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Field of view/slit length/ Spectral Wavelength : cipvaees
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AO Module
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IFU 4 spaxel scales from: R ~3200 ' 2
0.8" x 0.6" at 4 mas/ pIX fo R ~7100 2 \~\ sA10 .\‘\‘kv \‘\A\\ \‘~ nn1Q \‘\,\ “ - \\\ ';'\.;_.‘\)
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(with coronagraph)
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13.5" x 13.5" at 7 mas/pix in N
Pl: B. Bra.ndl G
NOVA, Leiden METIS Single slit R ~1900 in M 3-13 “
The Netherlands R ~400in N
IFU|0.6" x 0.9" at 8 mas/pix L, M bands
(with coronagraph) R ~100000
| | §ingle object | B 100000
i | @AEAT“}O”' FU (SCAO) i 0.4-1.8 simultaneously
ta ' '
 aly Multi object (TBC) R ~10000
~ 7-arcminute FoV
: R ~ - 451,
Pl: R. Pello MOS - 200 objects (TBC) 5000-20000 0.45-1.8 (TBC)
LAM, France ~ 8[IFUS|(TBC) R ~5000-20000 0.8-1.8 (TBC)
Extremme AO camera and TBC TBC
spectrograph




Instrument Main specifications Schedule
Field of view/slit length/ Spectral Wavelength , T
dentan 9 regoluﬁon coverageg(’um) Phase A |Project start|  PDR FDR First light
Pl: R. Davi 'fr;)afg?i (stci)t 2”0 ;rin;%rsa/;z oo i
VIS 'MICADO 19" x 19" at 1.5 mas/pix narmowbanas 0.8-2.45
MPE, Germany
[ Single slit R ~20000
Pl: P Ciliegi B AO Module
MORFEO 0.8-2.45
INAF, Italy | ‘SCAO — MCAO \
. - IFU |4 spaxel scales from: R ~3200 , | ‘ _ I _ | . |
Pl: N. Thatte HARMONI + 0.8" x 0.6" at 4 mas/pix to R ~7100 iAo s N N N W
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IFU|0.6" x 0.9" at 8 mas/pix L, M bands
(with coronagraph) R ~100000
| | §ingle object | B 100000
i | @AEAT“}O”' FU (SCAO) i 0.4-1.8 simultaneously
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Spectroscopy resolving power
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COMPETITORS OF ELT

Near-IR, AO-assisted Imager + |[FU GMTIES IRIS HARMONI
Wide-Field, Optical Multi-Object CGMACS WEOS | MOSAIC-HMM
Spectrometer
Near-IR Multislit Spectrometer NIRMOS [RMS MOSAIC-HMM
Deployable, Multi-IFU Imaging RMOS | MOSAIC-HDM
Spectrometer
Mid-IR, AO-assisted Echelle MIRES METIS
Spectrometer
High-Contrast Exoplanet Imager TIGER PFI ELT-PCS
Near-IR, AO-assisted Echelle GMTNIRS NIRES ANDES
Spectrometer
High-Resolution Optical Spectrometer | G-CLEF HROS ANDES
"Wide"-Field AO-assisted Imager Rl MICADO




COMPETITORS OF ELT

Near-IR, AO-assisted Imager + IFU GMTIES IRIS HARMON|
Wide-Field, Optical Multi-Object GMACS WEOS | MOSAIC-HMM
Spectrometer
Near-IR Multislit Spectrometer NIRMOS [RMS MOSAIC-HMM

Deployable, Multi-IFU Imaging IRMOS | MOSAIC-HDM

Spectrometer

Mid-IR, AO-assisted Echelle

MIRES METIS
Spectrometer

High-Contrast Exoplanet Imager TIGER PFI ELT-PCS

Near-IR, AO-assisted Echelle

| Spectrometer

|

Il

’ High-Resolution Optical Spectrometer

"Wide"-Field AO-assisted Imager




BROAD CONTEXT &4 . ANDES

> European Extremely Large Telescope (ELT) will be the largest ground-based telescope at visible
and infrared wavelengths

> Flagship science cases: the detection of life signatures in Earth-like exoplanets and the direct
detection of the cosmic expansion re-acceleration (both require high resolution spectroscopy)

> High resolution spectroscopy (HRS)

> Interdisciplinary (from Exoplanets to Cosmology and Fundamental Physics)

> Successtul ESO tradition (UVES, FLAMES, CRIRES, X-shooter, HARPS; ESPRESSO)
> More than 30% of ESO publications can be attributed to its high-resolution spectrographs.

> HRS At 8m-class telescope entered into photon starved regime
> Merging of CODEX and SIMPLE concepts into HIRES (ANDES) with R~100.000 in 0.37-2.4 ym

> HIRES (ANDES) Phase A study started March 2016, completed March 2018



A SUBSET OF ANDES SCIENCE CASES &4 . ANDES

3 Exoplanets (characterisation of Exoplanets Atmospheres: detection of signatures of life)
X Protoplanetary Disks (dynamics, chemistry and ohysical conditions of the inner regions)

K Stellar Astrophysics (abundances of solar type and cooler dwarts in galactic disk bulge, halo and nearby
dwarts: tracing chemical enrichment of Pop Il stars in nearby universe)

3K Stellar Populations (metal enrichment and dynamics of extragalactic star clusters and resolved stellar
populations)

b Intergalactic Medium (Signatures of reionization and early enrichment of ISM & IGM observed in high-z
quasar spectra)

b Galaxy Evolution (massive early type galaxies during epochs of formation and assembly)
b Supermassive Black Holes (the low mass end)

3 Fundamental Physics (variation of fundamental constants - «, mp/me Sandage Test)

Community White Paper: Maiolino et al. 2013, ArXiV:1310.3163



A SUBSET OF ANDES SCIENCE CASES &4 . ANDES

3 Exoplanets (characterisation of Exoplanets Atmospheres: detection of signatures of life)
X Protoplanetary Disks (dynamics, chemistry and ohysical conditions of the inner regions)

K Stellar Astrophysics (abundances of solar type and cooler dwarts in galactic disk bulge, halo and nearby
dwarts: tracing chemical enrichment of Pop Il stars in nearby universe)

3K Stellar Populations (metal enrichment and dynamics of extragalactic star clusters and resolved stellar
populations)

b Intergalactic Medium (Signatures of reionization and early enrichment of ISM & IGM observed in high-z
quasar spectra)

b Galaxy Evolution (massive early type galaxies during epochs of formation and assembly)
b Supermassive Black Holes (the low mass end)

3 Fundamental Physics (variation of fundamental constants - «, mp/me Sandage Test)

Community White Paper: Maiolino et al. 2013, ArXiV:1310.3163 To be updated in 2023 ..
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EXOPLANET ATMOSPHERES &4 . ANDES

Use high-resolution spectroscopy to disentangle the planetary and stellar spectra by comparing the

combined spectrum to a star-only reference spectrum aided by the radial velocity offset (e.g. Snellen+15)
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Example: Trappist 1 planets ANDES cat detect:
H,0 (1.3-1.7 ym) in 2 transits
H,0 (0.9-1.1 um) in 4 transits
COy in 4 transits
O2 in 25 transits




EXOPLANET ATMOSPHERES &4 . ANDES

Use high-resolution spectroscopy to disentangle the planetary and stellar spectra by comparing the
combined spectrum to a star-only reference spectrum aided by the radial velocity offset (e.g. Snellen+15)

1.4 -
2% In reflected light 2 1(2) |""'l ' CCOF with the
5 s [ . detection of
Example: Proxima b g p l." | ~ Proximabin O,
ANDES cat detect planet S 04 ' ~ | In70h (Hawker &
in 7 nights at 8 sigma level § Zz AN , ' Parry 19)
—%-4900 ~50 0 50 100

Radial velocity / kms™*

2% In transmitted light

Example: Trappist 1 planets ANDES cat detect:
H,0 (1.3-1.7 ym) in 2 transits
H,0 (0.9-1.1 um) in 4 transits
CO; in 4 transits

O5 Iin 25 transits



4. ANDES

Use high-resolution spectroscopy to disentangle the planetary and stellar spectra by comparing the
combined spectrum to a star-only reference spectrum aided by the radial velocity offset (e.g. Snellen+15)

1.4

2% In reflected light 2 1(2) . ' CCE with the
E 0:8 I". " detection of
Example: Pr 8 | Proxima b in O,
ANDES cat de: Tna I'.\_," ~ 1 in70h (Hawker &
in 7 nights at N \ [\ Parry19)
[4 100
MAYOR LAs AT TH
- PEpE o' Coy,
\\\\\\ Z£]7./’ S”ﬂyCEBy
\EXGN - ENE’A[
H20 (1.3-1.7 pre |
H,0 (0.9-1.1 pm) in 4 trans.
COy in 4 transits \\\\\\\\
—

O5 Iin 25 transits



The Inter-Galactic Medium:
tracing the chemical enrichment of the universe (e.g. Pop Il SNe)
High spectral resolution (R>50-100x103) and broad spec. cov. (opt+NIR)

r
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&4 . ANDES
CHEMICAL ENRICHMENT IMPRINT OF PRIMORDIAL SUPERNOVAE:

Zabs — 7, ZabsSZQSOS7.3, t — 2h

THE SIGNATURE OF POP 1l STARS

Av[kms1] Av[kms1] Av[kms1]
—80 —40 0 40 80 -80 —-40 O 40 80 —80 —40 O 40 80
I | I I I I I I I
1.2F O | )\1302 + Si 1l A1260 C [l )\1334 _
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£ 0.8 1 1 .
S H I
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R logNpy, =13 cm ™2 r S
0.4 cesnpoplzoms) T “ T 21
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— PISN Pop Il (204M ) 22
0.0 k P ol 1 i 23
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PROBING THE EARLY CHEMICAL ENRICHMENT

Lya and Lyf coeval forest of Z=6.1 quasar during the age of reionization (completed by z~5.7)

Normalised flux
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4. ANDES
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PROBING THE EARLY CHEMICAL ENRICHMENT

Lya and Lyf coeval forest of Z=6.1/quasar during,the age of reionization (completed by z~5.7)

Normalised flux
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4. ANDES
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FUNDAMENTAL PHYSICS: VARIATION OF THE FUNDAMENTAL CONSTANTS

> Variation of a causes shift of quasar ;| Aa /a = +5.00ppm x 10°
absorption lines 5l | & A i L
Fell Allll Fel Fell Mgl
20F _' o — B 2
> A/ between lines changes in :
DT
characteristic way .
> relative velocities change as | : _ |l ] -
Av. ~ Q; Aala U000 4500 5000 5500 6000 6300 7000 7500

Wavelength in A
> need accuracy of <1 m/s improve

on systematic errors wrt UVES &
ESPRESSO

courtesy of C. Martins
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> Variation of a causes shift of quasar ;| Aa /a =+5.00 ppm x 10°
absorption lines - B | I —_—_
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FUNDAMENTAL PHYSICS: VARIATION OF THE FUNDAMENTAL CONSTANTS

> Variation of a causes shift of quasar ;| Aa/a = +5.00 ppm x 10°
. . S Alll Allll Fell Fell Mgl
absorption line 251 s 1 i
> Al betwee | é‘fo 1
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> need accuracy of <1 m/s imp

on systematic errors wrt UVES &
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Current
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courtesy of C. Martins



REDSHIFT DRIFTS “SANDAGE TEST A . ANDES

» Expansion of the Universe causes the redshift of distant objects to drift slowly with time

» Direct non-geometric, model-independent measurement of expansion history of the
universe

» alternative to all other geometrical methods, exploring potential new physics

» expect signal of ~ cm/s/yr

a(t) 1 __ 1 1 1 ] l I I | 1 I 1 ] ] ] _:1

e 4 W j” Rt
aft,+at)l k: 0 * M W “P M‘ M\ | M \ \ q W;
ar) | o2 1 WV ITT Ll '

1 1 ] L \1\1 ] ] ] | 1 1 ] ] ]
//"/ L 5800 5900 6000 610(
a(te+At)l H(z) , Wavelength (X)
(o f— A NNl (N o m \
|y !’ \/\\”’\\!\V\/\/\ oAy,
+ 0.5 1 |\ M l /| ; JI ul \}I \ // . l ml
Ui < If ] I
O + ) At=5-10° yr j =
; : Pd ! ! ! ! I ! ! ! ! I ! ! . ! I !
5860 5870 5880 5890
tég+Ag tb%+A%

Cristiani et al. (2007)



REDSHIFT DRIFTS “SANDAGE TEST

&4 . ANDES

Liske et al. 2008

0.5
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v (h,o cm s yr

— 1

At~20 yr, Texp ~ 4000hr




REDSHIFT DRIFTS “SANDAGE TEST A . ANDES

» New Golden Sample of ‘superbright’ high-redshift quasars significantly reduces
observation time for the same experiment time (Cristiani et al. 2023)

Known QSOs « New identifications
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0‘.. . i‘ ..‘o 0‘ e
18.5 - \ ¥ ..;":O"o o e’ %
3 .}’. .u‘..; "o‘ L ': :.' *
.o" ’.0 -
4, ‘.0 - sc ﬁ.‘ e ® I
18.0 1 , Rt Tres R 0.35
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2 e | s
c
§17.5 2 > S
e %
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oo O
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REDSHIFT DRIFTS “SANDAGE TEST A . ANDES

» New Golden Sample of ‘superbright’ high-redshift quasars significantly reduces
observation time for the same experiment time (Cristiani et al. 2023)
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SCIENCE PRIORITISATION

&4 . ANDES

¥ Combination of science cases requires:

R~100,000, 0.33< A<2.4 um and many different observing modes

¥k Achievable with a fibre-fed modular system

=

MR front-end

) |
1/ Telecom fibers
(L <200 m) &

Other
front—ends

-

\I /\\

-
fiber to fiber
LV fibers interface
(L «<<10 m) \,
BB fibers (
(L <10 m) fiber to fiber
{ interface
0 [
HRand UHR [ (" )
el _ Calibration
g Unit
— \/r/ /
8 SCAO-IFU " /
"'I_— front-end / \ >
- ,/ \ fiber to fiber
L {

interface

f

fiber to fiber

imator

o
2
S 5

L

Coll

Pre—slit
Collimator
and
Echelle

Warm spectrograph

Collimator
and
Echelle

Special IR fibers
. o

interface

(L<???m)

5
(]
EE
o)
&

Echelle

cores 8

Warm spectrograph

@ Camera =l 0.40-0.46
V 0.46-0.55

@ =¥ 0.55-0.67
M 0.67-0.83

0.33-0.40

Dichroics

0.95-1.13
1.44-1.80
1.92-2.40




SCIENCE PRIORITISATION

¥ Combination of science cases requires:
R~100,000, 0.33< A<2.4 um and many different observing modes

¥k Achievable with a fibre-fed modular system

Fiber Link Spectral Arms
ANDES
UM 0.33-0.40
=80.40-0.46
Front En ° \YA 0.46-0.55

=¥ 0.55-0.67

4 )

# 0.67-0.83

Calibration
Unit

0.83-0.95

0.95-1.13
1.13-1.35

1.44-1.80

1.92-2.40

old architecture
(Phase A)




SCIENCE PRIORITISATION

¥ Combination of science cases requires:
R~100,000, 0.33< A<2.4 um and many different observing modes

¥k Achievable with a fibre-fed modular system
Fiber Link Spectral Arms

ANDES

SN 0.33-0.40

=80.40-0.46 >50 MEUR modular

\YA 0.46-0.55

N oo instrument (hardware only):

# 0.67-0.83

Front Enc

4 )

Calibration
Unit

prioritisation of science

085095 requirements mandatory

0.95-1.13
1.13-1.35

1.44-1.80

1.92-2.40

old architecture
(Phase A)
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SCIENCE PRIORITIES 44 . ANDES

3 Priority 1: Exoplanet atmospheres via transmission spectroscopy (potential detection of bio-signatures)
TLR 1: R > 100,000, 0.5-1.8 um, et alia; drive the ANDES baseline design

3 Enables: reionization of Universe: characterization of Cool stars

¥ Doable: detection and investigation of near pristine gas; 3D reconstruction of the CGM; Extragalactic transients
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3 Priority 1: Exoplanet atmospheres via transmission spectroscopy (potential detection of bio-signatures)
TLR 1: R > 100,000, 0.5-1.8 um, et alia; drive the ANDES baseline design

3 Enables: reionization of Universe: characterization of Cool stars

¥ Doable: detection and investigation of near pristine gas; 3D reconstruction of the CGM:; Extragalactic transients
3 Priority 2: Variation of the fundamental constants of Physics

¥ TLR 2: blue extension to 0.37 pm

¥ Enables: Cosmic variation of the CMB temperature, Determination of the deuterium abundance; investigation
and characterization of primitive stars
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3 Priority 1: Exoplanet atmospheres via transmission spectroscopy (potential detection of bio-signatures)
TLR 1: R > 100,000, 0.5-1.8 um, et alia; drive the ANDES baseline design

3 Enables: reionization of Universe: characterization of Cool stars

¥ Doable: detection and investigation of near pristine gas; 3D reconstruction of the CGM; Extragalactic transients

3 Priority 2: Variation of the fundamental constants of Physics
¥ TLR 2: blue extension to 0.37 pm

¥ Enables: Cosmic variation of the CMB temperature, Determination of the deuterium abundance; investigation
and characterization of primitive stars

3 Priority 3: Exoplanet atmospheres via reflection spectroscopy (potential detection of bio-signatures)

¥k TLR 3: SCAO+IFU

¥ Enables: Planet formation in protoplanetary disks; characterization of stellar atmospheres; Search of low mass
Black Holes

¥ Doable: characterization of the physics of protoplanetary disks




SCIENCE PRIORITIES B4 NANDES

3 Priority 1: Exoplanet atmospheres via transmission spectroscopy (potential detection of bio-signatures)
TLR 1: R > 100,000, 0.5-1.8 um, et alia; drive the ANDES baseline design

3 Enables: reionization of Universe: characterization of Cool stars

¥ Doable: detection and investigation of near pristine gas; 3D reconstruction of the CGM:; Extragalactic transients
3 Priority 2: Variation of the fundamental constants of Physics

¥ TLR 2: blue extension to 0.37 pm

¥ Enables: Cosmic variation of the CMB temperature, Determination of the deuterium abundance; investigation
and characterization of primitive stars

3 Priority 3: Exoplanet atmospheres via reflection spectroscopy (potential detection of bio-signatures)

¥k TLR 3: SCAO+IFU

¥ Enables: Planet formation in protoplanetary disks; characterization of stellar atmospheres; Search of low mass
Black Holes

¥ Doable: characterization of the physics of protoplanetary disks
3 Priority 4: Redshift drift (Sandage test)
¥ TLR 4: A accuracy 2 cm/s, stability 2 cm/s

¥ Enables: Mass determination of exoplanets (Earth-like objects)

3% Doable: Radial velocity search for exoplanets around M-dwarf stars



SCIENCE PRIORITISATION

¥ Combination of science cases requires:
R~100,000, 0.33< A<2.4 um and many different observing modes

¥k Achievable with a fibre-fed modular system
Fiber Link Spectral Arms

ANDES
§B 0.33-0.40
>50 MEUR modular
=8 0.40-0.46 )
Front Enc Woco5s instrument (hardware

=¥ 0.55-0.67

4 )

only): prioritisation of

# 0.67-0.83

Calibration
Unit

science requirements

0.83-0.95
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1.13-1.35

1.44-1.80

1.92-2.40

old architecture
(Phase A)




INSTRUMENT ARCHITECTURE

Fiber links: takes the light to

Spectral arms

\(///,/ S ‘
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4. ANDES

* Modular fiber-fed
cross dispersed
Echelle
spectrograph

* Simultaneous range
0.4-1.8 pm
(ultrastable
BLUE+RED+NIR)
Goal 0.37-2.4 pm;

Resolution
~100,000

* Several
interchangeable,
observing modes:
Seeing limited &
SCAO+IFU



OBSERVING MODES: THE FIBRE FEEDING

4. ANDES

ANDES Fibers-link scheme for science light
Large fibers for (broad band) Bundles of (broad band)
high accuracy mode (telecom) small fibers (telecom)
> D -ff t b ° ) / (U)BV F2F interface \ / \
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OBSERVING MODES: THE FIBRE FEEDING A . ANDES
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> Unique IFU capability: 0.5"x0.5" or 0.04"x0.04" FOV, R~100,000 1-1.8 pm sim. range
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THE EXTENSION T0 0.35-0.41

» The current design allows an extension of the
wavelength range as low as 0.35 pym
and as high as 2.4 ym: U and K band under study

Camera = 0.40-0.50

Camera WA 0.49-0.63
» However the total transmission of the ELT drops Warm spectrograph
below 0.4 um to the silver coating. S e A

fiber to fiber - Collimator
interface

Collimator
and
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Dichroics

> An improved blue-sensitive silver coating is in
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ANDES PERFORMANCES

&4 . ANDES
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AB limiting magnitude
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151

Point Source

S/N =30
S/N =100

Wavelength (um)

» Check the ETC, always
updated with the latest
instrument performances:

hires.inaf.it/etc.html|

COURTESY OF N. SANNA
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END-TO-END SIMULATIONS: FLAT FIELD (RIZ)
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END-TO-END SIMULATIONS: FABRY-PEROT (RIZ)
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END-TO-END SIMULATIONS: SCIENCE SPECTRUM (RIZ)

> Object: Phoenix
> Effective temperature: 3500 K
> Surface gravity: 4.0
> Magnitude: 16

> Sky:
> Airmass: 1.5
> PWV: 5 mm
> Moon FLI: 0.5

COURTESY OF A. SCAUDO



END-TO-END SIMULATIONS: SCIENCE SPECTRUM (RIZ)

> Object: Phoenix
> Effective temperature: 3500 K
> Surface gravity: 4.0
> Magnitude: 16
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Figure 1: Simulated science spectrum

I

A

r I

|

MI'LHUUWMH'“I"'d"'dL',|,||J’ULL!|J'UI,|-|UI.HJlu lu‘l,lJl'.','u|Ju'J\'ldL‘uU~.|.a|,|u'.nUqulJULl"‘ILL‘JLJ‘JUE.ILJLHJUWL“U'UIv'LI'.'Lr;l,IJ’U'q‘J‘uLlu"JIJUUTUUL.JLHulJLI"L'.J'Jb"’LJ
Figure 2: Extracted Fabry-Perot spectrum
1M AP S M | b A et Y A NI AR e AN
T e ™ e Y
(L L U] ! N R
| | | ||”. [T M"I I | | BRIk | a
i | | | | | | U |

|
—) |

Figure 3: Extracted science spectrum
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The Italian National Institute of Astrophysics Explores the Universe
with the Cloud

by AWS Public Sector Blog Team | on 13 NOV 2018 | in Education, Government, Public Sector | Permalink | # Share

Italian text below

The National Institute for Astrophysics (Istituto Nazionale di Astrofisica

or INAF) is an Italian institution that conducts scientific research in

astronomy and astrophysics. INAF research ranges from the study of .
the planets and minor bodies of the solar system to the large-scale P
structure of the Universe.

¢ INAF

ISTITUTO NAZIONALE
DI ASTROFISICA

NATIONAL INSTITUTE
FOR ASTROPHYSICS

Recently, INAF has been involved in two large projects where they
turned to the Amazon Web Services (AWS) Cloud: the ESO Extremely
Large Telescope (E-ELT) and Cherenkov Telescope Array (CTA).

Is there complex life outside of Earth?

The first project is the design of the ultra-high resolution spectrograph HiReS for the ESO Extremely Large Telescope (E-
ELT). Thanks to the unprecedented quality of the data and the accurate structural stability, researchers will be able to
detect bio signatures in the atmosphere of planets outside of our solar system for the first time. The aperture of the
European Extremely Large Telescope will give them the ability to detect the presence of complex life outside of Earth and
to complete a census of the composition of Earth-like planets that orbit their host star at a distance that allows it to
sustain life. This system is complex and the simulations required to assess its potentiality produce TBs of data each.

The second project involves scientific simulations of the Cherenkov Telescope Array (CTA), a large facility that will observe
galactic and extragalactic sources that irradiate photons in the band of gamma rays, allowing for the study of ultra-high
energy physics. As in the previous scenario, each simulation of CTA collects TBs of data in each run.

Both projects require a large amount of computational power to handle TBs of data. Each simulation of HIRES requires a
million GPU hours and produces more than 5 TB of raw data, while in the case of CTA, each simulation requires more
than 300,000 CPU/hours to produce events and process data on the cloud for more than 60 TB each time.

INAF evaluated the possibility of procuring the necessary hardware to perform these computing tasks, but the Total Cost
of Ownership (TCO), coupled with the on-demand nature of this research, led them to the cloud.

AWS Cloud for on-demand computing

For both E-ELT and CTA, the team used Amazon Elastic Compute Cloud (Amazon EC2) to perform the large-scale
calculations seen in Figure 1 and 2. For both projects, INAF used Amazon Simple Storage Service (Amazon S3) for the
storage of the processed data, and AWS Lambda and Amazon Simple Queue Service (Amazon SQS) for managing the
flow and tasks between EC2 instances. The availability of long-term storage with Amazon Glacier allowed the team to
store data cost-effectively.
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Figure 1 = AWS Architecture for ESO-HiReS simulation. Input coming from the spectrograph design are uploaded to
Amazon S3. Then, AWS Lambda initiates EC2 g2x.large instances to perform a CUDA simulation and then the results are
stored back on S3.

4) Results are uploaded on the storage

AMAzON SIMPIE . L o o o e e e e e e o >

Storage Service Data are regularly moved to long term storage
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Simulations are used locally for plots and physical interpretation

Figure 2 - AWS architecture for CTA simulations. As in the case of HIRES, the architecture provides triggers from S3 as
soon as the input for simulations are uploaded. An Amazon SQS FIFO queue is used to dispatch simulations between EC2
instances. Then, the processed data is sent back to S3. They make use of Docker to containerize the software and Amazon
Glacier for long-term storage.

“Thanks to AWS, we were able to concentrate on science and simulations. We were able to scale as soon
as the nroiect reauired us to do so. It was critical ta ohtain the reauired nower auicklv.” said Marca
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ANDES AT ELT

Telescope

Nasmyth platform A



Nasmyth platform B
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ANDES AT ELT: SUMMARY OF CAPABILITIES A . ANDES

Xk Modular fiber-fed cross dispersed echelle spectrograph

Nasmyth platform B

X Three ultra-stable spectral arms: (U)BV, RIZ, YJH (and K)

Xk Simultaneous spectral range 0.4-1.8 uym (0.37-2.4 pm goal)

Spec. Resolution ~100,000

£8
Xk Goal: 0.7 m/s precision and 1 m/s accuracy
Xk

several, interchangeable, observing modes:
Seeing limited & SCAO+IFU module

Xk Sensitivity: Th, SNR = 10, AB=20

Xk Proposed baseline design capable of fulfilling the
requirements of the 4 top science cases + of many
additional science cases

Seeing limited mode makes ANDES simple risk free
instruments delivering cutting edge science



LARGE INTERNATIONAL CONSORTIUM

&4 . ANDES

CONSORTIUM

» Brazil: Federal Univ. of Rio Grande do Norte » Poland: Nicolaus Copernicus Univ. in Torun

» Canada: Univ. De Montreal, Herzberg Astrophysics » Portugal: Inst. Astrofisica e Ciéncias do Espaco,
Victoria CAUP Porto, Lisbon

» Denmark: Univ. Copenhagen, Univ. Aarhus, Danish » Spain: Inst. Astrofisica de Canarias (IAC), Inst.
Tech. Univ. Astrofisica de Andalucia (IAA - CSIC), Centro de

. . Astrobiologia (CSIC-INTA) Madrid
» France: LAM Marseille, LAGRANGE Nice, IPAG

Grenoble, » Sweden: Uppsala Univ., Lunds Univ., Stockholm Univ.

IRAP/OMP Toulouse, LUPM Montpellier . . .
» Switzerland: Univ. de Genéve, Univ. Bern

» Germany: AIP Potsdam, Univ. Gottingen,
Landessternwarte Heidelberg, MPIA Heidelberg,
Thiringer Landesternwarte Tautenburg, Univ.

Hamburg » USA: Univ. of Michigan

» United Kingdom: Univ. of Cambridge, UK Astronomy
Technology Centre, Heriot-Watt Univ.

» Italy: INAF Istituto Nazionale di AstroFisica (Lead)
(Arcetri, Bologna, Brera, Padova, Trieste)
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CONSORTIUM ORGANISATION

&4 . ANDES

Steering Committee

Steering committee
1 representative per partner institute

P r O _l e Ct Offl Ce José Renan de Medeiros, René Doyon, Lise Christensen, Guy Perrin, Klaus Strassmeier, Ansgar

Principal Investigator | — — 1

—_——— Reiners, Laura Kreidberg, Andreas Quirrenbach, Artie Hatzes, Joe Liske, Adriano Fontana,

. Andrzej Niedzielski, Manuel Monteiro, Jose Manuel Reborddo, Nuno Santos, Rafael Rebolo,
Project Office (LSRR O L Pedro Amado, Sophia Feltzing, Goran Ostlin, Nikolai Piskunov, Christophe Lovis, Christoph
rincipal Investigator Mordasini, Sandi Wilson, Edwin Bergin
roject Scientist
roject Manager
ystem Engineer Executive Board
oftware System Engineer 1 representative per country
nstrument Scientist Bruno Leonardo Canto Martins, Lise Christensen, Isabelle Boisse,
S C i e n Ce Te a m Klaus Strassmeier, Andrzej Niedzielski, Nuno C. Santos, Jonay
Gonzalez Hernandez, Nikolai Piskunov, Christophe Lovis, Martin

Haehnelt, Flena Gallo

Project Manager
Paolo Di Marcantonio / Eric

Project Management Team Stempels Exe Cutive Boa I"d

(excl. subsystems)

Project Scientist
Roberto Maiolino

Exoplanets and circumstellar Driss Kouach, Michael Andersen,
3;56“; — Manuel Amate, Izan de Castro Ledo,
Enric Palle/Christophe Lovis Lison Malo, John Monnier, Piotr
Mastowski
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System Team

Getaies apd Mitnegalactic Instrument Scientist System Engineer
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WG3 | Livia Origlia I Alessio Zanutta / Marco Riva
Valentina D’Odorico/Erik I |
Zackrisson | |
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Alexandre Cabral, Ernesto Oliva, Matteo
Aliverti, Igor Coretti, Giorgio Pariani

Subsystems

Front-end Fiber link-IFU Spectrograph UBV Spectrograph RIZ Spectrograph YJH SCAO- Calibration Unit Software
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Alexandre Cabral Ernesto Oliva Joar Brynnel Bruno Chazelas David Lunney Enrico Pinna Jennifer Zimara Manuel Monteiro
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CONSORTIUM ORGANISATION

&4 . ANDES

Science Team

Project Office

Steering Committee

Project Office
rincipal Investigator
roject Scientist
roject Manager
ystem Engineer
oftware System Engineer
nstrument Scientist

Principal Investigator | — —
Alessandro Marconi

Steering committee
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13 countries, more
than 30 institutes

>200 people
The state-of-the-art
scientific and
technological expertise
in high-resolution
spectroscopy in Europe
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COST, GTO & SCHEDULE

Total estimated cost of baseline design is ~35 MEUR, + 650 FTEs

* more than 125 GTO nights which will be used for Consortium science programs

Schedule

* Phase A: 2016-2018 ANDES cibertink

Completed! _Front End k"'?.?{e‘ﬁ;lf’ j E"
* ANDES Construction approved Ca“braﬁon“/ .

by ESO Council on Dec 2021! g Un -
% Started Phase B activities in 2022 | [g@| 3 ph 0.75-0.95
* Phase B (PDR): 2023-2024 - - 0.95-1.13
* Phase C (FDR): 2025-2026 o
%* Integration (PAE): 2027-2030 ' """""""""""""""""""""""" | 'g'ob'zéjo"i
* Commissioning & PAC:2031 _______




SUMMARY OF ANDES PROJECT

Xk International consortium: 32+ institutes, 13 countries, >200 people

¥ Successful Phase A study 03/2016 - 03/2018

% Aggressive schedule: Start Phase B ~2022, @ELT in ~2031
% Science priorities (plus many other great science cases ...):
1. biomarkers from exoplanet atmospheres in transmission

2. variation of fundamental constants of Physics

3. biomarkers from exoplanet atmospheres in reflection

_—

4. direct detection of Cosmic acceleration through Sandage effect

Modular fiber-fed cross dispersed echelle spectrograph

Simultaneous range 0.4-1.8 uym (ultrastable BLUE+RED+NIR)
Resolution ~100,000

* Several interchangeable, observing modes:
Seeing limited & SCAO+IFU

% Total estimated cost of baseline is 35 MEUR, + 550 FTEs
> technically “simple”

Nasmh platform B

*

> almost pupil independent

> great science cases (fulfills top 4 priorities)

> modular, staged deployment possible
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2. variation of fundamental constants of Physics
3. biomarkers from exoplanet atmospheres in reflection
4. direct detection of Cosmic acceleration through Sandage effect

Modular fiber-fed cross dispersed echelle spectrograph

Simultaneous range 0.4-1.8 uym (ultrastable BLUE+RED+NIR)
Resolution ~100,000

* Several interchangeable, observing modes:
Seeing limited & SCAO+IFU

% Total estimated cost of baseline is 35 MEUR, + 550 FTEs
> technically “simple”

*

> almost pupil independent
> great science cases (fulfills top 4 priorities)

> modular, staged deployment possible
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