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A Couple Definitions"
•  “planet” = giant planet (M sini > 0.3 Mjup, a < 3 AU)"
•  “Massive star”   M* > 1.5 Msun"



What we knew about  
giant planets circa 2005"

•  Jovian planets commonly reside within 1 AU "
– But with a big increase in numbers beyond 3 AU"

•  Jovian planets are often eccentric"
–  “No Circulars” "

•  The overall occurrence rate within 3 AU  
is about 7% (Cumming et al. 2008)"

•  Strong planet-metallicity correlation"
•  Power-law rise in occurrence toward lower 

planet masses (Howʼeʼal. 201*)"
– Super-Jupiters exist, but rare"
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The Planet-Metallicity Correlation"
Fischer & Valenti (2005)"
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Limited Mass Range"

Red Dwarfs"
M* < 0.6 M"

Jacob Beanʼs  
Talk"

"
“Massive” 

Stars"

M* >1.3 M "

“FGK” 
Dwarfs!
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High(er)-mass Stars"

Taking Advantage of 
Stellar Evolution"
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A Star: Vsini = 100 km/s"

K-type Subgiant: Vsini = 2 km/s"

Wavelength (Ang)"
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Many Teams, Many Planets 
Planet Detections Around >1.5 Msun Stars"
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Planets Around  
High(er)-mass Stars"



M* = 7.7 Msun 
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Giant Planet Occurrence  
vs. 

Stellar Mass"
f (Fe, M) = A0 10A1Fe × MA2	



"



Keck Observatory"Keck Observatory!
400 Massive, Evolved Stars 
900 Sun-like dwarfs  
300+ Low-mass M dwarfs!



Occurrence vs. Mass and Metallicity"

Nstars	
   Nplanets	
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Resulting Fit"
Johnson, Aller, Howard & Crepp (2010)"
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Johnson, Aller, Howard & Crepp (2010)"

First	
  Quandficadon	
  	
  
of	
  Stellar	
  Mass	
  
Dependence	
  

[Fe/H] = 0"N
um

be
r	
  o

f	
  p
la
ne

ts
	
  p
er
	
  st
ar
	
  



Metallicty and Core Acrretion"Provided there is gas 
left by this time!"

Mcrit=10 M⊕"

Early Growth: 
Sticking Coagulation"
Higher Mass or [Fe/H] means 
more raw materials and faster 
growth"

Mid-life Growth: 
Gravitational Attraction"

Late Growth: 
Rapid Gas Accretion "Greg Laughlin  

oklo.org"



Semimajor Axis 
vs. 

Stellar Mass"
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The	
  missing	
  planets	
  
are	
  mostly	
  low-­‐mass	
  



See	
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  et	
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  (2010)	
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Eccentricity 
vs. 

Stellar Mass"



Johnson & Bowler (2011 in prep)"
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NextGen: What Stars Are the  
Best Direct Imaging Targets?"

•  M Dwarfs "
– They make up 80% of nearby stars, and the 

planet-star contrast is favorable"
– But they donʼt frequently have giant planets"

•  A Stars (unretired)"
– High giant planet occurrence"
– Only make up ~2% of nearby stars"
– They are bright: poor contrast, but distant 

stars are still decent targets"

Crepp & Johnson (2011)"

Jusdn	
  Crepp	
  



Simulated Observing Programs"

•  Populate the nearby Galaxy (out to ~100 pc)"
– Use PDMF = Present-day Mass Function"

•  Populate the stars with planets according to 
Doppler results"
– Occurrence rate vs mass and metallicity "
–  dN/dMp ~ M-γ"

–  dN/dlog(a) = flat or power law out to amax"
•  First assume Doppler-based rates hold at  

large separations, then relax assumption 
•  Simulate observations at various contrast levels 

Crepp & Johnson (2011)"
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Crepp & Johnson  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Simulation Predictions"
•  A-stars will yield the highest planet- 

detection efficiencies"
•  With a large enough sample of  

age+brightness-selected stars, we  
may be able to distinguish formation  
mechanisms"
– Resembling RV-population (core accretion?)"
– Unlike RV-pop (disk instability?) "



Take-Away Points"
•  Stellar Mass Matters"
•  Occurrence is strongly correlated with  

stellar metallicity and mass!
–  First measurement of stellar mass relationship"
–  Informs planet formation models"

•  Planet properties change with stellar mass"
–  Paucity of gas giants around A stars within 1 AU"
–  Planets around A stars have lower eccentricities"

•  A stars make the best direct-imaging targets"
–  Natural youth and planeticity are keys"
–  The first detections will be diagnostics of planet 

formation mechanism (RV-like or not)"
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