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Preface	

•  This	
  is	
  what	
  I	
  proposed	
  to	
  the	
  science	
  white	
  paper	
  in	
  Japanese	
  

community	
  in	
  2016	
  (before	
  the	
  descope)	
  

•  The	
  idea	
  does	
  not	
  take	
  into	
  account	
  the	
  descope	
  of	
  WFIRST,	
  
but	
  would	
  s5ll	
  work	
  for	
  GO,	
  if	
  high-­‐contrast	
  small-­‐IWA	
  CGI	
  
(hopefully	
  with	
  IFU)	
  is	
  onboard	
  and	
  available	




My	
  main	
  points	

Good	
  follow-­‐up	
  targets	
  for	
  future	
  coronagraphs	
  (WFIRST	
  CGI	
  

and	
  CGI	
  of	
  ELTs)	
  will	
  be	
  discovered	
  by	
  TESS	
  and	
  PLATO	
  



Transit Survey Missions	
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Figure 5.4: Schematic comparison of observing approaches. Blue squares: CoRoT target fields in the galactic centre 
and anti-centre direction. Upper left corner (yellow): the Kepler target field. Large squares: size of the PLATO field. A 
combination of short and long (darker) duration pointings is able to cover a very large part of the sky. Note that the 
final locations of long and step-and-stare fields will be defined after mission selection and are drawn here for 
illustration only. 

 

During long observations, the Spacecraft must maintain the same line-of-sight (LoS) towards one field for up 
to several years. However, the Spacecraft must be periodically re-pointed in order to ensure the solar arrays 
are pointed towards the Sun. This is achieved by rotating the Spacecraft around the LoS by 90° roughly 
every 3 months, as shown in Figure 5.5. 

 
Figure 5.5: Spacecraft Rotation around Payload LOS during one Orbit  

 

These mission requirements have led to the definition of two candidate design concepts for the PLATO 
spacecraft developed by the respective Industrial contractors, Astrium/EADS, and Thales Alenia Space 
(TAS). 
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Figure 7. Left.—The instantaneous combined field of view of the four TESS cameras. Middle.—Division of the celestial
sphere into 26 observation sectors (13 per hemisphere). Right.—Duration of observations on the celestial sphere, taking
into account the overlap between sectors. The dashed black circle enclosing the ecliptic pole shows the region which JWST

will be able to observe at any time.

downlink using NASA’s Deep Space Network. In addition, momentum unloading is occasionally needed due to
the ⇡1.5 N m of angular momentum build-up induced by solar radiation pressure. For this purpose TESS uses
its hydrazine thrusters.

7.4 Ground-based data analysis and follow-up

The TESS data will be processed with a data reduction pipeline based on software that was developed for the
Kepler mission.22 This includes pixel-level calibration, background subtraction, aperture photometry, detrending
with respect to weighted ensembles of target star light curves, and searching for transits with a wavelet-domain
matched filter.

Once the data are processed and transits are identified, selected stars will be characterized with ground-
based imaging and spectroscopy. These observations are used to establish reliable stellar parameters, confirm
the existence of planets, and establish the sizes and masses of the planets. Observations will be performed with
committed time on the Las Cumbres Observatory Global Telescope Network and the MEarth observatory. In
addition the TESS science team members have access to numerous other facilities (e.g., Keck, Magellan, Subaru,
HARPS, HARPS-North, Automated Planet Finder) through the usual telescope time allocation processes at
their home institutions. The TESS team includes a large group of collaborators for follow-up observations and
welcomes additional participation.

8. ANTICIPATED RESULTS

8.1 Photometric performance

Figure 8 shows the anticipated photometric performance of the TESS cameras. The noise sources in this model
are photon-counting noise from the star and the background (zodiacal light and faint unresolved stars), dark
current (negligible), readout noise, and a term representing additional systematic errors that cannot be corrected
by detrending. The most important systematic error is expected to be due to random pointing variations
(“spacecraft jitter”). Because of the non-uniform quantum e�ciency of the CCD pixels, motion of the star image
on the CCD will introduce changes in the measured brightness, as the weighting of the image PSF changes, and
as parts of the image PSF enter and exit the summed array of pixels.
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K2 (2014-2018): ecliptic plane 

TESS (2018-2020): ~80% of sky 

PLATO (2024-2030): ~25% of sky	




Single-Transit	
  Planetary	
  Candidates	
  from	
  Kepler	




Detectability	
  of	
  those	
  targets	

•  Single-­‐Transit	
  targets	
  from	
  TESS	
  have	
  the	
  period	
  of	
  longer	
  

than	
  27	
  days	
  (or	
  351	
  days	
  for	
  the	
  eclip5c	
  poles)	
  
–  The	
  number	
  of	
  detec5ons	
  would	
  depend	
  on	
  the	
  frequency	
  of	
  long-­‐

period	
  planets	
  (which	
  WFIRST	
  microlens	
  survey	
  can	
  answer)	
  and	
  their	
  
geometric	
  transit	
  probabili5es	
  

–  Would	
  not	
  many,	
  but	
  those	
  targets	
  can	
  be	
  detected	
  around	
  nearby	
  
host	
  stars	
  (mainly	
  mid-­‐late	
  M	
  dwarfs)	
  

Ø Neptunes	
  or	
  larger	
  planets	
  with	
  the	
  orbital	
  period	
  of	
  one	
  -­‐	
  a	
  
few	
  years	
  would	
  be	
  detectable	
  and	
  can	
  be	
  chased	
  with	
  both	
  
WFIRST	
  CGI	
  and	
  Subaru	
  IRD	
  



Synergy	
  of	
  Direct	
  Imaging	
  and	
  Radial	
  Velocity	


Helminiak	
  et	
  al.	
  (2016)	


Combina5on	
  of	
  direct	
  imaging	
  and	
  radial	
  velocity	
  enable	
  us	
  to	
  
determine	
  the	
  3D	
  orbit	
  and	
  the	
  mass	
  of	
  the	
  planet	
  



Synergy	
  of	
  Direct	
  Imaging	
  and	
  Transit	


Marois et al. (2008)	


Combina5on	
  of	
  direct	
  imaging	
  and	
  transmission	
  spectroscopy	
  
enable	
  us	
  to	
  characterize	
  the	
  atmosphere	
  of	
  the	
  planet	
  



Scien5fic	
  merits	
  of	
  those	
  targets	

•  Various	
  characteriza5ons are	
  possible	
  

–  Planetary	
  radii	
  are	
  known	
  by	
  transit	
  
–  By	
  chasing	
  RVs	
  right	
  a_er	
  their	
  discoveries	
  with	
  Subaru	
  IRD,	
  then	
  at	
  

least	
  constraints	
  on	
  masses	
  (to	
  validate	
  the	
  planetary	
  nature)	
  are	
  
available	
  

–  combina5on	
  of	
  direct	
  imaging	
  and	
  RVs	
  around	
  the	
  same	
  5me	
  allows	
  to	
  
determine	
  their	
  masses	
  and	
  3D	
  orbits	
  (eccentricity	
  and	
  orbital	
  
inclina5on)	
  

–  can	
  determine	
  their	
  albedos	
  from	
  direct	
  imaging,	
  and	
  can	
  probe	
  
atmospheres	
  using	
  IFU	
  spectroscopy	
  	
  

–  Orbital	
  informa5on	
  from	
  direct	
  imaging	
  would	
  help	
  to	
  catch	
  transit	
  
follow-­‐ups,	
  then	
  their	
  precise	
  periods	
  are	
  also	
  known,	
  and	
  
transmission	
  spectroscopy	
  for	
  those	
  planets	
  is	
  also	
  possible	
  

–  Rossiter-­‐McLaughlin	
  or	
  Doppler	
  tomography	
  measurements	
  enable	
  us	
  
to	
  learn	
  stellar	
  spin	
  vs	
  planetary	
  orbit	
  obliqui5es	
  



Summary	

Good	
  follow-­‐up	
  targets	
  for	
  future	
  coronagraphs	
  (WFIRST	
  CGI	
  

and	
  CGI	
  of	
  ELTs)	
  will	
  be	
  discovered	
  by	
  TESS	
  and	
  PLATO	
  

•  Single-­‐Transit	
  planetary	
  candidates	
  would	
  become	
  good	
  
future	
  coronagraph	
  follow-­‐up	
  targets	
  

•  Combining	
  informa5on	
  from	
  Transit+RV+Direct	
  imaging,	
  
those	
  targets	
  will	
  become	
  the	
  most	
  characterized	
  planets	
  in	
  
the	
  future	
  


