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            Abstract
Most known terrestrial planets orbit small stars with radii less than 60 per cent of that of the Sun1,2. Theoretical models predict that these planets are more vulnerable to atmospheric loss than their counterparts orbiting Sun-like stars3,4,5,6. To determine whether a thick atmosphere has survived on a small planet, one approach is to search for signatures of atmospheric heat redistribution in its thermal phase curve7,8,9,10. Previous phase curve observations of the super-Earth 55 Cancri e (1.9 Earth radii) showed that its peak brightness is offset from the substellar point (latitude and longitude of 0 degrees)—possibly indicative of atmospheric circulation11. Here we report a phase curve measurement for the smaller, cooler exoplanet LHS 3844b, a 1.3-Earth-radii world in an 11-hour orbit around the small nearby star LHS 3844. The observed phase variation is symmetric and has a large amplitude, implying a dayside brightness temperature of 1,040 ± 40 kelvin and a nightside temperature consistent with zero kelvin (at one standard deviation). Thick atmospheres with surface pressures above 10 bar are ruled out by the data (at three standard deviations), and less-massive atmospheres are susceptible to erosion by stellar wind. The data are well fitted by a bare-rock model with a low Bond albedo (lower than 0.2 at two standard deviations). These results support theoretical predictions that hot terrestrial planets orbiting small stars may not retain substantial atmospheres.
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                    Fig. 1: 4.5-μm thermal phase curve of LHS 3844b and best-fit temperature map.[image: ]


Fig. 2: Predicted emission spectrum for a range of surface compositions.[image: ]


Fig. 3: Predicted 4.5-μm eclipse depths for model atmospheres compared to the measured value.[image: ]


Fig. 4: Final atmospheric pressure after 5 Gyr of energy-limited atmospheric escape.[image: ]
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                Data availability

              
              The raw data used in this study are available at the Spitzer Heritage Archive, https://sha.ipac.caltech.edu/applications/Spitzer/SHA.

            

Code availability

              
              We processed and fitted the data with the open-source pipeline POET, which is available at https://github.com/kevin218/POET. We used the code version corresponding to commit ID adbe62e7b733df9541231e8d1e5d32b7e2cdad76.
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Extended data figures and tables

Extended Data Fig. 1 LHS 3844b phase curve compared to predictions for a bare rock.
The model (red line) assumes that the incident stellar flux is totally absorbed (zero Bond albedo) and is reradiated instantaneously and isotropically. The error bars correspond to 1σ uncertainties.


Extended Data Fig. 2 LHS 3844b light curve and diagnostics.
The top panel shows the normalized light curve (‘Norm. Flux’; points) and best fit model (red line). The data are binned in 10-min increments. Regions marked in grey were masked in the fit because of time-correlated noise in the residuals. The second panel shows the residuals (‘Resid.’) to the best-fit model. The recorded flux in microjanskys is given in the third panel. The fourth and fifth panels from the top show the shift in X (‘ΔX’) and Y (‘ΔY’) of the target centroid on the detector. The two bottom panels show the width of the PRF in the X (‘PRFX’) and Y (‘PRFY’) directions. Changes in telescope pointing are marked with dashed vertical lines. The gap after 2.5 days is due to the break for data downlink.


Extended Data Fig. 3 Allan deviation for the residuals from the full fit of the phase curve.
The data decrease as expected, with the photon noise on timescales from 2 s (one exposure) to 5.5 h (104 exposures).


Extended Data Fig. 4 Independent transit and eclipse fits.
a, Spitzer transit of LHS 3844b at 4.5 μm, decorrelated using PLD (see text) and phased and binned for clarity. b, Spitzer secondary eclipse of LHS 3844b at 4.5 μm, decorrelated in a manner similar to the transit, but using a different binning. (The binning used in this figure is merely for illustration, and it is not the same as the binning used by our PLD code.) Blue lines represent the fits. The error bars correspond to 1σ uncertainties.


Extended Data Fig. 5 Best-fit spectral energy distribution for LHS 3844.
The red points are measurements, and the purple points represent the stellar model binned over each photometric bandpass. The vertical error bars represent 1σ uncertainties. The horizontal error bars represent photometric bandpasses.


Extended Data Fig. 6 Thermal phase curve of LHS 3844b in the Spitzer bandpass as a function of surface pressure, simulated with the GCM flexible modelling system42,43,44.
We used semi-grey radiative transfer and increased the long-wave optical thickness linearly with surface pressure, τLW = ps/(1 bar). The grey region shows the measured secondary eclipse with 1σ uncertainty, coloured lines show simulated phase curves and crosses show the dayside eclipses predicted by our analytic scaling. Thin atmospheres with surface pressure lower than 1 bar are indistinguishable from bare rock, whereas thick atmospheres become increasingly uniform.
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