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Discovery of GJ 3470b
Bonfils+2012

Search for exoplanets around M dwarfs 
(“The shortcut to happiness”)

HARPS@ESO 3.6m

TRAPPIST



Characterisation 
of the transit light curve
Demory+2013 Spitzer/IRAC@4.5µm
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Mass-radius diagram
Demory+2013
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Atmospheric 
characterisation  

of GJ 3470b



Broad-band visible & NIR 
transit photometry
Fukui+2013

scaled from Howe & Burrows (2012) 
700-K “cloudless” atmosphere w/ 0.1-µm tholins (1000 cm-3)



“Observer’s” clouds
e.g., Berta+2014



Dual-band transit photometry
Nascimbeni+2013

LBT U band LBT Narrow NIR band



Dual-band transit photometry

Models scaled from  
Howe & Burrows 2012 
!
-Perfect gas  
-Hydrostatic equilibrium 
H = kT / µg 
g = G Mp / Rp2 

!
-Dust/haze particles  
vertical, size distribution 
& number density???

Nascimbeni+2013
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NIR spectroscopy+models
Crossfield+2013

T. Barman’s

Cloud-free PHOENIX models in chemical equilibrium 
or w/ carbon abundance set to 0



NIR spectroscopy+models
Crossfield+2013

T. Barman’s



Crossfield+2013

Nascimbeni+2013



H2O? 
@1.38 µm



Hubble Space Telescope 
Wide Field Camera-3 (WFC3) 

Slitless spectroscopy 1.1–1.7 µm

“What is the nature of GJ 3470b, the missing 
link between super-earths and neptunes?”



Berta+2012 • Gibson+2012 • Deming+2013 • Kreidberg+2014 • Knutson+2014a,b • Mandel+2013 • Rajan+2014 • Wilkins+2014

GJ 436b
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GJ 1214b



Transmission spectrum of GJ 1214b
Berta+2012

3 transits



Transmission spectrum of GJ 1214b
Kreidberg+2014

12 transits!



HST/WFC3 data  
(“stare mode”)



HST/WFC3 “white” light curve



HST/WFC3 “white” light curve





Precision of 0.15% in Rp / R★ per 40-nm bin



Transmission spectrum of GJ 3470b
Ehrenreich+2014







Howe & Burrows (2012) ➡ tholin refraction indices from Khare (1984)

Ehrenreich+2014



Ehrenreich+2014



Ehrenreich+2014



Summary
• Transmission spectrum of GJ 3470b from 0.4 to 5 µm"

• Hint of scattering in the visible"

• Featureless in the NIR and IR"

• Blue sky over a sea of clouds?"

• Where is the water?"

• Observations of the integrated limb



“Searching for blue sky on a warm neptune” 
submitted to HST Cycle 22



HOWEVER, 
here’s an alternative (ad-hoc) scenario



Oshagh+2014, submitted
Stellar activity?
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