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Motivations for our proposal

In Advanced Ligo the sensitivity limit is dominated by thermoelastic
noise. By better averaging over the mirror thermal noise, we obtain
similar improvements as by cryogenics techniques.

Advantages:

e the design or construction of the interferometer is almost not
affected

e some level of reduction is provided for a variety of perturbations,
such as Brownian and coating thermal noise and also for the
thermal lensing effect

e if thermoelastic noise is sufficiently reduced in the region of
maximum sensitivity, QND techniques may be successfully
applied to further improve the response of the detector.
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Scaling laws for I’
Standard Thermal Noise: Spgre(f) ~ T

Thermodynamical Fluctuations:

Sbare(f) T2 << 0T >= \/kBTQ

Coating Mechanical Loss: Spere(f) ~ T

Scaling laws for w

Standard Thermal Noise: Seouprea(f) ~ w™

Thermodynamical Fluctuations:

Scoupled(f) ~ W =< dx? >= o*dT" {%T}

Coating Mechanical Loss: Souprea(f) ~ w2
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The flat top beam
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The power spectral density of thermoelastic noise

is reduced by ~ 1/3. The comparison is done
with the Gaussian beam which has the same diffraction loss.
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What scales unfavorably?

1. larger sensitivity to alignment
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2. moderately increased response to transverse displacement of
the mirrors

3. stricter constraints are necessary for the figure errors of the
mirrors
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Sensitivity to angle error

Ber i irmengatp ol thes g ez b

Vtilt =  QQU + Q1Updd + C2Ueven

Py

ozg = =1-— oz% — oz%
Piot
P, 0

o = 29 _51426(—)2
Piot urad
Peven 9

o = 4.12(—)*
Piot purad

July 2003 Ligo Laboratories Slide 7



Amaldi Conference Erika D’Ambrosio

Sensitivity to lateral displacement

Fraction of lost power
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Sensitivity to figure errors .
The measured height error z(z, y) of

a beamsplitter substrate is used.
The lost power Is

P
DP  0.0297€¢2 + 0.0064¢*
Fy

0zfia(x,y) = €0z(z,y)
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Priorities
A tabletop experiment that can demonstrate the technique,

verify the behaviour of the flat top beams and build experience
In their production and control.

In order to characterize the sensitivity of the interferometer,
when non gaussian beams are supported inside the cavities,
a series of experiments with a simple Fabry-Perot should be done.

The predicted behaviour should be explored in more and more
complex situations.
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