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Space Project for Astrophysical and 
Cosmological Exploration (SPACE)
• Part of this talk was meant to present the SPACE project to ESA.
• SPACE being very similar to ATLAS, the following points developed for 

SPACE are also very relevant for ATLAS.
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https://ui.adsabs.harvard.edu/


Core Proposing TeamMain Contributors: 
Extragalactic Astrophysics and Cosmology:
• Andrew Bunker
• Denis Burgarella
• Hakim Atek
• Chris Pearson
• José Miguel Rodriguez Espinosa
• Rychard Bouwens
• Daniel Schaerer
• Karina Caputi
• David Alexander
• David Rosario
• David Sobral
Milky Way Studies: from the Global Structure to Dust
Characterization:
• Laurent Pagani
• Julien Montillaud
• Céline Reylé
• Nadège Lagarde
• Sylvie Cabrit
• Isabelle Ristorcelli
Technology Challenges:
• Wide-field NIR+MIR detectors
• Lightweight Large Mirror: Marc Ferrari
• Deformable Mirror for Active Optics: Marc Ferrari
• Wide-field Integral-Field Spectrograph: Ray Sharples
• Micro-Mirror Arrays: Frédéric Zamkotsian

OST: NASA Origins Space Telescope

(OST Study Chair)

(OST, MISC)
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Outline of the Presentation

• Main Science Questions
§ Global Philosophy
§ Extragalactic Astrophysics and Cosmology
• Some Requirements
• International Space Context
• Technology Challenges
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Einstein A., Infeld L. 1938 
The evolution of Physics, Cambridge, UK: Cambridge University Press
« In nearly every detective novel since the admirable stories of Conan Doyle
there comes a time when the investigator has collected all the facts he
needs for at least some phase of his problem. 
These facts often seem quite strange, incoherent, and wholly unrelated. The 
great detective, however, realizes that no further investigation is needed at 
the moment, and that only pure thinking will lead to a correlation of the 
facts collected. 
So he plays his violin, or lounges in his armchair, when suddenly, by Jove, he
has it!
Not only does he have an explanation for the clues at hand but he knows
that certain other events must have happened. 
Since he now knows exactly where to look for it, he may go out, if he likes, 
to collect further confirmation for his theory. »
And this is a great analogy to defining the requirements for a mission. We
know what we are looking for and we know how to carry this out.
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Why is it relevant?
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What is the next phase?

•We need to adopt this efficient strategy (including
instrument requirements) to identify the first galaxies and 
black holes.  We cannot rely on pure chance, as we do today.
• This phase of collecting a sample of these first objects is the 

only way forward. 
• Its legacy value is immeasurable as there are not other

possibilities to build such a sample, and identify the first  
objects and explore the universe just after the Dark Ages.
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NASA’s
Big Questions
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ESA’s Cosmic Vision 2015 – 2025?
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Kemp et al. 2019: « Maximising the power of deep extragalactic 
imaging surveys with the James Webb Space Telescope”



ESA’s Cosmic Vision 2015 – 2025?

100 hr each

Kemp et al. 2019: « Maximising the power of deep extragalactic 
imaging surveys with the James Webb Space Telescope”

Will JWST do it? Probably not.
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The First Galaxies: we need to explore large volumes
• SPACE’s volume and 

ratio to other projects 
with respect to SPACE. 
• SPACE’s 200 deg2

survey to mAB = 28    
will reach: 
§ 10% the volumes of the 

EUCLID WIDE and 
Roman ST HLS surveys 
but at much higher 
redshift

§ 180  to 18000 times  
the volumes of JWST 
surveys

SPACE 

SPACE 

SPACE 

0      1                                5                                       10                                  15
redshift
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• JWST surveys 
would have 
~ 20 objects each
• SPACE will provide 

~ 240 objects 
@ z = 14
• Only after this, we 

will be able to 
address the 
questions related 
to the first stars, 
galaxies and black 
holes.

SPACE:        200 deg2 @ mAB = 28.0
JWST_WF:      1 deg2 @ mAB = 29.3
JWST_MD:  0.1 deg2 @ mAB = 30.4 
JWST_UD: 0.01 deg2 @ mAB = 32.0 

236

105

103

20

Number of galaxies to z = 14, photometrically
detected in SPACE’s 200 deg2 and the three JWST surveys 

over 1 deg2, 0.1 deg2 and 0.01 deg2 (Mason et al. 2015)

300 Myrs372 Myrs478 MyrsSince Big Bang:

The First Galaxies
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Formation and Growth 
of the First Super-Massive Black Holes

• Predictions calculated by David 
Rosario using the Venemans et 
al. (2013) quasar luminosity 
function and the SDSS 
composite quasar spectrum for 
a 200 deg2 survey. 
• SPACE limiting magnitude will 

be mAB = 28.
• Synergy with Athena

z = 8

z =6

z = 10

z = 12
NQSO = 100

NQSO = 101

NQSO = 102
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Blackboard for Requirements:

ü Wide instantaneous field of view (~ 0.5-1 deg2) to 
build a wide-field survey (100 – 1000 deg2) 
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Understanding the building of galaxies:
the main sequence of galaxies at z > 6

Stellar Mass

Star Formation Rate

(e.g. Noeske et al. 2007, 
Rodighiero et al. 2011)

• We need the near-IR and mid-IR light to collect
the rest-frame stellar light in the early universe:
• 𝜆STELLAR MASS = 2 𝜇m      ⇒ 𝜆stellar mass = 22 𝜇m  @ z = 10
• 𝜆STAR FORMATION RATE, UV = 0.2 𝜇m   ⇒ 𝜆 SFR_UV       = 2.2 𝜇m @ z = 10
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z\mAB 25 26 27 28 29
5 6741 257674 2.8E+06 20084 73187
6 54 12773 307300 3873 20241
7 0 325 23164 532 4282
8 0 4 1165 55 730
9 0 0 44 5 96
10 0 0 1 0 13

Number of galaxies detected by the two
WFIRST Wide (yellow) and Deep (blue) 
surveys at 5 < z < 10 that OST-MISC 
could detect. To build SFR vs. M« for 
WFIRST-detected objects
è Need NIR-MIR for M«.



Blackboard for Requirements:

ü Wide instantaneous field of view (~ 0.5 - 1 deg2) to 
build a wide-field survey (100 – 1000 deg2)

ü Near-IR, mid-IR because we want to estimate the 
stellar mass of objects in the EoR, at 6 < z < 14

Massively Parallel Large Area Spectroscopy from Space
21-23 June 2021 - denis.burgarella@lam.fr19/06/2021 19



Did we address all of the questions 
in Cosmic Vision 2015 – 2025? • Mass-metallicity relation (e.g.

Tinsley 1980) indicates how 
star formation and chemical 
enrichment proceed in galaxies 
as a function of mass.
• At what rate was the Universe 

enriched with metals? 
• In what types of galaxies did 

the bulk of this enrichment 
happen?
• When were galaxies suitably 

enriched to support the 
development of life? 

How can we address this fundamental question?
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• Measuring the metallicty
galaxies at z > 5 
from mid-IR emission

• We need to find another

Rise of Metals



Massively Parallel Large Area Spectroscopy from Space

Best option to measure metallicities at z > 6
§ same tracers from z = 0 to z = 10 – 12+
§ Safe and well-calibrated method for low stellar

mass / low - metallicity / high redshift objects.

o R3 ([OIII] λ5007/Hβ)
o R2 ([OII] λ3727/Hβ) 
o O32 ([OIII] λ5007/[OII] λ3727)
o R23 (([OII] λ3727+[OIII] λ4959, 5007)/Hβ)
o N2 ([NII] λ6584/Hα)
o O3N2 (([OIII] λ5007/Hβ)/([NII] λ6584/Hα))
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Curti et al. (2017) 

Rest-frame bright 
optical lines?
o Fine structure IR lines not useful at high redshift 

and low metallicity because of degeneracy.
o PAH bands, e.g. 3.3 𝜇m are promising but needs

JWST to confirm and calibrate.
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~90 galaxies
~350 galaxies

~6000 galaxies

Number of galaxies detected via [OIII]5007 line and H𝛂 (slightly different redshift range). 
At any redshift, SPACE will detect > 15 times the number of objects that JWST could collect.

How many galaxies in SPACE vs JWST Spectroscopy?
1.5
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Blackboard for Requirements:

ü Wide instantaneous field of view (~ 0.5 - 1 deg2) to 
build a wide-field survey (100 – 1000 deg2)

ü Near-IR, mid-IR because we want to estimate the 
stellar mass of objects in the EoR, at 6 < z < 14

ü Near-IR and mid-IR spectroscopy to measure the 
metallicity of all objects at z > 5 (IFU, MOS?)
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This strategy also 
necessary for a
Milky Way Survey

The Gould Belt regions are Cepheus, Centaurus, Lacerta, Lupus, 
Orion, Perseus, Scorpius, Vela, Canis Major, Carina, Crux, 
Ophiuchus, Puppis, Serpens, and Taurus. The total surface 
including the galactic plane on about ±1° height (720 deg2) 
would cover several 1000 deg2.
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Which Science Mission to Address the Science Questions?
Summary of the Requirements for the NIR+MIR

Size of the primary mirror > 3m
Wavelength range 3 – 28 µm (cold: a few K)
Pixel scale imaging 0.2 – 0.4 arcsec
Spectral resolution imaging 3 - 5
Instantaneous imaging field of view 0.5 – 1 sq. deg. (2 x 2 x 4K)
Limiting flux mAB (1h, @ 5µm, SNR = 5) ~ 28
Pixel scale spectroscopy ~ 1 arcsec
Instantaneous Spectroscopic field of view (MOS) 0.5 – 1 sq. deg.
Instantaneous Spectroscopic field of view (IFS) 1 sq. arcmin.
Spectral resolution (Low resolution) 20 – 50
Spectral resolution (Medium resolution) 500 – 1000
Limiting line flux  (1h, @ 5µm SNR = 5) 10-18 – 10-19 erg/cm2/s
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International Space Context: this concept is unique

To our knowledge, no past, present or future project can 
address the scientific objectives detailed in this WP for 
several reasons:
• AKARI and WISE: not deep enough, low angular resolutions
• JWST, SPICA/SMI and present OST/MISC: field of view too small
• ELT: optical+NIR: wavelength range not adequate
• ALMA, NOEMA, NIKA2, LMT: no Near-IR and mid-IR and field of 

view too small
• NIKA2, LMT: no Near-IR and mid-IR and no spectroscopy
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Technology Expertise in Marseille, France

• Deformable Mirror for Active Optics 
• Wide-field Integral-Field Spectrograph 
• Micro-Mirror Arrays
• Simulations and Massive Analysis of Spectra with the CIGALE code

• It will be unlikely that I will have enough time to give details on this 
and I will just fly over the next slides.
• Please look at the Slack for more information.
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Deformable Mirror (DM)
• In-flight correction of thermo-elastic and 

gravity varying induced deformations of large 
lightweight mirrors using active loop with 
wave front sensors and deformable mirrors.
• In Europe, ESA recently funded a number of 

programmes to further develop DM 
technologies for space applications.
• Other European and national agencies have 

funded DM developments; either to push 
forward new concepts or increase the TRL of 
already developed and used technologies.

STOIC concept with 4m monolithic mirror and 
active deformable mirrors © Fraunhofer IOF

MADRAS DM 
© Thales-Alenia-Space & LAM
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Image slicers

• The technology for producing image slicers 
for integral field spectroscopy using diamond-
machining techniques is now mature, and 
scalable from smaller field prototypes 
developed for NIRSpec and MIRI on JWST.
• For instance, a method for cost efficient and 

highly performant manufacturing of spherical 
image slicers was developed and patented in 
collaboration with the Winlight company.
• The technology was applied to VLT-MUSE 

instrument and is proposed for E-ELT and 
space instruments.
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Left: The Image Dissector Array (IDA) manufacturing
constitutes a WINLIGHT Optics/CNRS patent.
Innovative methods, developed conjointly by LAM
(Laboratoire d’Astrophysique de Marseille, France) and
WinLight Optics (Marseille, France), allow reaching
high performances (accurate roughness, sharp edges,
surface form, etc.) with standard glass manufactured
components while saving costs and time by an order of
magnitude compared with classical techniques. This
IDA is constituted by 48 slices. Right: Main picture: The
NIRSpec IFU flight model. The IFU is roughly the size
of a shoe box and weighs less than 1 kg. Insert: The
image slicer, a key element of the IFU, pictured during
manufacture. Each slice visible in the picture is less
than 1 mm wide. Credit: R. Sharples / University of
Durham, United Kingdom.



Micro-mirror arrays
(also F. Zamkotsian’s talk)
• The scientific return from future Astrophysical space missions could be 

optimized using MOEMS (MicroOpto-Electro-Mechanical systems) devices 
like large micromirror arrays (MMA). 

• Multi-object spectrographs (MOS) are powerful tools for space and ground-
based telescopes for the study of the formation and evolution of galaxies. 

• This technique requires a programmable slit mask for astronomical object 
selection; 2D MMAs are suited for this task. MOEMS has been used to build 
JWST NIRSpec. 

• In Europe, several options exist as the one from Laboratoire d’Astrophysique
de Marseille (LAM, France) and the Centre Suisse d’Electronique et de 
Microtechnologies (CSEM, Switzerland) engaged in a European development 
of MMAs, called MIRA, exhibiting remarkable performances in terms of 
surface quality as well as ability to work at cryogenic temperatures. 

• MMA with 100 x 200 µm2 single-crystal silicon micromirrors were 
successfully designed, fabricated and tested down to 162 K. They are 
designed to work at 30K and there are no blocking points that would prevent 
them to work at 5K. 

• In order to fill large focal planes (mosaicking of several chips), we are 
currently developing large micromirror arrays to be integrated with their 
electronics.
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Micro-mirror array with high fill factor in 
the long direction providing long slits. Each 
mirror measures 200 x 100 µm2. Our 
project will take advantage of the already 
available building blocks to design, realize 
and package customized micro-mirror 
arrays perfectly suited for our instruments. 
2D arrays are built on wafer with Through 
Wafer Vias in order to allow routing of the 
device on wafer backside, foreseeing 
integration with dedicated ASICs. Like for 
CCDs, mosaicking will permit wide fields of 
view. Credit: F. Zamkotsian / LAM & CSEM.



CIGALE: simulations and photo-spectroscopy fitting
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• Spectral simulations for           
VLT-MOONS performed with
CIGALE.

• In a recent team meeting, it was
decided to also perform spectral 
simulations for SUBARU-PFS.



CIGALE: simulations and photo-spectroscopy fitting
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CIGALE: simulations and photo-spectroscopy fitting
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CIGALE: simulations and photo-spectroscopy fitting

• The new CIGALE can already
handle both photometric and 
spectroscopic data.

• The new Deep-CIGALE will
improve the speed but also use
a new statistical algorithm.

• Recent features: X-ray module 
with polar dust, AGN emission
lines, new emission lines from
Deep-Cloudy.



The End ATLAS is a very interesting and promising project. 
Its unique characteristics (including of course the 
wavelength range and the wide FoV) are the key 
to decipher and understand the early universe.
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Thank You

Have a nice Summer 😎
(21 June 2021 at 03:32 UTC)


