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Science Case

Open Issues

First Light ?

First Galaxies/AGN ?

Mass Assembly ?

Dwarf galaxies ?

Years after the Big Bang

0.3 million —

1 billion —

z~6

2 billion _|

(The epoch observed in
the present research)

z~1

9 billion —

135 billion _|

the Big Bang

//J\The Universe was filled

with ionized gas

_ Hydrogen turned
to be neutral

The Cosmic
Dark Age

First astronomical objects:
formation of galaxies and

quasars. Beginning of the

cosmic reionization

-

Renaissance of the
Universe - the End
of the Dark Age

Completion of the
reionization: inter-galactic
medium was ionized

Evolution of
galaxies

Formation of the
solar system

Y K, 5 e B The Present
images credit: NASA / WMAP Science Team, Subaru Telescope/NAO)] Universe



From science issues to instrument

Find and study first light galaxies:
wavelength range extending into NIR

The history of galaxy assembly: high
sensitivity
Tomography of the high redshift

Universe: wavelength range extending to
the u band

The first large structures in the Universe:
large FoV

Issues coming up in the next 5-10 years:
multi-purpose instrument



Imaging and Multi-slit Spectroscopy

Imaging spectrographs are the
work-horses of major telescopes

Goal: combine in one concept
the deepest images and the
deepest spectra possible with an
ELT

Multi-slit is the most efficient
technique for faint objects: sky
residual <0.1%

Capability to work with GLAO-
corrected images




Innovative and robust concept

Wide field up to 44 arcmin?, use seeing-limited or
GLAO-corrected images, 0.05 arcsec/pix

— 2 Visible and 2 NIR quadrants, with 0.6-1um
overlap

Imaging and MOS (slits) from 0.37 to 1.6 um
— IFU possible

Superb optical design and compact mechanical
layout

Opto-mechanical systems using industry
standards, no R&D required

Low risk



High level of performance

Excellent image quality and
high throughput (~70%)
Extremely deep imaging from
utoH

High multiplex: 160 slits in
HR, 480 slit in LR

Limiting magnitude (4h):
AB~29 in imaging, AB~26.5 in
MOS




6.78"

Spatial and Spectral Configurations

3.32'

High Res.
Simultaneous Visible & NIR
|
A (um) 0.37 0.6 1.0‘ 1.6
< NIR channels >
<—Visible channels—>‘




Simulated MOS observations

NIR

NIR

450 spectra R~300 160 spectra R 3000



Instrument concept

' ":ii‘ ST




Optical Design

Field lenses (FL)
First Fold Mirror Ch. 1 (FFM1)

Masks . ,
First Fold Mirror Ch. 2 (FFM2)

Cameras (CAM)

2nd Fold Mirror Ch. 1 (SFM1)
2nd Fold Mirror Ch. 2 (SFM2) Collimators (COL)

Visible channels

NIR channels

2nd Fold Mirror Ch. 3 (SFM3)

First Fold Mirror Ch. 3 (FFM3)

2nd Fold Mirror Ch. 4 (SFM4)

First Fold Mirror Ch. 4 (FFM4)

/ Cameras (CAM)

Collimators (COL)
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Layout for imaging and spectroscopy

Layout in imaging mode

Layout in spectrographic mode
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Systems description

Instrument structure system

- Rotating structure

- Support legs and focal plane frame
- Rotator and cable wrap

Mask Exchange Unit System
- Mask exchange robots

- Robot structure

- Focal plane backbone support
- Reservoirs
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System by System

Calibration and Alignment System
- Calibration modules subsystem

- Rotator registration subsystem

- Star tracker subsystem

Instrument Fore-optics System
- Field Lens subsystem

- Collimator subsystem

- Fold mirror subsystems

- Flexure compensation device
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System by System

Filter and grating exchange system
- Filters and gratings

- Exchange robots

- Structure subsystem
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Changing from filter to grating
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VIS Spectrograph and Imaging System

Camera Subsystem

Camera positioning subsystem
Cryostat Subsystem

Focus Compensation Subsystem
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R band

Spot Diagrams (imaging)

Y band

MAP OF SPOT DIAGRAM

MAP OF SPOT DIAGRAM

--AIRY DISK RADIUS = 0.001278

MERIDIONAL FIELD 358.5000 MM

SKEW FIELD 359.5000 MM

AS A FUNCTION OF OBJECT COORD.

MAPPED INTO IMAGE SPACE
EXPLODED VIEW
MULTICOLOR

SCALE FACTOR 1.0000 X

ID 380-1000 R BAND

WAVELENGTHS

0.80000
0.75000
0.70000
0.60000

POSITIONS L
25.40005 MM

DIAGRAMS o
0.10000 MM

19

28-MAR-10 22:07:06

MERIDIONAL FIELD 3595000 MM

- - AIRY DISK RADIUS = 0.002009

SKEW FIELD 359.5000 MM

WAVELENGTHS

1.12500
AS A FUNCTION OF OBJECT COORD. 115000
MAPPED INTO IMAGE SPACE 1.05000 POSITIONS
EXPLODED VIEW 4.00000 25.40005 MM
MULTICOLOR ) : DIAGRAMS
SCALE FACTOR  1.0000 X 0.10000 MM
ID NIR 600 1400 Y BAND 20

28-MAR-10 23:10:07
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Spot Diagrams (spectroscopy)

0.6um

MAP OF SPOT DIAGRAM

1.130um

- -AIRY DISK RADIUS = 0.001105

+
+

+

+ o+
+
+

R et

T

MERIDIONAL FIELD 359.5000 MM

SKEW FIELD 359.5000 MM

AS A FUNCTION OF OBJECT COORD.

MAPPED INTO IMAGE SPACE POSITIONS L,
EXPLODED VIEW 25.40005 MM
AT WAVELENGTH 0.600000 DIAGRAMS o
SCALE FACTOR  1.0000 X 0.20000 MM

ID 380-1000 SPECTRO V6 FR 14

28-MAR-10 11:52:28

MAP OF SPOT DIAGRAM

--AIRY DISK RADIUS = 0.002176

MERIDIONAL FIELD 359.5000 MM

SKEW FIELD 359.5000 MM

b
b4+

-

AS A FUNCTION OF OBJECT COORD.
MAPPED INTO IMAGE SPACE

EXPLODED VIEW

AT WAVELENGTH 1.130000

SCALE FACTOR 1.0000 X
1D 600 1400 N9

+

POSITIONS L

25.40005 MM

DIAGRAMS — o
0.20000 MM

16

28-MAR-10 18:17:49
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Throughput including CCD

Throughput

0.70

Visible channel throughput

0.60

0.50

0.40

030 . = \/isible spectro mode

—\/isible imaging mode

0.20

0.10

0.00 T T 1 T T T 1
0.3 0.4 0.5 0.6 0.7 0.8 0.3 1

A (um)




Throughput

Throughput

NIR channel throughput

0.70

0.60

0.50

== SNRNEE|

0.40

0.30

0.20

0.10

0.00 +L{TITT{TTT]

0.6 0.7 0.8

0.9 1 1.1 1.2 13

A(um)

14

= N|R spectro nmode

——NIR imaging mode

21



Large FOV:

Image quality:

Throughput:

Filters:

Wavelength range:

Resolution:

Multiplexing:

Capabilities
0.44 sq arcmin between 0.6 » and 1 .
0.22 sq arcmin between 1 1 and 1.4
FWHM 0.25 arcsec

imaging > 60%
spectroscopy > 40%

u,g,r,i,z Y,J,Hs + 2 narrow band

0.37-1
0.6-1.4 .

R~300: 0.37-0.64; 0.6-1.0 ; 0.6-1.0; 0.86-1.4
R~1000: 0.37-0.74; 0.5-1.0; 0.86-1.4
R>2300: 0.37-0.55; 0.86-1.1; 1.1-1.4 ; 1.4-1.6

480 at low resolution
160 at medium resolution



Magag

29.0

28.5

28.0

27.5

27.0r

26.5

26.0

Performances
Imaging performances, 1 hour integration, 5 o, 1.2 arcsec aperture

Natural seeing FWHM 0.75" | point source

’..A T T T T T T T T




Magag

Performances

Spectroscopic performances, 4hours integration, 3 o
Natural seeing FWHM 0.75" Slit width 0.5” Extended source 2" &

T
27.5 -B/E“

270F g
26.5
26.0
25.5
25.0
24.5
24.0

23.5

232.0

[ pointlike source R300
extended source R 300

@ pointlike source R3000

@ extended source R 3000

Magnitude of the continuum in
the reference band

] Better performances for line
N emission
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Simulated spectra

z=12

=
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z 5o 5
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2 z 1 ]

il ﬂi- J?f. ::k. “—TTTﬁ—FrTTﬁ:
1 1.1 1.2 1.3 1.4 1.5 1.6

Study first light objects:

Lyman « flux:
9x10-19 erg/cm2 sec

5 hrs exposure

At z=12 it means detecting
a SFR=1 solar mass/yr
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Flux (< 1e-15)

Simulated spectra

LAE: 1,;=24.75 z=2.7 t=2 hours R~300
F ., .=7e-18 erg/cm?s

emission_line_galaxy_lyvalpha_bc fits[Primary] Row: 1 Range: [1, 20:37]

R SilV1 393+ 0141 402 Hell
LyB sill sill lll
gl [OI]1 30241304 CIW154E+1550 Al
Ly cll Fell [l
I ' I . I ' I
4000 5000 G000 7000

Wavelenght



Flu= (< 1e-193)

Simulated spectra

LBG: 1,5=24.11 z=2.6 t=40 minutes R~300

Lya,

M

il 3953+ 0011 402

sill
[O1]1 302+1304

il

Hell
il Al
Ch1545+1550

Fell

A1l

[l

5000

T | T
BO00
Wavelenght

F000



Simulated spectra

SB: 1,;=24.5 z=1.036 t=1 hour R~3000
F ,.=2e-18 erg/lcm? s

I | I ! I
12000 13000 14000

Wavelenght



Flus (= 1e-20)

Simulated spectra

E: K,g=22.5 z=1.8 t=1h R~300

Hteta [G14065 B+a075 .2 Gharnd

Wavelenght

| Hksi, G BEiner| Break | Higarnna
[ | Call_K Hidelta Hbieta |
[Mew(doublet-2) H11 Call_H Ch [O1idoublet-
I T [
10000 12000



E galaxy
|=25.5
z=1.0

1 hour

Flux (x 1e-20)

Simulated spectra

20 —

10 o
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w 4
5 NIR channel

0 -

[Med]{cloublet-1) Hteta T511|4065 6+4076.2 Ghand
Fel HEsi, CN{HS ) *r_break Hganmma
[y Lall_n rdelta Hbeta
[Mew]{doublet-2) H11 Lall_H CH [ [{ddoublet-
[ I L I L I
G000 7000 5000 3000

Wavelennht

VIS channel

[
BOO0

[Mewcoublet-1 Hteta I3 11]4065 G+4075.2 Ghand
Fel HEsi, CMEHS) o _Break Hgamma
(]} Lall_n rdelta Hbeta
[Mew]idouklet-23 Hi1 Lall_H CH [u)douklet-
L I L I L I
Foog 5000 Q000

Wayelenght



Organization

Science Team

| L Tresse (LAM)

Science Team
Head

Local WP
team

Board of Co-ls:
D. Maccagni, S. Paltani,
G. Dalton, P. Di Marcantonio, etc
(IASF-MI, UNIGE, RAL, etc)

Instrument
Scientist
B. Garilli

(IASF-MI)

Local WP
team

Head Optical Engineer

Head Electrical Engineer |

| Head Mechanical Engineer

Head Software Engineer

Head Detector Engineer
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How much?

Time to design, procure, integrate and commission: 6.5 yrs

Weight: ~20 tons

Manpower needed: ~300 FTE

Cost: ~20 M€



