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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 (2014-2017): 黄道面 

TESS (2017-2020): ~80% of sky 

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




K2について	


•  K2は2009年に打ち上げられたケプラーの第2期観測計画	
  

•  2014年から観測を開始	
  

•  2つの姿勢制御装置+太陽光を用いて姿勢制御	
  



K2について	


•  黄道面のフィールドを約80日ずつ観測	
  

•  ケプラーの第１期観測より明るい天体や星形成領域や星団を含む	
  

•  各フィールドで数十個ずつの惑星候補を発見	
  

•  2017年以降まで継続される見込み	




TESSの概要	


•  TESSはKeplerの後継機として2017年に打ち上げ予定の系外

惑星探査衛星(惑星発見型計画)	
  

•  黄道面以外の全天を掃天	
  

	
  	
  	
  	
  	
  観測し約500,000個の星の	
  

	
  	
  	
  	
  	
  光度変化をモニターする	
  

•  視野24o	
  x	
  24oのカメラ4台で	
  

	
  	
  	
  	
  	
  当初2年間の観測	
  

•  予算次第で観測を継続	
  

•  太陽系に近い恒星のまわりで面白い低質量惑星を発見し、

詳細なフォローアップターゲットを提供	
  



TESSの観測する場所	
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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.
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空の24度	
  x	
  96度の領域を１度に観測	
  
2年間かけてほぼ全天のトランジット惑星を探す	


Ricker	
  et	
  al.	
  2015	




TESSで見つかる惑星の予想(Sullivan+2015)	


•  シミュレーションに使ったモデル	
  

–  stellar	
  populaLon：	
  TRILEGAL	
  (Girardi+2005),	
  Dartmouth	
  (DoTer+2008)	
  

–  連星率： Duchêne	
  &	
  Kraus	
  (2013)	
  

–  惑星存在頻度： Kepler	
  (Fressin+2013,	
  Dressing	
  &	
  Charbonneau	
  2015)	
  

–  ターゲット200,000	
  星に対する100回のモンテカルロシミュレーション	
  

•  シミュレーションに基づいたTESSの惑星発見リスト	
  

–  1984個の惑星系	
  (Table	
  6	
  in	
  Sullivan	
  et	
  al.	
  2015)	
  

–  星の座標、等級、有効温度、半径、距離など	
  

–  惑星の周期、半径、地球に対する入射フラックス比など	
  

–  これをもとにTAOから観測可能なTESSの惑星数を見積り	
  



TAOから観測できる惑星の個数見積り	


•  TAOからある程度の高度(およそ40度以上)で観測できること	
  

–  -­‐73°	
  <	
  Dec.	
  <	
  +27°	
  →	
  1043個	
  

•  さらに惑星の性質を条件に追加	
  

1.  Rp	
  <	
  4	
  REarth	
  →	
  965個	
  

2.  Rp	
  <	
  2	
  REarth	
  →	
  288個	
  

3.  Rp	
  <	
  2	
  REarth	
  かつ	
  0.2	
  <	
  S/SEarth	
  <	
  1.5	
  →	
  23個	
  



低質量惑星の透過光スペクトルの例	
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Howe	
  &	
  Burrows	
  (2012)より	

•  赤：太陽組成の

晴れた空	
  

•  緑：太陽組成の

もや（ヘイズ）の

かかった空	
  

•  青：大気がない

あるいは完全に

雲に覆われた空	




TAOから観測できる惑星の個数見積り	


•  惑星の性質と透過光分光の観測可能性を条件に追加	
  

1.  Rp	
  <	
  4	
  REarth	
  →	
  965個	
  /	
  73個	
  

2.  Rp	
  <	
  2	
  REarth	
  →	
  288個	
  /	
  16個	
  

3.  Rp	
  <	
  2	
  REarth	
  かつ	
  0.2	
  <	
  S/SEarth	
  <	
  1.5	
  →	
  23個 /	
  8個	
  

ただし、透過光分光は減光率0.7%以上、かつ恒星の半径	
  2RSun	
  

以下で観測可能とした	




考えられるK2/TESSとTAOとの連携	


1.  低質量惑星(Rp	
  <	
  4	
  REarth)の透過光スペクトルの集中的観測	
  

–  ターゲット数：約70個	
  

–  SWIMSによるMOS、ロングスリット分光、あるいは撮像観測	
  

–  Uバンド撮像分光装置やMIMIZUKUも有用	
  

2.  “地球型に近い惑星”(Rp	
  <	
  2	
  REarth)の質量-­‐半径関係の解明	
  

–  視線速度測定が可能な近赤外高分散分光器があれば可能	
  

–  J等級	
  <	
  10のターゲット数：約80個	
  

–  南天には他の大型望遠鏡に赤外の視線速度測定装置がない	
  

Ø  南天のlate-­‐M型星まわりでは世界的にユニークなサイエンス	




まとめ	


•  TAOの稼働にちょうど合ったタイミングでK2/TESSが太陽系に

近い恒星のまわりで低質量トランジット惑星を大量に発見	
  

•  およそ70個程度の低質量惑星で惑星大気モデルの判別が

可能な透過光分光が可能	
  

–  SWIMS,	
  Uバンド装置,	
  MIMIZUKUなどが有用	
  

•  およそ80個程度の	
  J<10	
  のlate-­‐M型星で、地球型惑星に近い

サイズの惑星がTAOから観測可能	
  

–  赤外視線速度測定が可能な装置が有用	



