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Raphaël Duque, EGO Optics Group

Virgo Week July 2017

Wednesday, July 19th 2017
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Introduction

What is theia?

Synthesis of existing Gaussian
optics simulation tools
(OptoCAD, gtrace, IfoCad)

+ enhanced flexibility → Scripting

+ enhanced user interface → 3D
visualization and navigation

+ enhanced user environment
→ support and extensibility

+ specific aims in optics design

What are the specific aims?

Ghost beam hunting

Large-scale optical benches

Figure: Working environment of theia
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Scope and validation of theia
Features

Scope of theia: Non-sequential 3D Gaussian beam tracer and visualization

No Yes (July 14th) Not yet Extensions

Higher or-
der modes

3D general astigmatic
Gaussian beams

All 2nd order surfaces Polarization

Grating sur-
faces

Spherical surfaces (mir-
rors, lenses)

High-level 3D visualization Surface action spec-
ification

Response in
GW envi-
ronment

{Non-, }sequential trac-
ing

Beam tree navigation inter-
face (and transverse section
inspection)

2-way communica-
tion with CAD

Low-level 3D visualiza-
tion

Interferences

Cavities
Beam clipping

Table: The functionalities of theia v0.1.1

Approximations:

Geometrical optics: none

Gaussian data:
ROC(beam) � ROC(surface)
(+ paraxial)

Test cases:

2D: confronted with OptoCAD

3D: comparison with experimental data

See tutorial files in project
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Scope and validation of theia
Validating theia: 2D

Figure: Simple setup for Gaussian optics
testing (top: OptoCAD, bottom: theia).

Figure: Results comparison between OptoCAD (top) and theia
(bottom).

OptoCAD and theia in agreement:

Size of waist: ≤ 0.1%

Position of waist: ≤ 0.1%
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Scope and validation of theia
Validating theia: 3D

Figure: Interaction of a pencil of beams with a spherical reflecting surface

Test against geometrical optics results

Test against experimental results
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Operation of theia
Algorithms

Algorithms + Data Structures = Programs
What low-level features allow the ghost beam hunting functionality?

Figure: Left: the algorithm implemented in theia, right: the beam tree data structure.
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Operation of theia
User interface

Text input

Text output

3D CAD output

Raphaël Duque, EGO Optics Group Theia for Virgo Wednesday, July 19th 2017 10 / 21



Overview

1 Scope and validation of theia

2 Operation of theia

3 The extensive user environment

4 Quick tutorial
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Extensive user environment
Theia online

http://theia.hopto.org:56000

Quick start guide

User documentation

API documentation

Tutorials

Releases

Contact with maintainer

Access to git repo

Figure: theia online API documentation
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Quick tutorial
CLI Tutorial

Typical telescope/cavity setup, used as a test case for experimental validation

Order 1 simulation for ghost beam hunting: Will transmitted beams interfere with PD?

Figure: Typical simulation setup (courtesy Léa Lhopital, Optics Group)

Plane Sagittal Tangential

Exp. 260 µm
@
22 cm

170 µm @
41 cm

Sim. 320 µm
@
26 cm

290 µm @
36 cm

Table: Experimental and simulation
data for this telescope/cavity setup
(beam waist @ waist position)

Overall agreement:

Size of waist: ≤ 50%

Position of waist: ≤ 20%
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Conclusions and perspectives

New 3D simulation tool to respond to specific aims: Ghost beam hunting and large-scale
setups
Next steps: confirm test cases, implement following features, communicate
(theia.hopto.org:56000)

beam clipping

Figure: The near future of theia
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Scripting Tutorial
Optical bench design

Optimum placement of lens L2 for
maximum width of transmitted beam? For
position of waist?
⇒ Small script

Figure: Optical setup (left) and Python script (right)
for an optimization case

Optimization sequence

Plotting

Setup

Optical data specification

Raphaël Duque, EGO Optics Group Theia for Virgo Wednesday, July 19th 2017 17 / 21



Scripting Tutorial
Optical bench design

Figure: Width (top) and position (bottom) of the waist of the output beam as calculated by theia
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Modeling Gaussian beams

General astigmatic Gaussian beam in an orthogonal basis (k, e1, e2):

E(~r , t) = exp[iη(z)− i
k

2
t(x , y)Q(z)(x , y)]e i(ωt−kz)

(x , y) is the transversal coordinate in the (e1, e2) basis, Q is a symmetrical tensor: cos2 θ
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Specification parameters: θ, qx,y ∈ C, (e1, e2) basis.

Approximations: ROC(beam) � ROC(surface) (+ paraxial)

Geometric optics: no approximation
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Benchmarking: time (i7/8GB)

CPU = 0.47ms × (# beams) (R2 = 99.95%)
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Benchmarking: space (i7/8GB)

Mem. = 9,3MB + 3,4kB/beam (R2 = 99.76%)
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