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0 a What happens in classical AO

Open loop Close loop
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0 a Why MCAO?
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e Atmosphericanisoplanatism
Anisoplanatism
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0 a MCAO Timeline
"'

A 1975c¢ R.H.Dickentroduces the concept 6iCAO
A 1988¢ J.M.Beckersevamps the use dfiICACfor astronomy
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0 a Multi Conjugate Adaptive Optics

Multi-Conjugate Adaptive Optics

Reference &% o e
Stars

High
Altitude
Layer
Ground
Layer
. ' Telescope

to Science Camera

S E Marchetti/ ESO /2005
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‘%ﬁ% MCAO Timeline
A 1975¢ R.H.Dickéntroduces the concept of MCAO

N

A 1988¢ J.M.Beckersevamps the use of MCAO for astronomy
A 1990¢ M.Tallon& R.Foyidentified 3D-tomographyas key tool
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%S;gq MCAO basic principles

Probing atmospheric turbulence volume in a large
FoVby means of several guide stars (and WFSSs)

¥

¥

Project thewavefrontsonto altitudes
where DMs are conjugated to

¥

Compensate for turbulence with the DMs
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%ﬁ% MCAO Timeline
A 1975¢ R.H.Dickéntroduces the concept of MCAO

A 1988¢ J.M.Beckersevamps the use of MCAO for astronomy
1990¢ M.Tallon& R.Foyidentified 3Dtomography as key tool

1999¢ R.Ragazzorit.Marchetti& F.Rigauproposed the
modal tomographyas efficientsolution

A
A
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wy
A Thewavefrontin the direction of the-th guide star at

the j-th layer is described aslimear combinations of
PaY2RSa&

Modal Tomography

C
Sipy, £:€1 €

A The totalwavefrontin the direction ofi-th guide
star is a linear combination of tHélayers

0 0

A Project thewavefrontof the metapupilW at j-th layer
Into the i-th direction

0 0 W 0 0 0 W 0 Ow w 0 0

R.RagazzonE.Marchett| F.Rigaut A&A 342, L53 (1999)
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+ED+
o A Modal Tomography
Wiy
A Important property of the projection matrix Af the metapupilis a linear
combination of modes up to radial order r, any circular portion inside it can
be described with a linear combination of the same set of modes up to the
same radial order

A Project thewavefrontof the metapupil W at j-th layer into theany desired
direction

W Yo w Yo

A Retrieving thewvavefrontalong any desired direction from tiveavefront
observed in the direction of the guide stars

w Yo O

W U

R.RagazzonE.Marchett| F.Rigaut A&A 342, L53 (1999)
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MCAQO Timeline

A 1975¢ R.H.Dickentroduces the concept of MCAO

A 1988¢ J.M.Beckersevamps the use of MCAO for astronomy
A 1990¢ M.Tallon& R.Foyidentified 3Dtomography as key tool
A

1999¢ R.Ragazzoyit.Marchetti& F.Rigauproposed the
modal tomography as efficient solution

A 2000¢ R.Ragazzork.Marchetti& G.Valenteprovidedon sky
open loop demonstration abmography
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+ES+ .
]%9“@ Open loop demonstration (2000)
L
A Open loopexperiment run afTelescopidNazionaleGalileo (Canary Islands)
A Wavefrontestimated fromdefocused imagesom nice star asterism

A Tomographienatrix obtained from open loop data stream

Input turbulence

15.7"

121“ -~ --_1__8-7H
' Averagin

Variance (arbitrary units)

. . 10 15 20

Order of Zernike polynomial

R.Ragazzorit.Marchettj F.Valente Nature 403, 54 (2000)
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‘?‘g& Designing an MCAOQO system: know your ener
A Limitations, error sources and the related propagation helps ir
constraining the design parameters to the desired solution

A Generalized fitting error

N

A Generalizednisoplanaticrror
A Generalized aliasing
A Tipilt problem with Laser Guide Stars

A Cycling Simulation modellingA & A Ydzf | G A2y a X
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0 a Generalized fitting error

*

Deformable
“~ Mirror

NAtmospheric
Layer
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KK Generalized fittingerror

>

>
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0 a Optimizing DMs position
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+ES+ . . .
]%9‘& Generalize@nisoplanatierror

R
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WEFS 1 WEFS 1
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%,A; Solving the generalized aliasing error

A Aliasing due to the unseen and/or badly seen modes
propagate undesired noise in the MCAO control Iépd he
Interaction Matrix (IM)is badly conditioned

J=R-s R=IM

A ReconstructoiRcan be computed truncating the
unseen/badly seen modes (Truncated LS&),optimal
solution

A Addingd 1 Y 2 ¢ fwerksd&tér:regularization oR (MAP)
providesoptimal solutionto bad conditioning

R=C IMT[IM C IMT+C ]?
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A Multi-parametric space simulations
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0 a Star Oriented MCAO

Star Oriented MCAQ

Reference * * *
Stars

High
Altitude
Layer

Ground

Layer Telescope

Ground Conj. DM
Altitude Conj. DM

VFC

wrs ’“_JW

E Marchetti f ESO / 2005
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0 a Layer Oriented MCAO

Layer Oriented MCAO

Reference * *
Stars

High
Altitude
Layer

Ground
Layer

Telescope

Ground Conj. DM
Altitude Conj. DM

.-
WFS2 >

E Marchetti / ESO / 2005
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+E(§;5q Layer Oriented MCAO
A Optimal use of photons
A N,,® Area(subap) X T
A Area(subap)® r2

A Tinte r0

A N8 g

A ro(layer) >, (always!)
A Calibration independent from guide star location
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E‘i@ﬁ MCAO Timeline
A 1975¢ R.H.Dickéntroduces the concept of MCAO
A 1988¢ J.M.Beckersevamps the use of MCAO for astronomy
A 1990¢ M.Tallon& R.Foyidentified 3Dtomography as key tool
A

1999¢ R.Ragazzorit.Marchetti& F.Rigauproposed the
modal tomography as efficient solution

A 2000¢ R.Ragazzork.Marchetti& G.Valenteprovided on sky
open loop demonstration of tomography

A 1stJanuary 2002 MAD project launched
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‘%;gq MCAQO Demonstrator (MAD) in an nutshell

Probing atmospheric turbulence ina2cminFoV

Correcting locally the turbulence: two DM at O and 8.5 ki

-

Near Infrared imaging camera-215 nm)

¥

LyadlffSR G GKS 9{hQa
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%;g MCAO timeline

&

1988¢ J.M.Beckersmtroduces the concept of MCAO

1990¢ M.Tallon& R.Foyidentified 3Dtomography as key
tool

A 1999¢ R.Ragazzori.Marchetti& F.Rigauproposed the
modal tomography as efficient solution

A 2000¢ R.Ragazzork.Marchetti& G.Valenteprovided on
sky open loop demonstration of tomography

A 1stJanuary 2002 MAD project launched
A

Early2005¢ MCAO closed looat the German Solar
Vacuum Tower Telescop€TT)

A 25h October 2005 MCAO closed loowith MADIN
laboratory

A
A
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”%f’“n MCAQO close loop in the laboratory

wly

E.Marchettic MCAO: widening the sharpness in astronomical observatip83EEL schopErice October 1% 2015 36



+1§S§A

wly

MCAO close loop In the laboratory

on-axis GS #1 GS #2 GS #3

Open
poill NN I B

Seeing(V): 0.7"

SCAO - N . -
Peak: 11.8x "
EE(0.1"): 7.8x Peak: 2.3x EE(0.1"): 2.0x
MCAO - . . '
Peak: 8.1x _ .
EE(0.1"): 5.3x Peak: 6.9x EE(0.1"):4.8x
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0 From Munich toParanal
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