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HAT-‐P-‐7b	  (again)
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Motivation	  &	  Goals



Motivation

1. Phase	  curves	  are	  probes	  of	  a	  wide	  range	  of	  planet	  
atmospheric	  properties.

2. There	  are	  only	  ~15	  planets	  with	  well-‐characterized	  
optical	  phase	  curves.

3. Expand	  the	  search	  to	  non-‐transiting	  planets.





Goal

Perform	  a	  systematic	  search	  through	  Kepler	  light	  
curves	  to	  detect	  the	  optical	  phase	  curves	  of	  non-‐
transiting	  planets.



Methodology



Part	  1:	  Identification
Identify	  candidate	  phase	  curves	  in	  Kepler	  light	  curves

Phase	  curve	  fittingPeriodogram search

Millholland	  &	  Laughlin	  (2017,	  submitted)	  



Synthetic	  phase	  curve	  injection	  &	  recovery



Part	  2:	  Classify	  signals	  using	  a	  logistic	  regression	  
supervised	  machine	  learning	  algorithm
• Question:	  Is	  this	  candidate	  signal	  a	  true	  planet	  phase	  curve?	  (Yes/No)
• Predictors:	  
• E.g.	  signal	  coherence,	  significance	  of	  other	  periods	  in	  the	  periodogram,	  	  etc.

• Regress on	  synthetically	  generated	  phase	  curves
• Predict phase	  curve	  existence	  in	  new	  light	  curves

“learning”

New	  data Logistic	  regression	  
algorithm Prediction

Synthetic	  data



Train	  and	  test	  on	  synthetic	  phase	  curve	  data



Test	  on	  known	  transiting	  hot	  Jupiters



Application	  to	  
Kepler FGK	  Stars



Application	  to	  Kepler FGK	  stars	  without	  KOIs



Focus	  on	  candidates	  with	  large	  probabilities

Synthetic	  phase	  curves Transiting	  HJ	  phase	  curves



Application	  to	  Kepler FGK	  stars	  without	  KOIs



Sixty	  high	  probability	  planet	  candidates

Millholland	  &	  Laughlin	  (2017,	  submitted)	  





https://smillholland.github.io/Non-‐transiting_HJs/
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3. RV	  follow-‐up	  is	  underway.
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Expected	  RV	  semi-‐amplitudes



Detecting	  non-‐transiting	  planet	  phase	  curves

• Big	  idea	  #1:	  A	  planetary	  phase	  curve	  is	  more	  coherent than	  
other	  forms	  of	  light	  curve	  variability.

• Big	  idea	  #2:	  We	  can	  train	  an	  algorithm to	  recognize	  the	  
signatures	  of	  planetary	  phase	  curves.	  We	  can	  then	  apply	  the	  
algorithm	  to	  search	  for	  phase	  curves	  in	  new	  light	  curves.



Example	  predictors:	  chi-‐square	  of	  the	  fit	  and	  
residual	  autocorrelation

Durbin-‐Watson	  
statistic



Additional	  candidate	  vetting



Offsets	  of	  the	  phase	  curve	  maxima

Kepler-‐43b

Esteves et	  al.	  (2015)

Probe	  of	  atmospheric	  dynamics	  and	  reflective	  properties.



Offsets	  of	  the	  phase	  curve	  maxima
Probe	  of	  atmospheric	  dynamics	  and	  reflective	  properties.






