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Study of the behaviour of an interferometer
with non-spherical mirrors

Purpose

Analysis of the main problems related with the implementa-
tion of non-spherical mirrors inside the Fabry-Perot cavities
of a gravitational wave interferometer.

Tools

A FFT-code simulation program and several Fortran codes
I wrote for processing the electromagnetic �eld grids.

Conclusions

Comprehension of various phenomena

� stability for misalignment pertubations;

� noise related with di�raction;

� noise related with tilt.
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Preliminaries before the simulations

1. Design of the laser beam as the Gaussian �eld that has
the best coupling with the at top beam resonating inside
the Fabry-Perot with reshaped mirrors.
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2. Limit on di�raction losses

Ldiffr = 21ppm Rm = 16cm

3. Evaluation of nominal gains

GainAnalytical = 372:986 GainNumerical = 372:886
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Estimation of the excitation of the higher
order modes by misalignment
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Results of the evaluation of the portion of power due to higher
order modes when the cavity is misaligned
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Details on the decomposition of the �eld
grids inside the Fabry-Perot

u
0

0
(~R) = �0u0(~R) + �1u1(~R) + �2u2(~R) + : : :

Step 1 Normalization of the �elds.

Step 2 Projection of u
0

0
(~R) on the �eld u0(~R) to get �0.

Step 3 The remaining orthogonal part is decomposed in an
odd and an even contribution.
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Inuence of misalignment on the total power
at the antisymmetric port
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Filtering the dipolar component
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Interpretation of the results by means of a
geometrical representation

u

u res.

refl

uα
α

u laser

unpert

Pnon�dipolar = 31:4982(
�

�rad
)4

C(j�1j
4+ j�2j

2)(
�

�rad
)4 = 27:76(

�

�rad
)4



LSC Meeting

Hanford, August 2001

Erika D'Ambrosio

Ligo Project, Caltech

Interpretation of di�raction losses
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Summary of addressed phenomena

� Numerical studies of the characteristic behaviour of an op-
tical resonator with special non-spherical mirrors that make
a at mode resonate inside the cavity.

� Comparison between perturbative estimations and values
obtained by simulations.

� Comprehension of di�raction losses.

� Analysis of misalignment e�ects.
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Reduction of thermoelastic noise in gravitational wave antennas

by using particular attened cavity modes

Erika D'Ambrosio

California Institute of Technology, Pasadena 91125 CA

(August 11, 2001)

We explicitly contruct a non-gaussian paraxial cavity mode that has a at

top beam intensity by properly designing the end mirrors of a resonator. The

aim is to reduce the thermoelastic noise due to the interaction between the

�eld and the mirror by optimizing the shape of both. We present analytical

and numerical results for the spectral density of thermoelastic noise in the

special case of a resonator as long as the Fabry-Perot arms of the gravitational

wave detector Ligo. We also discuss the alignment stability of such cavity and

we mention the most important investigations that are in progress in order

to properly design the phase pro�le of each mirror of the gravitational wave

interferometer Ligo. Several numerical simulations have been done in order

to understand the impact of a small misalignment in the Fabry-Perot cavity

on the power built up inside the arm and the signal picked at the dark port

of the beamsplitter. A model for those e�ects is proposed that takes into

account mismatch problems and losses.
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