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Introduction:  The recent discovery of a terrestrial 
mass planet orbiting Proxima Centauri has generated 
renewed interest in the stellar system system Alpha 
Centauri, of which Proxima may be a member. If Prox-
ima is, or was, gravitationally bound to Alpha Cen, the 
galactic tide and stellar encounters play an important 
role in the history of the system. These forces can drive 
wide binary systems into highly eccentric orbits, lead-
ing to close encounters between the stars. As shown by 
previously [1], planetary systems orbiting either star 
can be disrupted by these close passages. 

Furthermore, because of the observed high abun-
dance of heavy elements of these stars, this triple sys-
tem almost certainly formed within about 4.5 kpc of 
the galactic center, and hence has undergone signifi-
cant radial migration [2]. The time spent in a higher 
density environment makes close encounters between 
the stars more likely by increasing the tidal force and 
the frequency of stellar encounters. 

Methods: We use a secular model for the galactic 
tides [3] and a Monte-Carlo scheme [4] for the stellar 
encounters to model possible histories of the Alpha 
Centauri system. We use a simple radial migration 
scheme, scaling the densities according to galaxy mod-
els [5], with randomly selected initial radial distances 
and migration times. Initial orbital properties for Prox-
ima are also randomly selected. 

Results:  Approximately one third of initial condi-
tions considered lead to encounters between Proxima 
and Alpha Cen AB within 200 au. Extrapolating from 
the planetary disruption scenarios presented in [1], 200 
au is approximately the distance at which we would 
expect to see damaging effects on an extended plane-
tary system, if Proxima has or ever had one. Proxima b 
is likely too deep within Proxima’s potential well to be 
disrupted, but close encounters may excite its eccen-
tricity and lead to tidal heating. Such tidal heating can 
impact Proxima b’s habitability by generating addi-
tional heat and affecting outgassing rates. 
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Figure 1: Evolution of Proxima’s orbit in one sim-
ulation over 7 Gyr. The semi-major axis is represented 
in blue, periastron in orange, and apastron in red. The 
dashed vertical line shows the time of migration, when 
the system moves from 3.8 kpc from the galactic cen-
ter to the solar neighborhood.  

Figure 2: Histogram showing the number of simu-
lations in which Proxima’s periastron reaches within a 
given distance of Alpha Cen AB, as a function of initial 
semi-major axis. About 1/3 of cases get within 200 au.
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