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The European ELTLargest optical/infrared telescope in the world 
‣ 39-m segmented primary mirror 
‣ fully AO assisted telescope  
‣ On Cerro Armazones, integral part of the Paranal system 
‣ Construction started 2015, first light expected end of 2027 
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COMPETITORS OF ELT
Type of Instrument GMT TMT ELT

Near-IR, AO-assisted Imager + IFU GMTIFS IRIS HARMONI

Wide-Field, Optical Multi-Object 
Spectrometer

GMACS WFOS MOSAIC-HMM

Near-IR Multislit Spectrometer NIRMOS IRMS MOSAIC-HMM

Deployable, Multi-IFU Imaging 
Spectrometer

IRMOS MOSAIC-HDM

Mid-IR, AO-assisted Echelle 
Spectrometer

MIRES METIS

High-Contrast Exoplanet Imager TIGER PFI ELT-PCS

Near-IR, AO-assisted Echelle 
Spectrometer

GMTNIRS NIRES ANDES

High-Resolution Optical Spectrometer G-CLEF HROS ANDES

“Wide”-Field AO-assisted Imager IRIS MICADO
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BROAD CONTEXT
‣ 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) 

‣ Successful 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 μm 

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



A SUBSET OF ANDES SCIENCE CASES
Exoplanets (characterisation of Exoplanets Atmospheres: detection of signatures of life) 

Protoplanetary Disks (dynamics, chemistry and physical conditions of the inner regions) 

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

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

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

Galaxy Evolution (massive early type galaxies during epochs of formation and assembly) 

Supermassive Black Holes (the low mass end) 

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

Community White Paper: Maiolino et al. 2013, ArXiV:1310.3163 
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Protoplanetary Disks (dynamics, chemistry and physical conditions of the inner regions) 

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

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

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

Galaxy Evolution (massive early type galaxies during epochs of formation and assembly) 

Supermassive Black Holes (the low mass end) 

Fundamental Physics (variation of fundamental constants - 𝛼, 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
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)



EXOPLANET ATMOSPHERES

In transmitted light 

 Example: Trappist 1 planets ANDES cat detect: 

H20 (1.3-1.7 µm) in 2 transits 

H20 (0.9-1.1 µm) in 4 transits 

CO2 in 4 transits 

O2 in 25 transits

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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In reflected light 

 Example: Proxima b 
ANDES cat detect planet 
in 7 nights at 8 sigma level

CCF with the 
detection of 
Proxima b in O2 

in 70h (Hawker & 
Parry 19)
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/GRB

The Inter-Galactic Medium: 
tracing the chemical enrichment of the universe (e.g. Pop III SNe) 

High spectral resolution (R>50-100x103) and broad spec. cov. (opt+NIR)



Chemical enrichment imprint of primordial supernovae:   
the signature of Pop III stars



THE SIGNATURE OF POP III STARS

CHEMICAL ENRICHMENT IMPRINT OF PRIMORDIAL SUPERNOVAE:



PROBING THE EARLY CHEMICAL ENRICHMENT
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  and  coeval  forest of Z=6.1 quasar during the age of reionization (completed by z~5.7)Lyα Lyβ



‣ Variation of  causes shift of quasar 
absorption lines 

‣  between lines changes in 
characteristic way 

‣ relative velocities change as 
 

‣ need accuracy of <1 m/s improve 
on systematic errors wrt UVES & 
ESPRESSO

α

Δλ

Δvi ∼ Qi Δα/α

FUNDAMENTAL PHYSICS: VARIATION OF THE FUNDAMENTAL CONSTANTS 

SC2: Varying constants (alpha)
ANDES must allow
accurate line wavelength 
measurements: 1 m/s.

Varying α → quasar absorption lines shift
● Spacing between lines changes in characteristic way
● Velocity of each line, i, shifts relative to others: Δvi ~ Δα/α ⨉ Qi

⚠IMPORTANT⚠
Systematic errors are most 
important! To improve on UVES & 
ESPRESSO, must improve on 
systematic errors.

Systematic errors in wavelength 
calibration negate benefit of more 
photons.

Without UV extension, cannot use 
crucial FeII1608 line for high-z 
(opposite Q to other FeII lines), 
and cannot reach lower z.

courtesy of C. Martins
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REDSHIFT DRIFTS “SANDAGE TEST”
‣ 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

SC1: Redshift drift

Cristiani et al. (2007)

The expansion of the Universe 
causes the redshift of every distant 
object to drift slowly with time

Provides a uniquely direct, non-geometric, 
model-independent measurement of the 
universe's expansion history. Independent 
of gravity, geometry, clustering, and 
astrophysics. 

⚠IMPORTANT⚠
Expected signal is of order cm/s/yr at the 
redshifts of interest for ANDES

Precision and stability are both critical to 
enable a detection, including the U band.

To measure this: compare the positions 
of spectral features in velocity-space at 
different epochs (past light cones)



REDSHIFT DRIFTS “SANDAGE TEST”

N=20   
N=10  
N=2

Liske et al. 2008

Δt~20 yr, Texp ~ 4000hr

1208 J. Liske et al.

cannot constrain all three parameters at the same time but only some
two-dimensional surface. Solving equations (4) and (5) for !" we
find that this surface is defined by

!" =
(1 + z)2

(1 + z)2 − 1

[

z !M + 1 −

(

1 −
v̇

cH0

)2]

. (29)

Since v̇ is assumed to be equal to its expectation value this constraint
surface is entirely defined by z and it must include the point (!M,
!", h70) = (0.3, 0.7, 1). Furthermore, the measurement error σv̇

endows the surface with some small thickness. Hence we can see
that each QSO in our sample [representing a (z, σv̇) pair] defines its
own constraint surface. The question is whether there exists some
combination of some subset of these surfaces such that the projection
of the combined constraint on to the !"-axis does not include the
region !" ! 0. If so, what is the largest significance level at which
!" = 0 can be excluded?

To address this problem let us fix h70 = 1 for now, so that a given
constraint surface turns into a band in the !"–!M plane (cf. the
grey shaded bands in Fig. 15). Consider first the case NQSO = 1.
For a fixed H0, equation (29) simply gives a linear relation between
!" and !M which has a non-zero slope for all z > 0. It follows
that the projection of the constraint band on to the !"-axis will be
infinite unless we can place some kind of limit on !M. Since the
slope is positive we require a lower limit on !M in order to obtain a
lower limit on !". Rather uncontroversially we can impose !M >

Figure 15. Expected constraints in the !"–!M plane from two measure-
ments of the redshift drift at two different redshifts as indicated, assuming
O = 2 and $t0 = 20 yr. The two targets and the split of the observing time
among them were chosen to give the best lower limit on !". The red and
blue solid lines and the grey shaded bands show the individual constraints
provided by each of the two objects assuming a fixed h70 = 1. The coloured
ellipses show the joint 68 and 90 per cent confidence regions that result from
combining the two measurements, marginalizing over H0 using an external
prior of H0 = (70 ± 8) km s−1 Mpc−1. The hashed region indicates the
95 per cent lower limit on !". The dashed contour shows the 68 per cent
confidence region that results from using a flat prior on H0 and just marginal-
izing over the range 0 ! H0 ! 140 km s−1 Mpc−1. Flat cosmologies and the
boundary between current deceleration and acceleration are marked by solid
black lines. The dark shaded region in the upper left-hand corner designates
the regime of ‘bouncing universe’ cosmologies which have no big bang in
the past.

0. Applying this limit to equation (29) we find that a single v̇ mea-
surement can place a positive lower limit on !" if the intercept of
the !"–!M relation, b, is significantly larger than 0. The error on b

is given by the width of the constraint band along the !"-direction:

$b = $!" =
d!"

dv̇
σv̇ =

2
cH 2

0

(1 + z)H (z)
(1 + z)2 − 1

σv

$t0
(30)

and the object giving the best lower limit on !" is the one with the
largest value of b/$b. However, we find that even the best object
by this criterion does not deliver a significant lower limit on !".
Hence we find that not only are we unable to detect v̇ > 0 with any
significance but it is also impossible to prove !" > 0 with a single

v̇ measurement.
However, this conclusion rests entirely on the weak lower limit

on !M that we used (!M > 0). The larger this limit the stronger
also the lower limit on !". In other words, a given v̇ measurement
translates to a different constraint on !" depending on what we
assume for !M. Hence, even if we cannot detect v̇ > 0 with high
significance it is nevertheless possible to place a significant lower
limit on !". All we need is a stronger constraint on !M.

The point is that this constraint can be supplied by the ż experi-
ment itself, without having to resort to an external prior, by means
of a second measurement at high redshift (as opposed to at z " z0).
The idea is to combine the measurements from two objects (or two
groups of objects) that are selected in different ways, such that their
constraint bands in the !"–!M plane make as large an angle as
possible while also being as narrow as possible (cf. Fig. 15). The
first group is selected to have shallow constraint lines, implying
low redshifts (z " z0) and supplying a lower (but by itself insuffi-
cient) limit on !" as discussed above, while the second group is
selected to have steep constraint lines, implying high redshifts (cf.
equation 29) and supplying a lower limit on !M. This is illustrated
in Fig. 15 where the red and blue lines and the grey shaded areas
show the constraint bands from two v̇ measurements at low and high
redshifts as indicated. If the angle between them is large enough and
if the individual σ v values are small enough then the combination
of the two constraints (in a χ2 sense) results in an ellipse in the
!"–!M plane whose lower edge excludes !" = 0.

Hence we find that we need at least NQSO = 2. However, recall
that so far we have kept H0 fixed. Let us now reconsider the above
as a function of H0. First of all, we note that the constraint line
resulting from the v̇ measurement at z ≈ z0 is very insensitive to
the value of H0 (because v̇ ≈ 0). Secondly, for the high-redshift
measurement the constraint line shifts upwards in Fig. 15 as H0 in-
creases. Hence the centre of the joint ellipse (where the constraint
lines cross) moves from (!M, !") = (0.3, 0.7) approximately along
the low-z constraint line towards the lower left-hand side of Fig. 15.
However, at the same time the extent of the ellipse decreases be-
cause a larger H0 predicts a larger redshift drift and hence results in
stronger constraints on !M and !" for fixed measurement errors.
The net result is that the lower edge of the joint ellipse and hence
the obtainable lower limit on !" are relatively insensitive to H0.
As we will see more quantitatively below, a third v̇ measurement to
constrain H0 is therefore not necessary.

Thus we find that the strategy of selecting two groups of targets as
described above should provide the best possible lower limit on !",
even after marginalizing over H0. However, when trying to express
this approach in equations in order to proceed with the target selec-
tion one realizes that the selection of the two groups cannot in fact
be separated, making an analytical procedure impractical. Hence
we resort to the simplest case of only one object per group and
simply try all possible combinations of two objects in our sample.

C© 2008 The Authors. Journal compilation C© 2008 RAS, MNRAS 386, 1192–1218
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Figure 13. The colour image and the contours show the final, overall value
of σ v achieved by targeting the NQSO objects with the best individual σ v

values (cf. Fig. 11) and by employing a given combination of telescope size,
efficiency and total integration time. The total integration time is split equally
among the targets. The contour levels are at σ tot

v = 2, 3, 4 and 5 cm s−1.

for the experiment. The steepness of the contours also indicate that
σ tot

v does not depend very sensitively on NQSO, at least for NQSO !
10.

For further illustration we now perform an MC simulation of
a redshift drift experiment using this target selection strategy. We
(arbitrarily) choose NQSO = 20 and O = 2 so that the overall accuracy
of the experiment is σ tot

v = 2.34 cm s−1 (cf. Fig. 13). Furthermore
we assume that the observations span a time interval of "t0 = 20 yr
and that the true ż(z) is given by our standard cosmological model.
The result is presented in Fig. 14 where we show as blue dots one
realization of the ‘observed’ velocity drifts and their errors along
with the input model (red solid line). Since the selected 20 targets
cover the redshift range 2.04 " zQSO " 3.91 quite homogeneously
we have binned the measurements into four equally sized redshift
bins.

By construction these points represent the most precise mea-
surement of ż that is possible with a set of 20 QSOs (using equal
time allocation) and O = 2. However, since many of the selected
QSOs lie near the redshift where ż = 0 (for the assumed model)
the redshift drift is only detected with an overall significance of
S = |v̇|/σ tot

v̇ = 1.4, where |v̇| is the weighted mean of the absolute
values of the expected velocity drifts.

This can be improved upon by choosing our second approach
and selecting targets by the largest value of |v̇|/σv̇ . This quantity
is a strongly increasing function of redshift and this selection strat-
egy results in quite a different set of objects: the best 20 targets
according to this criterion include only three of the objects previ-
ously selected. For O = 2, "t0 = 20 yr and equal time allocation as
before, the combined overall significance of this sample is S = 2.7
(assuming our standard model of ż is correct). The yellow squares
in Fig. 14 show the result of an MC simulation using this set-up
and implementation, except that we use NQSO = 10 (in two redshift
bins) which gives a slightly better significance of S = 3.1. To reach
S # 4 we need to further reduce NQSO to 3, or instead increase O to
3.4 or "t0 to 25.4 yr.

Figure 14. The three sets of ‘data’ points show MC simulations of the
redshift drift experiment using the three different example implementations
discussed in the text. In each case we have assumed an observational set-
up of O = 2 and we plot as ‘data’ points the ‘observed’ values and error
bars of the velocity drift v̇, expected for a total experiment duration of
"t0 = 20 yr and for standard cosmological parameters (h70 = 1, #M =
0.3, #$ = 0.7). For a given QSO we use the centre of the Lyα forest as
the redshift of the v̇ measurement. Blue dots: selection by σ v , NQSO =
20 (binned into four redshift bins), equal time allocation. Yellow squares:
selection by |v̇|/σv̇ , NQSO = 10 (in two redshift bins), equal time allocation.
Brown triangles: selection by best combined constraint on #$, NQSO = 2,
optimal time distribution. The solid lines show the expected redshift drift for
different parameters as indicated, and h70 = 1. The grey shaded areas result
from varying H0 by ±8 km s−1 Mpc−1.

Finally, we turn to our third approach and the question of how to
best select targets to constrain the acceleration of the expansion and
what can be achieved in this respect with our sample of known QSOs.
As in the previous case the answer will depend on what to expect
for the expansion history and in particular for the acceleration. For
the purpose of the following discussion we will again assume our
standard cosmological model.

The simplest thing we can do to constrain the acceleration is
to unambiguously detect its existence, i.e. to measure ż > 0 with
the highest possible significance. This implies (i) that we need a v̇

measurement at z < z0, where z0 is defined by v̇(z0) = 0 and (ii)
that target selection should proceed by the largest value of v̇/σv ,
which indeed favours the lowest available redshifts. However, even
if we use only the single best object by this criterion and assume
a generous "t0 = 25 yr then a 2σ v detection of v̇ > 0 would still
require an unfeasible O = 9.5. The reason for not being able to do
better is of course our inability to access the Lyα forest at z ≈ 0.7
where v̇ is the largest.

Let us analyse the situation more systematically by switching to
the parameter space of our cosmological model (which is three-
dimensional since we will not assume spatial flatness). In this pa-
rameter space our goal of detecting the acceleration translates to
proving that the deceleration parameter q0 = #M/2 − #$ is <0.
However, in our model the acceleration is due to a cosmological
constant, and so for simplicity we will instead pursue the slightly
easier goal of proving the existence of a cosmological constant, i.e.
of placing a positive lower limit on #$ after having marginalized
over #M and H0.

Consider the constraint of a single measurement of v̇ = "v/"t0

at some z (i.e. provided by some QSO), which happens to be pre-
cisely equal to its expected value. Obviously, a single data point

C© 2008 The Authors. Journal compilation C© 2008 RAS, MNRAS 386, 1192–1218



REDSHIFT DRIFTS “SANDAGE TEST”
‣ New Golden Sample of ‘superbright’ high-redshift quasars significantly reduces 

observation time for the same experiment time (Cristiani et al. 2023)

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

The gathering of a ‘zeroth epoch’ dataset (LFC permitting) is in progress at ESPRESSO
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Combination of science cases requires:  
R~100,000, 0.33< λ<2.4 µm and many different observing modes  
Achievable with a fibre-fed modular system

ANDES         
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old architecture 
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ANDES         

>50 MEUR modular 
instrument (hardware only): 
prioritisation of science 
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and characterization of primitive stars 

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

Priority 4: Redshift drift (Sandage test) 
TLR 4: 𝜆 accuracy 2 cm/s, stability 2 cm/s

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

Doable: Radial velocity search for exoplanets around M-dwarf stars 
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INSTRUMENT ARCHITECTURE

Front end: 
takes the light 

from the 
telescope

Fiber links: takes the light to 
the spectrographs

Spectral arms
✴ Modular fiber-fed 

cross dispersed 
Echelle 
spectrograph 

✴ Simultaneous range 
0.4-1.8 µm 
(ultrastable 
BLUE+RED+NIR)  
Goal 0.37-2.4 µm; 
Resolution 
~100,000  

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



OBSERVING MODES: THE FIBRE FEEDING
ANDES         

‣ Different observing 
modes from different 
fibre bundles 

‣ No moving parts in 
spectrographs: 
stability!
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OBSERVING MODES: THE FIBRE FEEDING
IL = Imagination Limited

‣ Many different observing modes possible (IL): both Seeing and Diffraction Limited observations possible

‣ Unique IFU capability: 0.5”⨉0.5” or 0.04”⨉0.04” FOV, R~100,000 1-1.8 µm sim. range



THE EXTENSION TO 0.35-0.41 
‣ The current design allows an extension of the 

wavelength range as low as 0.35 µm  
and as high as 2.4 µm: U and K band under study 

‣ However the total transmission of the ELT drops 
below 0.4 µm to the silver coating. 

‣ An improved blue-sensitive silver coating is in  
R&D but it will not be  
available until a few  
years after first light. 

‣ In the meantime 
we need to 
verify whether 
ELT+ANDES can 
still be more 
sensitive in the 
blue than 
VLT+ESPRESSO

K



ANDES PERFORMANCES

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

hires.inaf.it/etc.html
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‣ The expected limited magnitude 
for seeing limited observations is 
mAB = 20 in 1 hr with SNR=10 per 
resolution element.

Wavelength (μm)

Wavelength (μm)

Point Source

Extended Source

R = 100000  Exposure time=1800 s

COURTESY OF N. SANNA

http://hires.inaf.it/etc.html
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https://aws.amazon.com/blogs/publicsector/the-italian-national-institute-of-astrophysics-explores-
the-universe-with-the-cloud/

https://www.youtube.com/watch?v=d0YrAoWI0sc
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proposal from the IS which has been accepted; it remains open as a 
placeholder in case of future communications; 

• https://jira.eso.org/browse/AND-17: as for the case of NGC-II this ticket is 
used as a placeholder to exchange information about Coudé room heights 
between the consortium and ESO; the exchange of information is 
consolidated and works very well (thanks!); the ticket remains open as a 
placeholder for future communications; 

• https://jira.eso.org/browse/AND-18: this ticket is ultimately linked to the ticket 
https://jira.eso.org/browse/AND-16 - it lists the document/content expected 
by the ESO SW team at the SAR especially for the science part (DRS, ETC): 
it will remain open as reference and placeholder to exchange information. 

 

3.9 Picture of the month 
Considering that the work is spread among various subsystems and the project is 
still in an early preliminary design phase, it is unfair to select one single 
representative picture for the whole project: each subsystem has actually developed 
various drawings/pictures that are reported in the following subsections all worth to 
be mentioned. Please refer therefore to those. 
However, there is one picture provided by S. Egner (at the ELT level) which is 
impressive and, in our opinion, worth to be included here: 
 

 
Figure 1: ELT construction site, May 2023 

 



ANDES AT ELT: SUMMARY OF CAPABILITIES
Modular fiber-fed cross dispersed echelle spectrograph 

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

Simultaneous spectral range 0.4-1.8 µm (0.37-2.4 µm goal)  

Spec. Resolution ~100,000 

Goal: 0.7 m/s precision and 1 m/s accuracy  

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

Sensitivity: 1h, SNR = 10, AB=20 

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

Nasmyth platform B

ANDES



LARGE INTERNATIONAL CONSORTIUM

CONSORTIUM
▸ Brazil: Federal Univ. of Rio Grande do Norte 

▸ Canada: Univ. De Montreal, Herzberg Astrophysics 
Victoria 

▸ Denmark: Univ. Copenhagen, Univ. Aarhus, Danish 
Tech. Univ. 

▸ France: LAM Marseille, LAGRANGE Nice, IPAG 
Grenoble,  
IRAP/OMP Toulouse, LUPM Montpellier 

▸ Germany: AIP Potsdam, Univ. Göttingen, 
Landessternwarte Heidelberg, MPIA Heidelberg, 
Thüringer Landesternwarte Tautenburg, Univ. 
Hamburg 

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

▸ Poland: Nicolaus Copernicus Univ. in Toruń 

▸ Portugal: Inst. Astrofísica e Ciências do Espaço, 
CAUP Porto, Lisbon 

▸ Spain: Inst. Astrofísica de Canarias (IAC), Inst. 
Astrofísica de Andalucía (IAA - CSIC), Centro de 
Astrobiología (CSIC-INTA) Madrid 

▸ Sweden: Uppsala Univ., Lunds Univ., Stockholm Univ. 

▸ Switzerland: Univ. de Genève, Univ. Bern 

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

▸ USA: Univ. of Michigan
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>200 people 
The state-of-the-art 

scientific and 
technological expertise 

in high-resolution 
spectroscopy in Europe

13 countries, more 
than 30 institutes
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(parts of 

instrument)

Science Team

System Team

Project Office
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COST, GTO & SCHEDULE

Front End

Fiber Link
Spectral Arms

ANDES         

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 
Completed! 

ANDES Construction approved 
by ESO Council on Dec 2021! 

Started Phase B activities in 2022 

Phase B (PDR): 2023-2024 

Phase C (FDR): 2025-2026 

Integration (PAE): 2027-2030 

Commissioning & PAC:2031



SUMMARY OF ANDES PROJECT
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 µm (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

Nasmyth platform B
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