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A special “thank you” to Irene Fiori

One of our main hunters is now busy...

Copyright 1998 by Randy Glasbergen. www.glasbergen.com

“My contractions are still 6 minutes apart,
but my husband’s panic attacks
are only 2 minutes apart!”
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A special “thank you” to Irene Fiori

28-05-06 LUCA 3,4kg!!!
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o Our weapons

9 Our prey
@ Spectral lines
@ Non stationary noise
@ Broadband noise
@ Transient-like signals
@ Waveform reconstruction
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Our weapons

Our weapons

Coherence

Multicoherence

Time-frequency map

Non stationary monitor

Transient signal detection algorithms

Adaptive lines identification

Wavelet denoising
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@ Spectral lines
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Our prey Spectral lines Non stationary noise Broadband nois

Coherence catalogue
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Thanks to N. Christensen
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Coherence catalogue
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Spectral lines
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Lines from Pulsar search

1000 highest frequency peaks from 0 to 2000Hz in C7-run data
with resolution of 100s

| F | Npeak |

353 | 944

) 103 | 776
107 | 669
io 667.78 | 625
- 336.96 | 577

D 334.12 | 570
333.89 | 566
i 333.99 | 563
po 670.33 | 561
wf 667.97 | 561
" 667.75 | 558
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Violin modes

Lines in the range 330-340Hz are the fundamental violins
modes of wires suspending NE, WE, NI, WI, thermally excited.

Watt/sat(Hz)

We expected 32 distinct fundamental modes (4 mirrors x 4
wires x 2 modes) . We identified 28 modes!

Pr_B1_ACp_FFT

Our prey

Pr_B1_ACp_FFT

Spectral lines Non stationary noise Broadband noise Tra
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@ Non stationary noise
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Non stationary monitor
Computed band limited RMS with bands:

@ [0 10] [10 25] [25 60] [60 100] [100 200] [200 500] [500
1000] [1k 5k] [5k 10k] Hz

@ [0.10.2] [0.2 0.3] [0.3 0.4] [0.4 0.5] [0.5 0.6] [0.6 0.7] [0.7
0.8] [0.9 1] kHz

® [12][23][34][45][56][67][78][89][9 10] kHz

Spectral analysis good between 1 mHz and 500 mHz

G.Vajente
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Non stationary monitor
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Non stationary monitor

T T T T T T T T T T T T T T TTTT T

1o | ‘
5\ Window 5s, Num.Av. 20,

! Frequencies 1000-10000Hz

| Band-limited RMS, Background RMS

TR AT
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Band limited RMS spectrum[W/\HzVHz]

10"

T T

I

Freguency [Hz]

[1000,2000] Hz [4000,5000] Hz [7000,8000] Hz
[2000,3000] Hz [5000,6000] Hz [8000,9000] Hz
[3000,4000] Hz [6000,7000] Hz [9000,10000] Hz

LF angular noise couples to narrow and intense lines in Dark
Fringe increasing significantly noise level nearby
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Post lock ringdown

Just after the lock of the ITF, a noiser period is present

L I I L L I L 0Ll I I L I -
810774000 810775000 810776000 810777000 810778000 810779000 810780000 810774000 810774200 810774400 810774600 810774800 810775000
¢ time (sc)

Using whitening and adaptive lines identification method, we
identified the main excited resoncances...
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Excited resonances identification

@167Hz
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Excited resonances identification

@333Hz

WSpectr.nc
Violins decay
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@ Broadband noise
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Multicoherence and noise removal

s is our signal

n; a set of auxiliary noise
signals

7; set of coefficients for the

i ] SS sn; SN, Snj
linear trasformation

Snpy NiNpg NN NiNns
SNy NoNp NaN  NoNg

S/(w) _ S(w) . Zﬁ(w)ni(w) Snz nNzN; N3Ny nN3Nns

C(w) =

< a(w)b*(w') >= 276(w—w')Cap(w)

mlnTI CS/S/ (CL))

G. Cella, Off-Line Subtraction of Seismic Newtonian
Noise,QC173.6 .R44 2000
B. Allen et al., gr-qc/9909083
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Multicoherence and noise removal

s is our signal

n; a set of auxiliary noise
signals

7; set of coefficients for the

i ] s’'s" 0 0 0
linear trasformation

S

0 niNy NiN2 nNiN3
0 nyn; nyny nong
0 N3Ny N3Nz nN3Nn3g

7]

< a(w)b*(w') >= 276(w—w')Cap(w)

mlnTI CS/S/ (CL))

G. Cella, Off-Line Subtraction of Seismic Newtonian
Noise,QC173.6 .R44 2000
B. Allen et al., gr-qc/9909083
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Example : acoustic noise removal

— Dark-Fringe
— Dark-fringe cleaned
— Em_ACBDCEOL

Em_ACBDCE02
F Em_ACBDMCO1L
le-12 — Em_ACBDNEO1
— Em_ACBDWEO(L
Em_ACDBDLO1
Em_ACLALLOI

%)

T

2
=
>

PSD (Watw/Hz

Le-20f
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Example IlI: lines @10Hz

— Dark Fringe
— Cleaned Dark Fring
2 Em_MABDCEO01L
— Em_MABDCE02
LSRR R N N RN RN FJTI_N1ABDCE(33
le-08 - Em_MABDNEOL
Em_MABDNEO2
— Em_MABDNE03
. Em_MABDWEQL
— Em_MABDWEO02
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@ Transient-like signals
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Burst detection tools

Transient detection algorithms

@ Mean Filter
@ Wavelet detection filter
@ Power Filter
@ OutlierMoni
@ Peak correlator

-

Coincidences among auxiliary channels and DF to build vetoes
procedure!
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Burst detection tools

Non stationary nois Broadband noi

OutlierMoni events - Kongueror

Location Edit View Go Bookmarks Tools

OO O

Settings Window Help

RIKR&K @

B Location: [0} http:/iwmweascina.virgo.inf i B 1 [ ) [GL ]
- = =
OutlierMoni Events
Lastupdate: Wed 10 May 2006 03:47:10 PM CEST
Loudest Loudest
events events

flastzan overddays
oflasthour| oflast2an 2verddavs

Last event and loudest events of last hour .. (326 events detected)

Full events list event 1 event 2 event 3 event4 event 5 last
snr=223.353 snr=212.662 snr=201.046 snr=160.883 snr=133.752 snr=t
GPS=831301783.90 GPS=831300515.46 GPS=831300416.67 GPS=831300257.57 GPS=831300520.66 GPS=83

May 10 13:09:43  May 10 12:48:35  May 10 12:46:56  May 10 12:44:17  May 10 12:48:40

May 10
2006 20 2
o ,(\
i W
Em_ACBDCEOL - e <

snr=71.2226 snr=56. snr=37.7116 snr=32.5752 snr=32.0913 snr=
GPS=831300440.06 GPS=831300540.81 GPS=831300459.84 GPS=831300487.58 GPS=831300488.76 GPS=83

May 10 12:47:20  May 10 12:49:00  May 10 12:47:39  May 10 12:48:07  May 10 12:48:08  May 10
2006 2006 2006 2006 2006
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Example I:Detection bench accelerometer
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Example |:Detection bench accelerometer

Em_SEDEDLGZ
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Example |:Detection bench accelerometer
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Example IlI: lightening

Whitened signal in a
magnetometer

WWT.nc
Em_MABDNEO3
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0.021—

Frequency (Hz)
3000 4000 5000 6000 7000 8000 9900 10000
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-0.04— —

0.06 — —

L 1 n 1 L
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GPS time(secs)

Elena Cuoco Noise Hunting at Virgo



Our prey Spectral lines Non stationary noise Broadband noise Tra

Outline

9 Our prey

@ Waveform reconstruction
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The wavelet transform

The wavelet transform of a signal f(t) is defined as

Wf(a,b) =< f,thap >— /+Oof(t) Lo e
) 9 a,b e \/B b
where the base is a zero average function, centered around
zero and with a finite energy. The entire base is obtained by

translations and dilations of the base atom:

eeeeeeeeeeeeeeeeeee
15

1
5 1/}ab(t) = ﬁ

W = -1 0_1 2z B

The discrete wavelet transform (DWT) is an implementation of
the wavelet transform using a discrete set of the wavelet scales
and translations.

WD) @
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The Donoho-Johnston thresholding

To select the highest coefficients, we have to compare each
coefficient with e threshold.

We used the universal Donoho and Johnstone method for the
threshold

t=+/2logNé 3)

where N is the number of data points and & is an estimate of
the noise level variance.

We used as estimate for the & the one obtained using the AR
parametric fit to the data.

We can also choose to use and adaptive estimation for the 4.
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Broadband noise

An example on a transient real signal (dark fringe
channel)

4090
8000
6000
4000

2000
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Spectral lines

Non stationary noise

Broadband noise Tre

Example I: lightening waveform

Amplitude (nT)

0.04

0.02

— whitened data
— Wavelet reconstruction

8.467
time (secs)

Elena Cuoco
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Example IlI: glitch on coill

5] Graphic Dis phy from WHERCom_svenie =) (&) (]
File View
WNEzCorr_event.nc

=) Spectrogram
S

S — - - -

b

After wavelet denoising

Frequency (Hz)
3

S
i i T T T T T %
8.07836390e+008 8.07836405e+008 8.078364.20e+008
Time (CPS time (seconds) )
-18.0 -16.0 -14.0 -12.0 -10.0 -8.0 -6.0

L L L 1 L L
807836397 807836397 807836397 807836397 807836397 807836397

Spectrogram [Frequency=", Time="] time (sec)

Noise Hunting at Virgo



Summary
Summary

@ A full monitoring system for noise identification and noise
removal has been set-up

@ As soon as Virgo will reach the design sensitivity, the dark
fringe will show up new noise sources

@ Data conditioning tools must be ready for GW signal
detection
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