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Increasing power in GW detectors
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Circulating

Increasing power in GW detectors culati
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The challenge(s) of high-power operation

Km-long optical cavities storing hundreds of kW

« Angular instabilities caused by the radiation pressure force.

Thermally excited higher-order modes overlap with the mirror mechanical modes giving
origin to parametric instabilities.

Photons absorbed in the mirror substrate and coatings lead to thermal deformations that:
« Shift the cavity eigenmodes leading to optical loss
 Squeezed light degradation
* Interferometer locking issues
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Cavity eigenmode(s)
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Excitation of higher-order modes (HOM)
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Excitation of higher-order modes (HOM)
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Excitation of higher-order modes (HOM)
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Thermal deformations

The timescales for the thermal deformations are >1 hour at 100 kW.
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Thermal deformations
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Table-top experiment
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Table-top experiment
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Table-top experiment results
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Modal amplitude analysis

« Cavity is degenerate for same order modes, so we measure
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Modal amplitude analysis

« Cavity is degenerate for same order modes, so we measure
We can see mode content by

A(x,y) = Z Unim (%, y)Uoo (%, ¥) computing the overlap integral
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Modal amplitude analysis

« Cavity is degenerate for same order modes, so we measure
. We can see mode content by
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Mirror aberrations and HOM couplings

What about the small deformations in the cavity mirrors ?

First order couplings from beam mismatches

Coupling Expression Notes
Coefficient

Kn,m,p,q Kn,pkm,q 2D — 1D
kn,n 1+ 5 (2n+1)e; + O(e?) 1+mismatch
Knn+1 (€49 — &;5) Vin+1)+0 (Ez) misalignment
kpno —%e; V(n+1) (n+2) + O(e?) mismatch
kn,m —kfy n + O(Ez) n#m
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Mirror aberrations and HOM couplings

What about the small deformations in the cavity mirrors ?

First order couplings from beam mismatches

Coupling Expression Notes
Coefficient
kﬂ,m,p,q kn,pkm,q 2D —= 1D
knn 1+ i (2n+1)e; + (’)(82) 1+ mismatch
ki ni1 (€49 — &;5) Vin+1)+ @(Ez) misalignment

1 % .2 . . . . . . .
knni2 —38V/(n+1)(n+2)+0(¢?)  mismatch We can describe the mirror surface z with Zernike polynomials
kn,m —kfy n + O(Ez) n#£m <—_/)

Z(P; ¢) = E C]Zj

J
An incoming mode (n, m) will couple to a mode (p,1) due to the surface z as

P knmpt = U U, m €XP Zich]Zj Uy
4 J
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Inferring mirror aberrations - preliminary

We're interested in the inverse problem:

Knmpl = ﬂ Unm exXp Zikz c;Zi Uy —— Obtaining the mirror Zernike description from the modal amplitudes
7 measured by the phase camera
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Generate large dataset with
Finesse + Zernike mirror maps
Introduced in input mirror.

\ 4

Train a Multilayer Perceptron
(MLP) neural network on the
simulated data

Data generation and training led by
Cheyanne Gruber cheyanne.gruber@Isu.edu,
Publication in prep: LIGO-P2600558
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Inferring mirror aberrations - preliminary

We're interested in the inverse problem:
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Inferring mirror aberrations - preliminary

We're interested in the inverse problem:

measured by the phase camera
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Conclusion

We have taken the first steps towards monitoring cavity mirror
deformations and cavity HOMs during a thermal transient!
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We have taken the first steps towards monitoring cavity mirror
deformations and cavity HOMs during a thermal transient!
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Crucial challenges towards realizing the MW circulating power goal of nhext-generation detectors
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