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‘ LGS assisted tomographic AO systems
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Key questions : LTAO (HARMONI)

- How many LGS and where ?
- Sensibility to Cn? profile evolution ? MCAQO (MICADO/MAORY)

- Sensibility to turbulence model in RTC ? MOAO (MOSAlC)
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(simplified) error budget
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Technical FoV alias GSFoV

Tomographic reconstruction
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‘ Impact of LGS constellation
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Full E2E simulation using OMAO originaly 90km — ZA=0 |
developed by R Conan — C Correia 0.6 -
Cross-checked with various other E2E models
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- ONERA DL code 2
- YAO (F. Rigaut et al) 530-4
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‘ Impact of LGS constellation
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‘ Impact of LGS constellation
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‘ Impact of LGS constellation
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Impact of LGS constellation
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‘ Impact of LGS constellation
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‘ Impact of LGS constellation
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Different tools for different purposes

Comparaison E2ZE et Fourier
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- 1 point = a few hours
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Impact of LGS number

No model error (Nel = Ntrue)
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50
~ 70nm (in quadrature) when going from 6 to 4LGS
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- Small tech. FoV (a.k.aLTAO) =>we can live with 4 LGS, 6 provides quasi-ultimate performance
- Large tech. FoV (a.k.a MCAO) => 6 LGS seems to be mandatory
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Impact of Cn2 model in the reconstructor
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Cn2 profile diversity : Why ?

 Diversity of Cn2 profils and its impact on perfomance and
system design

- Data
¢ « average C: (h) »
= Derived form data
= Reference for design choices

- 2
¢+ Statistical C_ (h)
= Representativness of your system performance
= Range of operation

3 2
+ Short term evolution of C_ (h)
= Design aspect (RTC)
= Qperation strategy
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oltitude (in m)

Impact of Cn2 distribution (I)
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HARMONI LTAO

Sensitivity of tomography
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HARMONI LTAO

Sensitivity of tomography

Entire night of Cn2 E. Masciadri®

At = 2minutes

- How many layers should be reconstructed in the tomography ?
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HARMONI LTAO

Sensitivity of tomography

Entire night of Cn2 E. Masciadri®

At = 2minutes
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HARMONI LTAO

Sensitivity of tomography

Entire night of Cn2 E. Masciadri®
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HARMONI LTAO

Sensitivity of tomography

Entire night of Cn2
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HARMONI LTAO

Sensitivity of tomography

Entire night of Cn2 E. Masciadri®

At = 2minutes
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HARMONI LTAO

Sensitivity of tomography

Entire night of Cn2
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__Temporal evolution of Cn2

Seeing evolution during the night

tirme {in min}

S arcmin FoV — & reconstructued layers

Tomographic error
strongly correlated

with seeing evolution
(especially the model error)
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‘ Sensitivity of tomography

Same evaluation is repeated with more profiles:
« 6 SCIDAR night from James Osborn (acquired at Paranal in 2016)
« 20 G-SCIDAR night from Elena Masciadri (acquired in 2007 at Paranal)

T T L | e i P S e W

A TRLS " T

13- Bl iw ‘-ﬂ -

T IS

B g T AR e R el ey PRDre sy 0 e,
A RISt | - —

PR




Sensitivity of tomography

20 Scidar night (2007)

Median seeing = 0.93”
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Sensitivity of tomography

LGS FoV = 1 arcmin
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For LTAO => Seeing has a much larger impact on performance than Cn2 variations
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nm rms
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6 vs. 4 LGS (revisited)
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nm rms

6 vs. 4 LGS (revisited)

LGS FoV = 1.00000 arcmin
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Take away messages

Sensibility to system and atmospheric parameters increases
dramatically with the Technical FoV (TFoV)

LTAO (TFoV = 1’) can work with few LGS (down to 4) and does not
require any accurate knowledge on atmospheric parameters

MCAO (TFoV ~ 2'-3’) needs 6 LGS and is quite sensitive to Cn? mis-
knowledge,

The use of high resolution profile (simulated or measured) is essential
for the fine understanding and for an efficient design of tomographic AO
systems. In addition, its use during operation should allow a better telescope
time scheduling as well as an interesting first guess for initialization of
tomographic AO loop.

Perspective

Statistical study of tomographic error using combined Scidar and Meso-
Nh datas => feedbacks for GMST (and in particular the ELT instruments)
design and optimisation processes
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