
The Future: JWST, WFIRST, and Beyond

Dr. Karl Stapelfeldt, Chief Scientist

NASA Exoplanet Exploration Program

Jet Propulsion Laboratory, California Institute of Technology

July 27, 2018

Sagan Summer Workshop

Pasadena, CA 

Cleared for unlimited release CL#18-4133 © California Institute of Technology 2018 Government sponsorship acknowledged



Constraining the presence of a habitable planet 

The case of 40 Eridani A

ÅVery nearby K0 dwarf star at 5 pc distance; B and C 

components orbit each other 80±away

ÅHZ lies at 0.13±separation.  An earth mass planet there:

ïWould induce 12 cm/sec of stellar reflex motion

ïHas a 0.4% probability of transiting

ïWould induce 0.5 mas of stellar astrometric wobble

ïWonôt lens background stars (galactic lat. -38°)

Å40 Eri A is the host of Star Trekôs fictional 

planet Vulcan

ÅThere is no current means to detect a 

habitable planet in this system today



Constraining the presence of a habitable planet 
The case of 40 Eridani A

ÅK0 star at 5 pc distance; B and C components orbit each 

other 80±away

ÅHZ lies at 0.13±separation.  An earth mass planet there:

ïWould induce 12 cm/sec of stellar reflex motion

ïHas a 0.4% probability of ever transiting

ïWould induce 0.5 mas of stellar astrometric wobble

ïWonôt lens background stars (galactic latitude -38°)

Mass ratio ~5x10-6 to the star

ÅIn direct imaging, an Earth analog here would:  

ïAppear at R magnitude 27.6, and with contrast to the star of 3³10-10

ïBe separated from the star by 3 resolution elements as seen by a    

3 meter telescope observing in V band

ïProvide photons enabling its discovery *and* spectral 

measurements of its physical/chemical/biological? conditions



Contrast requirements for imaging exoplanets 

in reflected light



Is 30 miles from here at Northrop Grumman, Redondo Beach CA

James Webb Space Telescope  (JWST)



JWST is é

Å6.5 m segmented telescope designed to operate at near-

IR and mid-IR wavelengths (1-28 ɛm).  Largest space 

telescope to date, first with segmented primary mirror.

ÅJoint NASA/ESA project with 4 science instruments

ÅOverall design decided 15 years ago, driven by 

cosmology.  Operating temperature ~50 K.

ÅLaunch on Ariane 5 now targeted for March 2021

ïSeries of problems has led to 30 month schedule slip in the past 

year.  Budget implications still being sorted out by NASA HQ

ÅWhile not specifically designed to exoplanet science 

requirements, it will nevertheless offer important new 

capabilities.



Transiting exoplanet studies with JWST

ÅEnables the first R= 1000 mid-IR spectra of exoplanets

ÅSpectroscopy will focus on bright stellar hosts with small 

transiting planets identified by K2 and TESS 

ÅHot Jupiters will be easily studies

ÅShould enable major progress in understanding the 

atmospheres of mini-Neptunes and super Earths, 

particularly in eclipse thermal emission measurements 

and thermal phase curves

ÅTransmission spectra of small exoplanets may be difficult 

due to small atmpospheric scale heights and the 

presence of clouds/hazes



(Morley et al. 2017)

JWST Transit spectra will be expensive é



But potentially rewarding é

ÅSchwieterman et al. 2016

ÅHZ Earth, nearby 

ÅM star host

Simulated JWST spectrum of

HZ Earth, nearby M star host

10 transits, photon limit only

Schwieterman et al. 2016Figure by Natasha Batalha

courtesy Kevin Stevenson



Exoplanet Direct Imaging with JWST

Å Three instruments provide 

specialized high contrast 

imaging modes

Å Contrast will not be better than 

HST or ground AO

Å Sensitivity will be orders of 

magnitude better in the mid-

infrared, enabling exoplanet 

spectra from 2.5-10 microns

Å Inner working angle is limited 

by complexity of telescope 

PSF and long wavelengths

Å Best science is likely to be 

imaging of self-luminous 

planets cooler than prior 

facilities could detect

NIRCam contrast curve 

from Beichman et al. 2010


