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ANDES is a modular, stable high-resolution spectrograph for the ELT 
It combines common-user capabilities and cutting-edge science cases
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A. Marconi et al. 2024, SPIE
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More largely for ELT’s instruments: the focus is on detecting and quantifying exoplanet 
atmospheres. ANDES will enable astronomers to analyze their chemical composition, weather, 
and stratification, requiring ELT's large collecting area to overcome the "photon-starved" 
regime and ultimately detect signs of life.

Exploring small rocky planets in the habitable zone of their stars via transmission spectroscopy 
(priority 1/4) is the leading science case of ANDES, while rocky exoplanet reflected light 
detection (priority 3/4). 
Technical Requirements Specification for ANDES, ESO Document ESO-391757, 2022

Credits ESO



ANDES @ ELT

•Spectral resolution: R = 100 000  
•Wavelength range: 0.5–1.8 µm (requirement), 0.38–2.4 µm (goal) 
•Wavelength calibration precision 1 m/s (goal: 20 cm/s), stable at the time scales of 
several hours

Coverage of all the major molecules  
H2O, O2, CO2, CH4, NH3, C2H2, HCN 

Most of the stellar flux for M dwarfs, which are prime targets

TOP LEVEL REQUIREMENTS

K-band goal is highly beneficial for gas giant planets science cases 
(2 to 2.4 µm) 
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Most of the stellar flux for M dwarfs, which are prime targets

TOP LEVEL REQUIREMENTS

K-band goal is highly beneficial for gas giant planets science cases 
(2 to 2.4 µm) 

AO+Coronagraph and diffraction-limited Integral Field Unit mode in Y, J and H bands 
with 61 spaxels and 4 spaxels scales in the 10-100 mas range. Field of view from ≈10×10 
to 100 ×100 mas 

High PSF stability on daily timescales

Access to the reflected light signal 7



ANDES @ ELT

Credits ESO

The standard  model reproduces most observations but relies on poorly understood physics 
like inflation, dark matter, and dark energy. It's essential to test its foundations with stringent 
astrophysical constraints, whether they confirm or challenge the current paradigm. 

ANDES absorption spectroscopy of distant quasars can probe key questions: variation of 
fundamental constants (priority 2/4), direct measurement of the cosmic accelerations (Sandage 
test, priority 4/4); (iii) Primordial nucleosynthesis and (iv) evolution of the CMB temperature 

8



ANDES @ ELT

TOP LEVEL REQUIREMENTS

Cosmic variation of CBM temperatures 
Characterisation of primitive stars

Redshift drift  
Mass determination of Earth-like objects

•Spectral resolution: R = 100 000  
•Wavelength range: 0.37–0.84 µm (requirement), 0.33–0.9 µm (goal)

Precision: 0.7 m/s (goals 0.5m/s) --> Fundamental constants 
Accuracy: 1 m/s    ---> Fundamental constants 
Stability : 2 cm/s over the lifetime of the instrument  --> Sandage Test

•Wavelength calibration precision 0.7 m/s (goal: 0.5 cm/s)

9
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ANDES @ ELT

FRENCH INVOLVEMENT
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O. Gabella (LUPM) 
(deputy P. Berio, Lagrange)

I. Boisse (LAM), X. Bonfils (IPAG), A. Chiavassa (Lagrange), F. Debras 
(IRAP), M. Turbet (LMD), P. Noterdaeme (IAP)

DRS: I. Boisse (LAM)

Karine Perraut : repr. INSU and Steering committee

M. N’Diaye (Lagrange)

Module Coronagraph: M. N’Diaye, A. Chiavassa, P. Bério (co-head) 
Lagrange

Module IFU Calibration: J. Seidel and M. N’Diaye (Lagrange)

Module IFU Performance: under discussion (Sweden/Lagrange)

3 leading  
Modules
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ANDES @ ELT
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Resp. R. Maiolino (UK)

I. Boisse (LAM), X. Bonfils (IPAG), A. Chiavassa 
(Lagrange), F. Debras (IRAP), M. Turbet (LMD) 

A. Chiavassa (Lagrange)  

P. Noterdaeme (IAP)  

100 members in 4 Working Groups. 
4 science referred papers in 2024-2025

P. Noterdaeme (IAP)  —> co-Chair 



ANDES @ ELT

FRENCH CONTRIBUTION - EXOPLANETS AND PROTOPLANETARY DISKS

Significant contribution in terms of 
modeling and instrumental design 
for ANDES scientific cases (reflected 
light). 

Palle et al. 2025 
13



ANDES @ ELT

Transmission & emission spectroscopy 

Reflected light spectroscopy 

Atmospheric physics of temperate gaseous  
and sub-Neptunes exoplanets

Atmospheric characterization, 
circumplanetary disks, exomoons 

of young gas giant planets

Presence of atmosphere, cloud 
properties and surface 

composition, albedo of rocky 
planets and Super Earth  

Stellar contamination: activity, 
molecular absorption, variability

14

Latitude chemical 
variations in the 
atmosphere of  
brown dwarfs 



ANDES @ ELT

6 scientific cases (out of a total of 17) 
come from the French community 

+ several other expressions of interest 

Roederer et al. 2024

FRENCH CONTRIBUTION - STARS AND STELLAR POPULATION

15



ANDES @ ELT
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Products of White Dwarf mergers 
in Milky Way thin disk, bulge, halo, 
and other galaxies

Chemical composition  
of massive evolved stars  

in nearby Galaxies

Cool dwarf stars:  
A t m o s p h e r i c p a r a m e t e r s , 
chemical composition, velocity 
fields, circumstellar material 

Freytag et al.: Simulations of brown dwarf atmospheres 1073
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Fig. 4. Two intensity snapshots of a dust-free
global brown dwarf toy model, about 25 min apart.

the photosphere above are much larger and
therefore “overexposed” in this plot. Still, one
can distinguish the dust convection zone with
overturning flows (-1< z <16 km) from the re-
gions filled by horizontally elongated gravity
waves just below and above. If the dust clouds
become so thick that they can hinder the ra-
diative flux from escaping the develop inter-
nal convective flows very e↵ectively mix ma-
terial, a mechanism that depends sensitively
on the properties of the employed dust model.
Convective overshoot of the gas convection
zone can only a↵ect dust species that can form
at the relatively high temperatures close to the
convective layers. In contrast, gravity waves
seem to occur everywhere, but there essentially
reversible motion provides only small amounts
of mixing (Freytag et al. 2010).

A parametrized description of the mix-
ing based in CO5BOLD simulation was put
into the Phoenix code and is part of the cur-
rent Phoenix model generation (Allard et al.
2011, 2012). Figure 4 of Allard et al. (2011)
and Figure 5 of Allard et al. (2013) show
an e↵ective-temperature sequence of intensity
maps of local 3D RHD models of dusty brown
dwarfs. With decreasing Te↵ and increasing
thickness of the clouds the underlying low-
contrast granules become completely invisible.
Instead, high-contrast small-scale features pro-
duces within the cloud layers dominate.

Figure 3 of Allard et al. (2013) shows the
emergent intensity of a global 3D toy model of
an M dwarf: While the surface properties (Te↵ ,
log g, and therefore pressure scale height and
granule size) are realistic, the stellar radius was
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Fig. 5. Two intensity snapshots of a dusty global
brown dwarf toy model, about 25 min apart (top
panels). Below slices showing the dust concentra-
tion (middle) and the entropy (bottom).

drastically reduced so that only a small number
of granules cover the entire surface. Such mod-
els of rotating M dwarfs are being used to de-
termine the e↵ect of rotation on the convective
e�ciency. A similar setup is used for the non-
rotating models in Fig. 5 to study the occur-
rence of large-scale structure in the dust layers
of brown dwarfs.

The very small convective cells in the thin
dust layer have rather low contrast. The visi-
ble dark patches have roughly the scale of the
underlying granules and are produced by oc-
casionally occurring strong overshooting mo-

Calibrating properties of 
Cepheid variables for the 
cosmic distance ladder

Magnetism of newborn protostars with ANDES
Alecian E. (IPAG), Le Gouellec V. (NASA’s Ames Research Center)

ANDES
@
ELT

Pineda+2023

Johns-Krull+2009

Zeeman broadening
<B> measurements

Sadavoy+2014

Perseus

Saral+2015

W49

100s low-mass and massive protostars

Magnetism of 
newborn 

protostars

Fast rotating stars: 
Subtle effects of rotation in spectral 

lines and gravity darkening 



ANDES @ ELT

Valentina D’Odorico et al. 2024

FRENCH CONTRIBUTION - GALAXY AND INTERGALACTIC MEDIUM

17



ANDES @ ELT

FRENCH CONTRIBUTION - GALAXY AND INTERGALACTIC MEDIUM

18

Probing the gas in, around and outside 
galaxies from the local Universe up to 
the reionisation epoch

Probing the gas in, around and outside 
galaxies from the local Universe up to 
the reionisation epoch



ANDES @ ELT

FRENCH CONTRIBUTION - COSMOLOGY AND FUNDAMENTAL PHYSICS

Martins et al. 2024 
19



ANDES @ ELT

FRENCH CONTRIBUTION - COSMOLOGY AND FUNDAMENTAL PHYSICS

Constrain the proton-to-electron 
mass ratio with cosmic time, hunting 

for new physics

TCMB: Constrain deviation from the linear 
relation with z (adiabatic expansion of the 

Universe): new physics? variation of 
fundamental constants 

BBN nucleosynthesis: primordial 
composition of the Universe

20
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ANDES @ ELT

OBSERVATION MODES

21Reflected light science cases 

Transmission science cases 



Maximum Angular Separation [mas]

ANDES threshold 
in H band

ANDES @ ELT

Bond albedo = 0.3

Lovis et al. 2022

Pl
an

et
 to

 s
ta

r c
on

tra
st

22



Maximum Angular Separation [mas]

ANDES threshold 
in H band

ANDES @ ELT

Proxima Cen 10-7

Lovis et al. 2022
Bond albedo = 0.3

Pl
an

et
 to

 s
ta

r c
on

tra
st

22



Maximum Angular Separation [mas]

ANDES threshold 
in H band

ANDES @ ELT

Proxima Cen 10-7

Lovis et al. 2022
Bond albedo = 0.3

Pl
an

et
 to

 s
ta

r c
on

tra
st

Snellen et al. 2015 
(theoretical values)

The detection and characterization of faint sources angularly close to very bright stars requires a 
diffraction-limited PSF of the ELT (SCAO module) in the near-infrared, high-contrast techniques 
(HCI), and high-dispersion (R∼100,000) spectroscopy (HDS)  22
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The detection and characterization of faint sources angularly close to very bright stars requires a 
diffraction-limited PSF of the ELT (SCAO module) in the near-infrared, high-contrast techniques 
(HCI), and high-dispersion (R∼100,000) spectroscopy (HDS)  

HCI of 10−3 at about 3 λ/D for the coronagraph when combined with the SCAO 
22

Snellen et al. 2015 
(theoretical values)



REFLECTED LIGHT

ANDES @ ELT

E2E ANDES simulator 
Simonnin et al. in prep. 23



REFLECTED LIGHT

ANDES @ ELT

E2E ANDES simulator 
Simonnin et al. in prep.

FoV of 40 - 50 mas 

4-5 rings on the slit and spaxel scales of 
5/10/100 mas but other options  (e.g., 
7/15/35/100 mas)… 

All under discussion  

24



REFLECTED LIGHT

ANDES @ ELT

E2E ANDES simulator 
Simonnin et al. in prep.

Without

Coronagraph

25



REFLECTED LIGHT

ANDES @ ELT

E2E ANDES simulator 
Simonnin et al. in prep.

With

Coronagraph
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ANDES @ ELT
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REFLECTED LIGHT

ANDES @ ELT
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Angular separation

Intensity contrast
Goal: Contrast better than 3x10-3 at 20mas in the YJH bands 25



ANDES @ ELT

Optical design & 
development

Mechanical design & 
development

Simulation & 
performance study

Lagrange is responsible for the design & development of Coronagraph module for ANDES 
since March 2024. Coronagraph (not originally in the baseline) is included between the 
SCAO and IFU.  
Actual goal: contrast of 3x10-3 in YJH bands at 20 mas

Coronagraph Design Document, ANDES consortium (Jan 2025)

THE CORONAGRAPH MODULE

26



ANDES @ ELT

Kick Off 
meeting 

June 2022

Phase C Phase D

Funding 
Review  

(FR) 

ESO 
Council  

Approval 
Dec 2021

2021

Phase B

Final 
Design 
Review 
(FDR) 

ESO signature to the agreement 10 June 2024: 
ANDES will be installed on ESO’s Extremely 

Large Telescope (ELT)

System 
Architecture 

Review 
(SAR)  

Passed in 
October 

2023

Coronagraph 
(integration at Lagrange, 
then Italy with the SCAO 

module)

Official acceptance in 
the ANDES baseline 
during Consortium 
Meeting April 2025

Conceptual design 
document provide 

January 2025

2026: Increasing of the technical 
contribution with LUPM & IRAP 

joining the effort

System  

(PDR) 

27
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ANDES @ ELT

CONCLUSIONS

• N a t i o n a l t e a m a c t i v e a n d 
motivated  

• French scientific expertise visible 
a n d w e l l r e p r e s e n t e d f o r 
exoplanets and stars.  Isabelle Boisse 

 (LAM)

Andrea Chiavassa  
(Lagrange)

Julien Morin 
(LUPM)

Pascal Petit 
(IRAP)

Xavier Bonfils 
(IPAG)

Pasquier Noterdaeme 
(IAP)

Martin Turbet 
(LMD)

• Science cases are in synergy with 
METIS, JWST, ARIEL, and PLATO 

• ANDES is a pathfinder for PCS 

28
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CONCLUSIONS

CORONAGRAPH
IFU CALIBRATION

IFU PERFORMANCE

Mamadou N'Diaye  
Andrea Chiavassa 

Philippe Berio 
Julia Seidel

• Recognition of the unique nature 
of French High Contrast expertise. 

• Lagrange is leading 3 modules in 
SCAO systems 

29

33.1 FTE 
en 2023

44.1 FTE 
en 2025
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Andrea Chiavassa 

Philippe Berio 
Julia Seidel

• Recognition of the unique nature 
of French High Contrast expertise. 

• Lagrange is leading 3 modules in 
SCAO systems 

29

• IRAP and LUPM (LAM&IPAG 
under discussion) will join the 
technical efforts in 2026

33.1 FTE 
en 2023

44.1 FTE 
en 2025



ANDES @ ELT

ANDES RELATED CONFERENCES IN 2026 AND 2027

ANDES science French community meeting in fall 2026 - Montpellier

ANDES international consortium meeting in spring/summer 2027 - Nice 



ANDES @ ELT

CONCLUSIONS

French consortium website  

ESO website 
Consortium website 
ETC calculator 

https://projets.oca.eu/fr/andes

https://elt.eso.org/instrument/ANDES/
http://andes.inaf.it
https://andes.inaf.it/instrument/exposure-time-calculator/

French community mailing for stellar physics list: physique_stellaire_andes@oca.eu 

Register for the French community mailing for the planetary science list and  
propose your science case. All the instructions are here:  
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The Sun

Freytag et al.: Simulations of brown dwarf atmospheres 1073
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Fig. 4. Two intensity snapshots of a dust-free
global brown dwarf toy model, about 25 min apart.

the photosphere above are much larger and
therefore “overexposed” in this plot. Still, one
can distinguish the dust convection zone with
overturning flows (-1< z <16 km) from the re-
gions filled by horizontally elongated gravity
waves just below and above. If the dust clouds
become so thick that they can hinder the ra-
diative flux from escaping the develop inter-
nal convective flows very e↵ectively mix ma-
terial, a mechanism that depends sensitively
on the properties of the employed dust model.
Convective overshoot of the gas convection
zone can only a↵ect dust species that can form
at the relatively high temperatures close to the
convective layers. In contrast, gravity waves
seem to occur everywhere, but there essentially
reversible motion provides only small amounts
of mixing (Freytag et al. 2010).

A parametrized description of the mix-
ing based in CO5BOLD simulation was put
into the Phoenix code and is part of the cur-
rent Phoenix model generation (Allard et al.
2011, 2012). Figure 4 of Allard et al. (2011)
and Figure 5 of Allard et al. (2013) show
an e↵ective-temperature sequence of intensity
maps of local 3D RHD models of dusty brown
dwarfs. With decreasing Te↵ and increasing
thickness of the clouds the underlying low-
contrast granules become completely invisible.
Instead, high-contrast small-scale features pro-
duces within the cloud layers dominate.

Figure 3 of Allard et al. (2013) shows the
emergent intensity of a global 3D toy model of
an M dwarf: While the surface properties (Te↵ ,
log g, and therefore pressure scale height and
granule size) are realistic, the stellar radius was
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Fig. 5. Two intensity snapshots of a dusty global
brown dwarf toy model, about 25 min apart (top
panels). Below slices showing the dust concentra-
tion (middle) and the entropy (bottom).

drastically reduced so that only a small number
of granules cover the entire surface. Such mod-
els of rotating M dwarfs are being used to de-
termine the e↵ect of rotation on the convective
e�ciency. A similar setup is used for the non-
rotating models in Fig. 5 to study the occur-
rence of large-scale structure in the dust layers
of brown dwarfs.

The very small convective cells in the thin
dust layer have rather low contrast. The visi-
ble dark patches have roughly the scale of the
underlying granules and are produced by oc-
casionally occurring strong overshooting mo-

M Dwarf

Brown Dwarf


