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Motivation: Cosmic Revelations Increase Rapidly with Telescope Aperture (I) 
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If your pictures aren’t good enough, you 
aren’t close enough.– Robert Capa 

Simulated galaxy at an age 
the Universe of  

about 3 Gyr. 
  

From “Cosmic Birth to Living 
Earths,” The High-Definition 

Space Telescope Concept  
(AURA, 2015) 
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With spatial resolutions achievable by 
apertures in excess of ~10 meters, 
regions of active star formation in 
extremely distant galaxies can be 
separated from the older stellar 
populations. 
 
 
The evolution over cosmic time of the 
star formation in galaxies can be 
studied in detail. 
 
 
Moreover, the dynamic structure of 
very young galaxies, include the 
presence of dwarf and colliding 
companions can be revealed.  
  



Clusters of galaxies are strung out 
along dark matter webs like jewels in 
space, but many unanswered 
questions remain about the nature of 
the cosmos, including the nature of 
dark matter and how galaxy formation 
works on small size scales.  
 
Future large-aperture observatories 
can investigate these questions by 
imaging fainter and smaller structures 
in the universe than ever before.  
Additionally, it will be able to map the 
distribution of dark matter in the 
nearby universe. 

Theoretical model of the “cosmic” web from the LUVOIR science program. 

Motivation: Cosmic Revelations Increase Rapidly with Telescope Aperture (II) 
 
 
 



Active star-forming regions shine in 
the rose-red light of hydrogen 
emission along the arms of a spiral 
galaxy similar to the Milky Way. 
 
A large-aperture space observatory 
will be able to investigate stellar 
populations and  the role of 
energetic young stars and HII 
regions in galaxies at distances of 
tens of mega-parsecs. This allows a 
much wider range of galaxy types 
to be observed than is currently the 
case. 

Spiral galaxy M83 from the Hubble Heritage program. 

Motivation: Cosmic Revelations Increase Rapidly with Telescope Aperture (III) 
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(as of 8/27/18)  

exoplanetarchive.ipac.caltech.edu 



Number of candidate exo-Earths 
increases approximately as D2 for 
a fixed integration time. 
 
Increasing sample size will increase 
likelihood of discovery of an exo-Earth . . .or 
else put credible limits on their existence. 
 
With ~100 candidates, if ηEarth = 0.1, one 
exo-Earth should be detected with a 
confidence of 95%.  
 
In addition, a large aperture will reduce the 
integration time to obtain diagnostic spectra. 
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Cosmic Revelations Increase Rapidly with Telescope Aperture: exo-Earths 
 
 

Calculated number of candidate exoEarths in the solar 
neighborhood, assuming the fraction of stars orbited by 
an Earth-like planet is 0.1 (Stark et alia, ApJ, 808, 2015). 
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Transit Exoplanet Survey Satellite 
Launched April 18, 2018 

Credit: NASA 
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Wide Field InfraRed Survey Telescope (WFIRST) 
Planned launch approximately mid-2020s 

 

Photo: NASA 
. 
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Gaia   
Astrometric Discovery of Exoplanets (Launched December 2013) 
 

Credit: ESA 
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…we’re ready for the search 
for life

Earth-size planets in the 
Habitable Zone are common

Planets are common
(> 1 per star)
Planets with sizes 
0.5-2 times Earth 
are the most common

We now know that in our Galaxy… 
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Potential Biosignature Gases Requires Spectroscopy   
Spectral Lines 



In the Search for Life on Distant Planets 
Bigger is Better 

•  Improved sensitivity to faint 
objects 

•  Improved angular resolution 

•  Higher spectral resolution for a 
fixed observing time 

•  Enables time-resolved images 
to characterize individual 
regions of an exoplanet 

 
•  Increased exoplanet yield 

CREDIT: ATLAST Study Team (NASA) 2015 



Telescope Size Currently Limited by 
Deployment Complexity, Fairing Size, and Lift 
Capacity 

6.5 m JWST 

SLS Block Ib Cargo (8.4 m fairing)       < 9 m  telescope 
SLS Block 2 Cargo (8.4/10 m fairing)    ~ 12 -- 15 m telescopes 
                     ??                                 –   > 15 m telescopes 

Ariane 5 (4.6 m fairing) 
•  40 deployable structures 
•  178 release mechanisms (all of which must work for the deployment to be 

successful) 



Challenges in the not-so-distant future 
•  Science will require increasingly larger telescopes for which no existing 

or planned launch vehicles can deploy autonomously a la JWST. 
–  SLS versions are not guaranteed 

•  Expensive telescopes and spacecrafts will continue to have relatively 
short lifetimes (~10–20 years) unless upgraded.  

–  JWST’s lifetime is expect to be 5-10 years and is not planned to be serviced 
–  HST is entering its 29th year of operation and still providing exceptional science 
–  Ground-based telescopes can have ~ 50+ year lifetimes 

 
•  Deployment designs are getting more complicated (i.e. costlier) and 

riskier 

  



We need a new paradigm that 
provides the capability to build larger 
telescopes for less money and with 
less risk. 
 
We need to begin developing the 
capabilities and technologies to 
service and assemble future 
generations of large space telescopes 
and spacecraft in-space robotically 
now. 
 



A New Vision for Large Space Telescopes  
 
1)  Assembled in space 

2)  Serviced in space to extend their utility by: 
–  replacing the instrument payloads with newer more advanced 

ones 
–  upgrading spacecraft subsystems as they wear and age  
–  refueling to extend their lifetimes,  
–  repairing when needed, and 
–  incrementally enlarging the apertures over time 
 

 



Why Now? 
•  Inform the 2020 National Academies’ Decadal Survey, which is starting in a few 

months, and NASA’s Science Mission Directorate that space servicing, upgrade, 
and assembly offers: 

–  potential science enabling capabilities: large science telescopes, extended lifetimes  
–  cost reduction possibilities 
–  risk reduction opportunities  
–  synergies with other NASA directorates, commercial, DoD 

•  Technology development time 

–  The process of identifying, developing, and maturing the technologies to enable servicing, 
repair, and assembly will take time 

–  We need to begin creating a technology roadmap and implementing early development efforts 
in the very near future, for example using ISS as a testbed prior to its termination 

•  Opportunity to coordinate early 
–  Early involvement with industry and NASA Gateway teams offers opportunities to influence 

studies before designs are “frozen in” 
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Draft Design Concept for Modularized Telescope 
Introduction of Panels 

 
Panel 1: Technology Capabilities, Challenges, and 

Opportunities  
D. Akin (U Md), D. Arney (NASA LaRC),  

S. Jefferies (NASA LaRC), & A. Tadros (SSL) 
 

Panel 2: Programmatic and Policy Challenges and 
Opportunities 

K. DiMarzo (MIS), E. Rodgers (NASA LaRC),  
B. Sullivan (DARPA), & D. Tomek (NASA LaRC)    
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Draft Design Concept for Modularized Telescope 

QUESTIONS? 
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Draft Design Concept for Modularized Telescope 

Back-Up 
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New Ground-Based Extremely Large Telescopes  
24 – 40 meters in diameter, approximately 2020s 

Thirty Meter Telescope 

European Extremely Large Telescope 

Giant Magellan Telescope 


