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- QOverview

» What is it
» Examples : FP, Lock Acquisition

- Simulation software - a generic tool

» Physics in the simulation

» Mechanics simulation
— Dr. Giancarlo Cella of Pisa University

» Graphical User Interface

- LIGO simulation

» EXxplicit implementation of LIGO hardware using
the e2e framework

» Example : PSL
» Applications started

— 2KFP
— full LIGO
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LIGO

Overview
the End to End simulation package

- General purpose GW interferometer
simulation program

» Generic tool like matlab or mathematica

» Easy to simulate a wide range of configuration
without modifying and revalidating codes

- Simulation program

» Time domain simulation written in C++
» Optics, mechanics, servo ...

» Easy to add new phenomena by concentrating
on physics, not on programming

- Graphical user interface
» Define the setup to simulate
- Need to implement specific hardware

and software configurations

» Subsystems
» Full LIGO
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LIGO

Example 1
FP cavity - step-by-step

waist_size_X 2177e-3

Add | Delete| Modify] OK | Cancel

(a) GUI front-end of e2e (b) parameter setting windows

(a) e2e programming using GUI
(1) Laser : scalar/multi mode, power,...
(2) Pockels Cell : RF, I', #SBs, ...
(3) FP cavity : length, alignment, r, t...
(4) photo diode and mixer : RF, shot noise
(5) power meter : SB, mode
(6) X = X5+ Vv t: mirror motion

(b) setting of parameters
do not need to know all parameters
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LIGO  Example - 2

simulation of lock acquisition
(base of 2k FP simulation)

fp_tester
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LIGO

Physics in the simulation
Time domain simulation

- Analog process is simulated by a
discritized process with a very small
time step (107~ 103 5s)

- Linear system response is handled
using digital filter

» Transfer function -> z trans -> digital filter

» Pendulum motion Xsus(t)
1 Of o, [
X= > 2 —+0.)0 Xsus
& + )5+ w2 Um U
T X &<«f(t)

» Analog electronics

- Easy to include non linear effect
» Saturation, e.g.

- Aloop should have a delay __ .|+

» Need to put explicit delay when L I

needed
» Need to choose small enough time step
» working to relax this constraint

LIGO-G000005-00-E . .
End to End simulation 5



LIGO

Physics in the simulation

Optics - 1

- Time domain modal model

» field is expanded using Hermite-Gaussian eigen
states, characterized by the waist size (w, ) and
position (z).

» Tilt, shift and curvature mismatch are calculated
using mode decomposition matrix as
perturbation

» Lenses change the base (w, and z)
- Completely modular

» Build planar optics configuration by combining
mirrors and propagators
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LIGO
| Physics in the simulation

Optics - 2

- Summation cavities for fast simulation

=

» Short cavity response is calculated using linear
approximation

» FP, triangular cavity, recycling Michelson
» 102 ~ 10%faster

- Remodeling from the ground up

» Multi mode, polarization, logical organization
» Better expandability, easier maintenance
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LIGO
| Physics in the simulation
Mechanics

- Basic model
» Seismic motion from measurement
» Parametrized HYTEC stack

» Simple single suspended mirror
— 4 sensors and actuators

» Thermal noise added in an ad hoc way

Mechanics Simulation Engine
» G.Cella of Pisa Univ.

(2)

<> (1)

(3)
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LIGO

Graphical User Interface
preparing inputs for the simulation

for a new user

»

»

Very successful
Many happy users

The learning curve should be minimal

Complex configurations need to be

constructed, edited and maintained

» Basic functionality ready

»

»

»

»

»

»

LIGO-G000005-00-E

Need better handling of hierarchical directory

structure

— Different subsystems developed separately and
merged together without interfering

Need tree view implemented

— Easy access to
deeply hidden target

Find by name & type
Copy and Paste

Etc, etc

Stability

Debector
[=] Loaded

= FPCaviy
propaAB_1

oA R
Dietechor
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“Hico

partial list of

Other things to do

- Implement thermal lensing effect in the optics model

- Save intermediate state and load it later to resume
simulation

- Macro support

- Improvements of the interface of the simulation
engine program

- Different streams of inputs and outputs

- Include measured phasemap in the simulation

- Very fast simulation for long time psudo data
production

- Support parallelization, possibly by thread

- Use of different time steps in different part of the
simulation

» T[PSL, I00] < T[ COC ] < T[SUS,SEI]
- Automation of choosing the simulation time step
- Code improvements and validations
- Documentation
» Bare minimum necessary for our work
» Qutdated tutorial
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UGo

LIGO simulation

- Based on the End to End simulation
package, the LIGO simulation code Is
created

» LIGO specific hardware and software setup

» Comparison between subsystem measurements
and simulation
— Validation of the model
— Understanding the limitation of the simulation

- PSL, 100, COC, LSC/ASC, SUS/SEI

- eZ2e programmers works with experts
of each subsystem to build the
subsystem model

» R.Savage for PSL
» P.Fritchel for LSC/ASC

» ...
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LIGO
LIGO modeling

PSL - setup

.Field_gen E 1 K

-

PHC_RFFT
L

[ ——

PMC

=HadeHacther‘FDrF‘HE K

(S ESEH]
[ L

= | el |
l

-] |

LIGO-G000005-00-E . .
End to End simulation

12



LIGO

LIGO modeling
PMC - transfer function

PSL PMC Closed loop transfer function
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UGo

Applications

- 2KFP

»

»

»

»

»

»

Error signal structures

— various resonance and interference patterns of
higher order harmonics and higher order modes

Lock Acquisition threshold velocity
60Hz and harmonics effects
— d¢(t) =450 sin(2m60t)
Misalignment effect when locked
Help to understand the characteristics of FP
— Dirifts (length or freq), SB resonance in arm
LSC/ASC simulation

— Validation of the model
— ldentify the problem of the simulation

- full LIGO

»
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Lock Acquisition re-design started using e2e
— full length and alignment degree of freedom
— realistic methods
— realistic noises
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