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What Is a signal ?

What Is noise ?

How to compute a signal response ?

How to use the frequency domain ?

How to compute a sensitivity curve ?
y



 

L 5
'

signal
'

and
'

noise
'

are not well dywieu ,
there meaning days with context .

One person 's signal Is another one 's noise !

Possible mathematical definition :

Noise : output form a random ( stochastic) process
Signal : outputfrom a coherent process

Possible project definition :

Noise : unwanted output

Signal : wanted output

Can
pm

think of examples where these definitions
are compatible or not compatible ?
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Signal and Noise in U GO

Jntopralion : output from any
kind of gravitational 0am Is a signal .

Everything else Is noise . Gws can be coherent ( or , inspiral )

or stochastic ( burst , background)

During commissioning : we do not look for Gws .
Instead we perform

experiments to understand the behaviour of the instrument
.

Then signals are typically created on purpose ,
such a >

coherent minor motion
,
coherent modulation of the last

frequency ,
etc

.
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Projected ( modelled ) sensitivity to guide the

instrument design
f What are these ?
a.
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In Certain conditions we can describe ntt ) by its frequency

Components ,
also called

'

in the frequency domain !

This Is the for time invariant processes In linear systems

Simple and useful because :

- frequency components do not mix
,
can be computed separately

- Components can be added (superposition principle)

LIGO is not always that simple ,

but approaches that state in
'
science model

.

Generally useful To understand the Shipler frequency domain
version of a system If possible
99% of all 460 modelling in the frequency domain !
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Measured sensitivity to compare performances

Houtogeneatesuchplots ?

¢



 

L 5

Some basic features ofthe plot :

x - axis : f the Fourier frequency of a signal or noise component [H⇒

y - axis : h
, gravitational wave strain

,
with h = DWL

with units #E] ,
It Is an

mph.ES#dtCASD)

Very brief introduction into spectral densities

Lets start with a random
process (stationary

na

p
'
i.e time invariant )

nprnnmme
.
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How to get a description of
' ni in the frequency domain ?

with the Fourier transform :

m ( f ) = FTCNHD ;§H Edtttdt

We measure far a limited time T and only get :
±
<

nt ( f ) =

.

fn A) Ed "Ttd
Iz

Most random processes have average constant power so that

nt ( f ) v T
,

ic dileent results for different measurement time>

Instead a more useful special representation is the

power spectral density :
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Power S petrol Density ( PSD)

Smythe .FI#4nH.nyei2Htat/
'

[
mean of NLH

Amplitude Spectral Density ( ASD :

FTP
,

used because has often intuitive units

In practise :

- measure mtk ) over T

- remove mean TH )

-

computer
Depends on FFT function

!

- square , multiply sy F , square root

.
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Units of noise curves

Example nlt ) [m ]

my)

[m.s]=[F⇒
Fowielomsjorm

smy) [7*5]-4¥ ] powtspetraedensity

F) MET amplitude speed density

%
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460 Design example : want to Compare last frequency noise To a minor motion noise .

Ione.fm#)HoutanPm?

yg¥g¥pIdea I : Can Compare the noise each

would generate in the output. o

About f¥a] or in Finesse [t¥ ]
Need to find a way

to compute output spelrm from

input spectrum → need transferor

Assault ) = As bin (f) . TFTPFmotion of the interferometry
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neasaea transfer function A

SIGNAL ~
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ltsusyt
)

\
-

l;"iFy=¥
output

}
units :[ Fun ] ,

inthscase TFLYF]
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Recipe for sensitivity plot :

For each noise :

- obtain mipntspetum ( measure
,
or theoretical prediction )

- compute transfer function to output Tfn [ In ]
- computer transfer function for GW signal To output

Tfow [the]
- compute noise in units of h as m ( f) . Iffy
- add curve to plot

Sum (squared) all curves for
'

total noise
'

µ
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At 1000 Hz
,
the noise ( quantum ) has a magnitude comparable to a

CW signal of 5 . n'
24 ¥M

.

Note :

easy
to compare noise

tomoi
0%
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Summary

- for noise we use ASD to quantify + compare

- we use signal TFS to project noise from one

point in the system to other

- sensitivity plot are noise curves projected to 6W sign

:


