
Taking part in the ELT adventure: 
Science Cases for MAORY

Michele Bellazzini (INAF-OABo)  
on behalf of the MAORY consortium



Cerro Amazonas, Chile
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Plots from Claire Max (Lick Observatory)
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Adaptive optics is essential  
to make  

Extremely Large Telescopes 
really worth doing:  
 spatial resolution 

proportional  
to telescope aperture.  

Diffraction-limited images 
from the ground.

Mirror deformations: Freq~1 khz  Ampl~few µm



Plots from Claire Max (Lick Observatory)
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image from LBT-LMIRCam  
Esposito et al. 2013

The power of Adaptive Optics

Strehl Ratio



MAORY is the first-light AO module of ESO-ELT: 
providing diffraction limited images  

from a D=39 m aperture
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Designed and built by a consortium including  
INAF Institutes (OA-Bo, IASF-Bo, OA-Arcetri,  

OAPd, OA-Na, OA-Brera)  
+ INSU-IPAG-Grenoble 

SCAO mode: high Strehl correction 
Over a D~10” FoV with one bright NGS 
(7≤V≤16) 

MCAO mode: moderate but homogeneous  
Strehl correction over a D~180” FoV with 
3 NGS (H≤19) and 6 LGS 

At first-light it will fed the imager/spectrograph  
MICADO 

SCAO module is a joint project with MICADO 

The consortium is lead by the  
AO group at OA-Bo 

PI: E. Diolaiti 
PM: P. Ciliegi 

The instrument will be integrated in 
the IASF- Bo laboratories



MAORY-MCAO: the sky coverage machine. 
SC≥50% everywhere, ~100% for b<30o  
Spectral range I to K
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5 mas = 0.005” 
10 mas = 0.010” 
50 mas = 0.050”

                    ELT Spatial Resolution:  
~18 times better than, ~6 times better than JWST

JWST=27.9

JWST=38.7
JWST=51.7

JWST=69.8

0.6 pc @ D=10 Mpc



How good is Strehl Ratio=0.4?
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ACS F606W

GeMS@Gemini D=8.2m 
Ks 

SR=0.4

Credit: Giuliana Fiorentino



Feeding MICADO: imager

Astrometric accuracy 50 µas (goal 10 µas) ➔ 50 µas/yr  are measured at 5 σ in 5 years 
baseline ➔ 12 km/s @50 kpc  
There is also a coronographic mode and a sparse aperture masking mode

      texp=1 h in H band MCAO K2V star ➔  V=30 with S/N>5, V=28 with S/N~35 

Scale=4 mas/px Nyquist sampling H,K
Scale=1.5 mas/px Nyquist sampling down to I



MICADO possible dithering



MICADO as an imager: filters



Feeding MICADO: spectrograph

Long central slit with fixed orientation (parallactic angle) 

Slit1: 16mas x 4arcsec; R~8000 if the source fills the slit. R~11000/18000 for   
point sources 

Slit2: 50mas x 4arcsec; R~2500 if the source fills the slit.  

Wavelength coverage Notes 
0.8-1.45µm IzJ bands simultaneously 
1.45-2.4µm HK bands simultaneously 



Key science cases for MICADO

-    Galactic Center: deeper photometry high precision astrometry 
- Solar System Science: minor bodies (e.g., TNO), time evolution 

of features on planets 
- Direct imaging of exoplanets (SCAO, coronography) 
- Discovery of exoplanets using astrometry 
- Astrometry of Globular Clusters and dwarf galaxies  
- Resolving stellar populations up to Virgo 
- Extragalaxtic transients (spectra of high-z objects) 
- Resolved Structure and physical properties of high-redshift 

galaxies
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Key science cases for MICADO. An example:  
structure and properties of high-z galaxies 

13

“Observations at the diffraction limit of the E-
ELT will correspond to approximately  60 pc in 

physical length (for z > 1), and will be of 
comparable quality to 1 arcsec imaging of 

Virgo galaxies.  
This will allow us to isolate and even  

resolve regions with sizes comparable  
to individual star-forming complexes  

such as 30 Dor in the LMC, N66 in the  
SMC, or super-star clusters seen in  

nearby starburst galaxies. Furthermore,  
this resolution will typically provide >100  
resolution elements across the galaxies,  

and deliver detailed information about  
the morphology, dynamical state, and  

variations in stellar/physical parameters  
across the galaxy. “ 

“At very high redshifts (z ~ 7 and beyond)  
galaxies may be discovered and studied via their 

Lyman- α emission by imaging in  
narrow wavelength windows in the NIR.  
Such observations constrain the galaxy  
luminosity function at very high redshift,  

which in turn constrains the possible  
sources of reionisation in the early  

Universe. “

Source: Natascha Förster Schreiber



Key science cases for MICADO. An example:  
resolving stellar populations up to Virgo 
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“The ultimate goal is to study the resolved stellar populations in giant elliptical galaxies, of which there is no 
example in the LG, and we have to look at Cen A to find the closest example of a peculiar elliptical. However, 
the best place to look at the properties of a range of elliptical galaxy types is the Virgo cluster which 
contains thousands of large galaxies and tens of giant ellipticals of a range of size and position in the 
cluster. Of particular interest are the crowded central regions of galaxies where most of the stellar mass lies. 
“

Deep et al. 2011



Io 
apparent D=1200 mas  
=300 / 800 MICADO px 

Marchis et al. VLT/NACO

MICADO pixels image 5-15 km 
on Jupiter

Jupiter apparent D = 29.8 – 50.6 arcsec



IASF – Bologna, February 1, 2017

MAORY Science Team

- To contribute ELT Science 
Cases 

- To find scientific drivers 
constraining MAORY (and 
MICADO) design 

- To support the technical 
team in defining and 
fulfilling specifications 

- To prepare the exploitation 
of the ELT GTO awarded to 
INAF for building MAORY: 
54 ELT nights
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Chair: M. Bellazzini (INAF-OA Bo) 
Deputy: G. Fiorentino (INAF-OA Bo) 

P. Ciliegi (INAF-OA Bo) 
E. Maiorano (INAF-IASF Bo) 
F. Mannucci (INAF-OA Arcetri) 
M. Mapelli (INAF-OA Pd) 
P. Saracco (INAF-OA Brera) 
M. Spavone (INAF –OA Na) 
S. Douté (IPAG) 
G. Chauvin (IPAG) 

Started activity in phase B, kick off 
February 2, 2016



MAORY Science Cases: assembling 
the MAORY SC book
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You can contribute with  
your own Science Case 

It is an opportunity to begin thinking at this key 
facility and to take part in the ELT adventure 

The authorship  of the will be recognised 

It is easy: you have to fill a 2 page form with 
the basic idea and a basic observational  

strategy 

If you have smart ideas about filters,  
please let us know asap  



We want you 

MAORY Science Cases: assembling the MAORY SC book
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MAORY Science Cases: assembling the MAORY SC book  
Take what you need:
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ESO ELT Science (include ETC):   https://www.eso.org/sci/facilities/eelt/science/ 

ELT Science cases: https://www.eso.org/sci/facilities/eelt/science/ 

“MAORY for Dummies”, SC Template and this presentation:  
http://wwwmaory.oabo.inaf.it/index.php/science-pub/ 

MAORY page: http://wwwmaory.oabo.inaf.it 

MICADO page:  http://www.mpe.mpg.de/ir/micado 

HARMONI page: http://www-astro.physics.ox.ac.uk/instr/HARMONI/ 

Deadline March 1, 2017 
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Thanks!
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MAORY is the first-light AO module of ESO-ELT: 
providing diffraction limited images  

from a D=39 m aperture
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The consortium 
is lead by the  

AO group at OA-
Bo 

PI: E. Diolaiti 
PM: P. Ciliegi 

The instrument 
will be integrated 

in 
the IASF- Bo 
laboratories


