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CUBES: a UV spectrograph for the future

S. Covino1, S. Cristiani2,3, J. M. Alcalá4, S. H. P. Alencar5, S. A. Balashev6, B.
Barbuy7, N. Bastian8,9, U. Battino10, L. Bissell11, P. Bristow12, A. Calcines13, G.

Calderone2, P. Cambianica14, R. Carini15, B. Carter16, S. Cassisi17,18, B. V. Castilho19,
G. Cescutti20, N. Christlieb21, R. Cirami2, R. Conzelmann12, I. Coretti2, R. Cooke22, G.

Cremonese14, K. Cunha23,24, G. Cupani2,3, A.R. da Silva25, D. D’Auria4, V. De

Caprio4, A. De Cia26, H. Dekker27, V. D’Elia28, G. De Silva29, M. Diaz7, P. Di

Marcantonio2, V. D’Odorico2,3, H. Ernandes7, C. Evans30, A. Fitzsimmons31, M.
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Abstract. In spite of the advent of extremely large telescopes in the UV/optical/NIR
range, the current generation of 8-10m facilities is likely to remain competitive at ground-
UV wavelengths for the foreseeable future. The Cassegrain U-Band Efficient Spectrograph
(CUBES) has been designed to provide high-efficiency (> 40%) observations in the near UV
(305-400 nm requirement, 300-420 nm goal) at a spectral resolving power of R > 20, 000,
although a lower-resolution, sky-limited mode of R ∼ 7, 000 is also planned.
CUBES will offer new possibilities in many fields of astrophysics, providing access to key
lines of stellar spectra: a tremendous diversity of iron-peak and heavy elements, lighter
elements (in particular Beryllium) and light-element molecules (CO, CN, OH), as well as
Balmer lines and the Balmer jump (particularly important for young stellar objects). The UV
range is also critical in extragalactic studies: the circumgalactic medium of distant galaxies,
the contribution of different types of sources to the cosmic UV background, the measure-
ment of H2 and primordial Deuterium in a regime of relatively transparent intergalactic
medium, and follow-up of explosive transients.
The CUBES project completed a Phase A conceptual design in June 2021 and has now
entered the Phase B dedicated to detailed design and construction. First science operations
are planned for 2028. In this paper, we briefly describe the CUBES project development
and goals, the main science cases, the instrument design and the project organization and
management.
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1. Introduction

The four 8.2m telescopes of the Very Large
Telescope (VLT) at the European Southern
Observatory (ESO) form the world’s most
scientifically productive ground-based obser-
vatory in the visible and infrared. However,
looking at the future of the VLT, there is a
long-standing need for an optimised ultraviolet
(UV) spectrograph (Barbuy et al. 2014) with a
large increase of efficiency with respect to ex-
isting instruments (UVES and X-Shooter).

The European Extremely Large Telescope
(ELT), under construction in northern Chile
by ESO, with a primary aperture of 39m will
be unprecedented in its light-gathering power,
coupled with exquisite angular resolution via
correction for atmospheric turbulence by adap-
tive optics (AO). At variance with current large
telescopes such as the VLT, AO is an integral
part of the ELT, which has a five-mirror de-
sign including a large adaptive mirror (M4) and
a fast tip-tilt mirror (M5). The choice of pro-
tected silver (Ag+Al) for the ELT mirror coat-
ings (apart from M4) ensures a durable, proven
surface with excellent performance across a
wide wavelength range. However, the per-
formance drops significantly in the blue-UV
part of the spectrum compared to bare alu-
minium. ESO is actively researching alterna-
tive coatings, but in the short-medium term
we can assume that the performance of the
ELT in the blue-UV will be limited. Indeed,
during the Phase A study of the MOSAIC
multi-object spectrograph (Evans et al. 2016)
it was concluded that a blue-optimised instru-
ment on the VLT could potentially be com-
petitive with the ELT at wavelengths shorter
than 400 nm (Fig. 1). In addition, this spec-
tral range is complementary to the ELT and
JWST. Motivated by this, in 2018 we revis-
ited (Evans et al. 2018) the Phase A study
undertaken in 2012 of the Cassegrain U-band
Brazilian-ESO Spectrograph. The past study
investigated a R ∼ 20k spectrograph oper-
ating at ‘ground UV’ wavelengths (spanning
300-400 nm) to open-up exciting new scientific
opportunities compared to the (then) planned
instrumentation suite for Paranal Observatory
(Barbuy et al. 2014; Bristow et al. 2014).

In January 2020 ESO issued a Call for
Proposal for a Phase A study of a UV
Spectrograph to be installed at a Cassegrain
focus of the VLT, with the goal of high-
efficiency (> 40%) and intermediate resolv-
ing power (∼ 20K) in the ground-UV do-
main (305-400 nm requirement, 300-420 nm
goal). In May 2020 the CUBES (Cassegrain U-
Band Efficient Spectrograph) Consortium, led
by INAF1, was selected to carry out the study.
The CUBES project completed a Phase A con-
ceptual design study in June 2021. After the
endorsement by the ESO Council at the end of
2021, Phase B started in February 2022 with
the signature of the Construction Agreement
between ESO and the leading institute of the
CUBES Consortium, opening the detailed de-
sign and construction phase. Here we report the
present status of the project, which will pro-
vide a world-leading UV capability for ESO
from 2028 well into the ELT era. More de-
tailed information about the project is reported
in Cristiani et al. (2022).

2. Science with CUBES

The CUBES science case covers a wide range
of astrophysical topics. We propose below a
brief highlight of the main key cases across
the Solar System, Galactic, and extra-galactic
fields (see also Evans et al. 2022).

2.1. Searching for water in the asteroid
belt

The search for water in our solar system is a
long-standing problem (Opitom et al. 2022). It
is a difficult task with ground-based facilities,
given the water content of Earth’s atmosphere.
The typical diagnostics of water outgassing
from small bodies is the OH emission at 308
nm. Observation of the OH line has been pos-
sible so far for a few active comets while they
are near the Sun and Earth, with severe limi-
tations. We still miss knowledge of water pro-
duction around their orbits and the role of sea-
sonal effects that the Rosetta mission revealed
to be important. In general, most comets are

1 Istituto Nazionale di AstroFisica
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Fig. 1. Comparison of the total (instrument+telescope+sky) CUBES efficiency in the R > 20 K mode
with respect to UVES.

simply too faint to be studied with current fa-
cilities. Main-belt comets, bodies in asteroidal
orbits, can undergo activity thought to arise
from sublimation. Constraining the OH emis-
sion of these objects is well beyond our cur-
rent capabilities. Since main-belt comets show
a size distribution similar to the general popu-
lation in the asteroid belt, the detection of out-
gassing water with CUBES would point to a
potentially large population of icy bodies. This
could imply a large reservoir of water, a pa-
rameter of considerable interest in models of
the formation and evolution of the inner solar
system.

2.2. Accretion, winds & outflows in
YSOs

The evolution of circumstellar disks, mass ac-
cretion around young stars, and outflow and
winds are fundamental aspects of the forma-
tion of protoplanets. Observations about these

phenomena require multi-wavelengths studies
of stars during the first 10 Myr of their evo-
lution and in particular of Classical T Tauri
stars (CTTS). These young, low- to solar-mass
stars are actively accreting mass from planet-
forming disks. Spectroscopic surveys of CTTS
in nearby star-forming regions have been car-
ried out to study the often complex relation-
ships between accretion, jets and disk struc-
ture. CUBES, both due to its increased UV
sensitivity and coverage of a critical wave-
length range, will enable more detailed studies
of the accretion processes/wind-outflows than
currently possible as well as studies of CCTS
in star-forming region at larger distances.

2.3. Bulk composition of exo-planets

In the past few decades, we have learned that
it is normal for stars to have planets and the
study of exoplanet formation and evolution has
become a major astrophysical topic. The best
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approach available at present for estimating
the bulk composition of exo-planet systems
is based on spectroscopic analysis of evolved
white dwarf (WD) stars accreting debris from
tidally-disrupted planetesimals. WDs are hot
so most of their abundance diagnostics are in
the near-UV (e.g. Sc, Ti, V, Cr, Mn, Fe, Ni).
However, WDs are also intrinsically faint, and
only about twenty systems have precise abun-
dances so far. CUBES will transform this excit-
ing area of exo-planet research by increasing
the sample of known exo-planetesimal com-
positions providing precise constraints on the
next generation of planet-formation models.

2.4. Stellar nucleosynthesis

The spectral features of more than a quarter of
the chemical elements are only observable in
the near UV, but the low efficiency of instru-
ments in this domain severely restricted previ-
ous studies. Advancements in the field require
high-resolution, near-UV spectroscopy of a
large number and diversity of stars. Three main
CUBES science cases deal with this topic:

i) Metal-poor stars and light elements.
A key case is to probe the early chemical
evolution of the Galaxy, via chemical abun-
dance patterns in the oldest, low-mass stars
that formed from material enriched by the first
supernovae. The so-called Carbon-enhanced
metal-poor (CEMP) stars are the perfect probes
to investigate nucleosynthesis by the first stars.
CUBES will enable quantitative spectroscopy
for large samples of metal-poor stars, provid-
ing direct estimates for a broad range of heavy
elements, as well as valuable constraints on
CNO elements.

ii) Heavy-element nucleosynthesis. Stellar
abundances from CUBES will provide crit-
ical tests of the various production chan-
nels of heavy elements for both r- and s-
process elements. Determining the abundances
of neutron-capture elements in metal-poor
stars is fundamental to understand the physics
of these processes and the chemical evolution
of the Galaxy as well as the origin of the
Galactic halo. Since lines due to many of these
elements are in the UV domain (e.g. Hf, Sn,
Ag, Bi) and have only been measured for a very

restricted number of stars, CUBES will play a
critical role to fill this gap.

iii) Beryllium is one of the lightest and sim-
plest elements. Nevertheless, questions remain
about its production in the early Universe.
Recent results are consistent with no primor-
dial production, but larger samples are required
to investigate this further. Only ∼ 200 stars
have Be abundances so far (limited to V ∼
12 mag in a few hrs with UVES, Dekker
et al. 2000). CUBES will provide large ho-
mogeneous samples of Be abundances in stars
belonging to different populations up to three
magnitudes deeper, providing new insights into
its production and tracing the star-formation
history of the Galaxy (see Fig. 2).

2.5. Primordial deuterium abundance

Within the Standard Model of particle physics
and cosmology there is still no accepted model
for dark energy and dark matter, or why
the Universe contains baryons instead of an-
tibaryons, or even why the Universe con-
tains baryons at all. We are also missing cru-
cial properties of neutrinos (e.g. their hierar-
chy, why they change flavour, and the num-
ber that existed during the earliest phases of
the Universe). Some of these questions can
be investigated by measuring the nuclides pro-
duced a few minutes after the Big Bang. The
primordial deuterium (D/H) abundance is cur-
rently our most reliable probe of Big Bang
Nucleosynthesis (Cooke et al. 2014). CUBES
will provide a large, reliable sample of D/H
estimates from quasar absorption spectra. Its
significant gain at the shortest wavelengths
compared to existing facilities will enable ob-
servations at lower redshifts (less contamina-
tion by the Lyman-alpha forest) giving more
absorption-line systems from which to esti-
mate D/H and smaller uncertainties.

2.6. The missing baryonic mass at the
cosmic noon

Remarkable progresses about the missing
baryon problem has been recently made pos-
sible at low redshifts by studying the disper-
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Fig. 2. Results of fitting four simulated observations of a bright (V = 12.5 mag) subgiant star (Teff =

5600 K and log g = 3.4 dex) with [Fe/H] = -3.5 and log(Be H) = -13.5. The final simulated observations
have different realizations of SNR = 340 and were computed to have R = 23 K and sampling of 2.35 px.
Top Left: One of the best fit synthetic spectra is shown in the plot and has the same Be abundance of
the simulated observation. Top Right: The best fit is chosen using the coefficient of determination, R2,
which involves the ratio between the residual sum of squares and the total sum of squares. Bottom:
The boxplot displays the best fitting Be abundances for each one of the four simulated observations
(with results deviating at most by 0.05 dex from the input Be abundance).

sion measure in Fast Radio Bursts (FRBs)
(Macquart et al. 2020) and at z > 1.5 by ob-
servations and simulations of the Lyman forest
(e.g., Weinberg et al. 1997). Still, we have in-
sufficient knowledge about how baryonic mat-
ter is distributed among the different gaseous
components and we would need to better con-

strain the mechanisms (stellar and AGN feed-
back, accretion, etc.) that determine the ob-
served distribution. A UV efficient spectro-
graph with relatively high resolution offers the
possibility to dig into the complex nature of
the inter- and circum-galactic gas at z ∼ 1.5
to 3, via two experiments with quasar absorp-
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tion lines: i) The baryons in the diffuse IGM
are studied through the detection and analysis
of Lyman-α lines at z ' 1.5 to 2.3. This red-
shift range, immediately after the era of peak
star-formation in the Universe, is poorly inves-
tigated due to observational difficulties as the
low efficiency of ground-based spectrographs
in the UV, but is critical to connect the low-
and high-redshift results. ii) Observing the O
VI absorption lines at 1.9 < z < 2.9 to trace the
warm-hot gas at T > 105 K, associated with the
IGM or with the CGM (Lehner et al. 2014). In
all cases spectroscopy in the wavelength range
at λ > 400 nm is necessary to complement the
information on the neutral IGM component de-
rived from the Lyman forest, checking the as-
sociated metal absorption lines (in particular
due to C IV and Si IV) and deriving the con-
tribution of the ionised gas. It is also needed
to complete the coverage of the associated HI
and metal transitions. To this aim spectra of
the same targets obtained at higher resolution
with, e.g., UVES/VLT (simultaneously via a
fiber link or retrieved from the archives) will
be needed.

2.7. Cosmic UV background

Galaxies are likely able to produce most of the
UV emissivity needed for cosmic reionisation
at high redshift but quasars also possibly con-
tribute. Estimates of the escape fraction (fesc)
of hydrogen-ionising photons able to escape a
galaxy are close to 100% for quasars. However,
the volume density of low- and intermediate-
luminosity quasars at z > 4 is still uncertain,
so it is unclear if they are the dominant source
of ionisation. In contrast, star-forming galax-
ies are more numerous, but estimates of fesc
from observations of the Lyman continuum
(λrest < 91.2 nm) have uncertainties of tens of
percent and are limited to a handful of sys-
tems at z = 2.5 to 4. To be detectable from
Earth escaping photons have to survive absorp-
tion along the line of sight by the intergalactic
medium, which become stronger with redshift
and is significantly variable between sightlines.
Given these competing factors, the ideal red-
shift range for ground-based observations of
the Lyman continuum of a galaxy is z = 2.4 to

3.5, i.e. from about 410 nm down to the atmo-
spheric cut-off. For this reason CUBES could
be an asset for this science case thanks to its
high throughput. Furthermore, since the galax-
ies to be observed are extremely faint this sci-
ence case is also one of the main drivers of the
low resolution mode.

2.8. Transient astronomy

Time-domain astronomy is one of the most
active branches of modern astrophysics. In a
few years, new observational facilities, specif-
ically designed with the goal of securing high-
cadence observations of large fractions of the
nightly sky, will become operational. Equally
important, “big-data” algorithms are increas-
ingly being applied and developed to manage
the large amount of data provided by these fa-
cilities. The discovery space opened by rare or
peculiar transients is very large, involving all
categories of sources. For low or high redshift
objects, a highly efficient UV spectrograph can
shed light on a variety of physical ingredients
and, in this context, the possible synergy of the
CUBES and UVES spectrographs could open
the exciting perspective of a UV-blue continu-
ous spectral coverage.

3. From Science to Requirements

The science cases of interest for the CUBES
community defined the reference for the devel-
opment of the Top level Requirements (TLR):

– Spectral range: CUBES must provide a
spectrum of the target over the entire wave-
length range of 305 – 400 nm in a single
exposure (goal: 300 – 420 nm).

– Efficiency: The efficiency of the spectro-
graph, from slit to detector (included), has
to be > 40% for 305 – 360 nm (goal >
45%, with > 50% at 313 nm), and > 37%
(goal 40%) between 360 and 400 nm.

– Resolving power (R): In any part of the
spectrum, R needs to be > 19 K, with an
average value > 20K.

– Signal-to-noise (S/N) ratio: In a 1 hr expo-
sure the spectrograph must be able to ob-
tain, for an A0-type star of U = 17.5 mag
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(goal U ≥ 18 mag), a S/N = 20 at 313 nm
for a 0.007 nm wavelength pixel.

During Phase A studies an important addi-
tion was identified with the provision of a sec-
ond (lower) resolving power (with R ∼ 7k),
to enable background-limited observations of
faint sources where spectral resolution is less
critical. There are also studies for a fiber link
to UVES, in order to provide simultaneous ob-
servations at longer wavelengths. This would
considerably broaden the scientific capabilities
of the project.

4. Instrument Design Overview

The instrument is designed to be used alone
or combined with the fiber-feed to UVES.
Two resolution modes (HR, R > 20 K; LR
R ∼ 7 K) are enable by the exchange of
two independent image slicers. An Active
Flexure Compensation system (AFC) is part
of the baseline. All the top level requirements
(TLRs), in particular those related to efficiency,
are met (see Fig. 3 for a view of the whole in-
strument).

4.1. Instrument sub-systems and
Operations

The current baseline design of CUBES in-
cludes a calibration unit that provides the
light sources necessary to register frames for
flat fielding, wavelength calibration, align-
ment, and the AFC. A foreoptics sub-system
includes an atmospheric dispersion corrector
(ADC) and Acquisition and Guiding func-
tionalities. There are two user-selectable im-
age slicers (to enable different spectral resolu-
tions) followed by a dichroic beamsplitter that
feeds two spectrograph arms, each consisting
of a Fused Silica single-lens collimator, a first-
order transmission grating with a groove den-
sity up to 3600 l/mm, and a 3-lens all-silica
camera. Each arm has its own detector cryo-
stat, with a 9k or 10k CCD detector (we also
have an option to increase the sampling by
11% using the STA 10k 9µm detector instead
of the E2V 9K 10µm), read-out electronics,
cryo-vacuum components (both hardware and

specific control electronics). The Instrument
Control Electronics are based on PLCs that are
compliant with latest ELT design standard, and
control all optomechanical and cryo/vacuum
functions. The Scientific Detector system is
controlled by ESOs new NGC2 standard. The
Instrument Software package has elaborate in-
strument control software, data-reduction and
simulation tools (see Sect.4.4) for details).
And, finally, a Fiber Link unit provides the op-
tion of simultaneous observations with UVES
by injecting red light into optical fibers (1 ob-
ject, 3 sky) that subtend 1 arcsec on the sky and
are approximatively 40 m long to UVES on the
Nasmyth platform (Dekker et al. 2000).

4.2. Optics and Dispersing Elements

Using two lens doublets and a number of
folding prisms the foreoptics relays a FoV of
6”x10” for LR and 1.5”x10” for HR at the tele-
scope focus to the entrance plane of the spec-
trograph. Zero-deviation ADC prisms in the
parallel beam between the doublets provide at-
mospheric dispersion correction over a range
300-405 nm for zenith angles of 0-60◦. By in-
serting a dichroic just below the telescope fo-
cal plane, light redward of 420 nm may be di-
rected to the UVES fiber feed. At the magni-
fied telescope focal plane produced by the fore-
optics (0.5 arcsec/mm plate scale), two user-
selectable reflective image slicers are used to
reformat the field of view. The first component,
an array of six spherical slicer mirrors decom-
poses the rectangular FoV into six slices which
are reimaged by six spherical camera mirrors
composing the spectrograph entrance slit, de-
fined by a slit mask. The slicer efficiency is
expected to be > 90% (goal 94%) The output
slit mask has six slitlets, corresponding to six
slices, each one measuring 0.25”x10” on the
sky for the HR slicer (R ∼ 20K) and 1”x10” for
the LR slicer (R ∼ 7K). Further slit mask aper-
tures are illuminated by a ThAr fiber source for
use by the AFC system.

The light coming from the slit mask is
folded by a Total Internal Reflection (TIR)
prism and then reaches a dichroic which splits
the light by reflecting the Blue-Arm passband
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Fig. 3. Functional design of CUBES. Light path is from the top to the bottom. The shown acronyms
are: FL cam (fibre-link A&G camera), ND filters (Neutral Density filters), WL filter (Wavelength fil-
ter), ADC (Atmospheric Dispersion Corrector), P (single Pin-hole mask), Ps (multi pin-holes mask),
A&G (Acquisition and Guiding), Cal mirror (Calibration mirror), DC (Dichroic), AFC (Active
Flexure Compensation), LR (Low Resolution), HR (High Resolution), Cryo (Cryocooler), FF LED
(Flat-Field LED).

(300–352.3 nm) and transmitting the Red-Arm
passband (346.3–405 nm).

In order to achieve a high (> 20K) reso-
lution without the efficiency losses associated
with cross-dispersed echelles, CUBES uses
state-of-the-art first-order dispersing elements.
Binary transmission gratings produced by E-
beam microlithography and an Atomic Layer
Deposition (ALD) overcoat have been iden-

tified as a suitable technology (see Zeitner
et al. 2022). Their theoretical average (RCWA)
diffraction efficiency is > 90% and studies car-
ried out through simulations and prototyping
show that the measured efficiency is compli-
ant with the expectation and demonstrate the
feasibility of the instrument in terms of light
throughput.
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4.3. Mechanics

To achieve high resolution, CUBES requires a
fairly large beam diameter of 160 mm and a
collimator focal length of 3 m. In order to limit
the total mass, a light-weight construction prin-
ciple has been adopted. The optical layout con-
tains several folds so all optical elements. The
optical layout was optimized such that all opti-
cal elements of the spectrograph from slit to
detector lie in a single plane, so all spectro-
graph optics can be mounted on a single op-
tical bench. This is arguably the most stable
configuration since the dispersion direction of
CUBES is parallel to the stiff surface plane
of the optical bench. A general focus of the
mechanical design is, in fact, to minimize the
effects of gravitational bending of the instru-
ment.

In the current design, the CUBES main me-
chanical structure is divided into three main
components: 1. A telescope adapter, that pro-
vides a stiff connection between the Cassegrain
telescope flange and the optical bench assem-
bly; 2. An optical bench that provides a stable
platform for the spectrograph optics as well as
for the foreoptics; 3. An assembly to provide
support for auxiliary equipment such as elec-
tronic racks, the calibration unit and vacuum
equipment. In Fig. 4 the mechanical concept of
CUBES is shown.

4.4. Software

The CUBES instrument is designed includ-
ing a “software ecosystem”, whose individ-
ual packages cooperate to support the users
from the proposal preparation to the science-
grade spectra: i) the Exposure Time Calculator
(ETC), a web application used to predict the
CUBES exposure time required to achieve a
given SNR; ii) the Observation Preparation
Software (OPS): a list of tools aimed to
help the users identify the best instrument
settings to achieve a scientific goal; iii) the
Instrument Control Software (ICS) and the
Detector Control Software (DCS): devoted to
the instrument devices and detectors control;
iv) the Data Reduction Software (DRS): a col-
lection of recipes aimed to remove instrument

signature from the science exposures, and pro-
duce the final calibrated 2D and 1D spectra;
v) the End-to-end Simulator (E2E): a package
able to simulate realistic science exposures of
a given science target, by taking into account
the CUBES instrumental effects, and allowing
early testing of the data reduction pipelines, as
well as early validation of design decisions.

The above mentioned packages are devel-
oped according to the recently published ELT
software standards, and will be based on the
ELT Instrument Framework libraries and tools.

5. Project and Management

The CUBES consortium is composed of insti-
tutes from five countries:

– INAF - Istituto Nazionale di Astrofisica,
Italy, (consortium leader)

– IAG-USP - Instituto de Astronomia,
Geofı́sica e Ciências Atmosféricas
(primary Brazil partner) and LNA -
Laboratório Nacional de Astrofı́sica
(secondary Brazil partner), Brazil

– LSW - Landessternwarte, Zentrum für
Astronomie der Universtität Heidelberg,
Germany

– NCAC - Nicolaus Copernicus
Astronomical Center of the Polish
Academy of Sciences, Poland

– STFC-UKATC - UK Astronomy
Technology Centre, (primary UK part-
ner) and Durham University Centre for
Advanced Instrumentation (secondary UK
partner), United Kingdom

The Consortium organization is fairly stan-
dard, with a Principal Investigator (PI) with
the ultimate responsibility for the project, act-
ing as the formal contact point between ESO
and the Consortium. The PI represents the
leading technical institute, INAF. Each coun-
try is then represented in the managerial struc-
ture by one Co-PI; together they form the
CUBES Executive Board (EB). The manage-
rial aspects are delegated by the EB to the
Project Manager (PM). The scientific aspects
are delegated by the EB to the Project Scientist
(PS). The project manager is supported by
a System Engineer (SE) and by a Software
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Fig. 4. Mechanical concept for CUBES: The general layout of the main mechanical components
is shown. For reference, the Telescope Adapter has a diameter of about 1.5 m. The Fore-Optics
Assembly is located near the center of the bench, while the spectrograph opto-mechanics are ‘hang-
ing’ on the bottom side of the same bench.

System Engineer (SSE) who are in charge
to supervise the overall system design. The
SE and SSE work in close contact with the
Instrument Scientist (IS) who makes sure that
the adopted technical solutions match the fore-
seen instrument scientific needs.

CUBES follows the standard project phas-
ing for ESO instruments which is based on the
stage-gate paradigm. Important decision points
are project milestones (gates of the project)
which mark the transition into a new stage

when successfully completed. In the current
plan CUBES will be available to the ESO user
community in 2028.

5.1. Public Engagement

CUBES is an ambitious research program, and
some of the scientific topics are related to the
hottest open questions in modern astrophysics.
Considering the vast discovery potential of the
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project, and the remarkable research and devel-
opment technological activities, we consider
good public communication as particularly im-
portant. Dissemination of science and technol-
ogy is a fundamental part of our project. We
have prepared a web page that is also a useful
tool for the project as a whole2, and profiles in
the main social media, i.e. Facebook, Twitter
etc.

6. Conclusions

The Cassegrain U-Band Efficient Spectrograph
(CUBES) for the ESO VLT has been pre-
sented. Analysis of the design shows that it
will deliver outstanding (> 40%) throughput
across its bandpass, at a mean R > 20 K (HR
mode) and R ∼ 7K (LR mode). A fiber link
from CUBES to UVES is being studied, which
would provide the capability of simultaneous
high-resolution spectroscopy at λ > 420 nm.
The CUBES design is able to address a large
variety of scientific cases, from Solar System
science to Cosmology, with no obvious techni-
cal showstopper. With contributions from in-
stitutes in five countries, the CUBES design
is well placed to become the most efficient
ground-based spectrograph at near-UV wave-
lengths, with science operations anticipated for
2028, opening a unique discovery space for the
VLT for years to come.
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Cristino 77, São Cristóvão, Rio de Janeiro,
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