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Optickle simulation tool for 

Alignment simulations in high 

power interferometers

M. Mantovani



Introduction

• Comparison between Optickle and Finesse

• Optickle functions description

• Modeling a single Fabry-Perot

– build the configuration file

– evaluate the resonance conditions

– simulate the Mechanical TF

– evaluate the AA error signals
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Introduction: Optickle vs Finesse
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• High order modes: fundamental for alignment simulation (at 

least TEM01)

– both in Finesse and Optickle (Optickle up to TEM01)

• Pitch and Yaw

– In Finesse while Optickle has only the pitch direction

• Mirror static misalingment: usefull  to evaluate the error 

signal quality (double zeros, etc...)

– In Finesse but not in Optickle

• Radiation pressure evaluation: fundamental in high power 

interferometers

– in Optickle but not in Finesse



Why RP is important?
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In an high power cavity the laser 

beam connects the mirror as an 

optical spring.



Why RP is important?
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Instability

Advanced Virgo F-P cavity

The radiation pressure changes 

the opto-mechanical responses of 

the cavity.

The (-)-mode becomes softer and 

the (+)-mode becomes harder

Thus it is fundamental in the 

design of control schemes for high 

power interferometers



Optickle

Based on matlab code

http://ilog.ligo-a.caltech.edu:7285/advligo/ISC_Modeling_Software

Optics (similar to finesse)

Connected by links as the 

Spaces in Finesse
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How to model an opto-mechanical 

system (1-4)

Inizialize the model

Add the optics

Laser, eom, output ports, telescopes...
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How to model an opto-mechanical 

system (2-4)

Linking the optics toghether

And probes

Setting Mechanical TF
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How to model an opto-mechanical 

system (3-4)

Run the model

TEM00

TEM01
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How to model an opto-mechanical 

system (4-4)

Getting the optics indexes and the fields

drive and probes

indexes

getting the fields
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Example – single AdVirgo F-P
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Inizialize and build the model

• Define the cavity opto-mechanical parameters (lengths, ROC etc)

• Define the probes parameter (demodulation and Gouy phases)

• Set the optics and link them toghether

• Put the probes

Laser eom

sinkProbe

sink Probe

POX

XP

IMX EMX



Example – single F-P
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Inizialize and build the model

Laser eom

sinkProbe

sink Probe

POX

XP

IMX EMX



Parameters – param(par) (1-2)
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Laser source

Some constants



Parameters – param(par) (2-2)
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T, L, R

Lenghts and ROC

Mechanical parameters



Parameters for the probes –
param_probes(par)
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Dem phase for 

longitudinal 

diodes

Gouy phases

Dem phase for 

quadrant diodes



Optical configuration – opt(par) 

(1-2)
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Dem phase for 

longitudinal 

diodes

Gouy phases

Dem phase for 

quadrant diodes



Optical configuration – opt(par) 

(2-2)
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Probes TEM00 –
probes(opt,par)
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Longitudinal diodes



Probes TEM01 –
probes_01(opt,par)
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Angular diodes



Run the model – few examples
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• Evaluate the resonance conditions

• Model the mechanical TF

– in low and high power regime

• Alignment error signals



Resonance condition
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Resonance condition
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Mechanical TF
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Mechanical TF
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Mechanical TF
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Mechanical TF
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AA error signals
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AA error signals
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Conclusions

• Optickle can be used to model and design the control 

scheme 

• For the control noise simulation Pickle will be 

available soon
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