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Once upon a time... was GRAVITY...

AO?

< 1 arcmin

IR NGS 9x9 SH-WFS
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Then came GRAVITY+/WIDE...

FT? Trget AO?

< 1 arcmin

IRNGS 9x9 SH-WFS
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Now comes GRAVITY+/Adaptive Optlcs

Target Target LGS?
" AO? ?
) ? ]
< 1 arcmin <1 arcmin
’) ole 2 ar e el o 3
IR NGS 9x9 SH-WEFS IRNGS + LGS (>20267) 30x30 SH-WFS 9x9 SH-WFS
@
AO? LGS?  p0?
< 1 arcmin < 1 arcmin
VIS NGS (06/2024) 20x40 SH-WES VIS NGS + LGS (06/2024) 30x30 SH-WES Ax4 SH-WFS
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Now comes GRAVITY+/Adaptive Optics...

» Take home messages: GPAO comes with -3- 4 modes:
" Ox9 IR NGS (+ 30x30 )
= 40x40 visible NGS
» 4x4 visible NGS + 30x30
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How to update ASPRO,?

» New guestions when planning the observations:
» NGSvs LGS?
» IR vs visible?
= Which target for the NGS WFS?
= Which target for fringe tracker?
= Where to place the LGS?
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Data simulator

» Need to upgrade ASPRO,
» For the simulator
» To rank the stars for the fringe tracker and the NGS WFS
= To rank the GPAO modes

» Needs/constraints
= Only the Strehl on the FT and target
» Need to be fast to compute (ranking lots of stars / real time
application for the user)
* Need to be easy to compute (embedded in the JavaScript code)
» (Would be good to have the statistics of the Strehl...)

THE NEW MODES OF GPAO / ANTHONY.BERDEU@OBSPM.FR




Using TIPTOP, a PSF simulator?

TIPTOP: a new tool to efficiently predict your favorite AO PSF, B. Neichel et. al., SPIE 2020
TIPTOP: cone effect for single laser adaptive optics systems, G. Agapito et. al., AO4ELT, 2023

“True” AO PSF

» Atool base on the power spectrum density approach:
» Open source in Python
= Actively developed at LAM for the ELT
» Can simulate short term and long term exposures
» Fast to compute (for the NGS, a bit less for the LGS...)

> For GPAO:
= |nclude the LGS mode / cone effect
» Include the isoplanetism

= Easy to extract the Strehl GPAO and TIPTOP

» But: too complicated to be included in ASPRO, ﬁ

» A solution: parametrize a “meta”-Maréchal approximation?

e
o

(=]
S
L

strehl (K-band)

0.2

0.0 4

NGS_VIS
LGS_VIS

T T T T T T
6 8 10 12 14 16
Magnitude

JMMC Annual Meeting / February 06 & 07, 2024 THE NEW MODES OF GPAO / ANTHONY.BERDEU@OBSPM.FR

T
18

u
20

Strehl K (2141nm)

08¢}

o
N

04

02}

Simulated AO PSF

GPAO E2E simulations

i I reYr’ernm i p o B e e wm S d fa gn

; N

G magnitude



Actors in the play

1 = 1r9(;/19)%5, the Fried parameter at A; of the turbulence layer
ho I higs, the altitude of the turbulence layer / LGS
vy, Velocity of the turbulence layer
x =sec{ = 1/ cos{, the secant of the zenith angle ¢
®,, photon flux of the source I (ph/m?/s) (with telescope transmission)
Ao, reference wavelength of the atmosphere

Asci» Wavelength of the science

Angs: wavelength of the natural guide star (HO in NGS, LOinLGS) . AO system -----
Aigs, wavelength of the laser guide star (HO in LGS)
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g, the loop gain
f, the frequency of the loop
6,,/, angular distance between the sources [ and !’

Niodes, Number of GPAO modes «v d .ty = Diel/2+/ Nmodes/ T, inter-actuator distance
D], diameter of the telescope
T:e1, transmission of the telescope including the SF-WFS
Ny, Number of lenslets in the wavefront sensor across the diameter
Dwis = Die1/Nwis, diameter of a SH-pupil

Npix, number of pixel in a WFS box (side)

2
Nohi = @Tier %, number of photons in a lenslet for one short exposure for the source [

p
Opix, Pixel readout noise
apix, the pixel scale of the WFS
Z;, FWHM of the source [
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> Total variance

2
Otot

>  With

= Fitting and aliasing

= Servo-lag

=  Photon noise

= Readout noise

Isoplanetism
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NGS mode
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REAL TIME COMPUTING

» Take home messages:
» « coefficients calibrated
with TIPTOP
= Should be double-checked
with E2E simulations
= And refined on-sky




NGS — Maréchal vs calibration
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REAL TIME COMPUTING
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» Overall very good fit, but assuming

that the power law of the servo-lag
and the separation is not 5/3....
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NGS — Maréchal vs other parameters

Science wavelength
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» For the Maréchal approximation:
Vo = (Zlelayers Cr%,l Uy

5/3 3/5
hO = (Zlelayers C?%,l hl/ )

» Test by mixing two layers with
Cﬁ,1 =1- Cr%,o

REAL TIME COMPUTING
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Towards the LGS mode.

> Total variance

Utot Ugeom + Glag HO + Glag, LO to hHO to hLO + Jron Ho t Uron Lot O-so HO + 0150 LO to cone sci
H,_/ H,_/
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> With
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» Remarks:
» S0 — Trade-off between a seeing limited and a diffraction limited spot in the LO WFS with S; o the Strehl
on the LO-WFS
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Strehl on the LO-WFS

> SLO = B_GEO Wlth

> With
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OL0 = Ggeom + Ulag,HO + Uph,HO + Uron,HO + Oiso + Ucone,lgs
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> Remarks:

Trade-off between a seeing limited and a diffraction limited spot in the LO WFS with S, the Strehl on the LO-WFS
All the terms « LO » disappears with the assumption that the LO order loop freezes the low orders. We just make

the assumption that the HO are averaged to get a statistical meaning of the Strehl in the LO loop.

Uizso,Lo , ho isokinestism — here to grasp the phase variance between science and tip/tilt star

isokinetism
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Conclusions

> Need to develop a tool to upgrade ASPRO,
= Compute the Strehl for the different AO system configuration (magnitude, separations, laser vs natural)

= Easy to implement in JavaScript

» Solution : using a Maréchal “meta”-approximation
» Calibrating the coefficients with TIPTOP
= The coefficients need to be calibrated for the visible and IR modes

= The coefficients will have to be refined on-sky...

» Current status
» NGS model seems to be good enough — currently tested in SearchFTT

» LGS model - need to be calibrated against TIPTOP and implemented in SearchFTT

» SPIE communication to come (June 2024)...
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