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            Abstract
The interiors of giant planets remain poorly understood. Even for the planets in the Solar System, difficulties in observation lead to large uncertainties in the properties of planetary cores. Exoplanets that have undergone rare evolutionary processes provide a route to understanding planetary interiors. Planets found in and near the typically barren hot-Neptune ‘desert’1,2 (a region in mass–radius space that contains few planets) have proved to be particularly valuable in this regard. These planets include HD149026b3, which is thought to have an unusually massive core, and recent discoveries such as LTT9779b4 and NGTS-4b5, on which photoevaporation has removed a substantial part of their outer atmospheres. Here we report observations of the planet TOI-849b, which has a radius smaller than Neptune’s but an anomalously large mass of \(39.1{\,}_{-2.6}^{+2.7}\) Earth masses and a density of \(5.2{\,}_{-0.8}^{+0.7}\) grams per cubic centimetre, similar to Earth’s. Interior-structure models suggest that any gaseous envelope of pure hydrogen and helium consists of no more than \({3.9}_{-0.9}^{+0.8}\) per cent of the total planetary mass. The planet could have been a gas giant before undergoing extreme mass loss via thermal self-disruption or giant planet collisions, or it could have avoided substantial gas accretion, perhaps through gap opening or late formation6. Although photoevaporation rates cannot account for the mass loss required to reduce a Jupiter-like gas giant, they can remove a small (a few Earth masses) hydrogen and helium envelope on timescales of several billion years, implying that any remaining atmosphere on TOI-849b is likely to be enriched by water or other volatiles from the planetary interior. We conclude that TOI-849b is the remnant core of a giant planet.
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                    Fig. 1: Best-fitting model to the TESS, HARPS and NGTS data.[image: ]


Fig. 2: Mass–radius diagram of known exoplanets from the NASA exoplanet archive.[image: ]


Fig. 3: TOI-849b in the context of the hot-Neptune desert.[image: ]
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                Data availability


TESS data are publicly available at MAST (https://archive.stsci.edu/missions-and-data/transiting-exoplanet-survey-satellite-tess). The HARPS data used in this study are available within the paper or the Supplementary Information files and were collected under ESO programme ID 1102.C-0249. The NGTS (Data Tags 19249 and 19250), LCOGT (Data Tags 5106 and 5386) and specific detrended TESS light curve (Data Tag 19248) used in this work are available via the Exofop-TESS archive (https://exofop.ipac.caltech.edu/tess/).



Code availability


The PASTIS code has been published previously11,59. The latest version of the ARES code (ARES v2) is available at http://www.astro.up.pt/~sousasag/ares.
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Extended data figures and tables

Extended Data Fig. 1 Photometric data captured by the LCOGT network.
a, b, Data captured on the nights of 30 July 2019 ut (a) and 9 August 2019 ut (b). The best-fitting model is plotted in red and the binned data in orange. Error bars of individual points show one standard deviation. In the case of binned measurements, points and error bars show the weighted mean and its standard error, respectively.


Extended Data Fig. 2 HARPS activity correlation indicators.
a, HARPS radial velocities plotted against their bisector value. Colours represent the time of observation measured in BJD–2,400,000. b, As for a, for the FWHM of the CCF. No correlation is seen in either case. All error bars show one standard deviation.


Extended Data Fig. 3 Tests on the HARPS residuals.
a, CCF for the HARPS spectra computed using a G2V template. A Gaussian fit has been removed to leave the residual noise. No clear evidence of a contaminating star is seen. b, Periodogram of the HARPS RV residuals. No evidence of periodic structure is found. FAP represents false-alarm probability.


Extended Data Fig. 4 Collected high-resolution imaging results from AstraLux/CAHA, NaCo/VLT, HRCam/SOAR and Zorro/Gemini (562 nm).
a–c, Images from AstraLux (a), NaCo (b) and HRCam (c). d, Sensitivity curves for a–c and the Zorro 562-nm observation. Our simultaneous 832-nm Zorro observation provides a similar result. The 1% and 10% contrast curves are also plotted.


Extended Data Fig. 5 TOI-849 compared to field stars.
Abundance ratio [X/Fe] against stellar metallicity for TOI-849 (black) and for field stars from the HARPS sample (grey) with similar stellar parameters: Teff = 5,329 ± 200 K, logg = 4.28 ± 0.20 dex and [Fe/H] = +0.20 ± 0.20 dex. All error bars show one standard deviation.


Extended Data Fig. 6 Planet mass against time for three similar planets to TOI-849b in the Bern Population Synthesis models.
Grey shaded regions mark the parameters of TOI-849b. Stars mark the time of a giant impact. The inset shows the envelope mass, which is removed after collision.


Extended Data Table 1 List of stellar and planetary parameters used in the analysisFull size table


Extended Data Table 2 List of instrument parameters used in the analysisFull size table


Extended Data Table 3 Stellar properties of TOI-849Full size table


Extended Data Table 4 HARPS radial velocitiesFull size table
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