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than 30 minutes, indicating notable mutual interactions between the  
planets10–12 (Extended Data Figs 2, 3).

In a second phase, we carried out a global MCMC analysis of the 
transits observed by Spitzer to constrain the orbital and physical param-
eters of the seven planets. We decided to use only the Spitzer data owing 
to their better precision compared with most of our ground-based data, 
and because of the minimal amplitude of the limb darkening at 4.5 µ m; 
these factors strengthen the constraints possible on the transit shapes, 
and thus on the stellar density—and, by extension, on the physical and 
orbital parameters of the planets13. We assumed circular orbits for all of 
the planets on the basis of the results of n-body dynamical simulations, 
which predicted orbital eccentricities of less than 0.1 for the six inner 

planets (Table 1); the orbital eccentricity of the outer planet, h, cannot 
be constrained from a single transit. This global analysis assumed the  
a priori knowledge of the star that is described in ref. 1 (see Methods). 
To account for substantial planet–planet interactions, we included 
TTVs as free parameters for the six inner planets. We used each planet’s 
transit ephemeris (derived in the first phase) as a prior on the orbital 
solution.

In a third phase, we used the results obtained above to investigate 
the TTV signals themselves. By performing a series of analytical and 
numerical n-body integrations (see Methods), we could determine 
initial mass estimates for the six inner planets, along with their orbital 
eccentricities. We emphasize the preliminary nature of this dynamical 
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Figure 1 | The TRAPPIST-1 system as seen by Spitzer. a, b, Top, 
the dark points represent photometric measurements resulting from 
the near-continuous observation of the star by the Spitzer Space 
Telescope from 19 September 2016 to 10 October 2016. The light grey 
points represent ground-based measurements (binned per 5 minutes 
for clarity) gathered during gaps in the Spitzer coverage. Coloured 
diamonds show the positions of the planetary transits. c, Period-folded 
photometric measurements obtained by Spitzer near the transits of planets 
TRAPPIST-1b to TRAPPIST-1h, corrected for the measured TTVs. 
Coloured dots show the unbinned measurements; open circles depict 
binned measurements for visual clarity. The 1σ error bars of the binned 

measurements are shown as vertical lines. The best-fit transit models are 
shown as coloured lines. 16, 11, 5, 2, 3, 2 and 1 transits were observed by 
Spitzer and combined to produce the shown light curves for planets b, c, 
d, e, f, g and h, respectively. d, Representation of the orbits of the seven 
planets. The colour code matches that in a–c. The grey annulus and the 
two dashed lines represent the zone around the star in which abundant, 
long-lived liquid water (that is, oceans) could exist on the surfaces of an 
Earth-like planet, as estimated under two different assumptions in  
ref. 6. The relative positions of the planets correspond to their orbital 
phases during the first transit we detected on this star—a transit by 
TRAPPIST-1c. The observer is located on the right hand-side of the plot.
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TRAPPIST-1 PLANETS: ARE THEY REALLY HABITABLE?


