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:%Plot from Bruce Macintosh, James Graham & GPI Team 
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GQ Lup       2M1207      AB Pic
    

J1609 
Lafreniere et al. 2008 

Fomalhaut 
Kalas et al. 2008 

HR 8799 
Marois et al. ’08,’10 

Beta Pic 
Lagrange et al. 2009 
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2M1207b:  55 AU from a BD host   Fomalhaut b: 119 AU from an A star  
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Visible light:  Fomalhaut 
Orbital motion: Fomalhaut, HR 8799, ! Pic and GQ Lup 

What is a planet?  Formation matters? 

C=,-4+%B-+-4G06%F$"6-+%4"6B=B"+-'%

Starting in 2011: 
Gemini Planet Imager 
And SPHERE 
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Marley et al 2007 

Hot start 

Cold Start 

How do planet form?   
Hot Start vs. Cold Start  

Ages? 
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“This  process  of  drag-- mediated   gravitational  focusing  
leads  to  fast  growth,  rendering  core  accretion  plausible  
out  to  distances  at  which   directly  imaged  planets  have  
been  observed.” 

)*+,-.-%40,-%"44,-G06i%

Tuesday 
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Non-local equilibrium chemistry (non-LCE) 
Intermediate clouds (ICM) 
Low Teff (1000 K), High N(CO) for 2M1207b 

Barman et al. 2011 

“The primary lesson… is that atmospheric clouds and chemistry can 
dramatically alter the spectral shape and potentially lead to errors in 
effective temperature as great as 50%.” 

See Poster by Robert King et al.  

For HR 8799, see 2011 papers by 
Madhusudhan et al., Currie et al., 
Barman et al.  
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Teff = 400 K, M = 1.7 – 3.5 MJ  

•  Detected at optical wavelengths (HST ACS & STIS) 
•  Not detected at infrared wavelengths (Gemini & Keck) 
•  Age is 400 Myr instead of 200 Myr?  (Eric Mamajek) 
•  Optical light is reflected from circumplanetary rings? 

Kalas et al 2008 
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See also poster by Megan Shabram 
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Observations 

1984 

1998 

2004 

2007+ 

Theory 

1700 
Many EXTREME debris disks 

Planet-Disk dynamics give constraints 
on planet masses & orbital properties 

Fitzgerald talk  
Tuesday 
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•   Is Beta Pic b responsible for the warp? 
•   If so, why is the planet plane inclined 5˚ away from the 
main disk midplane? 

Okamoto et al. 2005 
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Southern Hemisphere:  Gemini Planet Imager 
      VLT/SPHERE 

Northern Hemisphere   Palomar 1640 
      Subaru HiCIAO+SCeXAO 
      Large Binocular Telescope 

General Properties:   
1)  Extreme Strehl ratios, better than 85% at H 
2)  Extreme contrast; #H > 15 mag at 0.5” radius 

Observations beginning 2012 
Need “extremely” bright host stars (9th mag or brighter) 
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Extreme Adaptive Optics Systems  !
2012 - 2015  

Direct Detections 
Add 100+ rows from GPI  

and SPHERE results, also 
SEEDS, 1640, LBT, JWST 

Gemini Planet Imager 
.berkeley.edu 

When:  Mid - 2012 
Where:   Gemini South 
Who:   PI Bruce Macintosh 
How:  High-order AO with coronagraphy 
What:   0.9 – 2.4 µm, mI < 9 mag stars, 

  polarimetry, R~100 spectroscopy 
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Expected detection rate:  4% - 8% (cold vs. hot start) 
      or 25-50 exoplanets 
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