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The trail thusfar… 
 
 
 
 
 
  
 
 
 
 

Pepe, Ehrenreich, & Meyer, 2014, Nature, V513, 358


The underbrush is down here…. 



Notching planets with 1 m/s RV… 
 
 
 
 
 
  
 
 
 
 

Pepe, Ehrenreich, & Meyer, 2014, Nature, V513, 358




PRECISION RV (< 1 m/s) CURRENT/PLANNED

 
 
 
 
 
 
  
 
 
 

Follow-up with transit e.g. CHEOPS (more likely edge-on) but imaging tough.




Objects consisting of many mirrors may 
be slightly smaller or  arrive later than 
they currently appear.


ELTs 



ELTs and their approved instruments 





LBTI:  NOMIC, LMIRCam (2015), LINC-NIRVANA



GMT:  G-CLEF (2019), GMACS (2019), GMT-IFS (2021)



TMT:  IRIS, MOBIE, IRMS (first light in 2022)



E-ELT:  HARMONI and MICADO (2024), METIS (2025)




LBTI  (P. Hinz talk Thurs.)                          


There are a few of stars d < 10 pc where LBTI (LMIRCam) could 
detect a super-earth > 5λ/D with sensitivity Lflux  > 10 µJ.


Name Spec. Type Dist. [pc] Avrg. Nr. of planets detectable

Sirius A A0.5V 2.6 0.3415

Procyon A F5 IV-V 3.5 0.0382

Altair A7  V 5.1 0.0063

Vega A0 V 7.7 0.0032

Fomalhaut A4 V 7.7 0.0008



Mid-IR Emission:  Earths in Sun-like “Sweet Spot” 
 
Kepler stats (Howard et al. 2012) + instrument model gives 
estimate # of detectable Super-Earths around nearest stars. 
 
 
 
 
 
 
 
 
 
 
Quanz, Crossfield, Meyer et al. (2015)   NB: Pole-on better targets!  




Super-earth yield from mid-IR?  Background/Star ~ 10-6 


See Hinz et al. (astro2010 white paper) and Quanz et al. (2015)




Characterization with High Resolution Spectra: 
G-CLEF (GMT) as well as HIRES & METIS (E-ELT)


Brown dwarf doppler imaging CRIRES  
Wind speeds on planets with CRIRES  
Crossfield et al. (2014)                                   Snellen et al. (2014) 


!



HIRES@E-ELT: Red Transmission O2  Spectra 

SNR for ELT in 1 transit  Brightest expected systems 

Snellen et al. (2013) 



Reflected Light:  EPICs@E-ELT (Kasper et al. 2010; cf PFI@TMT)


IFS 

EPOL 

=> 

=> 



 
Stern (1994); Mamajek & Meyer (2007); Miller-Ricci, Meyer, 
Seager, & Elkins-Tanton (2009); Lupu et al. (2014)


Hot Proto-planet Collision Afterglows:

Terrestrial Planets in Formation




The ELT Thermal Imaging Discovery Space 
  
 
 
 
 
 
  
 
 
 
 





The ELT Thermal+Reflected Discovery Space 
  
 
 
 
 
 
  
 
 
 
 





ELT Thermal + Reflected + “Terrestrial Wedge” 
  
 
 
 
 
 
  
 
 
 
 





Thermal + Reflected + “Wedge” + Hot PCAs  
  
 
 
 
 
 
  
 
 
 
 





So what does this mean?  
 



First super-earth planet may be detected in thermal 
emission by ELTs before 2030.



ELTs will further characterize spectroscopically and 
polarimetrically in reflected light.



RV detected planets in M dwarf habitable zones:

. UV/optical coronagraph in reflected light. 

. mid-IR high-precision photometer? 





Bottom-line:  Space-based IR interferometer (> 300 meter 
bl with 4 x 2 meters area) or UV/optical > 8m needed to 
characterize the diversity of worlds around Sun-like stars. 




Space-based mid-IR interferometer  
(based on Kepler statistics + 600 meter 4 x 2 meter)




Space-based mid-IR interferometer  
(based on Kepler statistics + 600 meter 4 x 2 meter)



