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Exoplanet Transit and Eclipse 

Relative obscuration by planet ~ 10-3 
 

Relative transmission of starlight 
through planet atmosphere ~ 10-4 
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Fraction of time in 
eclipse ~ 10-2 

Transit 

Seager & Deming (2010) 
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Exoplanet Orbit Database 
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Detection of Spectral Features 



Possible Detection of 
Water in Exoplanets 

(Hot Jupiters) 

Deming et al. 2013,arXiv1302.1141 

Exoplanetary Transmission Spectroscopy 17

Fig. 3.— Transits observed in spatial scan mode: HD209458b (top) and XO-1b (bottom), integrating over the entire grism bandpass (‘white

light’). No attempt was made to remove systematic effects by divide-oot methodology (Berta et al. 2012); these are purely ‘as observed’. The

blue curves are fit to the data by varying Rp/Rs and a correction to the time of central transit, but fixing other parameters at the values

given by Knutson et al. (2007a) and Burke et al. (2010).

1.38μ	
  H2O	
  absorp1on	
  	
  

Spectra	
  

Time	
  

24 Deming et al.

Fig. 10.— Our results for transmission spectra for HD209458b and XO-1b in the WFC3 bandpass, compared to models based on Spitzer

secondary observations (blue lines). The spectral resolving power of these measurements is λ/δ(λ) ≈ 70. The amplitude of the 1.4µm water

absorption is about 200 parts-per-million (ppm) in both cases, but the errors are smaller for HD209458b due to the greater photon flux. The

ordinate (transit depth) is R2
p/R

2
s , but Rp/Rs is shown by the scale on the right, and the red bars indicate the pressure scale heights for both

planetary atmospheres. The water absorption we detect is about two pressure scale heights.
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M87Jet 

Galaxy M87 Jet 



JetSimula1on	
  

Accretion Disk with ‘Magnetorotational Instability’ 
(Balbus, S. & Hawley, J. 1991, ApJ, 376, 214) 

Meier, Koide, & Uchida. 2001, Science, 291, 84  

Fragile et al. 2009, ApJ, 691, 482  
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2-Degree COSMOS Field 

Dark Matter 

Massey et al. 2007, Nature, 445, 286 



Dark Matter 

Coe, D. et al. 2010, ApJ, 723, 1678 
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Hubble Deep Field 
Redshifts 
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Photometric Redshifts 

Dahlen et al. 2010, ApJ, 724, 425 
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Computer Model of Evolving Universe 
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Computer Simulation of 
2 Colliding Galaxies 



Formation of Massive 
Central Core 
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Stars Orbiting Center of the Milky Way Galaxy 
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MACSJ0647.7+7015 

Coe et al. 2013 ApJ 762 32  


