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THE ONCE AND FUTURE GREAT OBSERVATORIES
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The First Great Observatories

Chandra
X-ray

23 years old

Hubble
UV/Optical/NIR

32 years old

Spitzer
Infrared

Ended

Compton
Gamma ray

Ended



THE ONCE AND FUTURE GREAT OBSERVATORIES

Astro2020 Decadal Survey recommended NASA work towards a new fleet of                        

multi-wavelength Great Observatories
3

The Future Great Observatories
Lynx
X-ray

Origins
Infrared

HabEx
UV/Optical/NIR

LUVOIR
UV/Optical/NIR



FIRST NEW GREAT OBSERVATORY
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Infrared / Optical / UV space telescope with ~ 6-m inscribed diameter

To search for life on exoplanets and enable transformative astrophysics

LUVOIR-B 
8-m aperture

HabEx 
4-m aperture

Blending of the LUVOIR and HabEx mission concepts (IROUV? LUVEx?)
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H A B E XL U V O I R



LUVOIR-A
On-axis telescope
15-m aperture

LUVOIR-B 
Off-axis telescope
8-m aperture

LUVOIR ARCHITECTURES
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Two LUVOIR designs 

Total wavelength range: 100 nm – 2.5 μm

Four instruments (next slides)

Serviceable and upgradable

5-year prime mission duration, 10 years of consumables

25-year lifetime goal for non-serviceable components
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LUVOIR-B DEPLOYMENT

AND POINTING SEQUENCE



LUMOS
LUVOIR Ultraviolet Multi-

Object Spectrograph

HDI
High-Definition Imager

POLLUX
UV spectropolarimeter

(on LUVOIR-A only)

ECLIPS
Extreme Coronagraph for 
Living Planetary Systems

THE LUVOIR CANDIDATE INSTRUMENTS
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Coronagraph with imaging and 
imaging spectroscopy

Bandpass 200–2000 nm
Contrast 1 × 10!"#

IWA 3.5 λ/D
OWA 64 λ/D
R ( ⁄λ Δλ) Vis: 140

NIR: 70, 200

Wide field imager with 
simultaneous UV/Vis and NIR 

coverage
Bandpass 200–2500 nm
FoV 3$× 2′
67 science filters + grism
Nyquist sampled
High-precision astrometry 

UV/Vis multi-object spectrograph 
and FUV imager

Bandpass 100–1000 nm
MOS FoV 2$× 2′
Apertures 840 × 420
R ( ⁄λ Δλ) 500–50,000

Point-source UV 
spectropolarimeter
(European study for

LUVOIR-A only)
Bandpass 100–400 nm
R ( ⁄λ Δλ) 120,000
Circular + linear polarization

More on this in Kevin 
France’s talk later today



PREFERRED ARCHITECTURE

9

4-m off-axis monolith primary mirror
Total wavelength range: 115 nm – 1.8 μm
Four instruments:
• Coronagraph Instrument  → similar to LUVOIR ECLIPS
• HabEx Workhorse Camera (HWC)  → similar to LUVOIR HDI
• UV Spectrograph (UVS)  → similar to LUVOIR LUMOS
• Starshade Instrument  → unique to HabEx

Serviceable
5-year prime mission duration, 10 years of propellant
Also studied 8 other architectures with smaller apertures



STARSHADE

10



COSMIC ORIGINS

OUR DYNAMIC
SOLAR SYSTEM

EXOTIC WORLDS

THE SEARCH
FOR LIFE
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PLANET YIELDS FROM LUVOIR & HABEX
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HabEx

8 18
37

60

32 31

Figure 1-6, LU
VO

IR Final Report  &
  

Figure ES-2, H
abEx Final Report



PLANET YIELDS FROM LUVOIR & HABEX
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HabEx

8 18
37

60

32 31

LUVEx goal from Astro2020

Search for biosignatures from ~ 25 potentially habitable exoplanets

Measure the frequency of Earth-like planets and life in the solar neighborhood



DIRECT OBSERVATIONS OF EXOEARTHS
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Simulated high-contrast image of the Solar System 
with a coronagraph on a space-based telescope

Figure 1-1, LUVOIR Final Report
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Simulated reflected light spectrum of a 
modern Earth-analog exoplanet

Figure 3-15, LUVOIR Final Report

Need UV spectra of host stars for 
biosignature identification



THREE INHABITED PLANETS: THE EARTH THROUGH TIME
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a

(now)

Earth’s atmospheric 
composition through time

13%

Figure 1-8, LU
VO

IR Final Report



THREE INHABITED PLANETS: THE EARTH THROUGH TIME
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(now)

13%

48%

Figure 1-8, LU
VO

IR Final Report



Figure 1-8, LU
VO

IR Final Report
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(now)

13%

39%

48%

THREE INHABITED PLANETS: THE EARTH THROUGH TIME
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(now)

13%

39%

48%

THREE INHABITED PLANETS: THE EARTH THROUGH TIME

LUVEx can robustly detect life on Earth over its whole inhabited history



Cold to warm planets 
NUV / optical / NIR direct 

spectroscopy

Warm to hot planets 
Optical / NIR transit 

spectroscopy

COMPARATIVE EXOPLANETOLOGY
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Atmospheric escape
FUV transit spectroscopy

Figure 4-4, LU
VO

IR Final Report

Figure 4-6, LU
VO

IR Final Report

Figure 4-8, LU
VO

IR Final Report



THE POWER OF MULTI-OBJECT UV SPECTROSCOPY

20Figure 4-10, LUVOIR Final Report



THE POWER OF MULTI-OBJECT UV SPECTROSCOPY

LUVOIR / HabEx can measure H2 and water in hundreds of simultaneous 
protoplanetary disk FUV spectra

1 LUMOS / UVS map  >  30 years of Hubble observations
21



GALAXY FORMATION AND THE CYCLES OF MATTER

H I Mg II C IV O VI Ne VIII

1216 Å 2800 Å 1550 Å 1032 Å 775 Å

Gas Temperature HotCold
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With UV access, LUVEx can map all phases of diffuse galactic gas over >80% of cosmic time

Ground-based O/IR can probe cold gas almost to the present day 
but cannot observe warm / hot gas over most of cosmic time



UV hydrogen Lyman-𝛼 emission from HST
Roth et al. (2014)

Hubble LUVOIR-B

Figure 3-20, LUVOIR Final Report

EUROPA
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Mercury Venus Earth Mars Jupiter Saturn Uranus Neptune Pluto

Enceladus

Sun

Europa TNOs

Ceres



#2:  New Messengers and New 
Physics

Priority Area: New Windows on 
the Dynamic Universe

#3:  Cosmic Ecosystems

Priority Area: Unveiling the 
Drivers of Galaxy Growth

ASTRO2020 SCIENCE THEMES
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#1:  Worlds and Suns in Context

Priority Area: Pathways to 
Habitable Planets



GREAT OBSERVATORIES MISSION AND TECHNOLOGY MATURATION PROGRAM
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FIRST NEW FLAGSHIP MISSION
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IROUV?  LUVEx?
New name coming from NASA HQ, 
hopefully soon

“… take advantage of the hard work of 
both the LUVOIR and HabEx concepts, 
pulling together the best of both to 
launch a large, capable telescope.” 
– Julianne Dalcanton



WHAT ARE THE SPECIFIC GOALS FOR THE FLAGSHIP?
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“Conclusion: A high-contrast direct imaging mission with a 
target off-axis inscribed diameter of approximately 6 meters 
provides an appropriate balance between scale and 
feasibility. Such a mission will provide a robust sample of 
~25 atmospheric spectra of potentially habitable exoplanets, 
will be a transformative observatory for general astrophysics, 
and given optimal budget profiles it could launch by the first 
half of the 2040 decade.” – Astro2020 Report, page 7-16

“Recommendation: After a successful mission and technology maturation program, NASA should embark on a 
program to realize a mission to search for biosignatures from a robust number of about ~25 habitable zone planets 
and to be a transformative facility for general astrophysics. If mission and technology maturation are successful, as 
determined by an independent review, implementation should start in the latter part of the decade, with a target 
launch in the first half of the 2040s.” – Astro2020 Report, page 7-17



WHAT DOES ~6-M INSCRIBED DIAMETER MEAN?
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Inscribed diameter
6 m

HabEx

Inscribed diameter
4 m

LUVOIR-B

Inscribed diameter
6.7 m

Outer diameter
8 m



HIGH-LEVEL TIMELINE FOR LUVEX
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LUVEx
Launch
early 2040s

We are here
Phase A start before 
end of 2020 decade



HIGH-LEVEL TIMELINE FOR THE OTHER NEW GREAT OBSERVATORIES
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We are here

~ 5 years later

Start of LUVEx 
maturation 
program

LUVEx
~Lynx / ~Origins

Astro2030



Partnership between different science areas takes understanding, respect, realism, 
compromise, & continual maintenance

SCIENCE PARTNERSHIP CONSIDERATIONS

Astro flagships must serve a broad swath of the community

LUVEx is both an exoplanets and an astrophysics mission

Can be hard to balance multiple science goals, but it is absolutely possible

An equal & harmonious partnership between exoplanets and astrophysics was 
achieved during the LUVOIR study
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TECHNICAL CONSIDERATIONS
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Some technical issues & UV technology development needs will be covered in 
Kevin France’s talk later today …



33Ground-based Observatories

Hubble

Webb

Kepler

Spitzer

Missions
TESS

LUVEx

Roman
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Backup



HOW MUCH FUNDING?
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“For large strategic missions, the 
highest priority is for NASA to 
rapidly establish the Great 
Observatories Mission and 
Technology Maturation program, 
with the most important element 
in that category being to 
commence maturation of the 
large IR/O/UV mission.” –
Astro2020, page 7-21


