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FUTURE INSTRUMENTATION
J.-C. Bouret 1
Abstract. The landscape of astronomical observatories and instruments is evolving rapidly. The next two
decades will see the advent of several major projects, which are expected to revolutionize our understanding
of our Universe. Reviewing all of them would be tedious, and would require a dedicated volume. In this
contribution, a (author-biased?) selection of telescopes and instruments is presented, which includes both
ground-based and space observatories, and provides a wide spectral coverage. Whenever possible, a link is
made to the topic of this workshop on massive stars.
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Introduction

The past few decades have seen enormous progress in our understanding of the Universe. We have learned that
we live in an expanding universe, comprised of matter, radiation, dark matter, and dark energy, with the latter
two still poorly understood. Our universe comprises hundreds of billions of galaxies, where stars are continuing
to form. We have seen that our solar system is not alone, but instead one of unknown billions of planetary
systems in the Milky Way. These discoveries have emerged from a history of advances in astronomical theory,
observation, and technology culminating in telescopes on the ground and in space covering every observable
wavelength of light, new frontiers in gravitational and neutrino observations.
The major challenge of contemporary astrophysics is to advance our understanding of the origin and evolution
of the Universe and the life within it. To address this challenge, a variety of telescope and instrument is scheduled
to be deployed over the next two decades, taking advantage of always increasing collecting area, progress in
instrumentation, and of the advent of multi-messenger astronomy.
All of them are ambitious yet feasible telescopes and instruments designed to answer not only the questions
astronomy presents today, but also the as of yet unknown questions of tomorrow.
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James Webb Space Telescope (JWST)

JWST will be the most iconic space observatory of the next decade, for the worldwide astronomical community.
The expected launch date is now scheduled for the end of March 2021. JWST will be launched by an Ariane
5 rocket, and will reside in L2, with a mission duration of 5 to 10 years. Its scientific payload consists of four
instruments, operating from 0.6 to nearly 29 µm, and providing imaging, coronography, and point source and
multi-object spectroscopy (see Fig. 1), full details available at https://jwst.nasa.gov/).
JWST will address science goals ranging from the study of the first luminous glows after the Big Bang, to
the formation of solar systems capable of supporting life on planets like Earth, to the evolution of our own Solar
System. Concerning massive stars, JWST will be most useful to study their formation in embedded regions,
and detect/characterise populations of massive stars in distant galaxies (rest-frame UV wavelengths). In the
local universe, the joint use of near-IR and mid-IR spectra will be very useful to derive some properties of hot
massive stars such as their abundances and mass-loss rates (Sonneborn & Bouret 2011a,b; Marcolino et al. 2017;
Najarro et al. 2011).
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Space-based multi-band astronomical Variable Objects Monitor (SVOM)

SVOM is a project of satellite dedicated to the study of Gamma-ray bursts (GRBs), resulting for collaboration
between France and China. The satellite is scheduled for launch in 2021. A major challenge of the mission
is to study the variety and nature of GRBs (e.g. Long-soft GRBs whose progenitors are massive stars), by
determining their energy, the spectral properties, and by studying what type of environment they come from,
or at what period they are created. To reach its scientific goals, SVOM has a payload made of four instruments
(cf. Fig 1, right), which will provide a precise location of the a γ-ray burst, and measure the initial explosion
energy and intensity (provide information on the spectral shape and the light-curve of GRBs during the prompt
phase, observe GRBs in the soft X-ray range, from the very beginning of their afterglow emission, or observe
the visible component of the GRB afterglows to the the near-infrared band).
Coordinated observations over a wide range of wavelengths from space and from the ground will allow a
precise location in the sky of the detected burst, and will allow a full understanding of the nature of this
phenomenon. SVOM is also a formidable tool to scrutinize the transient sky as a whole.

Fig. 1. Left: Infrared Sensitivity of JWST’s instruments. Right: Sketch of SVOM with its instruments onboard + the
ground-based component of the project.
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The Extremely Large Telescope (ELT)

The ELT will be the largest ground-based telescope in the coming decades. Operating in the optical-near infrared
wavelength range, its first light is expected in 2024. Three first light instruments are currently funded, namely
MICADO (+MAORY), METIS, and HARMONI. There is however a consensus to leverage extra funding for MOSAIC (ELT-MOS), and HIRES (ELT high-resolution spectrograph), e.g. by attracting new partners/institutes
including from the USA. HARMONI is an integral field spectrograph operating in the spectral range 0.5 - 2.4
µm, with spectral resolution R=4000 and 20000, covering a field of view of 1-10 arcsec, and providing 30 000
spectra per exposure. MOSAIC is a multi-object spectrograph that can operate in three observing modes,
namely a high-definition mode, a high-multiplex mode (∼ 200 at two resolving powers R=5,000 and R∼15,000
between 0.4 to 1.8 µm), and an Inter-Galactic Medium mode with 10 IFUs for optical spectroscopy. Note that
MOSAIC is the only ELT first generation instrument with a French PI (F. Hammer, GEPI).
Both HARMONI and MOSAIC are particularly interesting for science cases related to resolved stellar populations beyond the Local Group (including massive stars, see Fig. 2).
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Advanced Telescope for High ENergy Astrophysics (ATHENA)

ATHENA is an ESA Large mission (L2, selected in 2014) addressing the Hot and Energetic Universe science
theme. Its launch date is now scheduled for 2031 for a nominal mission duration of 4 years. The instrument
will operate from the Sun-Earth second Lagrangian point. ATHENA’s focal plane contains two instruments.
One is the X-ray Integral Field Unit (X-IFU) delivering spatially resolved high-resolution X-ray spectroscopy
(2.5 eV spectral resolution, with 5 pixels, over a field of view of 5 arc minutes). The other instrument is the
Wide Field Imager (WFI) providing sensitive wide field imaging and spectroscopy.
In the specific case of massive stars, ATHENA is expected to bring decisive clues to our understanding of
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Fig. 2. Left: Signal-to-noise of simulated O-type spectra vs. V-band magnitude for a 10h integration with MOSAIC; annotations indicate the S/N recovered for a mid-late O-type bright supergiant at different distances (see arXiv:1806.03296).
Right: UV fluxes (1500Å) for B-type supergiants (triangles) and O-type stars (diamonds) at increasing distances, compared to five orbits of HST spectroscopy (at R∼2000). At least a 12m aperture equipped with an instrument like LUMOS
is required for UV spectra of individual massive stars in I Zw 18 (Courtesy of M. Garcia).

colliding winds in massive binaries by mapping the hot gas distribution in the wind interaction zone of binary
systems where the winds from both components collide by phase-resolved spectroscopy. ATHENA will also study
the metallicity dependence of stellar wind mass-loss via the observation of X-ray emission from populations of
massive stars in galaxies of the Local Group. Finally, ATHENA will determine the structure and energetics,
and mass loss-rate of stellar wind of isolated massive stars, especially in the presence of magnetic fields, through
phase spectroscopy of time profile . Time resolved spectral analysis of X-ray emission of high mass X-ray binaries
hosting supergiant and hypergiant companions could also be carried out to seek for independent estimates of
massive star wind properties
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The Large Ultraviolet/Optical/Infrared Surveyor (LUVOIR)

LUVOIR is one of four flagship mission concept studies led by NASA for the 2020 Decadal Survey. The nominal mirror size of LUVOIR is designed to be 15.1m, although a smaller version with a mirror of 8 - 9m is
also possible. Both versions are intended to operate at the Sun-Earth L2 Lagrangian point, where LUVOIR
may maintain a stable orbit in the long term, and to be serviceable. The goal of LUVOIR is to advance our
understanding of the origin and evolution of galaxies, stars and planets that make up our Universe, and the life
within it. Its scientific payload is made of four instruments. One of them, namely ECLIPS, is fully dedicated
to the science of exoplanets, and we won’t discuss here. The other three instruments present, at various levels,
interest to study massive stars:
HDI: The High Definition Imager provides a 2 × 3 arcminute field-of-view, in the 200 nm - 2500 nm range. HDI
will be especially powerful to characterize stellar populations to reconstruct detailed and accurate star formation
histories in many galactic environments not reachable with other facilities. This requires direct detecting stars
below the main sequence turn off in all major types of galaxies, reaching out to distances of 10 Mpc.
LUMOS: The LUVOIR UV Multi-Object Spectrograph provides multi-resolution modes (R = 500, 8,000 18,000, 30,000, 65,000) across the far-ultraviolet (100 - 200 nm) and near-ultraviolet (200 - 400 nm) windows.
Imaging spectroscopy will be accomplished over a 3 × 1.6 arcminute field-of-view. A FUV imaging channel (100
- 200nm, 13 milliarcsecond angular resolution, 2 × 2 arcminute field-of-view) is also available. The combination
of the large aperture of LUVOIR and the multiplex of LUMOS will allow to mine metal-poor galaxies out to
the outer edges of the Local Group, and neighboring groups (see Fig. 2), enabling the first thorough characterization of the winds of metal-poor massive stars (down to 2-3 %) with R ≥ 5000 UV spectroscopy. This will
for instance provide answers to pressing questions, e.g. regarding the parameterization of mass-loss at very low
metallicities with consequences for the evolution of high-mass stars in the early Universe (Pop III stars).

342

SF2A 2018

POLLUX is a high-resolution, UV spectropolarimeter proposed for the 15-meter primary mirror option of LUVOIR. The instrument Phase 0 study is supported by the French Space Agency and performed by a consortium
of European scientists. POLLUX has been designed to deliver high-resolution spectroscopy (R ≥120,000) over
a broad spectral range (90-400 nm). Its unique spectropolarimetric capabilities will open-up a vast new parameter space, in particular in the unexplored UV domain and in a regime where high-resolution observations with
current facilities in the visible domain are severely photon starved. For full details about how useful POLLUX
can be for studying massive stars, we refer to the contribution by Neiner et al., this proceeding.
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Conclusions

This review emphasized a biased selection of observatories and instruments that are expected to become available
to astronomers in the next two decades. A quick discussion with colleagues in different French institutes led to
an extended list of cases, which could not be discussed here by lack of time and space, namely ELT-METIS, ELTHIRES, LSST, MSE, VTL 3r d generation of instruments (blue-MUSE, CUBES, MAVIS), PLATO, THESEUS,
SPICA, LISA, SKA. All of the above will or could be used to study massive stars. Some of them are already
well on tracks and should start in the next few years (e.g. LSST or PLATO), other are for longer term but with
solid perspectives of completion (e.g. ELT-METIS and HIRES, SKA).
The case of LISA is especially interesting in this context. Already many papers on massive stars refer to
these objects as the likely progenitors of the source of gravitational waves (GWs) detected by LIGO (refs). Aside
from theses cosmological sources, and maybe unexpected from this mission entirely dedicated to gravitational
wave astronomy, it is worth noticing that one of the science theme listed in LISA’s white paper is the Study the
formation and evolution of compact binaries in our Galaxy, which can be related to the astrophysics
of massive stars (the later prefer company as demonstrated by e.g. Sana et al. 2013).
The author thanks F. Martins and the organizers of the workshop on Massive Stars for the invitation to give this presentation.
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