
  

Toward a Unified Theory of Warm Neptune Atmospheres

Warm Neptunes are an abundant outcome of planet 
formation and bridge the gap between terrestrial planets 
and gas giants. Only a handful have been amenable to 
atmospheric study so far, as shown in the HST/WFC3 
spectral summary plot at left.  The transmission spectra 
show a continuum of properties, from strong H2O 
absorption (top; HAT-P-11b and HAT-P-26b) to flat lines 
(bottom; GJ1214b, GJ436b, and maybe HD 97658b).  

Examination of these data reveal two plausible 
correlations (Crossfield & Kreidberg, in prep.).  The 
amplitude of the H2O feature in scale heights (assuming 
a H/He-rich atmosphere) best correlates with the 
planet’s bulk H/H mass fraction (below left), or with the 
equilibrium temperature (below right). The former is 
broadly consistent with the idea that less volatile-rich 
planets have higher-metallicity atmospheres that 
suppress the scale height (e.g., Fortney+2013, 
Moses+2013); the latter is consistent with models 
predicting copious haze production below Teq~900 K 
(e.g., Morley et al. 2015).
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We have been awarded 127 HST 
orbits to expand the warm Neptune 
sample to four additional planets 
found by K2 (highlighted in red).
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Using the above relations and the 
simulated TESS yield, we predict 
~several dozen new warm Neptunes 
will be accessible to JWST:

Does the transmission 
signal scale with bulk 
volatile content?

If so, perhaps the smaller, 
denser planets have 
higher-MMW atmospheres 
that suppress spectral 
features. (However, this 
can’t work for GJ1214b; 
see Kreidberg+2014).

Does the transmission 
signal scale with planetary 
equilibrium temperature?

If so, perhaps planets 
below ~900 K experience 
increased photochemical 
haze production, which 
masks out spectral 
features (cf. Morley+2015).
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