84 m 

station

In July 2020 the seismometer installed in the cavern at -84 m in the Sos-

Enattos mine has been repositioned and tuned to high sensitivity

(3)The present analysis begins with August data



ET and NN coupling 
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1) The ET detector will have test masses of the various interferometer within a 1km range

of distances Newtonian Noise will be probably correlated in the interferometers

2) A deep Newtonian Noise correlation study yet to be carried out  the present analysis

is equivalent to a single Detector without accounting for the 60° angle and body waves

polarization p = 1/3 (see J. Harms - Class.Quant.Grav. 36 (2019) 14, 145006)
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Time window definition
• Some arbitrarity  we focus on sources that have inspiral phase within 2-

10 Hz. The main motivation is that under this condition the signal is clearly 

distinguished by the noise for its frequency-amplitude behaviour. 

GW150914W

The time before coalescence is 

The time before coalescence once reached the 2 Hz frequency  spans from few tens 
of seconds to a couple of minutes depending on total mass, mass asimmetry etc etc   
-> time window chosen: 1 minute 

The final frequency ff of the inspiral + intermediate phase is about 2 times the 
signal frequency of the gravitational wave signal corresponding to last stable orbit.  

ISCOf ff  4

Total mass in the range of hundreds  to thousands solar masses
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Preliminary analisys: median during whole 

period, during holidays, and only during nights

• Seismometer SOE1 -- installed at – 84 m 

• Dates: from August 1st to August 26° -- Nights: from 9pm to 3 am --

• Holidays: from August 8th to August 23th
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Median: Comparison with Terziet
• Whole days from August 1st to August 26th
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SOE1 (red) and 
TERZ -- HHZ (yellow)

In Sos-Enattos very encouraging results but seismic noise is tipically non stationary: 
motivated by previous consideration we focus on 1-minute window to evaluate 
transients



Noise distribution
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NTR during a day (UTC)

NTR during the days of August (UTC)Clear effects of anthropic origin

 NTR expresses the Ratio of Newtonian Noise and Target sensitivity in the bandwidth 2-10 Hz

 Sn is the power spectral density of ET target sensitivity and N*N is the power spectral density of 
the newtonian Noise – If NN is equal to target sensitivity the value NTR = 1

 In the 2-10 Hz bandwidth NN is expected to limit (2-7 Hz) or to contribute (7-10 Hz) to ET 
sensitivity  unity can be taken as the critical value to asses if NN, in the minute considered, is 

degrading the target sensitivity 

NTR



Distributions: Results

P(NTR<1.5)=0.8

P(NTR<1)=0.6

NTR

NTR

P(NTR<1)=0.8

P(NTR<1.5)=0.95

NTR

NTR

P(NTR<1)=0.76

P(NTR<1.5)=0.86

NTR

NTR
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Comparison 

with Terziet
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NTR

Noise to Target Ratio

Sos-enattos 

Terziet

The probability to be lower than 1 is negligible
The reduction by a factor 3 with NNC would bring P(NTR < 1) =0.64
The reduction by a factor 5 with NNC would bring P(NTR < 1) =0.92

Contrary to sos-enattos the seismometer is already at -250m 
Surface waves not taken into account (negligible for sos-enattos)  



L shaped
• 15 km L shaped (same tunnel lenght)
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 Sos-Enattos: almost compatible with NN 
 Terziet:  relaxed constraints on Newtonian Noise Cancellation

P(NTR<1)=0.86

P(NTR<1.5)=0.94

Sos-enattos 

Terziet



CONCLUSIONS
• Sos-Enattos No degradation of sensitivity for IMBH search, for the 

majority of time, even without Newtonian Noise Cancellation (particularly 

for 15 km L shaped)

• Sos-Enattos Newtonian Noise Cancellation will improve the ET 

sensitivity with respect to target
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Remarks: 
1. Further studies needed to identify NN 

coherence among nearby masses of different 

interferometers for the triangular shape

2. The Sos-Enattos mine is still accessed and 

daily maintained for safety by miners & the 

seismometer is not at -250 m (this brings to 

overestimate the NN)

3. Studies and mitigations of local noise sources 

like pumps, visitors, animals are needed.
An August day..



Next steps

• Estimation of NN coherences in the triangular 

multi-interferometer shape

• Weigh the probability with expected IMBH 

populations

• Identify «very local noise sources» to better

estimate natural noise and design ET no-self-

noise generating infrastructures
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SPARES
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Sos Enattos site Newtonian Noise projections

The results are extremely encouraging, the curve are the median of the noise. 
Due to the non-stationarity we need also an estimation of the probability that in a 
given minute the NN degrades the sensitivity: we take the SNR of the NN with 
respect to ET sensitivity, normalied to bandwidth so that when NN is equal to target 
sensitivity NNR = 1
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Single day

Several days

Non stationariety of seism 

RMS in 2-10 Hz band

Brief description of how measurements are taken
Variability of RMS in the 2-10 Hz bandwidth 



Daily distribution of rms > 10*NLNM

Clear effect of antropic activities

Local hours were used

Daily distribution (to be added to the paper)
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RMS of acceleration during the 
day in 1 year data taking 

Local Time 



Distribution of NNR Probabilities
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Some remarks: for Sos-Enattos these are upper limits, because the seismometer is 
not yet  in the final position (-250m) , the mine is still accessed, other neighborhood 
activites  are present – Outside the 91% probability means that the interferometer 
correctly working but the sensitivity is not optimal. 

Probability distribution - the dashed
Line is the new value of the unity if
The NN is reduced by a factor 3

Nights Probability distribution - the dashed 
line is the new value of the unity if The NN 
is reduced by a factor 3



Conclusion of the paper
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Out of the paper - My personal view of the message/goal to 

be passed/verified in the very next future (based on the fact 

that these results are preliminar)

ET in Sos Enattos can reach the target sensitivity 

even without Newtonian Noise Reduction
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(clearly Newtonian Noise reduction will be pursued, but for 

Sos Enattos this means to reach an even better sensitivity 

with respect to initial target)

My personal view 



Glitchness – Comparison 

Sos-Enattos Terziet 

Terziet «never sleeps»   
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Sos-Enattos Terziet



NNR Comparison with Terziet 
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Seismic perturbations 

and Newtonian noise

Estimation of NN

Newtonian Noise reduction -- >  Range of reduction factor 
conservatively estimate at the present  : from 3 to 10  


