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Energy sensitive detector for PWFS?

Without energy sensitive
Influence of A? e o

 Optical Gain : change with r Multiole WES/C
WEiCh change with % 0 uiple / SLnEE
« Complicates optics

* Corrected PSF diameter

D . * Only for few wavelengths
* Pupil dispersion
* Atmospheric dispersion

What we have done?

Uses of using A-signals? PWFS module simulate energy
sensitive detector

» Uil g.aln monitoring : * Impact of the pupil dispersion
« Chromatic super resolution (SPIE 2022)

* Pupil dispersion : widening Initial parametric model to
the useable bandpass track optical gain (now)
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Microwave kinetic inductance detector
(MKID) for XAO

AO Requirements

« Every pixel is read out at 1MHz independently in a
continuous data stream

 Match / exceed existing WFS detectors %‘

 Number of pixels
« MEC array : 20k
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* Detection bandwidth demonstrated 400 nm to Time (microsocands)

1500! nm but no technical limits to go beyond

[ ] II“:””----

E _ k "R f W =N EE W EE EE omE aE
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« Energy sensitivity im_j [‘

* Resolving power : R = 30

Credit :Mazin et al. 2019

e Photon arrival time (to a microsecond
( ) 1 De Visser et al., 2021, DOI : 10.1103/PhysRevApplied.16.034051
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How to simulate an MKID-based PWFES?

Photon stream Wavelength sensitivity Soapy

« Sample / simulate . « AO end-to-end simulation
the atmosphere at = ° Run simultaneously at -« PWFS module update

higher temporal different wavelength e Available on Github :

resolution than the * Fixed modulation radius | https://github.com/AOtools
AO system update |  Same atmosphere / soapy
rate | .

. Sampling according to the

* Modulation path
. shortest wavelength

can vary between

frames
 Work in progress 3 o o " L
| “‘“’-?Pfagﬁ v
. W e Vi
* Increase computatlon Soapy’s '?&?*__;Ft A
complexity GUI ‘A
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Motivation

Methods using energy sensitivity

 Chromatic super resolution
* Resolve pupil dispersion (SPIE)
* Optical gain measurement

Ouestions:

 What is the behaviour of the optical gain
according to key parameters?

« Can we use the A-measures to track this

behaviour?

MKID-based pyramid wavefront sensor, wavelength
sensitivity detector for tracking optical gain
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SPHERE like parameters

Name Value
Pixels across pupil

Telescope Diameter

Frame latency

Frame rate

Controlled modes



Measurement of
optical gains (OG)
End-to-end simulation optical gain
measure

1. Closed loop simulation

2. Decomposition of the PWFS input
phase screen in KL modes

3. Plot amplitude measured vs true
amplitude for each mode

4. Linear fitting : OG = slope coefficient

Work in progress: Compare with convolutional model

MKID-based pyramid wavefront sensor, wave
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Optical gain Loop at 500 nm ¥ purham
behaViOUI' . Okll)tical gair(lis increase with number of MR

. photons and r,
Photon noise and r,

r, = 20cm @ 500nm

12cm @ 500nm
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Modulation radius change the dip in W Durham

optical gain fhe mode space
behaVIOur : Dip changed at different wavelength : '“S”umematlon
MOdul ation r adiu S dip influenced by A/modulation radius

Loop at 500nm Loop at 900nm

Modulation radius : Modulation radius :

—— 0.04 arcsec —— 0.04 arcsec
0.08 arcsec 0.08 arcsec

—— 0.16 arcsec —— 0.16 arcsec

o

o
o
o

— 0.04 arcsec
- 0.08 arcsec
—— 0.16 arcsec

MW“‘;M‘.‘AW‘WI Modulation radius :

Optical gain

o
»

Optical gain

o
IS

200 300 400 500
KL Modes
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Change in the dip : influenced by the E%’Durham

Optical gail’l ratio wavelength / modulation radius if;tir\;irjjgmd
behaViOur . 1o influences the ratio between OG at

diff t
Wavelength —

r, = 12cm @ 500nm r, = 20cm @ 500nm
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Wavelength
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— i —— 900 nm S

700 nm
— GO0 M — 900 nm
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Optical gain
Optical gain
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We don’t have the OG...

... we have the KL decomposition of the wavefront at
different A

OG modelisation? I |
» We need r; ! | === == -

Ratio of the OG at different A different for different r,

Can the ratio of the PWFS measurements at
different A be linked to OG ratios?

Can we measure r, from these ratios to
generate optical gain curves?

KKKKKKK
MKID-based pyramid wavefront sensor, wavelength
sensitivity detector for tracking optical gain



28
Data @ Durham

University
1 Centre for Advanced
avallable Instrumen tation

Simulation configuration on sky

AO closed loop

Atm KL mode
phase (KL modes) Reconstructor A, coefficients A,
screen

KL mode
PWES A, Reconstructor A, coefficients A,
Work i . — PWFSA, Reconstructor A, KL mode
WOIX 11 DrOSTESS. coefficients A,
* Optimisation of the loop
using ALL the measures
MKID-based pyramid wavefront sensor, wavelength 12
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MKID output : let’s use it!

: 500/700 nm
* Loop closed at 500 nm R 500/900 nm

500/1700 nm

rm=0.12m

* Pseudo open loop output (DM ' RN\ r0=0.15m
command + measure of the Ratios WA A o r0zoom
residuals by the PWFS) of the
different PWFS

* For different wavelength
« At different r,

Work in progress:

* Close the loop at higher wavelength
 Understand more theoretically this behaviour.

MKID-based pyramid wavefront sensor, wavelength
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modulation radius = 0.08, photon per frame = 2000

ro = 0.12, estimation 0.1187 ro = 0.2, estimation 0.2018

Parametric mOde]. ° . — 500/700 nm : 500/700 nm

— 500/900 nm 500/200 nm

retrieve r i \ — 500/1700 nm . s, 500/1700 nm
O \ ---- DM Com. ratios ‘ DM Com. ratios

« Separation of the curves per r,

 Fit of the curves

100 200 300 400 500 100 200 300 400 500

y 1uu FANLY) 20y “uu Uy 1uu FANLY) 200 “uu

e Determination of a

A A
a==xCl x15+C2 * r;+ C3x—=+ C4
Az Az
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modulation radius = 0.08fphoton per frame = 400

P m : m d 1 . estimation 0.1194 r0 = 0.2, estimation 0.2017
ara etrlc O e * : 500/700 nm : — 500/700 nm

. 500/900 \ —— 500/900
I'CtI'lCVC rO ) . 500{1700n:1m 84" - 500{1700n:1m

DM Com. ratios ---- DM Com. ratios
fit ) \ — fit

« Separation of the curves per r,

 Fit of the curves

e Determination of a

a=21%Cl x1y+C2 * 1o+ C3 %22+ C4

2

« Works with fewer photons

Work in progress:
* Change of the constants with the noise and

other parameters: TBD
* Sensitivity of the model?

id wavefront sensor, wavelength
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* End to end simulation shows

COHCIUSiOn MKID-based parameters influence on OG

PWFES  Unknown in our system : r,

e MKID : measure at different

Optical wavelength
ain
£ Modal decomposition e Parametric model :
at different A estimation of r,
InfRed¢niesd :
h Parametric
’ model Next:

* Sensitivity of constants in
the parametric model

* Optical gain model

* Optical gain compensation

* Go to the lab!!
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Thank you

Soapy :
https:/ /github.com/AOtools/soapy




