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WHAT IS MAVIS? Uses VLT UT4 AO Facility

e Existing deformable secondary
e Existing laser guide star facility

/ |

Q

“Credit TNO

Credit ESO
VLT Unit Telescope 4

Adaptive Optics Systeml —8 —1—H ¢ |

Nasmyth platform a
(Instrument) e.g. MUSE

. -~ ’
Raman lasers cabinets —

| PECTROGRAPH e .

(1178 nm, infrared)

Instruments:
VIUSE (IEU spectrograph)

Hawk-I
ERIS (IR imager and e Credit ESO 2

Credit ESO

spectrograph)
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WHAT IS MAVIS? Uses VLT UT4 AO Facility

e Existing deformable secondary
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AO Module

e Visible (VRI, UB goal)

e 30” O field of view corrected

e FWHM = 20mas (V band)

e Strehl ratio > 10% (V band)

e Sky coverage > 50% @ Gal. pole

Imager

e 30"x30” FoV
o 4Kx4K pixels
e Wide + narrow band filters

Credit ESO

IFU Spectrograph

e 25 mas and 50 mas spaxels
o 3.5”and 7" FoV respectively
e ~5000 and ~12000 spectral resin modes
e 4 interchangeable VPH gratings 3



Sensitivity (nJy, in 10ks)
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DEEPER THAN HST, SHARPER THAN JWST
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SOME REASONS TO UNLOCK THE VISIBLE WITH AO

Optical wavelengths are information-rich, with many well-understood astrophysical diagnostics
Sky background is x1,000-10,000 times fainter than IR - possible to compete with space facilities
Detectors are larger, lower noise, faster frame rates, and cheaper

Diffraction limit is smaller!

HST WFPC2
VIS

Gemini G EMS,
~“IR
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MCAO IN THE VIS REGIME
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Atmosphere: E
Fried parameter is shorter SR=10% @V
(~10cminV, ~50cminIR) |2
Coherence time is shorter

(~10msin V, ~50ms in IR)

Impact on AO 10nm
module design
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MCAO IN THE VIS REGIME

e GeMS@GEMINI

o H band

o 87'x87”

o 80mas FWHM

Vo NGC288, H band
. 13mn ex| I

- posure
© MY oot viewsrer
FWHM = 0.080"
HM =

® SHARK-VIS ForeRunner |t i Al i
o @650nm, wneeettt “ Y -::.j.". . i I
o B50%SR, ’ : . ‘.'...j.. ;
o 18mas FWHM O S el S ] [ T

® Similar examples from:
o SPHERE @VLT
o MAG-AO @Magellan

e tegan|[ (LS.
i '._ b .FOV' .

(wu)

VIS

Field of View
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SOME REASONS TO UNLOCK THE VISIBLE WITH AO

Optical wavelengths are information-rich, with many well-understood astrophysical diagnostics
Sky background is x1,000-10,000 times fainter than IR - possible to compete with space facilities
Detectors are larger, lower noise, faster frame rates, and cheaper

Diffraction limit is smaller! V on an 8m gives same angular resolution as Kon an ELT

HST WFPC2, | Gemini GEMS,
VIS IR
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MAV.IS@V-LT, | micADO@ELT,
e e
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& numerical simulations
Opto-mechanics
Instrument Software
NGS WES

Project Office (Stromlo)
LGS WES, AO expertise
RTC & AO control
Post-focal instrumentation:
Imager, spectrograph,
|. A M . < IFU front-end

X
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Observatory

interfaces, LGSF,

Post-processing Deformable Mirrors

AQO expertise 10
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INAF INVOLVEMENT sl | T

INAF [3.5), AAQ {1.9), LAM (
INAF FTEs

IN MAVIS Lo Fres

Total FTEs ¢ ! 16.30

SYDNEY-AUSTRALIA

M AAD (Total 1.2 FTE)
_—
o
il
oot secioncs 9
e o

Spectrograph Elis

Project Mngt QLIRS

AAO (0,
e | Design & SysEng LT

| Optomech EEFIJ0T]
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1 B s
'\ Lead (FRI) FYCICE m ARO (0.15)
4— inl:"r:sntciipal 1 Steering Committee: ' Management (TBA) V.10
gator 3 INAF (Fontana+Bono), LAM (Beuzit), )
MAVIS m (Rigaut) : AAO(Moore+SeI) o (TBD) Systems Engineering (DCH) R Slis

ORG Project Scientist (McDermid)
CHART Project Office Co-Project Scientist (Cresci)

Project Manager
(Haynes)
v
AOM Lead Imager Lead Spectro Lead
(Viotto, INAF) (Ellis, AAO) (Ellis, AAO)
= % Design & concapts R.Y.Y Xk
Inst.Scient. Inst.Scient. Inst.Scient.
—P : —P —
(Busoni, INAF) (Sharp, AAO) (Sharp, AAO) [
INAF (0.1) AAC (0.15)
Handling tools JLELHUR} L
w P Y oo
oI GETRNEI T T LAM & INAF AOMAIT Rl o g0 Yo
concepts it oy INAF
UL LAM (0.25) ; -

Spectro work System work

$8

Science (AMD & GCR) [RVAR"

Phase B planing & costing [
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DM procurement [i==10}
AAO (Total 1.1 FTE)

AAD J0UG] INAF §0.5)

| Detectors & electronics Y

MAVIS system

Overall mech, structure JECLIR( k]

AO design & concepts ::“F

DR pipeline JEYTX05)

AO control & Parf.

Sysitem electronics el R AAQ (Total 0.4 FTE

Post processing R AL (0,2, INAF (0,1)

2Rl AAO [0.4) B ITINTE AAO (0.1), INAF (0.1)

'
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MNaotes;

0; FTE is here over the 15 months of the proj
1: Part of parson tme in other work package
2! Includes WFS holder Tlange

3 Starts at focal plane, includes DualdO-DM

v1.5,06/09/2018, FRI

AOM work Imager work
packages packages




MACQUARIE JES+
5. UmverSIty 0)

t|ny ccl/oatofz

¢ INAF g Australian —_—
‘ ||||||||||||||||| DS Natlona' :
¥ e eezy University

MAVIS: WHERE ARE WE?

il e Proposal to ESO

e Phase A:
o Lots of interest from science community (you)
o Project running on time and in budget
o Successfully passed mid-term review (MTR) October 24-25

2019

2020 Completed activities On going activities
» Trade-off several implementation choices « Consolidate/Update baseline design
» Investigate the feasibility of MAVIS’ TLRs « Sync all disciplines to baseline
« Converge on a baseline design * Next step of numerical simulations to further
« Setup Man, SysEng and Commun. tools performance estimations and inform design details.

o Final phase A review planned 25 May 2020

2021 e Phase B to start early 2021

2026
e Current schedule calls for first light end of 2026, in line with E-ELT (...).

12
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DESIGN DRIVERS AND HIGH LEVEL PRINCIPLES

e Very ambitious TLRs and thus tight error budget. Based on,

and kept affordable by, the existing AOF:
o (Constrained by existing DSM (e.g. set the fitting error)
o (Constrained by existing LGSF

AO Module

e Visible (VRI, UB goal)

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

e Strehl ratio > 10% (V band)
()

e Performance TLR means: Sky coverage > 50% @ Gal. pole

o Tomographic error = we need 8 (6) LGSs
o Generalised fitting = we need 2 post-focal DMs

X!/ IDL 35
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e Ambitious in sky coverage

Q.20[rrrrrrroT P FRLNL I L R AL L LR A

4LGS@17.5" -0—0-
BLGS@17 5" -l—i-

o >50% @ Galactic Pole 0.15

o Expressed in Encircled Energy loss in the V band (less than 50%)

e Post-Focal Instrumentation not risky technically. Cost an issue
though.

SR(@550nm)
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MAVIS IN NUMBERS

e 8 Laser Guide Stars (4 lasers, 80W of yellow light);
e 3 Deformable Mirrors including 5000 actuators;
e 8 visible Electron-multiplied CCDs (EMCCDs);

e 3 state-of-the-art infrared avalanche photodiode arrays (SAPHIRA)
e 1 Real-Time Computer with 8 V100 nVidia GPUs 4
2 Spectrograph arms, with 2 9kx9k CCDs
1 imager, with a 4kx4k CCDs

~200 FTEs

8 years from Kick off to first light

~€12M hardware

10 hours time difference

14
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AOM OPTICAL DESIGN & CONCEPT

AO Module

e Visible (VRI, UB goal)

e 30” U field of view corrected

e FWHM = 20mas (V band)

e Strehl ratio > 10% (V band)

e Sky coverage > 50% @ Gal. pole

15
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Fold mirmor
Fold mirror
{Downards)
Collimator NGS Dichnoic
Nasowih ,- ' g NGS Fald mirror
Rotator flange 2 b p @
s ] ! =g

Dat-High

Nasmyth Field lens LGS Dichroic \
focal plane Epld mirroe

|port selector)

Post Focal Relays

provides input for CU

corrects for atmospheric dispersion
provides field de-rotation (NGS+SCl)
re-images meta-pupils onto DMs

feeds the NGS WFS (2 arcmin NIR FoV)
feeds the LGS WFS with focused FoOV  NGS
delivers a 30” diameter FoV to the WFS
instruments (VIS band)

provides at least 2 output ports and

includes means to switch

AO Module

e Visible (VRI, UB goal)

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

Strehl ratio > 10% (V band)

Sky coverage > 50% @ Gal. pole

16
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Fold mirror
|Downards)

Collimator NGS5 Dichnoic

NGS Fold mirror
Objective (Downards} @

e 8LGSs (@17.5" radius)
CU o Type: S-HWFS
o 40x40 sub-ap pupil sampling

MNasmwyth

fotator flange DM-Low

|
o

Masmyth Fleld lens LGS Dichroic Fold Ifl'D]’

' Lisntoisal o #pix/subap 6x6
e includes FP steering mirrors
e includes means for FoV derotation
NGS WFS
e Up to 3 NGSs can be sensed (J+H bands)
e 2 arcmin diameter unrestricted patrolling FoV
- e 5 arcsec Pick-off FoV for single NGS 17
e Tomographic truth sensing included
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AOM OPTICAL DESIGN & CONCEPT
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Calibration Unit

AOM Calibration
* NGS and LGS WFS calibration sources (NIR + VIS _

point-like sources). Sources shall move along the ;
optical axis to change conjugation

* Alignment sources (on-axis, diffraction-limited VIS
and IR sources)

 NCPA mask (gridded-pinhole mask)

Instruments calibration

» Distortion mask for astrometric
calibration

» Spectral and spatial flat fielding -
Continuum source across full
wavelength range

» Wavelength calibration - emission
lines covering the full spectral range
(regularly spaced)

» Alignment source for spatial alignment
of IFU slices (e.g. Ronchi mask) .,

Goal is to maximize
calibrations which can be done
during the day with the dome
lights on.
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Fundamental requirements
e Diffraction limited imaging from V to z
e Imaging from U to z
700mm
Parameter Requirement
FOV 30.1 x 30.1 arcsec
Angular Resolution 16.3 mas
Detector format 4Kk x 4k
Carousel x2
Distortions 0.7 mas

Brushless DC Motor + Encoder

Filter wheel
12 x 25mm filters
Two wheels total

Section view

Australlan — MACQUARIE
» National Umver51ty
e -- Unwersrty W svonev-ausTaauia

LES+
((J

Access: 700mm

A
A

1900mm

/ Body

Alignment and
Adjustment
Screw

Kinematic Seat 19

(3 point mount for Tip, Tilt)
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SPECTROGRAPH DESIGN CONCEPT “} .
- - - - HRDI d :
Baseline design choices: 1ox10t y -
I HR red mod d
e |FU Spectrograph ) B % l
e 2xresolution modes 2 1040 =
e 2x channels (blue-red) i | 1
- LR blue mode LR red mode ]
e Full wavelength range: 370-1000nm 5.0x10°— /j// 5
Parameter Requirement ol ... D e e, L L e i
4000 5000 6000 7000 8000 9000 10000
FOV 3.5"and 7 Angsirom

Spaxels size 25 mas and 50 mas

Spectral resolution 5000 and 12000

Dispersive element 4 VPH gratings

20
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e [ata reduction and flow:

o data flow system and a data reduction pipeline will provide science-grade data products (including signal, error and
data quality as a minimum)

o areconstructed PSF for a given observation will be provided. The AO module will record all data needed (telemetry).

e AQO performance infos:
o Keeps loop closed (for “object” exposures) over a 1 hour observing block.
o Strehl ratio > 10% (in V band)
o Strehl ratio uniformity over the science FoV < 10% of the average (for wavelengths > 500nm)

e (Operations:
o will be compatible with visitor and service mode operations.
o  will minimize the downtime

o will allow to observe non-sidereal science targets (up to 100 arcsec/hour) including the use of natural guide stars
(NGS) with one of them having a different non-sidereal motion.

21



off-axis distance (arcsec)

off-axis distance (arcsec)

8 LGS
On-axis
1” seeing

-0.4

-0.2 0.0 0.2
off-axis distance (arcsec)

4 LGS
On-axis
1” seeing

-0.4

-0.2 0.0 0.2
off-axis distance (arcsec)

0.4

0.4

log10 of PSF intensity

log10 of PSF intensity

off-axis distance (arcsec)

off-axis distance (arcsec)

8 LGS
On-axis
1” seeing + Smas jitter

-0.4 -0.2 0.0 0.2
off-axis distance (arcsec)

8 LGS
Off-axis (edge)
1” seeing

-0.4 -0.2 0.0 0.2
off-axis distance (arcsec)

0.4

0.4

-2.5

log10 of PSF intensity

log10 of PSF intensity

o s MACQUARIE JES+
>/ 8 University F?

ignal, error and

xded (telemetry).

il guide stars
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e [ata reduction and flow:

o data flow system and a data reduction pipeline will provide science-grade data products (including signal, error and
data quality as a minimum)

o areconstructed PSF for a given observation will be provided. The AO module will record all data needed (telemetry).

e AQO performance infos:
o Keeps loop closed (for “object” exposures) over a 1 hour observing block.
o Strehl ratio > 10% (in V band)
o Strehl ratio uniformity over the science FoV < 10% of the average (for wavelengths > 500nm)

e (Operations:
o will be compatible with visitor and service mode operations.
o  will minimize the downtime

o will allow to observe non-sidereal science targets (up to 100 arcsec/hour) including the use of natural guide stars
(NGS) with one of them having a different non-sidereal motion.
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MAVIS SCIENCE TEAM

Project Scientist: Richard McDermid MAVIS Science & Instrumentation Workshop
Co-Project Scientist: Giovanni Cresci (4= g 79 N, 2015, ANDLSYDNEY, AUSTRALIA

. 8
Local Reference points: Q |
Marco Gullieuszik (Padova) @

Laura Magrini (Arcetri)

Giuseppe Bono (Roma) k.

- | g :
7
. 4 -
E 4
,,.'— =
. A
A 3 A
A g
./ _ !
-

4-8 November 2019 : | - (\j\\
Villa il Gioiello Z -
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MAVIS WHITE PAPERS

Lead Author Affiliations by Country MAVIS White Papers by Theme

N

High
Redshift
Universe
9%
Author Affiliations by Country
. Intermediate
MAI‘,"S White Redshift Galaxies Milky Way &
apers 28% Local Group

19%

Resolving Nearby 20

Galaxies
29%

1 5 OAuthors
4 7 Institutions

France
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MAVIS: A GENERAL-PURPOSE INSTRUMENT

MAVIS White Papers by OPC Category
INCREASING SPECIALIZ

D. Stellar Distribution of OPC Categories
Evolution A. Cosmology 100% —
18% and the IGM s .
27% g 0%
C. ISM, Star S 80%
Formation & o
Planetary Systems ~ 8 70%
1% £ 60%
)
® 50%
B. Galaxies and g_ .
Galactic Nuclei o 40%
40% 3-6 30%
&% 20%
8
S 10%
L
Q 0%
S © O &P & Y ©E & ©® o &
S & 4\ SR S ¥ ¢ W F &
O <
(o)
51% Instrument A 8 c b
Combined Imaging &
Imaging Spectroscopy Cases
Only Spectroscopy
Science Only Science N
Cases Cases
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ELT/MICADO K-band

-band

JWST/NIRCam I-band ELT/MICADO I-band MAVIS |

HST/WFC3 I-band



end of presentation.




