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A giant comet-like cloud of hydrogen escaping the
warm Neptune-mass exoplanet GJ 436b
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Exoplanets orbiting close to their parent stars may lose some frac-
tion of their atmospheres because of the extreme irradiation'®
Atmospheric mass loss primarily affects low-mass exoplanets, lead-
ing to the suggestion that hot rocky planets’® might have begun as
Neptune-like'*'¢, but subsequently lost all of their atmospheres;
however, no confident measurements have hitherto been available.
The signature of this loss could be observed in the ultraviolet spec-
trum, when the planet and its escaping atmosphere transit the star,
giving rise to deeper and longer transit signatures than in the
optical spectrum'’. Here we report that in the ultraviolet the
Neptune-mass exoplanet GJ 436b (also known as Gliese 436b)
has transit depths of 56.3 = 3.5% (1), far beyond the 0.69% optical
transit depth. The ultraviolet transits repeatedly start about two
hours before, and end more than three hours after the approxi-
mately one hour optical transit, which is substantially different
from one previous claim® (based on an inaccurate ephemeris).
We infer from this that the planet is surrounded and trailed by a
large exospheric cloud composed mainly of hydrogen atoms. We
estimate a mass-loss rate in the range of about 10°-10” grams per
second, which is far too small to deplete the atmosphere of a
Neptune-like planet in the lifetime of the parent star, but would
have been much greater in the past.
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Figure 1 | Evolution of the hydrogen Lyman-a emission line of GJ 436.

Black-line: out-of-transit
Blue-line: pre-transit
Green-line: in-transit
Red-line: post-transit
Gray-dot line: GJ436 spectrum
(Ehrenreich+2011)
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Figure 2 | Lyman-a transit light curves of GJ 436b. a, b, Data are from visit 1
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Figure 3 | Particle simulation showing the comet-like exospheric cloud
transiting the star, as seen from Earth. GJ 436b is the small black dot
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Figure 4 | Polar view of three-dimensional simulation representing a slice
of the comet-like cloud coplanar with the line of sight. Hydrogen atom



