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INVESTIGATING SHORT-PERIOD 

PLANETS AROUND A STARS 



THERE ARE FEW KNOWN PLANETS AROUND 

HOT STARS… 

data from exoplanets.org, as of today 



…WHICH ROTATE RAPIDLY 



• Direct imaging can probe wide-
separation planets around young 
A stars 

• 7 planets (HR 8799, β Pic, 
Fomalhaut, HD 95086) 

• Occurrence rates: 5.9-18.8% 
(Vigan et al. 2012), < 20% 
(Nielsen et al. 2013) 

• A stars are favorable targets for 
these surveys—young, bright, 
inferred higher occurrence rate 
(e.g., Crepp & Johnson 2011) 

DIRECT IMAGING 

Marois et al. 2010 



“RETIRED A STARS” 

• John Johnson et al. conducted an RV survey of subgiants and 

red clump stars inferred to have been A stars when on the main 

sequence (e.g., Johnson et al. 2007, 2010) 

• ~30 planets detected, but none with a<0.6 AU 

• Occurrence rate: 26+9
-8% for Jovian planets with a < 3 AU 

(Bowler et al. 2010) 

• The actual masses of these stars are likely lower (e.g., Lloyd 

2011; Schlaufman & Winn 2013) 



• Rapid rotation induces gravity 

darkening 

• Breaks the rotational symmetry 

of the stellar disk’s intensity 

profile 

• Validation—shows not a blend 

• Light curve shape is diagnostic 

of the spin-orbit misalignment  

• Applied to Kepler-13 Ab (Barnes 

et al. 2011), KOI-368.01 (Zhou & 

Huang 2013, Ahlers et al. 2014), 

PTFO 8-8695 (Barnes et al. 

2013) 

GRAVITY DARKENING 

Barnes 2009 



• Uses the Rossiter-

McLaughlin effect 

• Spectroscopically resolve 

the line profile distortions 

during transit 

• Validates the transit 

signature (not a blend) 

• Gives the spin-orbit 

misalignment 

DOPPLER TOMOGRAPHY 



SPIN-ORBIT MISALIGNMENTS 



THE TEXAS DOPPLER TOMOGRAPHY PROGRAM 

• Using the 9.2m Hobby-Eberly Telescope and 2.7m Harlan J. 

Smith Telescope (McDonald Observatory) to validate Kepler 

candidates around rapidly-rotating stars 

• 5 Kepler candidates observed so far 



KEPLER-13 Ab 

Johnson et al. 2014 



ANOTHER KEPLER CANDIDATE 



OCCURRENCE RATE ESTIMATE 

• Kepler observed 3,648 stars with 7200 K < Teff < 10000 K, 3.5 < 

logg < 4.5 (Huber et al. 2014 stellar parameters) 

• Around these, 4 planets, 1 candidate (R>4 REarth, P<50 days) 

• After Howard et al. 2012, correcting for transit probability, stellar 

noise suggests an occurrence rate of ~0.02 planets per star 

(~0.1 including candidates) 

• Howard et al. 2012 found solar-type stars have ~0.035 planets 

per star with these parameters 



FUTURE PROSPECTS 

• K2 program: ~700 targets in Campaigns 0 and 1, submitted 

proposals for more targets 

• TESS will conduct all-sky survey. Malmquist bias → hot, bright 

A stars overrepresented in TESS sample—nail down occurrence 

rate for short-period planets around A stars 

• Young stars are rapidly rotating—can use Doppler tomography. 

• K2 will search for planets in young clusters: ρ Oph, Upper Sco, 

Pleiades, Hyades, M44, etc. 



CONCLUSIONS 

• A stars have been underrepresented/excluded in planet 

searches to date 

• New techniques (Doppler tomography, gravity darkening) can 

validate transiting planet candidates around these stars 

• We are pursuing this goal with the facilities at McDonald 

Observatory 

• We estimate an occurrence rate of ~0.02 planet/star from Kepler  

• A larger sample from K2 and especially TESS will greatly refine 

this estimate. 


