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What is THEIA? 

THEIA is a concept for a powerful 4‐meter telescope capable of detecSng and characterizing Earth‐like 
planets around nearby stars.  With its powerful instrument suite, THEIA is also capable of 
conducSng a broad program of astronomical observaSon and having a major impact on our 
understanding of star formaSon, galaxy evoluSon and the intergalacSc medium. 

THEIA is the combinaSon of 3 NASA mission concept studies: 
•  XPC: the eXtrasolar Planet Characterizer 
•   SFC: Star FormaSon Camera, a wide field near‐IR/opScal/UV camera opSmized to study star 

formaSon and galaxy evoluSon 
•  UVS: an ultraviolet spectrum designed to study the intergalacSc medium and probe the chemical 

evoluSon of the universe 
THEIA is an occulter/telescope system.  When the occulter is “on target”, it searches for and 

characterizing planets around nearby stars. While the occulter is moving (>75% of the Sme), it 
carries out a program of general astrophysics. 

In Greek mythology, Theia is the Titan goddess of sight (thea), is also called the  “far‐seeing one”.  She is  
the mother of the Sun, the Moon and Dawn. 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eXtrasolar Planet Characterizer (XPC) 

•  The  XPC baseline instruments are three 
narrow-field cameras for the UV (250-400 
nm), blue (400-700 nm), and red (700-1100 
microns) with filters, and an integral field 
spectrograph (IFS) operating in the red with 
spectral resolution R~70. All three instruments 
can be operated simultaneously 

•  The IR occulter camera monitors the posiSon 
of the occulter by observing it in the mid‐IR.  



What do we measure? 
THEIA will carry out an extensive program of extrasolar planet science: 
•  Surveying 130 nearby stars for planets in the habitable zone 
•  Return to detected planets and characterize their orbits by mulSple visits (10% 

measurement of period– 5 detecSon). [detecSon and orbit characterizaSon is best 
in the blue] 

•  Study diurnal variaSons during several week long observaSons and annual 
variaSons during revisits. 

THEIA’s spectroscopic capabiliHes will enable the detecHon of ozone, oxygen, water and 
carbon dioxide.  With its ability to study the planets’ atmosphere from the near IR 
(1 micron) to UV (3000 A), THEIA will be able to search for the signatures of 
habitability 

XPC is searching for O2 absorption; on Earth O2 is produced in large quantities only by 
life. At UV wavelengths XPC is looking for the sharp cutoff indicating the presence 
of O3; O3 is a photolytic byproduct of O2. All life on Earth requires liquid water. 
XPC is looking for water vapor absorption that is indicative of liquid water oceans. 



Planet DetecSon 

A very high S/N characterization image of the solar system by THEIA as viewed 
from the distance of Fomalhaut (7.7 pc). Earth is in the center of the image, 
Jupiter to the left of center and Saturn to the right of center (courtesy R. 
Vanderbei). 



Do we need an astrometric precursor for 
TPF‐C or TPF‐O (and their variants)? 
•  No! 
•  By moving the occulter out to double the distance and operaSng in 

the blue, planet searches can be done efficiently. 
•  SimulaSons show that idenSfying planets in advance leads to only a 

modest increase in efficiency.  Program is limited by system IWA 
•  Measurements of planetary atmosphere and colors will yield novel 

insights 
•  If we know the target stars and devote significant amount of 

integraSon Sme to the target (and know its period), radial velocity 
searches will be able to measure masses with higher sensiSvity 
than a blind search.  (What do we need to eliminate Uranus‐
masses?) 


