TCS Optimization week 3
Update
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Timeline Progress:

- Week 1: Setting-up a Finesse environment and getting up to speed in running Finesse
code
- Week 2: Run a Full aLIGO Finesse simulation and extract information from the model
- Parallely, set-up optimization routines with simple well-known examples
We are N€® . Week 3: Add thermal components to the IFO Simulations

Next week:

- Week 4 & 5: start benchmarking the full-IFO models with optimization methods, PS and
BO



Finesse(-Ligo)

e Single cavity, coupled cavity and full aligo
running in finesse

e Full aligo model from finesse-ligo locked and
shows expected response

e Some issues still with finesse-ligo.factory but
now have a working environment
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Thermal components:
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e Had issues with dynamic surface and substrate maps in
Finesse-Ligo, now resolved
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e Can implement effects of ring heater and self heating to
optimize ring heater power for simple single cavity case
with Particle Swarm and Bayesian Optimization
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e Next step is to expand optimization to coupled cavity and
full aligo simulation from finesse-ligo

400
300
200

100




Optimization Packages:

Current simple packages are functional as proof of
concept

Planning to switch particle-swarm to scikit-opt for
future proofing

Planning to switch Bayesian optimization to BAX
for extended functionality as suggested in timeline

Current code should be easily adapted

2025-07-02 13:52:36,806 - pyswarms.single.global_best - INFO -

Optimize for 1000 iters with {'cl': 0.5, 'c2': 0.3, 'w':

0.9}

2025-07-02 13:52:37,370 - pyswarms.single.global_best - INFO -
Optimization finished | best cost: 1.3680438368950804e-43, best
pos: [ 3.68263016e-22 -3.44490181e-23]
2025-07-02 14:20:22,645 - pyswarms.single.global_best — INFO —

Optimize for 1000 iters
2025-07-02 14:20:55,711
Optimize for 1000 iters
2025-07-02 14:21:27,620
Optimize for 1000 iters
2025-07-02 14:21:38,285
Optimize for 1000 iters
2025-07-02 14:21:38,858
Optimization finished |

2025-07-02 14:21:38,893
Optimize for 1000 iters
2025-07-02 14:23:12,541
Optimize for 1000 iters
2025-07-02 14:23:43,845
Optimize for 1000 iters
2025-07-02 14:24:02,350
Optimize for 1000 iters
2025-07-02 14:24:32,266

with {'c1': 1.5,

'c2': 1.5, 'w':

0.5}

- pyswarms.single.global_best — INFO —

with {'cl': 1.5,

e2%y 1.5, ‘w

: 0.5}

- pyswarms.single.global_best — INFO —

with {'cl': 1.5,

'c2': 1.5, 'w':

0.5}

- pyswarms.single.global_best — INFO —

with {'cl': @.5,

"2y 0.3, ‘w':

0.9}

- pyswarms.single.global_best — INFO -
best cost: 1.0378803890843969e-42, best
pos: [ 2.05315850e-22 -9.97860607e-22]
- pyswarms.single.global_best - INFO -

with {'cl': 1.5,
- pyswarms.single
with {'cl': 1.5,
- pyswarms.single
with {'cl': 1.5,
- pyswarms.single
with {'cl': 1.5,
- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:24:38,595

- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:26:03,843

- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:28:18,859

- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:50:51,435

- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:53:36,008

- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:53:46,223

- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:53:59,034

- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:54:09,430

- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:54:21,181

- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:54:35,681

- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:54:40,866

- pyswarms.single

Optimize for 5 iters with {'c1': 1.5, 'c2

2025-07-02 14:54:47,181

- pyswarms.single

'c2': 1.5, 'w
.global_best -

'c2': 1.5, 'w':

.global_best —

'c2': 1.5, 'w':

.global_best —

Yc2vy 1.5, 'w':

.global_best -
i 1.5, 'w':
.global_best
Y2 1.5, 'w':
.global_best
1 1.5, 'w':
.global_best
Y2 1.5, "w':
.global_best
'r 1.5, 'w':
.global_best
Y2 1.5, "w':
.global_best
1 1.5, 'w':
.global_best
"2 1.5, "w':
.global_best
'r 1.5, 'w':
.global_best
"2 1.5, "w':
.global_best
'r 1.5, 'w':
.global_best
%z 1.5, "w'i
.global_best
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