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o studies of non Gaussian tairs and their efrects on the nonlinearities of seismic isofation systems. rn" futrre aim is toestimate the refevance of noise bursis in the seismic noisemeasurements.

o Usefuf technigues to study non-rinear regime systems bor_rowed from field theory physics.

o Random waf k simuf ations of Brownian motion moders whoselow frequency spectrar behaviour show tairs simirar to thoseobserved in m trror internal thermaf noise spectra.
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Statistics in the time domainto characterize the peaks of noise
afFecting the Seismic Attenuation System

Motivation
The variations of the length dividing two mirros is mea-
sured through a laser interferometric technique. Every
motion of the masses is a limit to the observation of
astrophysical signals. In order to cut down the noise
active and passive systems are designed

Methods

o Acquisition system (accelerometers and spectral
analyser).

o C code using mathematical and Numerical Recipes
libra ries.

Aims

o study of the distribution of noise measurements
around the average value.

o application of frequency filters.
. characterization of the time intervals between peaks

and their durations.
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Work in progress ror

Estimation of higher order moments (skew-
ness, ...) to verifY gaussianity.

subdivision of the data array in smaller
with a view to tell some trends (drift
mean value as a function of tilrl€,"')'

chunks
of the

Etl Etr €[r
Ec r Etr

. Point out possible periodicities (convolution with
sin usoida I fu nctions) .
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Non-linear EfFects in Stationary
Stochastic Systems DYnamics

Motivation
Investigation of the relevance of small non-linear
'efFects and their impact on the sensitivi$ curve of
interferometric gravitational wave detectors.

Methods

o Perturbative techniques using Feynman diag'rarn's
and renormalization rules

o Numerical simulations ("Simulation o'f Suip'er-
symmetric Models with a ..." Phys. Rev. D
Vol. sB (19e8) ID o6500e)-

Resu lts

. Application of the Sum rules borrowed from
field theory physics in order to define renor-
malized coefficients.

o Negligible variations if the fluctuations are only
due the thermal noise.

o Legitimate issues about the seismic noise Spec-
tra al least for the VIRGO SuperAttenuator
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Graphical representation
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mi(t) * w(t) +
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Comparison with the Boltzmann distribution
r*-

S(/) : I "-2rifr < r(t)r(r+ r) > dr
J -oo

and from this definition

1 r2(t) >- ({ )(1 - * + 6o')' k /\ 2 ' '
which is equivalent to

< *2 > - (?r l[!;, -".-r*:2,* ->?."a"'k t 
/_*J "-(*+tr.)dnl

- ({)(1 -*+ o.')-k '\ 2

Moments of order greater than two are no longer equal
to zero and we find that

1 ra(t) ).onn: -3"(ry)' + L4a2rtTr'r'

to be compared to

l ra > _3 1 12 )1 12 )- ({ )r(_3o+ (=) or)-\k/\.'
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Stochastic Quantization
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d 5z (J, K)
dt 6J(t)

z(J,K) : | . e,trlthx\t,tr)lqt,t,i) dq

ft.-
Ltrc(tr,t) - Texp I Q(t)A(t)-iK(t)e(t))dt

Jt,

d \z(J,K)
dt 6K (t)

rlr" rfi) -r(') - r' (h)htz (r, K)

z(J,K):



sum Rules and Renormalization Approach
The elastic constant becomes

o.'], + m'fr,. ffi : *,3(r + + - (+r+. . .)

11

(1)
like a recu rsive defin ition .

It corresponds to the recursive expansion in tadpoletype bubbfes of a tadpole.

Let us call renormalized the tadpofe with all tadpolecorrections included and then use this definition towrite the corrections to the bare tadpofe. We treat thisimplicit definition using the field theory tools apptiedto the geometric sums of Feynman diagrams.

with the same fanguage of fiefd theory rn e may definea renormalized flo.

The final resuft is

a3: $v+ ,+ffii -$n*
In order to understand such a modification
that there are stronger forces oulling theto the equif ibrium configuration and thethe measured recaf l constant *rA has a
va I ue.

we may note
system back
result is that
new greater

( "Perturbative and Numericar Methods for
ed by Physica A-Efsevier)

* 6al

..." accgpt-
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This is an irnportant physical result: we may use the

transfer functions written in the linear hypothesis'

we recall that the active control of gravitional wave

detectors are completely based on the transfer func-

tions. We have only to insert the real parameters and

not the bare ones.

We expect that the resonant frequency should be greater

if o goes up. It means that the system explores the

non-linear zone of the phase space. When T rises the

greatet r*-piitude of fluctuations just produce such an

effect.Ifthereca||constantincreasesitisobviousthat
the opposite tendency is obtained'
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Numerical Simulation
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Non-linearities in antisprings
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Simple models whose
typical low frequency

PSD shows a
ta il

Motivation

o The overall goal is to investigate how the
coo|ingofmanyofthenorma|modesina
mirror influences the thermal spectrum al

low frequency-

o The problem is interesting by itsetf because

a lot of systems seem to show the typical
tail + at lornr frequencY'

Tools

. Critical PFrenomena Theory

o Simulation of simple models with a thresh-
old characterization

Resu lts

o For the double hole potential a low fre-
quencytaiIisdispIayedbysimuIations.

o A damping force of viscous type doesn't
reduce the PSD off the resonance range.



2.

v(*),\J-f;*"+



3

1d

ld
100

10

I
ca 0.1

0.01

10-3

10-4

10-5
0.01 100.1

f

5.r^{rlet" W- 4 ttn. ,r*A,Nl,J,o*



(n

I

0.1

10-2

10-3

10-4

l0-5

10-6

10-7

Numerical results for o = 10

+ + *+

0.0r 100.1

U'

a

10

I

0.1

0"0r

10-3

10-4

10-5

10-6

,--:l---*-f+*_. 
'station 

nitho,ll 

=

0.01 100.1

10

1

0.1

0.01

10-3

10-4

10-5

l0-6

+ Spectrum obtained for c = 1 and damping |#|
- f-,---- +

-___,f_

0.01 0.1 10


