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Overview on E-ELT  

Five-mirror design

1  The ~40-metre primary mirror 
collects light from the night 
sky and reflects it to a smaller 
mirror located above it.

2  The secondary mirror reflects 
light back down to a still 
smaller mirror nestled in the 
primary mirror.

3  The third mirror relays light to 
an adaptive flat mirror directly 
above.

4  The adaptive mirror adjusts 
its shape a thousand times 
a second to correct for distor-
tions caused by atmospheric 
turbulence.

5  A fifth mirror, mounted on a 
fast-moving stage, stabilises 
the image and sends the light 
to cameras and other instru-
ments on the stationary plat-
form.

The ~2700-tonne 
telescope system 
can turn through 
360 degrees. Lasers

The primary
mirror has ~1000 
segments.

Starlight

Altitude cradles for 
inclining the tele-
scope.

Stationary instru-
ment platforms sit 
either side of the 
rotatable  telescope.
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1.4 metres

Adap%ve	  op%cs	  is	  essen%al	  	  
to	  make	  	  

Extremely	  Large	  Telescopes	  
really	  worth	  doing:	  	  

	  spa%al	  resolu%on	  propor%onal	  	  
to	  telescope	  aperture.	  	  

	  
Diffrac%on-‐limited	  images	  

from	  the	  ground.	  
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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: è Single Conjugate Adaptive Optics 
•  High Strehl correction over a D~10” with 1 bright NGS located 

within few arcsec from the center of the FoV (rapidly degrading 
with the distance from NGS used to probe the wavefront) 

•  Wavefront Sensing in optical bands (NGS V ~ 7 ÷ 16) 
•  For the spectroscopy a bright scientific target coincident with the 

NGS is needed   
 
MCAO mode: è Multi Conjugate Adaptive Optics 
•  Moderate but homogeneous Strehl correction over a D~180” FoV 

with 4-6 LGS and 3 NGS (lim mag H ≤ 19) within annular patrol 
field (inner radius≈45”; outer radius≈100”) 

•  Wavefront Sensing in NIR bands (to benefit from image 
sharpening) 

•  The spectroscopy is possible also for faint sources 

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 

At first-light MAORY will fed the high-resolution 
NIR imager and spectrograph MICADO 
 
SCAO module is a joint project with MICADO 



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 
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MICADO: imager 
Large field à Scale=4 mas/px 
53”x53” FoV 
 
Small field à Scale=1.5 mas/px 
20” FoV 
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The focal plane architecture of MICADO FoV. 
 
The numbers given below refer to the actual size of 
the focal plane array, the projected angular size when 
using the larger  and the smaller pixel scale.  

Respective sizes and positions of the 
MICADO FoVs for the two pixel scales, 
and the technical field of MAORY within 
which NGS are selected. 
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 MICADO: spectrograph 
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Long central slit with fixed orientation (parallactic angle) 
 

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

48mas x 4arcsec; R~2500 if the source fills the slit 
 

Wavelength coverage  Notes  

0.8-1.45 µm  IzJ bands 
simultaneously  

1.45-2.4 µm  HK bands 
simultaneously  



IRT: Infrared Telescope on board THESEUS 
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We get from 
THESEUS the 
GRB detection, 
the fast 
measurement of 
the redshift and 
high-res 
spectroscopy for 
brightest GRBs 

MICADO: Multi-AO Imaging Camera for Deep Observations  

Lim mag. J – band  H - band K - band 
 ABmag 29.7 30.4 29.5 

Vegamag ~28.8 ~29 ~27.6 

The current best guess 5σ limiting magnitude, in texp=5.0 hr, 
for point sources, assuming a pixel angular size of 4 mas/pixel   
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IRT & MICADO joint performance 

 IRT THESEUS Spectroscopy 
 IRT THESEUS Imaging 

  
 MAORY+MICADO Spectroscopy 
 MAORY+MICADO Imaging 

Large sample of LGRBs AG light curves, Kann et al. 2017 

THESEUS 17

Fig. 11 The dark grey region shows the expected macronova r-band apparent magnitude for a source
at 200 Mpc as a function of time from the burst onset. Solid curves show the expected GRB afterglow
emission assuming di↵erent energetics and ISM densities. Red squares and blue triangles represent the
afterglow detection (squares) and upper limits (triangles) for a sample of short GRBs (Metzger and Berger
2012). THESEUS/IRT can play crucial role in following-up GW source candidates found by survey tele-
scopes as LSST or ZPTF, and identifying the GW-macronova counterpart.

elements heats up the ejected material producing a thermal transient signal peaking in
the optical/near-infrared (NIR) band and with luminosities of ⇠1041 erg s�1 (see, e.g.,
Li and Paczyński 1998a; Baiotti and Rezzolla 2017). Interaction of the ejected matter
with surrounding ISM may also produce synchrotron radiation at late times (⇠weeks-
months) peaking at radio wavelengths. Macronovae are promising electromagnetic
counterparts of binary mergers because (i) the emission is isotropic and therefore the
number of observable mergers is not limited by beaming; (ii) the week-long emission
period allows for su�cient time needed by follow-up observations. The detectabil-
ity of macronovae is currently limited by the lack of su�ciently sensitive survey
instruments in the optical/NIR band that can provide coverage over tens of square
degrees, the typical area within which GW events will be localized by the Advanced
LIGO-Virgo network. So far, observational evidence of the macronova emission was
obtained only in few cases during the follow-up campaigns of the optical afterglows
of short GRBs (Tanvir et al. 2013; Jin et al. 2015). Figure 11 shows the expected
macronova apparent magnitudes for a source at 200 Mpc as well as the expected
intrinsic luminosity (Metzger and Berger 2012). Once the macronova component is
identified, source location can be accurately recovered, allowing for the identification
of the host galaxy and the search for counterparts in other electromagnetic bands (e.g.
radio).

During the next decade (2020-2030) we expect strong synergies between the
second-generation GW detector network and several telescopes operating at di↵er-
ent wavelegths such as: 1) the space-based telescopes James Webb Space Telescope
(JWST), ATHENA and WFIRST; 2) the ground-based telescope with large FOV like
zPTF and LSST, which will be able to select the GW candidates in order to follow-

Metzger & Berger, 2012 
Solid lines: AG models from van Eerten & 
MacFadyen (2011) 
Gray shading: range of plausible kilonova models  
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IRT & MICADO joint performance 

 IRT THESEUS Spectroscopy 
 IRT THESEUS Imaging 

  
 MAORY+MICADO Spectroscopy 
 MAORY+MICADO Imaging 

Sample of SGRB AGs light curve, Kann et al. 2011 

Metzger & Berger, 2012 

THESEUS 17

Fig. 11 The dark grey region shows the expected macronova r-band apparent magnitude for a source
at 200 Mpc as a function of time from the burst onset. Solid curves show the expected GRB afterglow
emission assuming di↵erent energetics and ISM densities. Red squares and blue triangles represent the
afterglow detection (squares) and upper limits (triangles) for a sample of short GRBs (Metzger and Berger
2012). THESEUS/IRT can play crucial role in following-up GW source candidates found by survey tele-
scopes as LSST or ZPTF, and identifying the GW-macronova counterpart.

elements heats up the ejected material producing a thermal transient signal peaking in
the optical/near-infrared (NIR) band and with luminosities of ⇠1041 erg s�1 (see, e.g.,
Li and Paczyński 1998a; Baiotti and Rezzolla 2017). Interaction of the ejected matter
with surrounding ISM may also produce synchrotron radiation at late times (⇠weeks-
months) peaking at radio wavelengths. Macronovae are promising electromagnetic
counterparts of binary mergers because (i) the emission is isotropic and therefore the
number of observable mergers is not limited by beaming; (ii) the week-long emission
period allows for su�cient time needed by follow-up observations. The detectabil-
ity of macronovae is currently limited by the lack of su�ciently sensitive survey
instruments in the optical/NIR band that can provide coverage over tens of square
degrees, the typical area within which GW events will be localized by the Advanced
LIGO-Virgo network. So far, observational evidence of the macronova emission was
obtained only in few cases during the follow-up campaigns of the optical afterglows
of short GRBs (Tanvir et al. 2013; Jin et al. 2015). Figure 11 shows the expected
macronova apparent magnitudes for a source at 200 Mpc as well as the expected
intrinsic luminosity (Metzger and Berger 2012). Once the macronova component is
identified, source location can be accurately recovered, allowing for the identification
of the host galaxy and the search for counterparts in other electromagnetic bands (e.g.
radio).

During the next decade (2020-2030) we expect strong synergies between the
second-generation GW detector network and several telescopes operating at di↵er-
ent wavelegths such as: 1) the space-based telescopes James Webb Space Telescope
(JWST), ATHENA and WFIRST; 2) the ground-based telescope with large FOV like
zPTF and LSST, which will be able to select the GW candidates in order to follow-



Two Science Cases proposed for GTO  
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I - “Exploring the Early Universe with Gamma-Ray Bursts”  
 
Authors: Maiorano E., Amati L., Masetti N., Nicastro L., Palazzi E., Pian E., 
Rossi A., (INAF - IASFBO), Hunt L. (INAF - OAA), Stratta G. (University of 
Urbino), Savaglio S. (University of Calabria), also on behalf of the CIBO 
collaboration.  

II - “Characterization of electromagnetic counterpart 
candidates of multi-messenger compact binary coalescence 
systems”  
 
Authors: Maiorano E., Amati L., Masetti N., Nicastro L., Palazzi E., Pian E., Rossi 
A., (INAF - IASFBO), Brocato E., Piranomonte S. (INAF - OAR), Mapelli M., Ciolfi 
R. (INAF - OAPD), Covino S., D’Avanzo P. (INAF - OABR), De Pasquale M. (INAF - 
IASFPA), Branchesi M., Stratta G. (University of Urbino), Savaglio S. (University 
of Calabria), Malesani D. (University of Copenaghen), also on behalf of the CIBO 
and GRAWITA collaborations.  
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I-“Exploring the Early Universe with  
Gamma-Ray Bursts” 
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We intend to observe AGs and HGs of a number of high redshift GRBs (z>6) by 
performing deep imaging and spectroscopy, using E-ELT+MAORY+MICADO.  
These observations can fully characterize the properties of star-forming galaxies 
over the whole cosmic history. 

Goal: this project aims at using the brightness of GRBs 
and their association with star forming regions within 
galaxies to study the high redshift Universe.  

This science case for ELT resembles most of the key issues addressed in the 
THESEUS proposal in the section dedicated to the study of the early Universe with 
GRBs.   
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II - “Characterization of electromagnetic counterpart 
candidates of multi-messenger compact binary 

coalescence systems”  

We intend to exploit the unprecedented spatial resolution and sensitivity of ELT
+MAORY+MICADO to perform observations to shed light on the EM counterparts of 
NS-NS and NS-BH binary systems. We ask for deep observations to search and 
characterize the faint host galaxies of SGRBs and "late" ToOs (1-10 days after the 
burst) to detect the kilonova emission. 

Goal: in the new era of gravitational-wave astronomy, the present science 
case aims at exploiting the synergy between GW and EM observations, 
targeting the most promising multi-messenger sources, i.e. compact 
binary coalescence systems. 
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Synergy between THESEUS and ELT   
 
•  Study of early Universe through GRBs 
•  Characterization of EM counterpart candidates of multi-messenger 

compact binary coalescence systems 
 
ELT+MAORY+MICADO will be able to follow-up the AGs and study the 
HGs of GRBs detected by THESEUS: 
 
•  Perform deep imaging and spectroscopy of GRB AGs even days after the trigger; 
•  Perform deep imaging and spectroscopy of the faintest GRB HGs; 
•  Search and follow-up of the KN emission 1-10 days after SGRB and/or GW signal 

detection. 
 
This study is at its beginning and still in progress, so ready to be modified if any important 
“discovery” will come out by 2024 (first light of ELT). 

Conclusions 

Thank you !	  
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ESO ELT Science (include ETC):  
https://www.eso.org/sci/facilities/eelt/science/  
 
“MAORY for Dummies”, SC Template : 
http://wwwmaory.oabo.inaf.it/index.php/science-pub/ 
 
MAORY website: http://wwwmaory.oabo.inaf.it 
 
MICADO website: http://www.mpe.mpg.de/ir/micado 
 
HARMONI website: http://www-astro.physics.ox.ac.uk/instr/HARMONI/ 

….some useful web pages: 
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All the proposed scientific cases have been collected in the  MAORY science 
cases White Book available to the community within few weeks on the public 
web pages. 


