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ELTs in the next decade
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Worldwide Extremely Large Telescopes




Adaptive optics using LGS

Close to diffraction limited images in the near-IR



B The World's Biggest Eye on the Sky

E-ELT VLT

E-ELT First light in the next decade.



E-ELT - Instrumentation

F
-

E-ELT Instrumentation Project Office

Overview of the Ins Studies

ACRONYM (P.1.)

INSTRUMENT TYPE

EAGLE (J.G. Cuby)

Wide Field, Multi IFU NIR Spectrograph with MOAO

EPICS (M. Kasper)

HARMONI (N. Thatte)

Planet Imager and Spectrograph with XAO

Diffraction-limited NIR Camera- AQ assisted

Single Field, Wide Band Spectrograph - AO assisted

CODEX (L Pasquini)

High Spectral Resolution, High Stability Visual Spectrograph

METIS (B. Brandl)

Mid Infrared Imager & Spectrograph —AO assisted

OPTIMOS (F. Hammer -
0 LeFevre)

Wide Field . Visual. MOS (fibre or shit-based)- AO assisted?

SIMPLE (L. Origlia)

High Spectral Resolution NIR Spectrograph —AO assisted

POST -FOCAL ADAPTIVE OPTICS MODULES

MAORY (E. Diolaiti)

Multi Conjugate AO module (high Strehl. field up fo 2°)

ATLAS (T. Fusco)

Laser Tomography AO Module (high Strehl, narrow field)

February 9th 2009

MEETING INSTRUMENT & AQ MODULE CONSORTIA




MICADO - Main characteristics

Wavelength range : (0.6)-0.8 to 2.5 mic 1,Y,J, H, Ks
Field of View . 93 x 53 arcsec

Pixel scale : 3 mas

PSF : FWHM 6(J) , 10(Ks) mas

. EE(10mas) 0.10(J) 0.40(Ks)

~_ADC

Both covers
/" removable for
/7 service

Overall Throughput
40 %

Telescope + instrument + detector

- y/
Focal plane — /
mechanism ‘ /
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Table 2: Basic specifications for MICADO and its competitors

Instrument &
telescope

MICADO /
E-ELT

NIRCam (short arm) /
JWST

First light date |

Wavelength

Field &
sampling

0.8-2.5um

537537 (@ 3mas +
1

g T e
67x6” (@ 1.5mas

0.6-2.3um

1307%260" @ 31.7mas

0.8-2.5um

1.0-2.5um

17717 (@ 4mas

137x13” @ 3mas.
40 x40” @ 10mas

Resolution wit
MICADO

Number of
filters

%1 (10mas @ 2.1um)

20 primary arm.
20 auxiliary arm

14 (of which 4 are
narrow)

x1.4

x1.7

unspecified

unspecified

Additional
modes

Slit spectroscopy

(options: dual imager.

high time resolution)

Long arm to Spum

Integral field
spectroscopy

Integral field
spectroscopy




MICADO - Expected performance

AB mag limits for isolated point sources
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Exp. time (hours)

J(AB) = 30 in 5h (S/N=5) K(AB) = 29.5 in 5h (S/N=5)



MICADO@E-ELT tivity: spectroscony

Sensitivity between OH in J & K bands

) ) Isolated Point Sources to 50
Slit losses included MICADO sen|51t1V1ty (S/N 5 1 res. el. ) R=3000 Slit=12 mas

(PSF shape & [ Spectroscopy of #mnt Souxl'ceslI
diffl‘aCt'ioneffects)

narrow slit maximizes
sensitivity (although it
reduces throughput)
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E-ELT simulation of NGC 300 core

E-ELT + MICADO

Exp=3h
Filter J

NGC 300

D=2 Mpc

NSC (king profile)
Rc = 0.095"

Rt =2.87"

band : J 2Mpc ryr e size = 800pix




E-ELT simulation of NGC 300 core

d=2Mpc age=1Gyr 1 O,,

2<r/re <3

A

Gullieuszik et al 2014
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e . VIRGO - the closest rich'.clu's.tér'of galaxies

VIRGO cluster ( DM=31) *



The study of the resolved stellar population
in distant galaxies is one the main science
drivers for the realization of ELTs

Reconstruction of the star formation history for a stellar system by
analyzing its color-magnitude diagram (CMD) is a fundamental tool
for understanding its age and chemical composition.



The view of resolved of stellar populations

Elliptical galaxy (old SP) M(J) =-23, HLR =5 kpc

Distance = 18.3 Mpc R/HLR =1

MICADO E-ELT FoV =1" NIRCam JWST
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Resolved Stellar Population of Distant Galaxies in the ELT Era

L. GREGGIO, R. FALOMO, S. ZAGGIA, AND D. FANTINEL

Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Padova, Vicolo dell’Osservatorio 5, 1-35122,
Padova, Italy: laura.greggio@oapd.inaf.it

AND
M. USLENGHI
Istituto Nazionale di Astrofisica, Istituto di Astrofisica Spaziale e Fisica Cosmica, Via Bassini 15, 1-20133 Milano, Italy
Received 2012 February 07; accepted 2012 May 23; published 2012 August 6

ABSTRACT. The expected imaging capabilities of future Extremely Large Telescopes (ELTs) will offer the
nninnoa nnccihilitv tn invactioate thoe ctallar nannlatinne af dictant aalaviac fram 'hc pho[onlctrv Of thc S[ars in very

e two representative science cases

of the
R RN OMICATISOCIENY =7 1s of distant galaxies. Specifically,
MNRAS 437, 2966-2979 (2014) doi:10.1093/mnras/stt2124

distance of 4.6 Mpc) and case (2)
distance of 18 Mpc). We generate
entative instrumental setup, i.e., a
Studying the metallicity gradient in Virgo ellipticals with discussed in detail, showing how
European-Extremely Large Telescope photometry of resolved stars u ‘;"‘Ipprg"ﬁ)‘c‘;' ‘Yf_“;‘dﬂ‘l}(‘)‘ﬁ i‘n”
/ ~ L0, J ~ LD, 3 ng
1 Virgo to within ~0.1 dex: (2) the

Advance Access publication 2013 November 30

L. Schreiber,'* L. Greggio,? R. Falomo,? D. Fantinel? and M. Uslenghi?® 7.0, enabling reconstruction of the
LINAE, Osservatorio Astronomico di Bologna, Via Ranzani 1, I-40127 Bologna, Italy xes. For the latter case, we discuss
2INAF, Osservatorio Astronomico di Padova, Vicolo dell’Osservatorio 5, I-35122 Padova, Italy . fQ 3 ic of :
3INAE, Istituto di Astrofisica Spaziale e Fisica Cosmica, Via Bassini 15, 1-20133 Milano, Italy S Ch re I be r et al 2 O 1 4

Accepted 2013 October 30. Received 2013 October 30; in original form 2013 September 13

ABSTRACT

The next generation of large aperture ground-based telescopes will offer the opportunity to
perform accurate stellar photometry in very crowded fields. This future capability will allow
one to study in detail the stellar population in distant galaxies. In this paper we explore the effect
of photometric errors on the stellar metallicity distribution derived from the colour distribution




MICADO view of high z galaxies

est frame of near—IR high z largeis
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Color View of rlign Z Galaxies

V! »

JWST will select samples &
measure basic galaxy properties

MICADO will provide the details
of their structure to answer:

What are the physical processes
driving their evolution? ~

MICADO @ E-ELT

obvious synergies with

ALMA 1"
HARMONI :
EAGLE

for kinematics (rotation curves, '
clump dispersions) & gas content sl ) '

combined JHK images of local templates (BVR bands) shifted to z=2 (top)

and z=1 (bottom), with R 4=0.5" and Mv=-21.  5h integration.
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Imaging the QSO Host Galaxies

QSO-host observations: faint 3C 273
extended nebulosity that is
superposed over a bright *
point-like source.

0828+493

| . ps
Canada- France-| Hawaii-Telescol pe | L it L

——

&
(%)
QL
n
o
-
o

T
b=T1]
&
=
=}

Host galaxies study needs good
PSF and high efficiency to TGN,
measure the faint surface /
brightness over the background.

HST-PSF OBJ OBJ-PSF



Quasar hosts and SMBH evolution

Quasar hosts appear to
follow the luminosity
evolution of massive
spheroidal dominated
galaxies up to z ~3
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Kotilainen+2009



Quasar hosts and SMBH evolution

Redshift

Figure 8. The average values of I" for the quasars in our sample
(filled symbols), together with the linear best fit (dotted line).
Error bars are the 2-0 uncertainties in the average values for each
data bin. For a comparison, the trend found in the study of radio
loud AGN by McLure et al. (2006) is plotted as a dashed line.
We also plot the average I' values of the 51 lensed and non-lensed
quasars from Peng et al. (2006a,b) (empty circles) and of the 89
AGN from Merloni et al. (2009) (empty triangles). The horizontal
solid line represents the constant I' = 0.002 case. All together the
data depict an increase of I with z.

Decarli+2010



High z quasar hosts with ELTs

K band observat
V @z
B @z
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NUCLEUS HOST




High z quasar hosts with ELTs S,
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High z quasar hosts with ELTs S,
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Redshift of BL Lacs

HST+WFPC2

0828+493




Redshift of BL Lacs
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Redshift of BL Lacs
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Redshift of BL Lacs

H 1722+119 X—Shooter spectrum

il

[SM Ca II

pure featureless spectrum



Redshift of BL Lacs (by ELTs

PKS1153+113 (2z=0.50) PKS1153+113 (z=1.00) H1722+119 (z=0.50)  H1722+119 (z=1.00)

0.998
6000 6500 8000 6500 8500
Wavelanath (R) Wavelanath (R) Wavelanath (R) Wavalanath (4)

S/N ~ 1-5K'; Nuc/Host ~ 100-1000

MH 2136—-428 (z=0.50) MHZ2136-428 (z=1.00) PKS2254-204 (z=0.50) PKSZ254-204 (z=1.00

6000 6500 8000 ' 6500 8000 8500
Wavelength (&) Wavelength (&) Wavelength (A) Wavelength (A)

Fig. 5. Simulated spectra of four BL Lacs using E-ELT equipped with an X-SHOOTER like instrument (z,,, = 3600s, R ~ 3000). For each
object we report two cases at z = 0.50 on the left panel and z = 1.00 on the right panel. The red solid line is the smoothed spectrum obtained by

Landoni et al 2014



QSO spectroscopy in the ELT era
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QSO spectroscopy in the ELT era
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QSO spectroscopy in the ELT era

Q30 z = 5 (AB-24; /N = 30)
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QSO spectroscopy in the ELT era
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