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Figure 13-20. Comparison of LUVOIR A to Hubble and James Webb
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Large UV/Optical/Infrared Surveyor
Mission Concept
http://asd.gsfc.nasa.gov/luvoir

LUVOIR is a concept for a highly capable, guest observer-driven space 
observatory with tens to thousands of times the science grasp of HST. 
LUVOIR would enable transformative breakthroughs in a wide range of 
exoplanet science, general astrophysics, and solar system studies.

Telescope
Segmented, deployable UV/optical/

near-IR telescope
Ultra-stable to enable high 

performance coronagraphy
Serviceable and upgradable (25 year 

lifetime goal for non-serviceable 
components)

Earth-Sun L2 orbit
Two sizes to be studied :

LUVOIR-A : 15 m diameter, for 
launch in an SLS or equivalent

LUVOIR-B : 9 m diameter, for 
launch in a Delta IV Heavy or 
equivalent




Candidate Instruments
ECLIPS: Coronagraph with imaging 
spectroscopy

Total bandpass: 200 – 2200 nm
10-10 contrast
IWA - OWA: ~ 4 - 64 λ/D

LUMOS: Multi-object spectrograph 
and imager

Total bandpass: 100 – 400 nm
Resolution: 500 < R < 65,000

HDI: High resolution wide-field 
camera

Total bandpass: 200 – 2500 nm
Field-of-view: 2’ x 3’

POLLUX: Spectropolarimeter 
(European instrument)

Total bandpass: 100 – 400 nm
R = 120,000
Circular + linear polarization

UVIS:3Gpix
NIR:320Mpix

8

Imaging
IFS
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concepts

The Large UV/Optical/Infrared Surveyor (LUVOIR) 
 

6 

• Telescope optical designs to alleviate polarization effects that can degrade 
coronagraph contrast (validated by analysis; Will & Fienup 2019, submitted) 

• A sunshade that is larger but simpler than the JWST sunshield (three layers instead 
of JWST’s five, relaxed requirements on layer positioning after deployment) 

• A field-of-regard that covers most of the sky (LUVOIR can point to within 45° of the 
Sun), greatly enhancing target of opportunity, exoplanet, and solar system 
observations 

• Moving target capability with tracking speed of 60 mas/sec (2x faster than JWST) 
• HDI: A near-UV to near-IR imager covering 200-2500 nm, diffraction limited and 

Nyquist sampled at 500 nm, with high precision astrometry capability  
• ECLIPS: A high-contrast coronagraph with imaging cameras and integral field 

spectrographs spanning 200-2000 nm, capable of directly observing a wide range 
of exoplanets and obtaining spectra of their atmospheres  

• LUMOS: A far-UV imager and multi-resolution, multi-object spectrograph covering 
100-1000 nm, capable of simultaneous observations of up to hundreds of sources 

• POLLUX: A high-resolution, point-source UV spectropolarimeter covering 100-400 
nm, designed for LUVOIR-A. This instrument study was contributed by a consortium 
of European institutions, with support from the French Space Agency 
A transformative facility like LUVOIR with its large aperture and need for high-

contrast observations of Earth-like exoplanets requires new approaches to designing 
and realizing an observatory. Far more than previous space telescopes, LUVOIR must 
be considered as an integrated system and was designed for adaptability:  
• Scaleable architecture to leverage a rapidly changing launch vehicle landscape 

Figure 4: The LUVOIR-A observatory, with a 15-m diameter on-axis primary mirror and four 
instruments. Deployment and pointing animation at https://asd.gsfc.nasa.gov/luvoir/design/. 
Credit: A. Jones (NASA GSFC) 
The Large UV/Optical/Infrared Surveyor (LUVOIR) 
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• Modular design to ease on-orbit servicing and integration & testing on the ground  
• Several layers of active wavefront control on the telescopes and within instruments 

to relax constraints on hardware precision and on-the-ground verification 
• Minimization and isolation of vibrations and thermal disturbances throughout the 

observatory 

Technology Drivers 
Revolutionary science goals require a technologically challenging observatory. The 

large LUVOIR apertures demanded by our sensitivity and spatial resolution goals must 
be segmented and deployable to fit within a launch vehicle. Fortunately, the JWST has 
paved the way in this area. The LUVOIR design builds off huge investments in 
deployable, segmented space telescope technology.  

LUVOIR’s most technically challenging observational goal is the extreme starlight 
suppression needed to directly observe Earth-like exoplanets around Sun-like stars 
(10%&' raw contrast). There are two basic instruments to do this: coronagraphs and 
starshades. For telescopes as large as LUVOIR, coronagraphs are the most efficient 
means to search for and study a large number of exoplanets over a wide wavelength 
range. The highest coronagraph contrast measured to date in broadband light 
(6 × 10%&' with an unobscured aperture) was demonstrated in testbeds at JPL (Trauger 
et al. 2012). Therefore, coronagraph performance must be improved in several ways 
for LUVOIR to achieve its goal of directly studying rocky exoplanets in the habitable 
zones of Sun-like stars.  

As part of addressing this challenge, NASA has embarked on several starlight 
suppression technology programs. The most important current effort is the WFIRST 

Figure 5: The LUVOIR-B observatory, with an 8-m diameter off-axis primary mirror and three 
instruments. Deployment and pointing animation at https://asd.gsfc.nasa.gov/luvoir/design/. 
Credit: A. Jones (NASA GSFC) 

LUVOIR A
15m
On-axis
4 instruments

LUVOIR B
8m
Off-axis
3 instruments

Far-UV to near-
IR bandpass 
(100 nm to 
2500 nm) 



Main objectives
l Habitable exoplanets & biosignatures

l To know habitability, we must measure the molecular constituents of 
Earth-size planets around Sun-like stars. demands analysing light 
from the planets themselves via direct spectra.

l Measuring the frequency of Earth-like conditions on rocky worlds 
requires surveying hundreds of stars to find dozens of candidate 
exoplanets. strong driver of telescope aperture. 

l Broad range of general astrophysics 
l the births and deaths of galaxies 
Cycling of matter to, from and within galaxies can be studied by UV 
spectroscopy, as the gas flows are hot and tenuous. 
Illuminate mergers in forming massive galaxies by deep, high-
resolution imaging of all types of galaxies down to the smallest 
building block across cosmic time. 

l monitoring the solar system 
Search for life in icy moon. By high-resolution UV spectral imaging 
of icy moons can reveal the currently unknown strength and 
frequency of geyser activity.
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The Large UV/Optical/Infrared Surveyor (LUVOIR) 
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Key Science Goals & Objectives 
Humanity is defined by the drive to know about the world around us. The value of 

that quest for the betterment of our species is immeasurable. Ages-old questions and 
investigations earned us the revelations that the stars are Suns swirling in a vast galaxy, 
itself one of a myriad of islands in an expanding cosmos. Now we have crossed another 
threshold of discovery: there are planets around other stars (e.g., Mayor & Queloz 
1995). At this key point in human history, tracing a path from the dawn of the universe 
to life-bearing worlds is within our grasp.   

This monumental objective demands powerful and flexible new tools, as well as 
application of multi-disciplinary scientific skills. The abundance and diversity of worlds 
is far greater than imagined, yet there are planetary systems reminiscent of the solar 
system as well (e.g., Winn & Fabrycky 2015). At the moment, the vast majority of known 
exoplanets are “small black shadows” indirectly detected through their effect on their 
host stars. Our knowledge of exoplanet properties is largely limited to orbits, masses, 

Figure 1: LUVOIR will revolutionize huge areas of space science. Its sensitivity and spatial 
resolution open the door to the ultra-faint and ultra-distant regime, enabling detailed 
observations of the full variety of galaxies. LUVOIR dramatically increases the sample size and 
diversity of exoplanets that can be studied, providing dozens of Earth-like exoplanet candidates 
that can be probed for signs of life (54 with LUVOIR-A and 28 with LUVOIR-B) and hundreds of 
non-habitable exoplanets (648 with LUVOIR-A and 576 with LUVOIR-B). Finally, LUVOIR will 
provide near-flyby quality observations of solar system bodies (HST Pluto image from Buie et al. 
2010). Credits: NASA / New Horizons / M. Postman (STScI) / A. Roberge (NASA GSFC) 

• Resolve faint stars and galaxies for galaxy formation. 
• Detect 54 (15m) & 28 (8m) Earth-like planets that can be 

probed for signs of life. 
• Near-flyby quality observation of Solar system bodies.

LUVOIR Sciences
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Inner working angle
~ 4 λ / D

Solar System from 13 parsec
with coronagraph and 12-m telescope

Credit: L. Pueyo / M. N’Diaye / A. Roberge

Characterizing Earth 2.0 …
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Inner working angle
~ 4 λ / D

Solar System from 13 parsec
with coronagraph and 12-m telescope

Credit: L. Pueyo / M. N’Diaye / A. Roberge

Characterizing Earth 2.0 …
Distance = 10 pc
Dtelescope = 12-m
R = 150
Time = 96 hrs per

band

Credit: T. Robinson / G. Arney



Imagine astronomy with LUVOIR …
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Galaxy at z = 2 
with 12-m LUVOIR

Galaxy at z = 2 
with HST
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Map of Galaxies within 12 Mpc of Our Galaxy

HST

JWST

8-m 
LUVOIR

16-m LUVOIR

= Large Spiral Galaxy
= Dwarf Galaxy= Large Elliptical Galaxy

How do galaxies assemble their stars?

Andromeda with Hubble



The least luminous galaxies as 
building block of galaxy formation 

606

comment

provide imaging from 100 nm to 200 nm 
and multi-object, multi-resolution  
(R =  500–60,000) spectroscopy from  
100 nm to 400 nm. The High Definition 
Imager (HDI) is a wide field (2ʹ ×  3ʹ) camera 
covering 200 nm to 2,500 nm, Nyquist 
sampled at 400 nm. Finally, POLLUX is a 
high-resolution (R =  120,000) point-source 
spectropolarimeter covering 97 nm  
to 390 nm; this instrument is being 
designed by a consortium of European 
institutions, with support from the French 
space agency (CNES). Variants of the first 
three instruments are being studied for 
LUVOIR-B.

LUVOIR’s science cases stretch from 
the dawn of the Universe to observations 
of Solar System worlds. Below we highlight 
just three of LUVOIR’s ‘signature science 
cases’. The LUVOIR Interim Report 
showcases a dozen signature science 
cases that represent compelling observing 
programmes scientists might carry out with 
LUVOIR at the limits of its performance. 
As exciting as these are, they are surely 
an incomplete vision of LUVOIR’s future 
scientific potential.

Exoplanets and the search for life
To determine which exoplanets are 
actually habitable, we must measure the 
molecular constituents of rocky planet 
atmospheres, including water vapour and 
other greenhouse gases. Making these 
measurements for Earth-size planets around 
Sun-like stars demands analysing light from 
the planets themselves via direct spectra5,6, 
which is challenging due to the faintness 
of the planets and their close proximity to 

their host stars. Direct observations of rocky 
exoplanets around Sun-like stars demand 
the ultrahigh contrast possible only with a 
space-based telescope coupled to a high-
performance starlight suppression system.

Measuring the frequency of Earth-
like conditions on rocky worlds requires 
surveying hundreds of stars to find dozens 
of candidate exoplanets for study. This 
goal is a strong driver of telescope aperture 
size but guarantees that whatever is found 
will have a major scientific impact. In the 
absence of water detections, we would know 
that global-scale surface oceans are rare on 
rocky worlds in the habitable zone.  
On the other hand, if we find that Earth-like 
conditions are common on rocky worlds 
near our Sun, then a stunning vista of 
hospitable new worlds will be unveiled.

While LUVOIR delivers the habitable-
planet census, it will study hundreds of  
other types of planets, vastly expanding the 
scope of comparative planetology  
(Fig. 1). It will also probe the atmospheres 
of habitable planets for biosignature gases 
and might find the first signs of life outside 
the Solar System. The spectrum of the 
Earth contains features arising from gases 
of biological origin, including oxygen and 
methane. By targeting exoplanets with sizes 
and orbits similar to Earth’s and host stars 
similar to the Sun, we hope to increase our 
chances of finding — and recognizing — 
extraterrestrial life.

The births and deaths of galaxies
Throughout their lives, material flows into 
and out of galaxies as they interact with 
neighbouring galaxies and the intergalactic 

medium7. Some galaxies are born small but 
become the building blocks of giant spirals 
like our own Milky Way8. Some galaxies are 
actively forming new stars, while others have 
undergone slow stagnation as their stars 
age and no new ones are born. Our current 
understanding of this complex interplay is 
highly incomplete.

Much of the cycling of matter to, from 
and within galaxies is currently unobserved, 
as the gas flows are hot and tenuous. 
Ultraviolet spectroscopy, which must be 
done from space given the opacity of Earth’s 
atmosphere below 300 nm, can reveal these 
processes. Furthermore, galaxy mergers 
result in bursts of star formation but may 
also be responsible for the ultimate ‘death’ of 
merged galaxies. LUVOIR can illuminate the 
role mergers play in forming today’s massive 
galaxies by enabling deep, high-resolution 
imaging of all types of galaxies across 
cosmic time. The smallest building blocks 
of galaxies become visible to LUVOIR at a 
time when the Universe was only 3% of its 
current age (Fig. 2).

Monitoring the Solar System
The search for life also takes place closer 
to home. Some moons of the outer Solar 
System have liquid water beneath their icy 
surfaces. These sub-surface oceans must be 
heated from below, which may also provide 
the energy needed for life. Ultraviolet 
imaging of Europa with Hubble has revealed 
aurorae produced by geysers emanating 
from the surface, possibly allowing glimpses 
into the deep ocean9 (Fig. 3). LUVOIR 
can provide unique high-resolution UV 
spectral imaging of icy moons with high 
temporal cadence over several years. This 
will reveal the currently unknown strength 
and frequency of geyser activity, valuable 
supporting information for future spacecraft 
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Fig. 2 | LUVOIR’s view of the least luminous galaxies, the building blocks of galaxy formation, extends 
to eras when the Universe was just 3% of its current age. This corresponds to the z =  10 point in the 
right panel, which shows the galaxy mass detection limits for LUVOIR-type architectures, including the 
15.1-m LUVOIR-A. M* is the galaxy mass in stars and Mvir is the galaxy halo (virial) mass. Credit: left 
panel adapted from ref. 8, Annual Reviews; right panel M. Postman (STScI).

HST LUVOIR

Fig. 3 | Spectroscopic imaging of Europa and 
its geysers. The left panel shows an aurora on 
Europa observed with HST7. This UV hydrogen 
emission (Lyman-α ) comes from dissociation 
of water vapour in geysers emanating from the 
surface. The right panel shows a simulation of 
how hydrogen emission from Europa would look 
to LUVOIR-A. The moon’s surface is bright due to 
reflected solar Ly-α  emission. Credit: G. Ballester 
(LPL).

NATURE ASTRONOMY | VOL 2 | AUGUST 2018 | 605–607 | www.nature.com/natureastronomy



redefining deep fields

HUDF
400 orbits
11.3 days (~1 Million sec)
4 filters
mAB ~ 29

Photometric	bands,	Limits	are	5σ for	point	or	point	like	sources	in	100,000	seconds
limits	for	200,000	seconds	are	0.4	mag	deeper

F225W F275W F336W F475W F606W F775W F850W F125W F160W F220W

15m 32.9 33.0 33.4 33.6 33.4 33.1 32.6 33.5 33.2 30.2

9m 31.8 32.0 32.4 32.5 32.4 32.2 31.6 32.4 32.2 29.2



Micro shutter in LUMOS

4x420x840

500 ≤ R ≤ 120,000

Parsec-scale Resolution of Inflow, 
Outflow, Dust, and Radiative transfer 
in Nearby Galaxies
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Europa jets observed 
with HST

Roth et al. (2014) UV hydrogen emission

Europa jets observed 
with 15-m LUVOIR

Credit: G. Ballester (LPL)

Imagine astronomy with LUVOIR …



Imagine astronomy with LUVOIR …
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Pluto with HST Pluto with 15-m LUVOIR
Credit: W. Harris (LPL)



Possible contributions from Japan
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• Components in Coronagraph instrument ECLIPS: 
coronagraph mask, polarization components. where we can 
leverage the heritage of Subaru/HiCIAO, WFIRST CGI and so 
on.

• UV detectors in LUMOS, POLUX: Funnel MCP, CMOS 
electronics, photon-counting device, UV Diffraction grating. 
Where we can leverage the heritage of HISAKI satellite and 
development of UV detectors for the ESA’s ARIEL mission.

• Ultra-stable Transit spectrograph: as an alternative instrument 
or 2nd generation instrument.

• Ground station to downlink in Ka-band and TT&C (Telemetry, 
Tracking, and Command)

• Development of data processing pipelines and Sciences.



Summary

Big Bang to Biosignatures: The LUVOIR Mission Concept 16

LUVOIR has multiple primary science goals 

①Habitable exoplanets & biosignatures
②Broad range of general astrophysics 

and Solar System observations

LUVOIR will provide a statistical study of 
Goal 1,

factors of ~ 100 increased science grasp 
over Hubble for Goal 2


