
CUBES and ANDES 

-
ground-based technological enablers for the HWO  



ANDES: broad context
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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

➢ Interdisciplinary (from Exoplanets to Stars, to Cosmology and Fundamental Physics)

➢ Successful ESO tradition (UVES, FLAMES, CRIRES, X-shooter, HARPS, ESPRESSO)



ANDES: the parameter space
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ANDES (ArmazoNes high Dispersion Echelle
Spectrograph) is the high-resolution, high-precision,
modular, fiber fed, optical-infrared spectrograph for the
ESO/ELT (European Southern Observatory/Extremely
Large Telescope) thought to study astronomical objects
that require highly sensitive observations.

❖ Simultaneous spectral range 0.4-1.8 µm (0.35-2.4 µm goal)

❖ Spectral resolution ~100,000 

❖ Interchangeable, observing modes: seeing limited &  SCAO+IFU module

❖ Sensitivity: 1h, 10σ, AB = 21.7



CUBES: broad context
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Cassegrain U-Band Efficient Spectrograph: the ultimate UV instrument for VLT.

➢ High-res spectroscopy of the near-UV regime provides access to key lines of stellar spectra

➢ The near-UV range is also critical in extragalactic observations (V. D’Odorico talk)

Unique discovery space 

Competitive for observations at λ < 400

nm well into the 2030s (Evans et al. 2016)

ELT Performance

Ronald Holzlöhner, Optimization of Protected Silver Coating Recipes for E-ELT

Telescope Mirrors (Conference Presentation), SPIE 2024
https://www.eso.org/sci/facilities/eelt/science/drm/tech_data/telescope/



CUBES: the parameter space
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➢ Spectral range: CUBES shall provide a spectrum of

the target over the entire wavelength range of 305–400

nm in a single exposure (goal: 300 – 420 nm)

➢ Efficiency: The efficiency of the spectrograph, from slit

to detector (included), shall be > 40% for 305–360 nm

(goal > 45%, with > 50% at 313 nm), and > 37% (goal

40%) between 360 and 400 nm

➢ Resolution: R ∼ 24000 (HR mode) and R ∼ 7000 (LR

mode)

➢ Signal-to-noise ratio: In a one hour exposure the

spectrograph shall be able to obtain, for an A0-type star

of U = 17.5 mag (goal U 18 mag), a SNR = 20 at 313

nm for a 0.007 nm wavelength pixel (at an airmass of

1.16).



ANDES and CUBES: INAF context
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INAF is the technological lead of both instruments (ANDES – PI: A Marconi, CUBES – PI: S. Covino)

ANDES, 5 June 2024

CUBES, 15 February 2022



ANDES – CUBES – HWO: technological synergies
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credits:



Technological challenges
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Common technological challenges: UV Efficiency, Stability, Contrast, 

CUBES: UV Spectroscopy

‒ Reflective coatings and specialized materials

‒ Compact optics for the Cassegrain focus

ANDES: high precision and stability

‒ Thermal stabilization at the mK level

‒ Absolute calibration (e.g., laser frequency combs)

‒ Engineering challenges

HWO: Advanced Space Technologies

‒ High-contrast coronagraphs

‒ Ultra-stable optics and precision metrology



CUBES
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CUBES: functional overview
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CUBES: system
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CUBES: grating specifications
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Zeitner et al., Proc. of SPIE Vol. 12188 121884Y-3



CUBES: grating efficiency
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CUBES: image slicer
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A. Calcines, Design of the VLT-CUBES image slicers: Field 

re-formatters to provide two spectral resolutions, ExA, 

Volume 55, pages 267–280, (2023)



CUBES: Italian contribution in optics
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A&G and fore-optics



ANDES
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ANDES: functional overview

P. Di Marcantonio - Shaping the italian contribution to HWO 17

✴ Modular fiber-fed 

cross dispersed 

echelle spectrograph

✴ Simultaneous range 

0.4-1.8 µm (ultra-

stable BV+RIZ+YJH) 

Goal 0.37-2.4 µm (with 

U and K); Resolution 

~100,000 

✴ Several 

interchangeable, 

observing modes: 

Seeing limited &  

SCAO+IFU

Front end: takes the 

light from the 

telescope at Nasmyth 

focus
Fiber links: takes the 

light to the 

spectrographs
Spectral arms



ANDES: deployment @ELT
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ANDES: design
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ANDES: SCAO
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ANDES: coronagraph
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credits: A. Chiavassa et al., OCA-LAGRANGE



ANDES: coronagraph
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Except for the JQ4 conditions in purple, the top plot shows that the

image contrast is better than 2x10-3 in all conditions and better than

10-3 in JQM (median conditions) from Y to K bands (980 to

2420nm).



ANDES: calibration
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➢ Critical for achieving sub-m/s radial velocity precision

➢ Provide a stable and dense grid of reference lines across the full spectral range

➢ Enable absolute wavelength calibration with unprecedented accuracy

Key Features:

• Line spacing matched to spectral resolution

• Broad spectral coverage 

• Long-term frequency stability traceable to atomic clocks

UAr

550 nm

1000 nm

FP

LFC



ANDES: thermal stability
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Spectrographs are extremely sensitive to thermal drifts. Even sub-micron expansion or contraction can

affect radial velocity precision. Achieving milli-kelvin control is crucial for sub-m/s stability.

Engineering Solutions:

‒ Active thermal control systems with multiple feedback loops

‒ Isolation from ambient temperature fluctuations using vacuum chambers and multi-

layer insulation temperature-stabilized enclosures for optical benches and detectors

Key Technologies:

‒ Precision temperature sensors with <1 mK resolution

‒ Low-noise PID controllers with real-time monitoring

‒ Radiative and conductive thermal shielding for critical components
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ANDES: VCS control system



ANDES: mastering complex systems
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develop synergies for networking

the knowledge and skills acquired by

the participating groups,

and supporting the level of

excellence achieved @INAF



DRS and simulations
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Simulated images of an on-axis point source in median observing conditions
after SCAO correction.

ANDES: E2E

CUBES: DRS



Conclusion
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