
The Atmosphere of a Super-Puff: Transmission Spectra of Kepler 51b

The Kepler 51 planets transit a young (~500Myr) G type star with periods of 
45, 85, and 130 days. With TTV derived masses of 2.1, 4.0, and 7.6 Earth 
masses (Masuda 2014), as well as their larger orbital periods, the Kepler-51 
planets belong to a rare group of extreme low-mass low-density planets: 
the Super-Puffs (Lee and Chiang 2016).

Kepler 51b and d have scale heights of 5000 km and 2000km, 10x larger 
than a typical hot-Jupiter. As the amplitude of features in the transmission 
spectra are proportional to scale height, Kepler 51b and d are prime 
targets for atmospheric investigation. We do not observe Kepler 51c as it 
is a grazing transit, making transmission spectroscopy challenging. 

We observe two transits of Kepler 51b. We use our white light curves to fit for 
mid-transit time, transit depth and parameters of an instrumental systematics 
model based on an analytic exponential ramp (Kreidberg et al. 2014, 

We find our two visits to be consistent with each other with a p-value of 
0.23. Our transmission spectrum of Kepler 51b fits a flat line with a 
reduced 𝝌2 of 0.998. We infer several possible explanations for this flat 
spectrum: 1. high altitude hazes/clouds, 2. the TTV mass estimate of 
Kepler 51b is incorrect, 3. the mean molecular weight of the atmosphere 
is higher than expected. From Lopez and Fortney 2013, the H/He 
fraction in an atmosphere is set by the radius, independent of the mass. 
For Kepler 51b, the low densities require a mass fraction of 20% H/He. 
Thus we rule out the third possibility.
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Scientific Justification

Results from Kepler indicate 25% of Sun-like stars host at least one planet with a radius
between 2R� and 4R� and an orbital period < 100 days (Fressin et al., 2013; Petigura et al.,
2013). Mass measurements of a subset of these planets suggest that most have densities
low enough to require the presence of significant gaseous envelopes (Rogers, 2015). These
warm low-mass, low-density exoplanets clearly represent a common conclusion of the planet
formation process, yet none exist in the Solar System. To understand what these planets are
made of, how they formed, and how they evolve over time, we must study the most favorable
exoplanets in more detail.

We identify the Kepler-51 transiting multiplanet system as an ideal laboratory to address
these questions. Two planets in the Kepler-51 system have well-constrained masses and radii
that place them at an extreme of the low-mass, low-density population. These planets are
young, easy to observe with transmission spectroscopy, and provide a unique opportunity
to study multiple planets formed from the same protoplanetary disk. We propose to
use WFC3/IR to measure transmission spectra for two of the planets in the
Kepler-51 system. These observations will provide a first look at young low-mass
planets still in the midst of thermal contraction and enable the best comparative
atmospheric study for more than one transiting exoplanet in the same planetary
system.

The Kepler-51 Planets Have Extremely Low Densities

The Kepler-51 multiplanet system contains three validated transiting exoplanets (Ste↵en
et al., 2013; Rowe et al., 2014). The planets orbit a 1.0M� star with orbital periods of
45, 85, and 130 days (near a 1:2:3 resonance), exhibiting strong transit timing variations
(TTVs). By analyzing these TTVs, Masuda (2014) constrained the masses of the planets to
be m51b = 2.1+1.5

�0.8M�, m51c = 4.0 ± 0.4M�, and m51d = 7.6 ± 1.1M�. The middle planet
(c) has a grazing transit geometry and a poorly constrained radius, but the b and d planets
(the subjects of this proposal) have radii of 7.1± 0.3R� and 9.7± 0.5R� respectively.

Kepler-51b and Kepler-51d have low mean densities: 0.03+0.02
�0.01 g/cm3 and 0.046± 0.009

g/cm3 (see Figure 1). Low densities are not only scientifically interesting, but also favorable
for atmospheric study, due the increased atmospheric scale height. The densities of the
Kepler-51 planets are so low that the initial reports were met with skepticism. However,
other systems with very low-density planets have been reported by multiple investigators
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If the atmosphere of Kepler-51b were cloud-free, we would expect to 
see large amplitude molecular signatures. Instead we observe a flat 
transmission spectrum for Kepler-51b. We are also investigating the 
transmission spectrum of Kepler 51d. A comparison between these two 
planets will offer insight into the atmospheres of both these planets and 
may resolve the cause behind the flat transmission spectrum of 
Kepler-51b.


