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Introduction: The recently discovered planet 
Proxima Centauri b, the closest known exoplanet, is a 
small and potentially terrestrial world residing in the 
habitable zone of its host star [1]. Whether or not it is 
habitable, however, depends on many factors, since a 
host of planetary, stellar, and even galactic processes 
can fundamentally affect the planet’s ability to support 
life [2]. Here we focus on how the coupled evolution 
of the star, the planetary atmosphere, and the planetary 
surface may have contributed to the loss of vast 
amounts of water from Proxima Centauri b, potentially 
rendering the planet uninhabitable. 

Low mass M dwarfs such as Proxima Centauri ex-
perience a prolonged and extremely active pre-main 
sequence phase, during which the bolometric luminosi-
ty is a factor of several higher and the X-ray/extreme 
ultraviolet (XUV) flux is orders of magnitude higher 
than the respective values during the main sequence 
[3]. Exposed to such high levels of radiation, a water-
rich Proxima Centauri b would have spent its first 
~200 Myr in a runaway greenhouse, losing photolyti-
cally-produced hydrogen to space in a vigorous XUV-
driven hydrodynamic wind and thus depleting its sur-
face water reservoir. 

Methods: We present our ongoing efforts to model 
the history of water loss from Proxima Centauri b. We 
couple a stellar evolution model [4] to a 1D hydrody-
namic escape model [5] and a simple O+H photochem-
istry scheme to model the escape of hydrogen from the 
planet and the evolution of its surface and atmospheric 
water content. We simultaneously model the absorp-
tion of photolytically-produced oxygen by a surface 
magma ocean, whose evolution we model similarly to 
[6], to obtain predictions for the present-day atmos-
pheric oxygen abundance on Proxima Centauri b. 

Results: Preliminary results suggest that Proxima 
Centauri b may have lost several Earth ocean equiva-
lents of water and built up massive amounts of O2 in its 
atmosphere over its ~5 Gyr lifetime. The Figure shows 
the water loss as a function of time for a simple ener-
gy-limited escape model and no photochemistry. Near-
ly 10 terrestrial oceans (TO) are lost in these simula-
tions. We are currently developing a fully coupled 
model to address the detailed effects of photochemistry 

and interactions with a magma ocean at the surface; the 
inclusion of these effects will likely change the values 
reported here. Nevertheless, such extreme water loss 
may have permanently compromised the planet’s abili-
ty to host life, while the abiotic oxygen could be abun-
dant enough to be mistaken for a biosignature in future 
spectroscopic observations of the planet. A complete 
picture of the evolution of water on Proxima Centauri 
b is critical to understanding the planet’s present-day 
habitability. 
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Figure:	Evolution	of	 the	water	 content	of	Proxima	
Centauri	b	in	terrestrial	oceans	(TO)	as	a	function	of	
time	 for	 initial	 inventories	 of	 1	 (light	 blue),	 3	
(purple),	 5	 (gold),	 and	 10	 (blue)	 TO.	 Solid	 lines	
correspond	to	model	runs	with	inefficient	O2	surface	
sinks,	 while	 dashed	 lines	 correspond	 to	 runs	 in	
which	O2	is	absorbed	by	a	surface	magma	ocean	at	
the	rate	it	is	produced.	
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