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Introduction:  Potentially habitable planets can orbit 
close enough to their host star that the differential 
gravity across their diameters can produce an elongat-
ed shape [1,2]. Frictional forces inside the planet pre-
vent the bulges from aligning perfectly with the host 
star and result in torques that alter the planet's rotation-
al angular momentum. Eventually the tidal torques fix 
the rotation rate at a specific frequency, a process 
called tidal locking. Tidally locked planets on circular 
orbits will rotate synchronously, but those on eccentric 
orbits will either librate or rotate super-synchronously. 
Although these features of tidal theory are well-known 
[3], a systematic survey of the rotational evolution of 
potentially habitable exoplanets using classic equilibri-
um tide theories has not been undertaken. I calculate 
how habitable planets evolve under two commonly-
used ssumptions, which I call the constant-phase-lag 
(CPL) and constant-time lag (CTL) models, to re-
evaluate the impact of tides on known exoplanets, and 
those that will be discovered by future space missions. 
 
Results: Assuming the modern Earth's tidal properties 
are applicable to exoplanets, I find, for example, that 
the CPL model predicts that an Earth twin with no sat-
ellite and an initial rotation period of 3 days will reach 
synchronous rotation after 4.5 Gyr. Lower mass stellar 
hosts will induce stronger tidal effects on potentially 
habitable planets, so tidal locking is possible for terres-
trial planets in the HZ of any GKM dwarf star, see Fig. 
1. For fast rotators, both models predict eccentricity 
growth and that circularization can only occur once the 
rotational frequency is similar to the orbital frequency. 
The orbits of potentially habitable planets of very late 
M dwarfs (<0.15 solar masses) are very likely to be 
circularized within 1 Gyr and hence most of those 
planets will be synchronous rotators.  
 The evolution of the isolated and potentially 
habitable Kepler planet candidates is computed and 
about half could be tidally locked. Finally, projected 
TESS planets are simulated over a wide range of as-
sumptions, and the vast majority of all cases are found 
to tidally lock within 1 Gyr, see Fig. 2. These results 
suggest that the process of tidal locking is a major fac-
tor in the evolution of most of the potentially habitable 
exoplanets to be discovered in the near future. 

 
References: [1] Dole, S. (1964) Habitable Planets for 
Man. Rand Corp. [2] Kasting, J. et al. (1993), Icarus, 
101, 108-128. [3] Goldreich, P. (1966), AJ, 71, 1. [4] 
Barnes, R. et al. (2015), ApJ, 814, 91. [5] Sullivan, P. 
et al. (2015), ApJ, 809, 77.  

 
Figure 1: A comparison of the HZ and the radii of 
tidal locking obtained in this study and [2]. The grey 
regions are the HZ. The dashed red curve is the tidal 
lock radius for the model used by [2] (Earth-mass, 13.5 
day spin period, 4.5 Gyr age). The dotted black line is 
for a 1 Earth-mass planet with an initial spin period of 
8 hr, an obliquity of 60°, a 1 Gyr age, and the CTL 
model. The solid black line is for the CPL, and initial 
spin period of 10 days, 0 obliquity, and 10 Gyr . 

 
Figure 2: Maximum timescale for tidal locking, HITE 
values, see [4], and apparent J band magnitudes of 
potentially habitable, planets predicted for TESS from 
[5]. These predictions assume a tidal Q of 100, and 
initial rotation periods and obliquities of 8 hr and 60°, 
respectively. The circles correspond to planets for 
which only one planet is detected, x's correspond to 
planets in multiplanet systems. Dot and x sizes are 
proportional to the HITE value. 
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