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High resolution imaging (in the Vls/IR)

Roberto Ragazzoni (INAF-OAPd & DFA-UniPd)




High angular resolution means...

* Space Telescope of large aperture (HST, JWST, next generation...)

Hubble2.4 m JWST6.5m HDST11.7 m

LUVOIR-B LUVOIR-A
8m Primnary Mirmor 15m Pomary Mirror
O Axis Desggn



Capitalizing on existing or developing new concept...”?

FM, L1 FW, FW,

F7 M,

= Tl o
FM -

* Foldable mirrors (new materials, MPE)

* Liquid (with magnetic or ferromagnetic forces) !




Ragazzoni 1996

Adaptive Optics
 INAF master the field both in the WFS

-

Salinari et al. 1996

* Efforts to push the edges for:
e Bluer
* Higher Strehls
* Higher contrast
 Large(r) Field of Views
* Feeding spectrographs

- - - re




Riccardi et al. 2023

On-Sky results: NGS-mode

UK Astronomy Technology Centre

Closed Loop

' Comm1D NIGHT 02
Closed Loop

Open Loop 17369-1757THDS2486, double star
madaGgp=8.6, NGS-mode
NIX: Br-g, 13 mas/pix

10
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10

654321 l.

Log scale

* Enhanced-
* Resolution

* Imager and

e Spectrograph

* NIR & Cass focus of UT4 (8.2m) — PI Rick Davies (MPE)



ERIS on Cass focus of UT4
(Feb 22)

UK Astronomy Technology Centre

AO lunch talk- 18 Jan 2023
A é



UK Astronomy Technology Centre

Relay Optics
(a.k.a. warm optics)

Na/VIS Dichroic IRNIS Dichroic

Folding Mirror

Cold source
(SPIFFIER)

Telecentric lens ' NIS selector
’ & mirror

AO lunch talk- 18 Jan 2023
ESO, Garchina A. Riccardi
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NGS LO sensor — mag19.1

UK Astronomy Technology Centre 1 00 Hz
Average of 100 frames w
Gaussian Weighting masks Average of 100 frames
20221104 085256 20221104 085256
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ESO, Garching A. Riccardi



Comm2: Handover to ESO %EMS

https://www.eso.org/public/announcements/ann22015/

NACO ERIS

inner ring of NGC 1097 (J/H/K/Bry)
LGS-mode, TT on central bulge
FqV 23 x 23 as?




S H A R K— N I R _ Marafatto et al. 2023

Pre-Com-Run-2

e System for coronography with :

* High order

e Adaptive optics from
* Rto

K band (well, actually it is now limited to H...)

NIR & Nasmith focus of LBT (8.4m) — PI: Jacopo Farinato INAF



Com-run-1: Coronahraphic Test with Gaussian Lvot

First coronaaraphic attempt on January 11th

* Quite famous and simple target: HD49197
e« Mv:7.8 Mnu: 6.1

« Gaussian Lyot coronagraph

SAAAAAAAAAAAANANS NAAAAAS

companion is 8mag., distance of 0.821”

« The result is obtained using the SHARK-NIR data
reduction pipeline, applying the ADI technique,
combining 73 images with an exposure time of 29.95s
each, for a total exposure time of 36.4 minutes. The
seeing was ranging from 1” to 1.2".

« The total rotation of the FOV during the observation was
11.6 degrees.

Results are in line with simulations performed
accounting for similar observation parameters

Log(5*sigma)

10-3

107%

-—= measured

— measured - no self subtraction

amulated

0.2

03

0.4 0.5
Separation (arcsec)

0.6

0.7



Com-run-1: Phase Diversity Test

The Phase Diversity (PD) algorithm, used to characterize the NCPA of the instrument, has been
working on sky, which is a big achievement!

Residual WFE after PD correction is <30nm, although this can be further improved.

Unfortunately, we also experienced what we have called “the pacman effect”, a feature that
appears in the defocused images, in certain observing conditions, in correspondence of the swing
arm position. An investigation on the origin of such effect is ongoing, also with the help of the AO
team (Enrico, Guido); it looks somehow similar to what already experienced in other PACMAN
instruments/telescopes (SPHERE@VLT, SCExXAO@SUBARU), called “the low wind effect”, a effect

phenomenon that occurs when the wind speed inside a telescope dome drops below 3-4m/s

creating a temperature gradient near the telescope spiderr NO EFFECT (OR ALMOST

NEGLIGIBLE) on the AO PERFORMANCE'

focus




S H A R K-V I S Plazzesi et al. 2022

SHARK-VIS: the instrument

SHARK-VIS example of Hor observation setting

! NN-NCPA !

|
| mitigation - - - : .
! procedures | ;. SDI ¢ [ | science
f 1 " FILTER CAMERA
| . } Q) SHARK-VIS i\ ........... |
| ’ R e |
‘ ) e .\.: _
* A << HarL
lomatic
e
ilizer

. A_>>.f-;a‘ Vf#.1»5 " a |
* System for coronography with e v
I system | o R |

* High order

SHARK-VIS fipal integration report - IV Workshop ADONI - R. Pigzzesi

Adaptive optics from
* Rto

K band (well, actually it is now limited to H...)

* VisR & Nasmith focus of LBT (8.4m) — Pl: Fernando Pedichini INAF



Mattioli- 2019

16.3mas separation
a And

' v450 And B
- R=17.7, 304 mas, contr.
1.7e-3

[mas]

‘ .:c | —-40 ‘-20‘ | 0 20 40
 HD 83758 | ki

- R=5.8, 198 mas, contr.

“ 2,e-3,

SHARK-VIS final integration report - [V Workshop ADONI - R. Pigzzesi




(45 Aur R70__b planet @ 590mos 2.0¢-4 ((§)

CHARIS October 2020 (total intensity)

SUBARU — H band SHARK-VIS on Testbench ADONI
600s DIT 1s 200mas Coro 75° field rotation
CADI No Filtering

® -

0.5"
78.0 au

VAMPIRES October 2020, Ha (smoothed)
SUBARU - Ha

Ha SNR >50 with PSF SR of 0.1

SHARK-VIS final integration report - IV Workshop ADONI - R. Pigzzesi



Viotto et al. 2020
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MAVIS

* MCAO

e Assisted
e Visible

* Imager and

e Spectrograph

 Vis & Nasmith focus of VLT (8.2m) — PI: Francois Rigaut ANU
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WHATIS MAVIS? Uses VLT UT4 AO Facility

e Existing deformable secondary
e Existing laser guide star facility

AO Module

e Visible (VRI, UB goal)

e 30” O field of view corrected
e FWHM = 20mas (V band)
B
@

Strehl ratio > 10% (V band)
Sky coverage > 50% @ Gal.

ISIBLE

—

pole
Imager"
e 30”x30” FoV .
IFU Spectrograph e 7mas/pixel
e 25 mas and 50 mas spaxels e Wide + narrow band
o 3"x3" and 6"x6" FoV respectively filters

e ~5000 and ~12000 spectral resin modes
e 4 interchangeable VPH gratings

13
Valentina Viotto - Adaptive Optics in Astronomy and Beyond - December 4%, 2020
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MAVIS AO MODULE IMPLEMENTATION

CHANNELS OPTICAL DESIGN

LGS Obijective
Pupil stop for CU (fOCUSinJg)
(insertable)
Fold mirror
Collimatay (Downards)
UT4 I/F Field Ieni

3 —F 2

T I
|

: !

: [
1

!

Nasmyth : ““ |

focal plang " :
1

Shutter ! CU channel

PP SCl Objective

NGS WFS

NGS Dichroic

NGS
Obijective

(focusing)

o | 5,
2
IC

Fold mirrér
(Downards)
~I\I

-,

Fold mirror
to 219/3 port
(insertable)

PSL %

UNIVERSITE PARIS
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IMAGER FP

Valentina Viotto - Adaptive Optics in Astronomy and Beyond - December 4", 2020
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Things to consider while
implementing AO:

LGS focusing mechanism

Minimize # of optical
elements

Channels splitting
(transmission)

Wavebands selection

NCPA minimization

Stability

Calibrations u




MORFEO (fOrmer MAORY) Ciliegi et al. 2022

Multiconjugate adaptive Optics Relay For
ELT Observations

* NIR & ELT (39m) — PI: Paolo Ciliegi INAF



MCAO operational concept

* Three natural guide stars (NGS; R<24, H<21)

* Up to six laser guide stars (LGS) MCAO

Natural Guide Star

*
* For comparison, SCAO requires 1 NGS with R<16 H(Vega) 9-21 mag

MICADO
1' FoV

MCAO provides much larger sky coverage
(= 50%, MAORY requirements)

Laser Guide Star

on 90" FoV limit
‘90

&0
bQ’b

N

selection of targets based primarily on
astrophysical rather than on technical criteria

17



SR(K) as function of

Sky coverage

RO\
Pe rfo r m a n ce The SR measures the intensity profile reached at the peak of the PSF and it is directly ' P
proportional to the energy concentration within the diffraction limited core };,A ;
“best” NGS asterism (H=10@55arcsec) 7 4
0.0 e ’ ‘ ‘ - Tech referen
Pl ‘ ec 'Spec elerence Tech Spec Goal
- X ‘ Tech SpecReq preaiie (with 2pfDM)
A e f (1pfDM) P
! \
% 0.4 = | Ql Tech \ \
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g [ — 1 PFOM median .
3 | — 1 PFOM Q1 )
O o4l 1 PFDM Q2 _
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] N || == 2 PFDMs median ]
- - 2 PFDMs Qf
] 0.211 2 PFDMs Q2 ]
. " -- 2 PFDMs Q3 i
] | -- 2 PFDMs Q4 i
- o0 L L :
% B 0.0 0.1 0.2 0.3 0.4 0.5
XL SR (2200nm)
0.0 0.1 0.2 0.3 0.4 0.5
SR (2200nm)
A system with a single DM is capable of delivering a SR well above
30% at 50% of sky coverage, while the presence of the second post focal DM
(dashed lines) is fundamental to push the system toward maximal performance and
higher robustness to varying atmospheric and observing conditions. 20



MAORY OPTICAL BASELINE

SECOND DM

Concave Spherical mirror
Diameter 1225 mm
Actuators : 1147 VCM
Conjugate at 6.5 KM

Not present in the baseline
and not included in the
original budget. ™

Envelope

N

Gravity

It will be replaced with a
monolithic mirror

Available as an upgrade
path

Nasmyth Platform

M8 . Pléte

e Telesco|

be focal plane

Objective

{ 5e+03 mm

FRONT VIEW

v

FIRST DM

Convex spherical
mirror

Diameter 928 mm
Actuators : 1026 VCM
Conjugated at 17.5 Km

Present in the baseline

18




M12 (Last MAORY
fold mirror)

NGS WFS module
(Green Doughnut)

M11 (Flip mirror)

Post-focal DM2
(M10)

LGS objective

“ Come e fatto ?

Calibration/Test Unit
Aspheric correcting plate

Post-focal DM 1 (M9)

Dichroic

LGS WFS module

M7

MORFEO usera 9 stelle di guida (3
stelle reali, 6 laser), sensori di fronte
d’onda di ultima generazione e 3
specchi deformabili per misurare e
correggere la turbolenza a 3 differenti
altezze nell’atmosfera

La distorsione della luce causata
dalla turbolenza atmosferica verra
misurata usando nuovi sensori
capaci di fare osservazioni
centinaio di volte al secondo

MORFEOQO usa 7 grandi specchi (di cui 2
DM) per trasportare la luce dal piano
focale del telescopio a quello di
MICADO (o altro strumento). | sensori di
fronte d’'onda NGS sono fisicamente
attaccati a MICADO per massimizzare le
performance scientifiche.

Un dicroico nel cammino ottico
separa la luce dei laser inviandola al
modulo LGS WFS mentre la luce
ottica - infrarossa viene mandata agli
strumenti scientifici e al sensore di
stelle naturali



Aspheric
Correcting Plate

Primo SPECCHIO DEFORMABILE

SPECCHIO M7

DICROICO




HST / WFC3
MORFEO - MICADO :

CASI| SCIENTIFICI

WHITE BOOK preparato dalla Science Team

Verra aggiornato in 2-3 anni per tener conto
delle osservazioni e scoperte di James Webb

JWST / NIRCam

ELT / MICADO

L% 2 (10° stars/arcsec?)

2 1=22.0

B (10° stars/arcsec?)

u=25.2

(10* stars/arcsec?)



ELVIS, the next upgrade of SV ( ratton, v. 00roz)

..when images are diffraction limited, spectrograph (and fiber-fed ones |
especially) do not necessarily scale with the diameter of the aperture.... e 3

IFS far
Shark-vis

Study and design already funded by INAF ( R=20km/s @ Ha)

[ ] !
| O C T E R !! N D | S Fund request for fiber spectrograph fabrication is currently under screening
| SHAR S (T3 ringeaine repent N Werkshes ATOS|  F. Pazpss

* ELT 39m
* Pl: Justin Crepp - UniND * Pl: Alessandro Marconi - UniFl



Adaptive Optics (what is next...??7)

 Lacking (but working on it) a niche of intermediate pitch in
DM’s actuators

e Still missing “light-through” compensator

* WFS on LGS is “a new world”

* Z-Invariant
* Ingot-like
* Dynamical refocusing
* Photon lanterns & integrated technologies

* CMOS technology is finally mature enough...!!! -




Interferometry

* Speckle

 Conventional

* Intensity

* Etherodyne



I . & & & L Post-AO speckle holography
| ﬂ te r e rO m Et ry wh | T (visible and/or wide fields...??)
° SpECk @ = s s e e g o, ; Possible follow-up on L-N@LBT
K ,.‘(ﬂ" v Within the PNRR-STILES frame.
* Conventional R

* Intensity

* Etherodyne



L : & & & L Post-AO speckle holography

| ﬂte r e rO m et ry o p ¢ O _ (visible and/or wide fields...??)
° Speck Q == =Im = = . - jOy-S & @ o ; Possible follow-up on L-N@LBT
i . v Within the PNRR-STILES frame.

&' 5 ‘. (o

— O %l;"

* Conventional ——
Gravity@VLTs

* Intensity

* Etherodyne



Interferometry

 Conventional

* Intensity

e Etherodyne

Post-AO speckle holography
(visible and/or wide fields...??)

Possible follow-up on L-N@LBT

Within the PNRR-STILES frame.

CTA



o o Post-AO speckle holography

| ﬂte rfe rO m et ry uf & o | @ % < (visible and/or wide fields...??)

[ Speckle I I S S S - ~ .'o‘“ ‘Sﬁb‘qoﬂ Po.ssi.blefollow-upon L-N@LBT
P o ¥ Within the PNRR-STILES frame.




Thanks to the high-angular-resolution community



Thanks to the high-angular-resolution community

Leopoldo Benacchio
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And for the “image” thanks to my three stylists...:

O
V

S ..and to my personal armochromist...:



