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            Abstract
Planets with sizes between that of Earth (with radius [image: ]) and Neptune (about 4[image: ]) are now known to be common around Sun-like stars1,2,3. Most such planets have been discovered through the transit technique, by which the planetâ€™s size can be determined from the fraction of starlight blocked by the planet as it passes in front of its star. Measuring the planetâ€™s massâ€”and hence its density, which is a clue to its compositionâ€”is more difficult. Planets of size 2â€“4[image: ] have proved to have a wide range of densities, implying a diversity of compositions4,5, but these measurements did not extend to planets as small as Earth. Here we report Doppler spectroscopic measurements of the mass of the Earth-sized planet Kepler-78b, which orbits its host star every 8.5â€‰hours (ref. 6). Given a radius of 1.20â€‰Â±â€‰0.09[image: ] and a mass of 1.69â€‰Â±â€‰0.41[image: ], the planetâ€™s mean density of 5.3â€‰Â±â€‰1.8â€‰gâ€‰cmâˆ’3 is similar to Earthâ€™s, suggesting a composition of rock and iron.
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                    Figure 1: Apparent radial-velocity variations of Kepler-78.[image: ]


Figure 2: Masses and radii of well-characterized planets.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Wavelength-calibrated spectra of three stars near the age-sensitive Liâ€‰i line (6,708â€‰Ã…).
This line is not detected in the Kepler-78 spectrum, suggesting that lithium has been depleted, consistent with an age exceeding half a billion years for this K0 star. The lithium line is also not detected in the 4.6-billion-year-old Sun. (Gyr, billion years; Myr, million years.) It is clearly seen in the rotationally broadened spectrum of [PZ99]â€‰J161618.0â€‰âˆ’â€‰233947, a star whose spectral type (G8) is similar to that of Kepler-78, but that is much younger (about 11 million years)43. Additional iron and calcium lines are labelled.


Extended Data Figure 2 Correlations between model parameters in the transit analysis.
Greyscale contours denote confidence levels, with thick black lines highlighting the 1Ïƒ, 2Ïƒ and 3Ïƒ contour levels. The strongest correlations are between transit depth, scaled semi-major axis and impact parameter.


Extended Data Figure 3 Apparent radial-velocity variations of Kepler-78 for the offset-slope model.
The top panel shows the complete 45-day time series of relative radial velocities (red filled circles). Eight grey boxes highlight nights of intensive observations. The measurements from these nights are shown in the eight subpanels. In each subpanel, the radial velocities (red filled circles) and best-fit offset-slope model (solid black line) are shown. The radial-velocity curves for 100 randomly selected models from the MCMC chain are underplotted in grey, showing the range of variation within the model distribution.
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A few exoplanets of about the size or mass of Earth have been discovered. Now, for the first time, both size and mass have been determined for one of them. Kepler-78b, first described in August this year, is close-in to its host star, which it orbits every 8.5 hours. Two groups have been able to exploit the closeness of planet and star to make Doppler spectroscopic measurements of the mass of Kepler-78b. The teams, led by Andrew Howard and Francesco Pepe, used different telescopes to arrive at mass estimates of 1.69 Â± 0.41 and 1.86 +0.38/âˆ’0.245 Earth masses, respectively. They calculate the planet's mean density at 5.3 and 5.57 g cmâˆ’3, very similar to Earth's and consistent with an Earth-like composition of rock and iron.
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