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A S T R O P H Y S I C S  D R I V I N G  
Q U E S T I O N S

• Are we alone?

• How did we get here?

• How does the universe work?



H O W  D I D  O U R  
U N I V E R S E  
E N A B L E  L I F E ?







D I S C L A I M E R  # 1

John is not a technologist



D I S C L A I M E R  # 2

The universe does not care about 

what you think you cannot build



Lunar Orbiter, 1966

On the Cusp of a 
scientific 
revolution



P A S T  D E C A D A L S  &  L A R G E  
O U T C O M E S

Kitt Peak VLA, HST Chandra, VLBA Spitzer, SOFIA, ALMA

JWST, ALMA LSST, WFIRST



P A T H W A Y S  T O  D I S C O V E R Y  I N  A S T R O N O M Y  
A N D  A S T R O P H Y S I C S  I N  F O R  T H E  2 0 2 0 S



A S T R O  2 0 2 0 :  T H E  S C I E N T I F I C  
F O U N D A T I O N S



• How do galaxies fuel stars, and 
keep fueling them?

• How do galaxies go from star-
forming to red and dead?

• How can we explain what JWST 
is seeing?







Six orders of magnitude in temperature

Over twenty orders of magnitude in density





T H E  C H A L L E N G E S

• Need to measure both weak atomic and molecular 
features in absorption, often at high spectral 
resolution

• Want to measure very low surface brightness emission 
from low density, warm gas

• Key wavelengths are the X-Ray, UV, IR, Mid IR, radio



• What is the nature of dark matter 
and dark energy?

• How did the periodic table arise?

• How does the universe work in 
extreme environments?



D E A T H  S P I R A L / L I F E  S P I R A L





Following the 
Elements Over
Cosmic Time





T H E  C H A L L E N G E S

• Rapid response means many things, and all are hard 
(fast slew, fast shutter, fast decision making)

• Coordination of multiple missions and capabilities

• Key wavelengths are the X-Ray, UV, IR, Mid IR, 
radio….and non EM



• What is our Solar System’s 
cosmic context?

• Is Earth unique?  Common?

• Life?







The Search for
Living Worlds



E U R O P A  I N  U L T R A V I O L E T



T H E  C H A L L E N G E S

• Star/planet contrasts on the order of a billion or higher

• Extremely small star/planet separations on the sky

• Key wavelengths UV -> Mid-IR



T H E  F U T U R E  O F  T H E  
F L E E T







O R I G I N S

• ~6m primary (keystone)

• Diffraction limited at 30µ

• Operates at 4.5K

• Mid infrared transit spectrometer, R~100 
from 5-30µ

• FIR medium resolution multi-object 
spectrometer from 30-600µ and R~300 or 
40,000

• FIR broadband imager/polarimeter at 50, 
250µ



L Y N X



H W O

• Derived from LUVOIR/HabEx 
studies

• Currently in pre-Phase A and 
exploring architecture and 
science trade spaces

• UVOIR mission requiring very 
high stability, corona graphic 
contrast ratio, and spatial 
resolution



A X I S  A N D  P R I M A

2x2 array of 1.4k by 1.4k CCD 
detectors for deep Xray imaging

Silicon grazing incidence x-ray 
optic

1.9m primary, cryogenically cooled

Wide-band 
spectrometer/polarimeter and 
imager 

Full band low and narrow bind 
high resolution spectroscopy



E X P L O R E R S

SPHEREx (this week) COSI (2027)

CASE/ARIEL (2029) UVEX (2030)



T H E  W E E  O N E S



F O R M A T I O N  F L Y I N G

LIFE LISA



R I S K  V S  I M P A T I E N C E

• The key science questions of the next decade and 
beyond are well defined

• Many of missions are not

• We are often forced to pit risk vs impatience

• A different paradigm to technology maturation and 
risk reduction is needed



J O H N  S H E D D

A ship is safe in harbor, but that’s not what ships 
are for



T H E  F A R  F U T U R E



C O M I N G  F U L L  C I R C L E


