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the Deep Universe
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http://www.mosaic-elt.eu



ESO is now building the future largest telescope
First light: 2024
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We have gathered the overall European expertise in
conceiving, designing, and building:

* multi-object spectrographs,
* integral field units, and
« adaptive optics driven instruments

A unique worldwide expertise



Final Trade-offs for the full MOSAIC

Detailed in SPIE 2016 (Hammer et al., Evans et al., Rodrigues et al.)

IFU pixel size for the 10 IFUs: < 80 mas, a strict limit!

Multiplex with fibers: ~ 200 in VIS, 100 in NIR if accurate sky correction
needed

Moderate (5000) and high resolution (15000) on both VIS and NIR
spectrographs

No K-band : telescope background dominates

Visible for A > 450 nm : poor response of the mirror coating in the blue
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From Science Cases to TLRs

D050 o108 oty o

% Science Case Description

The Science Case and Breakdown
for Multi-Object

(1) To detect the Lyman break outto z ~ 17
(2) UV absorption linestoz ~ 10
Spectroscopy on -
Parameter Value Description
t h e E u ro p e a n E I_T Spatially resolved YES MOAO

information

Goals

Sensitivity (1) and (2) m=28 with S/N=5 in a few tens of hours

Target density 5 10 arcmin’?, but only 50% detected between OH lines

The case for high i’
I I . Spectral Resolution 5000 Resolve Lya profiles w/ FWHM as low as 150 km/s
spectral resolving
Bandwidth 1.0-1.8um Only a few diagnostic lines will lie beyond 1.8um
p Owe r i n t h e n e a r Single obs. bandwidth | 0.4pm

I R Sub-field 0.6" Diameter of early galaxies; <90mas sampling (40 optimal)
Sky subtraction <1% of sky
background

Flux calibration &

Evans, Puech et al. 2015

Other calibration

arXiv150104726E
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IFUs & high multiplex modes

@,

100-200 pont like objects with natural seeing or GLAO
(can be used to prepare/feed low multiplex observations)
10 IFUs with MOAO in NIR, GLAO in VIS
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Number of apertures

Patrol area
Operating bandwidth

Outer diameter of on-sky subfield
Sampling
Spectral resolution

AO performance

Number of apertures
Patrol area
Operating bandwidth

Diameter of the aperture on sky

Spectral resolution

AO performance

Visible

10
44.2 arcmin?
0.45-0.9 pm

2.31 arcsec (hexagonal)

138 mas
5000 & 15000

GLAO (~seeing limited)
Visible

\.~ A‘

200
52.1 arcmin?
0.45-0.9 pm
840 mas
5000 & 15,000

GLAO (~seeing limited)

Near IR

10
44.2 arcmin?
0.8 -1.8 pm
1.9 arcsec (hexagonal)
80 mas
5000 & 20,000

MOAQ: 25% EE in 150 mas
Near IR

,}‘"', A 1
B B

100 ( +100 on sky)
47.3 arcmin?
0.8-1.8 um

500 mas
5000 & 20,000

GLAO



Phase A study finalized, documentation in writing
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Phase A study finalized, documentation in writing

LGSS

NIR Spectrograph Cable De-Rotator

‘ Optical Relay System

VIS Spectrograph Rotating Structure

Focal Plate

o
“‘ Volume for Static

MOSAIC Support Structure

Electronic & Control Cabinets



MOSAIC

=130 scientists from all Europe
-SC1: first galaxies, reionisation
-SC2: Large scale structures
-SC3: Galaxies mass assembly
-SC4: AGN/Galaxy coevolution
-SC5: Resolved stars beyond the
LG

-SC6: Galaxy archaeology

-SC7: Galactic centre

-SC8: Planet formation in clusters

ALL SCs tested or to be tested
through an ‘end-to’end’
simulator at :
http://websim-compass.obspm.fr

MOS: exploits the mirror surface then a
moderately good image quality

dépasser les frontiéres

Deployable fov: ®=5-7 arcmin

High Definition Mode (HDM)

(see Puech et al, 2016, SPIE)
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A coverage (not simult.)
Francois Hammer: N - -

Parameter Working assumption

IFU field of view 2.0 x 2.0 arcsec

Multiplex 10 IFUs

Spatial pixel size 75 mas

Ensquared Energy = 25% EE

Spectral Res. Power ® 5000

2. coverage (not simult.) 0.8-1.8um

High Multiplex Mode (HMM)

On Sky Aperture 0.9 arcsec

Multiplex 200

Spectral Res. Power ® 5000 & 15000

). coverage 04-18pum

InterGalactic Medium (IGM)

IFU field of view 2.0 x 2.0 arcsec

Multiplex 10 IFUs

Spatial pixel size 0.3 arcsec

Spectral Res. Power ® 5000
04-1.0um




Great Paris Exhibition

Telescope
(lens at the same scale)
Paris, France (1900)

(40" refractor MuItl-Objec |ber % g
lens at the same scale)

Yerkes Observatory Large Sky
Spectrogfopic

Williams Bay, Telesgbpe Gran Telescopio Keck Telesco .
Wisconsin (g e E:B;ﬂqa‘-ﬂs Mauna Kea, Havlzau
. 009) Canary Islands, (1993/1996)

Hooker
(100") Hale (200")
Mt Wilson, Mt Palomar,

Spain (2007) ‘ ‘

California Caligognia
194
by ( : Gemini North Subaru i
).@ Mauna Kea, Telescope Thirty Meter Telescope

Hawaii (1999) Mauna Kea, auna Kea, Hawaii (planned 2022)

i ( Hobby-Eberly Southern African Hawaii (1999)
®" Telescope Large Telescope
(1979-1998)  (1999-) Davis Sutherland,
Multi Mirror Telescope Mountains, South Africa

Mount Hopkins, Arizona

Texas (1996) (2005)

Cerro Paché
Chilguaand

Q

Large Synoptic

urvey Telescope
El Pefidn, Chile
(planned 2020)

BTA-6 (Large
Altazimuth Telescope)
Zelenchukskg, Russia

(1975

Large Bino;:.ﬁll.;r Telescope
Mount Graham,
Arizona (2005)

Large Zenith Telescope
British Columbia, Canada
2003)

i Y i . p
Gaia Kepler i i : :
Earth-Sun L2 point Earth-trailind

(2014) solar orbit 6

(2009) European Extremely Y
Large Telescope H%Tha”
o Cerro Armazones, sar?1e sceale
Cerro Paranal, Chile Chile (planned 2022)

Hubble Space (1998- 2000) 5 10m
James Webb Telescope

0
A o
Space Telescope Low Earth @ 10 20 30ft
Earth-Sun L2 point Orbit
(planned 2018) (1990)
agellan Telescopesy Giant Magellan Telescope
Las Campanas, Las Campanas Observatory, . ‘. ‘
hile (2000/2002) Chile (planned 2020)

2209 20 Fran OO Ha rovesui Heimbdyly BHrh &, Telésdbe’, Cambr
. & ]

(cancelled)

Tennis court at the same scale Arecibo radio telescope at the same scale Basketball court at the same scale

Gemini South 1 | eter



Inflation/
Big Bang

The reionisation of the Universe: first objects

E-ELT & JIWST VLT & HST

Cosmic Dark Ages Reionization IGM mostly ionized
z > 15-307? z=6-157 z=0-6,t>1Gyr
t < 100-270 Myr t<1Gyr ‘
Rare sources form
ionized bubbles ~__
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Most distant galaxies: MOSAIC, follow-up of JWST imagery:
Higher spectral resolution, search for poplil?

S/N=[4.11 — 7.03869] 8.0 Apix=0.080 arcsec Npix=2/256

v Ja=29
3 4002— Nl
- ‘l. LI lI] il ‘ I IR L
T
~200f- |
1.119 1.120 1.121 1,122 1.123 1.124
A [um]
S/N=[1.2I1 - 6.083:35] 10. Aplix=0.080 cIJrcsec Npi><l=5/256
6000 Z ~ 7
5000 20 hrs
Simulations: Disseau et al. SPIE, 2016 J\p=26
1.19 1.23 l..24

IFUs: unbeatable for the best sky subtraction
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High definition mode: dark matter evolution from
well-sampled rotation curves up to z=4

250 1 | 1 I | I 1 I 1 1 ) I 1 1 -
.:'-A‘J
200 {MO0AO
— {1GLAO
m 150 -
g 41 MOAO is required to
i 4 - .
- 100 1 provide at least 5 to 7
::-g UGCS5263 @ z=2 1 resolution elements per
FWHM~0.02" 0.01"/pix ] rotation curve side
' | FWHM~0.10" 0.06"/pix
I FWHM~0.26" 0.05"/pix |
o 1 1 | I 1 | 1 I 1 1 1 I 1 1 | ]
0 0.2 0.4 0.6 0.8

Puech+10 r [arcsec]




250

200

______
-
-

150 |-

Vrot [km/s]

100 |

True Vrot
C005833 K24p3 SOp75 P08 E200 W80 Vz=60
C005838 K24p3 SOp75 P16 ES0 W80 Vz=60
C005836 K24p3 SO0p75 P16 E200 W80 Vz=60
C005835 K24p3 S0p75 P12 E200 W80 Vz=60
C005837 K24p3 SOp75 P12 ES0 W80 Vz=60
C005839 K24p3 SOp75 P12 E200 W160 Vz=60
~ 6h|’S C005840 K24p3 SOp75 P12 ES0 W160 Vz=60 -------
000584}1 K24p3 80975 P08 E50I W80 Vz=6|0 - - - -

50

0 2 4 6 8 10 12
radius [kpc]

Simulations of a z=3.6 L* galaxy with EW=50, 200A,
pixel scale =80 to 160 microns
Study still preliminar, from Jianling Wang (with Mathieu Puech)
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Direct 3D reconstruction of the IGM
(excerpt from P. Petitjean)

No QSOs but Lyman
break galaxies observed
with R= 5000
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Counts (arbitrary)
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(® Distant background galaxy
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(® Distant background galaxy

z~ 3.5
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% Fraction of matter in the local Universe in the distant Universe (%)
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Redshift

At z > 6:
witnessing
the
elaboration
of the first
super
massive
black holes



Red supergiants can be observed up to 35 Mpc

MOAO for accurate metal abundances (CaT) in such a large
volume that all galaxy types can be investigated!
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Numerous science cases with MOSAIC
Here a list of “only the MOS can do it @ELT”

* The first distant galaxies: the only E-ELT instrument to follow-up JWST

* Dark matter inventory & galaxy formation: sufficient number of galaxies
e Hierarchical model (formation of dwarfs): with R> 10000 (>> JWST)

* Baryon inventory (ISM & IGM): B band, reasonable scale (multi FoVs)
 AGN feedback & formation: formation of the super massive black holes
* Galaxy archaeology incl. halo & LG galaxies: sufficient number of stars

* Bulge, disk of the MW: follow up large surveys

* And much more
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No competitors: an inventory of baryonic
(star & gas phases) & dark matter at high z

The first distant galaxies: the only E-ELT instrument to follow-up JWST
Dark matter inventory & galaxy formation: sufficient number of galaxies
Hierarchical model (formation of dwarfs): with R> 10000 (>> JWST)
Baryon inventory (ISM & IGM): B band, reasonable scale (multi FoVs)
AGN feedback & formation: formation of the super massive black holes
Galaxy archaeology incl. halo & LG galaxies: sufficient number of stars
Bulge, disk of the MW: follow up large surveys

And much more
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B Conclusion

MOSAIC

The ELT is in building process: 2024

Multi-IFUs in NIR (MOAO, rotation curves) and in VIS (redshifted
ionised absorptions) are unique for an inventory of all phases (DM,
multi-phase gas) of the matter

they are very competitive for sky-subtraction, light concentration &
no aperture losses;

the most efficient E-ELT instrument to follow JWST and to uncover
reionisation responsible;

MOS exploits at first the gain in telescope size and can be
implemented without difficulties at the telescope, not being too
demanding for AO interfaces;

Phase B: 2018, still 2-3 years from now for welcoming new partners
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Spectroscopic Surveys with the ELT:
A Gigantic Step into the Deep Universe

17 - 20 October 2017

In Toledo, Spain
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