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ANDES: ArmazoNes high Dispersion Echelle Spectrograph
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GTO time:  
65 nights for the FTE + 60 nights for 
the fundings = more than 125 nights. 
GTO will be joint program(s) with 
partner’s weight based on FTE + 
financial contribution
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I. Boisse (LAM), X. Bonfils (IPAG), A. Chiavassa 
(Lagrange), F. Debras (IRAP), M. Turbet (LMD) 

PAPER: arXiv:2311.17075

A. Chiavassa (Lagrange) 
PAPER: arXiv:2311.16320 

P. Noterdaeme (IAP)  
PAPER: arXiv:2311.16803 

P. Noterdaeme (IAP)  
PAPER: arXiv:2311.16274

100 members in 4 Working Groups. 
4 scientific papers submitted in Nov 
2023 to Experimental Astronomy

Science working groups 
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Science working groups 


6 science cases in WG2 ANDES 
paper (17 cases in total) 

1 science case in WG1 paper 

+ 4 other expressions of interest 

French community mailing list: 
physique_stellaire_andes@oca.eu 
Including more than 20 people in 7 
laboratories 

PAPER: arXiv:2311.16320 
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Science cases in Stellar Physics


Gravity darkening: 
a new measure of stellar 
rotation (Science paper)

White Dwarf mergers 
 (Science paper)

Evolved stars in other 
Galaxies (Science paper)

As te rose i smo logy o f 
stellar populations  across 
t h e M i l k y Wa y a n d 
beyond (Science paper)

Calibrating properties of 
Cepheid variables for the 
cosmic distance ladder 
(Science paper)

Study of red supergiant 
s u r f a c e s a n d r a d i a l 
velocity measurements of 
distant stars (Expression 
of interest)

Characterisation of M 
dwarf stars  
(Expression of interest)

D e t e c t i o n a n d 
characterisation of the 
p h o t o s p h e r e o f 
protostars 
(Expression of interest)

Stellar contamination to  
planet characterisation 

(Science paper)



Other subtle effects of rotation in spectral lines: 
gravity darkening


Gravity darkening (flux 
of the rotating star 
becomes dependent on 
the latitude)

Domiciano De Souza et al. 2002A. Domiciano de Souza et al.: Sargas

Fig. 3. Comparison between the normalized flux from UVES (black dots with error bars) and from the �-best-fit model (red curve) presented in
Table 2. The spectra shown span ⇠ 26 nm centered on the H↵ line, where the main atoms and ions contributing to the strongest absorption lines
have been identified. These observations correspond to 257 selected wavelengths, which homogeneously sample the whole relevant spectral range,
as shown by the data points. The thin curves correspond to normalized model fluxes for the same �-best-fit model, but where we have fixed Te↵
to Tp (blue) and Teq (green) over the whole photosphere (model without GD, i.e., � = 0). Clearly the complete best-fit model, with GD, better
reproduces the observed spectral lines compared to the simpler model spectra computed with � = 0.

with Rc(= 1.5Rp) being the critical equatorial radius. At critical
rotation, ✏ reaches its maximum value of 1/3. We also introduced
the critical equatorial velocity Vc = ⌦cRc. The ratio ⌦/⌦c in
Eq. 1, and the corresponding ratio Veq/Vc can be expressed in
terms of ✏ as
⌦
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3
2

(1 � ✏)
p

3✏ and
Veq

Vc
=
p
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The Keplerian orbital angular and linear velocities (⌦k and
Vk) are also often used to scale ⌦ and Veq:
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From the gradient of the Roche potential we can derive the
surface e↵ective gravity, which, in spherical coordinates (unit
vectors r̂, ✓̂, �̂), is given by
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The ratio between the equatorial geq and polar gp surface ef-
fective gravities can be expressed as (cf. Domiciano de Souza
2014)
geq

gp
= (1 � ✏)(1 � 3✏) . (8)

We note that the stellar flattened shape and e↵ective gravity
in the Roche model are totally defined by Req, M, and Veq.

3.2. Gravity darkening

To analyze Sargas we consider two distinct GD prescriptions,
which have been used in recent interferometry-based works on
fast rotators. Both prescriptions assume that the stellar shape is
given by the Roche model described in Sect. 3.1.

3.2.1. �-model

The first GD prescription is the �-model, which is a generaliza-
tion of the classical von Zeipel law (von Zeipel 1924). The local,
photospheric radiative-flux is assumed to follow a power law of
the local e↵ective gravity ge↵ , namely

F(✓) = �T 4
e↵(✓) = Cg4�

e↵(✓) ) Te↵(✓) =
✓C
�

◆0.25
g�e↵(✓) , (9)

where � is the Stefan-Boltzmann constant. This equation allows
us to compute the local e↵ective temperature Te↵ as a function
of ge↵ = kge↵k, but adds two new parameters, namely the GD
exponent � and the coe�cient C. Instead of using C, we prefer
to adopt the average e↵ective temperature T e↵ , which is more
directly related to observable quantities. T e↵ and C are related to
the stellar luminosity L by

L = �
Z

T 4
e↵(✓)dS = �T

4
e↵S ? = C

Z
g4�

e↵(✓)dS ⌘ Cg4�
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(10)

where S ?(=
R

dS ⌘ 4⇡R
2
) is the total stellar photospheric sur-

face area, that is, the area of the Roche surface defined in Eq. 1,
and R is the radius of an equivalent spherical star of photospheric

Article number, page 5 of 16

Domiciano De Souza et al. 2018

Need: High resolution (~104) spectra with 
high signal-to-noise ratio S/N (~400) 

People interested: A. Domiciano De Souza 
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The Sun

Freytag et al.: Simulations of brown dwarf atmospheres 1073

st22g35n02  t=6425.1 min

-10 -5 0 5 10
x [Mm]

-10

-5

0

5

10
st22g35n02  t=6450.1 min

-10 -5 0 5 10
x [Mm]

-10

-5

0

5

10

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

The Sun is here! 
ANDES wavelength range

(Evolved) cool stars




Strong sensitivity of potassium lines and H2O absorption
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Figure.4.2.1. High-resolution NIRSPEC spectra of low-mass stars and brown 
dwarfs in the J band, showing the pressure and temperature sensitivity of strong 
potassium lines, and H2O absorption. Adapted from Rice et al. 2010 (ApJS, 
186, 63). 

 
It should be stressed that detailed knowledge of the chemical compositions of stars, not only 
low-mass stars, will bring important constraints for models of the internal structure of the 
planets discovered by upcoming planet-transiting missions. Cool stars are definitely the best 
targets to search for Earth-like planets in the habitable zone, and therefore HIRES will play 
an important role in the characterization of such systems. 
 

4.2.2 Primitive	stars	in	the	Galaxy	and	its	satellites	
 
Some of the main, exciting challenges of modern Astrophysics consist in understanding the 
nature of the very first generation of stars, determine the yields of early supernovae, and to 
constrain the lowest metallicity at which the gas can collapse to form low-mass stars. To 
make progress on this subject, further theoretical work is needed, but observations must 
provide guidance by constraining the chemistry of the most primitive stars in the Milky Way 
and its satellites.  
 
The most iron-poor star known has an iron abundance over 10 million times lower than the 
Sun (a detection of iron lines has not been yet possible with current instrumentation; see Fig. 
4.2.2), but, like most of the stars known at [Fe/H] < -5, it is extremely enriched in carbon. This 
carbon enrichment may be critical in providing a path for radiatively cooling the gas, and at 
the same time it appears to be a distinct signature of some, but not all, zero-metallicity 
supernovae. Detailed observations can return elemental abundances for dozens of elements, 

NIRSPEC spectra (Rice et al. 2010)

High-resolution spectroscopy provides 
detailed information, which complements 
photometric observations (synergy with 
PLATO and ARIEL). 
Atmospheric parameters of the star, in 
particular its chemical composition, or the 
presence of significant velocity fields, 
accretion from circumstellar material, or 
strong magnetic fields.
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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-

Cool dwarf stars

(Evolved) cool stars


People interested: C. Reylé, A. Chiavassa 



Dynamics and chemical composition in nearby Galaxies (Davies et al. 2017)

Cool evolved stars 

(Evolved) cool stars


Fe I line in J-band

People interested: A. Chiavassa, P. Kervella 



Stellar contamination to  
planet characterisation 

(Science paper)

Science cases in Stellar Physics


Gravity darkening: 
a new measure of stellar 
rotation (Science paper)

White Dwarf mergers 
 (Science paper)

Evolved stars in other 
Galaxies (Science paper)

As te rose i smo logy o f 
stellar populations  across 
t h e M i l k y Wa y a n d 
beyond (Science paper)

Calibrating properties of 
Cepheid variables for the 
cosmic distance ladder 
(Science paper)

Study of red supergiant 
s u r f a c e s a n d r a d i a l 
velocity measurements of 
distant stars (Expression 
of interest)

Characterisation of M 
dwarf stars  
(Expression of interest)

D e t e c t i o n a n d 
characterisation of the 
p h o t o s p h e r e o f 
protostars 
(Expression of interest)



People interested: L. Bigot, O. Creevey  

Miglio+ 2021

Red giant population 
Montalban+ 2009 (COROT)

?

Stellar Age determination? 
Needs to resolve mode linewidths to have 

periods spacings (e.g. Mosser+ 2018)

 Several month/year time series!

—> need to estimate the feasibility (collected photons), length of time series, cost … 

Extragalactic Asteroseismology with ANDES ?
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Science cases in Stellar Physics


Gravity darkening: 
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rotation (Science paper)

White Dwarf mergers 
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(Science paper)

Study of red supergiant 
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velocity measurements of 
distant stars (Expression 
of interest)

Characterisation of M 
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Where are the products of White Dwarf mergers whose total masses 
are below the Chandrasekhar limit  ?

Hydrogen-deficient carbon rich (HdC) stars 
are supergiant stars (-5 < MV < -2 mag) that 

full-fill all the requirements to be such products.

Thanks to Gaia DR3, we shown that they 
belong to all 3 old Galactic substructures: 
Halo, Bulge, Thick disk.

But also a few were found with dynamical 
properties typical of the thin disk. 

Population synthesis results
Delay time of WD mergers  
(intermediary mass) since  

original stellar system creation. 
Bimodal distribution !

Old populations (> 5 Gyrs old)

Young population (~1 Gyr old)

4000 < Teff <  8500 K 

(Crawford et al., 2023)

Large  abundance  variety  expected:  need  of  high-
resolution spectroscopy observations to rigorously 
test  our  hypothesis  regarding  the  origin  of  HdC 
stars and to define the contours of their evolutionary 
trajectory.  To  date,  the  few  abundance  analysis 
focused  on  nearby  HdC stars  located  particularly 
within the thick disk region.

LMC: SF burst [0.5 - 2 ] Gyrs ago

ANDES spectroscopic survey 
of Bulge, Halo and 

Magellanic HdC stars 
encompassing the entire 

luminosity-temperature grid.
 (Tisserand et al., 2023)

 (Tisserand et al., 2023)

Furthermore, high 18O/16O isotopic ratios, close to 
unity,  i.e.,  500  times  larger  than  the  Sun  was 
measured in HdC stars (Clayton et al. 2007). 

K band in the near-IR is imperative to observe the 
CO bands at R~100000 to disentangle information 
with carbon molecules (CN, C2..)

Where are the products of White Dwarf mergers whose 
total masses are below the Chandrasekhar limit?
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Rising column of material 
(blue-shifted, hotter)

Descending column of 
material 

(red-shifted, cooler)
A. Chiavassa and M. Brogi: Planet and star synergy at high spectral resolution

Table 1. 3D RHD simulations from STAGGER-grid (Magic et al. 2013) used in this work for observed systems reported in last column.

Te↵ [Fe/H] log g x, y, z-dimensions x, y, z-resolution Used for the
[K] [cgs] [Mm] [grid points] observed system

5788 (solar) 0.0 4.44 8.00⇥ 8.00⇥ 4.97 240⇥ 240⇥ 230 51 Pegasi b
4982 (K dwarf) 0.0 4.50 5.00⇥ 5.00⇥ 4.24 240⇥ 240⇥ 230 HD 189733 b

Notes. Te↵ are from Chiavassa et al. (2018).

Fig. 1. Example of synthetic spectrum from the K-dwarf RHD sim-
ulation of Table 1. The spectral lines correspond largerly to 2–0
rovibrational band of carbon monoxide.

of the RHD simulations for all required wavelengths, for ten
box tilting angles µ = cos(✓) = [1.00, 0.90, 0.80, 0.70, 0.50,
0.30, 0.20, 0.10, 0.05, 0.01], where ✓ is the angle between the
normal to the surface and the line of sight, and four azimuths
rotations � = [0�, 90�, 180�, 270�]. In addition, a temporal aver-
age is also performed over ten snapshots adequately spaced so
as to capture several convective turnovers. The final resulting
spectra are: (i) a temporally averaged intensity spectrum at dif-
ferent µ and �-angles, which will be used to model the changes in
the disk-averaged stellar spectrum during the transit of exoplanet
HD 189733 b (Sec. 5.1); (ii) a temporally- and spatially-averaged
flux (Fig. 1), which will be used to correct the stellar spectra in
datasets targeting the thermal emission of exoplanets (Sects. 5.2
and 6).

3. Intrinsic stellar variability and its impact in the
infrared

The granulation pattern is associated with heat transport by con-
vection. The bright areas on the stellar surfaces, the granules
(Fig. 2, bottom panel), are the locations of upflowing hot plasma,
while the dark intergranular lanes are the locations of down-
flowing cooler plasma. Additionally, the horizontal scale on
which radiative cooling drives the convective motions is linked
with the granulation diameter (Nordlund et al. 2009). One piece
of evidence of the convective-related surface structures comes
from the unresolved spectral lines, in particular at high spec-
tral resolution. In fact, they combine important properties such
as velocity amplitudes and velocity-intensity correlations, which
affect the line shape, shift, and asymmetries. These structures
derive from the convective flows in the solar photosphere and
solar oscillations (Asplund et al. 2000a; Nordlund et al. 2009).

Fig. 2. Spatially-resolved profiles at disk center (µ= 1.0, top panel) of
one CO line (�= 23 015.002 Å, log g f = 0.221, �=�5.474 eV) across
granulation pattern (bottom panel) of a K-dwarf simulation (Table 1).
The solid red (intergranular lane) and blue (granule) lines display two
particular positions (colored star symbols) extracted from the intensity
map.

Figure 2 displays an example of the spatially-resolved
intensities corresponding to different regions across the gran-
ulation pattern. Correlations of velocity and temperature cause
characteristic asymmetries of spectral lines as well as net blue-
or red-shifts depending on the area probed (Dravins 1987;
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