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WHAT IS MAVIS?

MAVIS IN A FEW BULLETS
▸ On	VLT	UT4	(Adap)ve	Op)cs	facility)	
▸ Benefits	from	AOF	infrastructure	(4	LGS	Facility,	deformable	M2)	
▸ 30”	field	of	view	@	close	to	the	diffrac)on	limit	(15-20mas	FWHM)	
▸ 450-980nm	Science	
▸ 4k	x	4k	imager	
▸ IFU/MOS,	Spectroscopy	TBD	
▸ >	15%	Strehl	at	500nm	(>	50%	@	850nm)	
▸ >	30%	Sky	coverage	
▸ Phase	A	to	start	in	10/2018,	7	years	development	)meline	
▸ Australian	+	European	consor)um	led	by	Australia.	This	is	our	

opportunity	to	provide	a	major,	ambiVous	and	innovaVve	instrument	
to	ESO,	something	that	could	be	a	major	argument	in	Australia	joining	
as	a	full	partner	in	10	years.
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ENGAGING THE AUSSIE COMMUNITY

ESTABLISHING A SCIENCE CASE FOR MAVIS
November	2017	MAVIS	science	workshop	
par)cipants:	
▸ Geraint	Lewis,	“Halos,	Streams	&	Shells”	
▸ Karl	Klazebrook,	“High	resolu)on	galaxy	

morphology	and	kinema)cs”	
▸ Sarah	Martell,	“Spectroscopy	in	resolved	stellar	

popula)on”	
▸ Chris	Lidman,	“Galaxy	Tranforma)on	in	Galaxy	

Clusters"	
▸ Michele	TrenV,	“A	sharpened	view	of	star	

forma)on	at	the	edge	of	reioniza)on	“	
▸ Richard	McDermid,	“Resolved	and	semi-resolved	

stellar	popula)ons	beyond	the	local	group”	
▸ Stuart	Ryder,	“Transients	+	Circumstellar	disks”	
▸ Michael	Ireland,	“Exoplanets”	
▸ Michael	Dopita,	“Resolving	the	coronal	emission	

line	and	dust	sublima)on	regions	of	Seyfert	
Galaxies”

MAVIS	workshop,	7-9	May	2018,	AAO.		
▸ 3	day	workshop	to	discuss	instrumenta)on	

design,	AO	performance	and	science	case	
▸ Now	is	the	Vme	to	get	involved	if	you	want	

to	shape	this	instrument	for	your	science.	
Everybody’s	welcome,	aaend	this	
workshop,	your	contribuVon	is	important!	

▸ SOC	being	formed/confirmed	(50/50	men/
women,	50/50	Instrument&AO/Astro,	50/50	
Australia/Europe	emphasis	on	the	science).
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CONTEXT

STEPPING INTO ESO INSTRUMENTATION
▸ Australia	joined	ESO	as	a	strategic	partner	
▸ Restricted	to	La	Silla	&	Paranal	access	and	instrument	building	
▸ VLT	instrumenta)on	already	very	crowded.	AOF	being	commissioned	
▸ “ESO	community	days”	workshop	is	a	yearly	plaeorm	to	discuss	instrument	upgrade	or	

new	instrumenta)on	
▸ In	community	days	2015	and	2016,	a	visible	MCAO	plus	focal	plane	instrumentaVon	

gathered	interest	
▸ Concept	ini)ally	presented	by	Simone	Esposito	(INAF	Arcetri)	

▸ ANU	was	approached	to	par)cipate	to	the	consor)um	being	formed	to	answer	the	
an)cipated	ESO	call	for	phase	A.	Mee)ng	@	LAM	on	12-13	October.	“Kick-off”	+	
assembled	consor)um	made	of	INAF	(Arcetri	&	Padova),	Laboratoire	d’Astrophysique	de	
Marseille	(LAM),	AAO	and	ANU	

▸ Consensus	within	consor)um	for	Australia	to	take	a	lead	role	on	MAVIS,	given	heavy	
involvement	of	European	ins)tutes	into	E-ELT	instrumenta)on.	Strong	Interest	from	
Aussie	community	(as	demonstrated	by	alendance	to	MAVIS	November	27	workshop)	

▸ ANU	&	AAO	experience	and	creden)als	in	8-m	instrumenta)on	&	AO
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ORGANISATION

CONSORTIUM
AO system engineering 
Opto-mechanics 
NGS WFS

Software 
Opto-mechanics

Simulations 
Post-processing 
AO Control

Management 
LGS WFS 
RTC, AO expertise

Post-focal instrumentation 
+ Macquarie (Project Scientist)
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THE ESO ADAPTIVE OPTICS FACILITY (AOF)

AOF FACTS
▸ AOF	is	the	upgrade	of	VLT	UT4	to	a	full	AO	

facility,	being	commissioned	right	now	
▸ A	deformable	secondary	mirror	(DSM	or	ASM)	

with	1170	actuators,	conjugated	to	the	ground	
(≈20cm	actuator	spacing	projected	on	M1)	

▸ Four	laser	guide	stars	20W	each,	driving	a	
40x40	Shack-Hartmann	WFS	for	GLAO	(4	WFSs	
in	total).	High	photon	return	

▸ Appropriate	to	push	the	correcVon	to	shorter	
wavelengths	

▸ Adding	post-focal	DMs	would	enable	MCAO	in	
the	visible  
➜	Increase	the	corrected	field	of	view	beyond	
limitaVons	of	natural	angular	anisoplanaVsm
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MOTIVATIONS

WHY GO TO THE VISIBLE?
▸ Science	and	physical	arguments	compared	to	NIR	
▸ Sky	background	is	much	smaller	(1000	to	10000	darker	than	K)	
▸ Difference	with	space	is	smaller	too	
▸ Most	of	the	ac)on	is	in	the	visible	(atomic	lines)!	
▸ Colour	differences	significantly	more	marked	than	in	the	NIR	
▸ 500nm	on	an	8-m	➜	same	angular	resoluVon	as	2μm	on	an	ELT	
▸ Provides	largest	gain	in	crowded	environments	(clusters)	
▸ Astrometry	challenging	but	lots	of	studies	for	ELT	MCAO	systems	

(NFIRAOS	&	MAORY)	
▸ Photometry	currently	at	0.02	to	0.01	magnitudes,	beler	with	MCAO	

▸ Technological	arguments	compared	to	NIR	
▸ Large	visible	detectors	are	cheap	and	detector	quality	is	much	beler	
▸ Low	noise	(<1e-	RON),	large	(4kx4k)	and	fast	(10	frames/s)	detectors	

exist



MAVIS Overview, Feb 2018. © 2018 Rigaut, McDermid, Esposito, Lawrence, Glazebrook, TrenJ.

MCAO IN THE VISIBLE: IS IT DOABLE?

SINGLE CONJUGATE AO CORRECTION IN THE VISIBLE
▸ 650nm	images	from	Forerunner	

@	LBT	
▸ Adap)ve	secondary	mirror	

similar	to	the	one	on	AOF	
▸ 0.8”	seeing	
▸ 50%	Strehl	ra)o!	
▸ 18	milliarcsec	FWHM	

▸ There	are	similar	images	from	
SPHERE	@	VLT	(95%	Strehl	@	K	
band	➜	37%	@	V	band)	and	
MAG-AO	on	Magellan	

▸ Visible	is	do-able!

Correc7on	in	the	visible……650nm	images	from	
Forerunner	at	LBT	

…visible	is	doable….	

-well	tuned	500	modes	
reconstructors	
-NCPA	compensated	at	6	and	3	
lambda/D	
-	in	dome	psfs	with	and	
without	0.8	seeing	turbulence	
showing	Strehl	of	50%.	
	

similar	images	from	
SPHERE…	
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MOTIVATION

FILLING A RESOLUTION GAP

▸ There	is	large	poten)al	for	an	op)cal	instrument	to	fill	the	gap	in	
spa)al	resolu)on	of	current	VLT/I	instrumenta)on
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Figure 8:  Wavelength-angular resolution diagram for 1st and 2nd generation VLT/I 
instruments at ESO. The large orange arrow shows the potential for improvement in 
optical wavelengths, between 0.5arcsec (excellent) seeing limit and the diffraction limit of 
one of the 8.2m UTs. Adapted from ESO/Cou-1681 document. 
 
The increased spatial resolution, approaching the optical diffraction limit of a VLT UT, 
needs to be possible over a sufficiently large fraction of the sky. The sensitivity and 
diffraction limited capabilities need to go down at least to the V-band, and to cover a 
useful field of view to ensure that resolved stars can be detected and photometered in 
sufficient numbers of allow an accurate statistical analysis of a CMD and for a reasonable 
fraction of a galaxy or galactic component. These key requirements for an instrument 
suitable for resolved stellar population studies are discussed in more detail below. 
 

 Spatial Resolution: 

A new optical AO imager needs to achieve at least close to diffraction limited observations 
with the VLT. This would provide a dramatic increase compared to the current, seeing 
limited performance, see Figure 8, where it is clear that at optical wavelengths there is 
significant potential for improvement to match the theoretical limits of the telescope. 
Increasing the spatial resolution increases the sensitivity in crowded regions by limiting the 
background from unresolved stars, and enabling images of the individual stars to be 
accurately measured to fainter limits (e.g. Deep et al. 2011), see Figures 6 and 9. Higher 
surface brightness obviously corresponds to more stars per square arcsec, so spatial 
resolution requirements are directly related to surface brightness in a weakly distance 
dependent way. Figure 9 shows how the sensitivity limit and the accuracy of the photometry 
change as the surface brightness increases (and so the image crowding increases). This is 
an example of a simulation for MICADO taken from Deep et al. (2011), but the principle 
remains the same, with perhaps a small shift in pixel size. MICADO is not optimised for 
optical wavelengths and so has extremely low performance at its bluest wavelengths, which 
is an I filter truncated at 800nm. 

M
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MOTIVATION

AO COMPLEMENTING SPACE BASED OBSERVATIONS, OR 
MAVIS (VIS) COMPLEMENTING MAORY ON THE E-ELT (NIR)

CREDIT GEMS COMMISSIONING TEAM
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SCIENCE

VISIBLE MCAO SCIENCE CASE
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▸ ESO	Working	Group	produced	a	pre-Phase	A	science	case	for	a	
Visible	MCAO	Instrument	

▸ Published	earlier	this	year
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SCIENCE

VISIBLE MCAO SCIENCE CASE
▸ ESO	Working	Group	produced	a	pre-Phase	A	science	case	for	a	

Visible	MCAO	Instrument	
▸ Published	earlier	this	year	
▸ Main	topics:	
▸ Resolved	Stellar	Popula)ons	
▸ Solar	System	Science	and	Outreach	
▸ Star	Forma)on	Processes	
▸ Intermediate	Mass	Black	Holes	in	Globular	Clusters	
▸ Quasar	Absorp)on	Lines	
▸ Star	Forming	Clumps	at	High	Redshiu	
▸ Gravita)onal	Lensing	

▸ Good	overlap	with	proposed	Australian	science	cases	presented	at	
November	ANU	Workshop



Key	Science	Case	1:	Resolved	
Stellar	Populations
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SCIENCE: RESOLVED STELLAR POPULATIONS

Growth	through	major	mergers Growth	through	minor	mergers

Hirschmann+15

MASSIVE GALAXIES GROW IN DIFFERENT WAYS
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SCIENCE: RESOLVED STELLAR POPULATIONS

Major	Mergers		--		Minor	Mergers

Different	assembly	history	shows	in	spatial	distribution	of	age	and	
metallicity,	especially	at	large	radius	
Re>4	is	difficult	with	integrated	light	–	surface	brightness	is	too	low

Hirschmann+15

HALO STELLAR POPULATIONS HOLD CLUES TO THIS ASSEMBLY
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SCIENCE: RESOLVED STELLAR POPULATIONS

Age	(Gyr)
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INTEGRATED LIGHT STAR FORMATION HISTORIES ARE DEGENERATE
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SCIENCE: RESOLVED STELLAR POPULATIONS
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SCIENCE: RESOLVED STELLAR POPULATIONS

BURSTY SMOOTH

TRGB

HB

MSTO

RESOLVED COLORS BREAK THE DEGENERACY
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SCIENCE: RESOLVED STELLAR POPULATIONS

SIMULATION OF CEN A (3.5MPC) @ FWHM=0.015”
1Re:	µV=22	
=	23k	stars/arcsec2

2Re:	µV=24		
=	4k	stars/arcsec2

4Re:	µV=26		
=	500	stars/arcsec2
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SCIENCE: RESOLVED STELLAR POPULATIONS

1Re:	µV=22	
=	23k	stars/

2Re:	µV=24		
=	4k	stars/

4Re:	µV=26		
=	500	stars/

SIMULATION OF CEN A (3.5MPC) @ FWHM=0.015”



Key	Science	Case	2:	Young	
Galaxy	Morphology
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SCIENCE: YOUNG GALAXY MORPHOLOGY

ACS													NICMOS Elmegreen	et	al.	2009

GIANT STAR-FORMING CLUMPS AT HIGH REDSHIFT

▸ >=L*	galaxies	at	z~1-4	
are	typically	observed	
to	be	‘clumpy’	

▸ Rare	(but	not	absent)	
at	lower	redshiu	

▸ Characterized	by	high	
SFR	and	gas	frac)on	

▸ Large	clumps	can	be	
109	M◉	and	1-2kpc
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SCIENCE: YOUNG GALAXY MORPHOLOGY

Elmegreen	&	
Bournaud	2008

DO CLUMPS BUILD BULGES?

‣ Depends	critically	on	clump	mass,	size	and	lifetimes	
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SCIENCE: YOUNG GALAXY MORPHOLOGY

No	Feedback	
Feedback

N
um

be
r	o

f	C
lu
m
ps

Mandelker	et	al.	2017

No	Feedback Feedback

‣ Depends	critically	on	clump	mass,	size	and	lifetimes	
….and	feedback

DO CLUMPS BUILD BULGES?
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SCIENCE: YOUNG GALAXY MORPHOLOGY

1	kp
c	re

solu
tion

	

=	0.
12”

	@	z>1
	

=	NA
CO

0.1	kpc	resolution	

=	0.012”	@	z>1	
=	MAVIS

Tamburello	et	
al.	2017

‣ Depends	critically	on	clump	mass,	size	and	lifetimes	
….and	feedback…..and	resolution!

DO CLUMPS BUILD BULGES?



Key	Science	Case	3:	Probing	
the	Edge	of	Reionisation
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SCIENCE: PROBING THE EDGE OF REIONISATION

CONFIRMING z>10 GALAXY CANDIDATES
Oesch et al. 2017

Mason et al. 2015

▸ Luminosity	func)ons	at	z>10	put	strong	constraints	on	galaxy	
forma)on	models	

▸ New	facili)es	will	open	up	the	candidate	discovery	space
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SCIENCE: PROBING THE EDGE OF REIONISATION

CONFIRMING z>10 GALAXY CANDIDATES

▸ Luminosity	func)ons	at	z>10	put	strong	constraints	on	galaxy	
forma)on	models	

▸ New	facili)es	will	open	up	the	candidate	discovery	space	
▸ JWST	lacks	blue	coverage,	but	op)cal	at	comparable	resolu)on	is	

cri)cal	to	avoid	contamina)on

Calvi et al. 2016
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SCIENCE: PROBING THE EDGE OF REIONISATION

PROBING FAINT SOURCES WITH LENSING

▸ Search	for	hi-z	sources	along	
high	magnifica)on	cri)cal	lines	

▸ Can	get	100x	magnifica)on	

▸ Combined	with	near-diffrac)on	
limit,	could	bring	proto-globular	
clusters	at	z~6	within	reach	
(MAB	~	-12)

Abel	2744	-	HST	Frontier	Fields	project
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SCIENCE: PROBING THE EDGE OF REIONISATION

DETECTING GRB HOSTS AT z=5-6

▸ HST	only	detects	<20%	of	
GRB	hosts	at	z~5-6	

▸ MAVIS	could	increase	this	
frac)on	via	beler	sensi)vity

z~6	GRB	hosts,	HST	WFC3,	F140W

McGuire	et	al.	2016



Other	Key	Science
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OTHER KEY SCIENCE

SOLAR SYSTEM AND OUTREACH
▸ Monitoring	planetary/

satellite	weather	
▸ Asteroid	morphology	
▸ Suppor)ng	space	missions	
▸ Outreach	images
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OTHER KEY SCIENCE

ASTROMETRY AND PROPER MOTIONS
▸ Search	for	intermediate	mass	black	

holes	and	neutron	stars	in	star	
clusters	

▸ Long-term	monitoring	of	LMC/SMC	
proper	mo)on
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OTHER KEY SCIENCE

STAR FORMATION PROCESSES

▸ Forming	mul)ple	stars	
▸ Star	forma)on	in	the	

Magellanic	Clouds
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OTHER KEY SCIENCE

SPECTROSCOPIC SCIENCE
▸ Quasar	sight	lines	
▸ Local	Ac)ve	Galac)c	Nuclei	
▸ Stellar	abundances	and	

radial	veloci)es	in	faint	
and/or	crowded	fields
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Figure  2: Absorption lines observed with resolved background sources. In cases 
where the background source probes the high column density region (dark grey) of 
the quasar absorbers (a, b, & c), the spectrum exhibits strong Lyα absorption with 
damping wings. When a fraction of the background source flux travels unimpeded 
past the quasar absorbers, a net shallower absorption and damping wing profile 
results. Quasars cannot distinguish between scenarios (a) and (c) and only indicate 
that the quasar absorbers are as large or larger than their size ("0.01 pc2). However, 
background galaxies assess DLA sizes out to their full luminosity extent (∼1–100 
kpc2) from the absorption feature depth and profile (from Cooke & O’Meara, private 
communication). 
 
In addition, Schaye et al. (2007) report that direct observations of the sizes of individual 
metal-line clouds, including CIV, typically find very small sizes. These observations do not 
attempt to select high-metallicity gas, except for the unavoidable condition that the metal 
line be detectable. This suggests that intergalactic metals generally reside in small patches 
of gas. Although the clouds expand until they become part of the IGM, the metals remain 
poorly mixed on scales greater than 1 kpc for very low overdensities and on even smaller 
scales for higher densities. The metallicity we typically infer from absorption studies is then 
not determined by the abundances of heavy elements on the size of the metal 
concentrations, but by the metallicity smoothed over the size of the HI absorber, which is 
well known to be much greater. This scenario has some profound implications. When 
smoothed on small scales (kpc), most of the IGM (which contains most of the baryons in 
the universe) may be of primordial composition. A very small amount of intergalactic gas is, 
however, metal rich. Such pockets of metal-rich material will cool more efficiently, which 
may change the physics of galaxy formation. The number of metal line components per HI 
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OTHER KEY SCIENCE

PLUS MANY OTHERS…
▸ Transient	follow-ups	
▸ ExoPlanets	
▸ Galaxy	structure	and	morphology	
▸ Galaxy	transi)ons	
▸ Ini)al	Mass	Func)on	via	microlensing	
▸ Par)ally-resolved	stellar	popula)ons	
▸ Calibra)ng	emission	line	and	stellar	popula)on	models	
▸ Dark	maler	substructure	
▸ Proto-planetary	disks	
▸ Binary	stars	
▸ Synergy	with	future	facili)es	like	LSST,	SKA,	E-ELT,	JWST,	4MOST,	etc.	
▸ Serendipitous	discovery	poten)al
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MAVIS: WHAT’S DOABLE?

CHALLENGES
▸ Performance	at	short	wavelength:	How	short?	
▸ A	few	science	cases	require	going	<	500nm	

▸ Generalised	fiing:	Field	of	view	vs	number	of	deformable	mirrors	
▸ Increase	number	of	DM	(generalised	fi~ng)?	
▸ Increase	number	of	guide	stars	(GS)	(tomographic	error)?	
▸ Reduce/variable	field	of	view?	
▸ 30”	field	of	view	seems	possible	with	a	total	of	3DMs	

▸ Sky	coverage.	20%?	More?	
▸ Natural	GS	needed	for	image	mo)on	and	field	distor)on	correc)on	
▸ Sensing	could	be	done	in	the	NIR	(0	noise	Saphira)	

▸ Astrometry:	Proper	mo)ons	important	for	science	-	feasible?	
▸ Spectroscopy:	Adds	significant	cost	-	needed	for	your	science?	
▸ Error	budget:	need	to	establish	novel	method	for	live	control	of	each	term
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NEXT STEPS

THIS IS JUST THE BEGINNING…
▸ MAVIS	Science	and	

Technical	workshop	in	
May	(7-9th)	

▸ Drauing	MAVIS	Science	
Case	starts	now	

▸ Final	documents	expected	
in	June/July	

▸ Baseline	will	be	imager	
▸ Spectroscopic	op)ons	will	

be	fully	considered	
▸ We	need	you:	 

what	do	you	need?

STAY TUNED!


