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            Abstract
White dwarfs represent the last stage of evolution of stars with mass less than about eight times that of the Sun and, like other stars, are often found in binaries1,2. If the orbital period of the binary is short enough, energy losses from gravitational-wave radiation can shrink the orbit until the two white dwarfs come into contact and merge3. Depending on the component masses, the merger can lead to a supernova of type Ia or result in a massive white dwarf4. In the latter case, the white dwarf remnant is expected to be highly magnetized5,6 because of the strong magnetic dynamo that should arise during the merger, and be rapidly spinning from the conservation of the orbital angular momentum7. Here we report observations of a white dwarf, ZTF J190132.9+145808.7, that exhibits these properties, but to an extreme: a rotation period of 6.94Â minutes, a magnetic field ranging between 600Â megagauss and 900Â megagauss over its surface, and a stellar radius of \({2140}_{-230}^{+160}\) kilometres, only slightly larger than the radius of the Moon. Such a small radius implies that the starâ€™s mass is close to the maximum white dwarf mass, or Chandrasekhar mass. ZTF J190132.9+145808.7 is likely to be cooling through the Urca processes (neutrino emission from electron capture on sodium) because of the high densities reached in its core.
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                    Fig. 1: Gaia colourâ€“magnitude diagram.[image: ]


Fig. 2: ZTF J1901+1458 lightcurve.[image: ]


Fig. 3: ZTF J1901+1458 optical spectrum.[image: ]


Fig. 4: Massâ€“radius relation.[image: ]
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                Data availability

              
              Upon request, I.C. will provide the reduced photometric lightcurves and spectroscopic data, and available ZTF data for the object. The spectroscopic data and photometric lightcurves are also available in the GitHub repository https://github.com/ilac/ZTF-J1901-1458. ZTF data are accessible in the ZTF database. The astrometric and photometric data are already in the public domain, and they are readily accessible in the Gaia and Pan-STARSS catalogues and in the Swift database.
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Extended data figures and tables

Extended Data Fig. 1 Photometric fit.
The blue solid line shows the best-fitting model spectrum, fitted to Pan-STARRS and Swift photometry to determine Teff, Râ�Ž and E(BÂ âˆ’Â V). The synthetic photometric values (obtained from the black line) are shown in red. The Swift values are shown in green with 1Ïƒ error bars and the Pan-STARRS values in blue with the error that we chose to account for the photometric variability (0.02Â mag).


Extended Data Fig. 2 Gaia E(BÂ âˆ’Â V) of the closest stars.
The plot shows the extinction AG as measured by Gaia of the stars within 5 degrees of ZTF 1901+1458 as a function of distance and converted to E(BÂ âˆ’Â V) assuming a reddening law with RV = 3.1. We use the average reddening or the closest stars as a prior for the fitting. The error bars show 1Ïƒ errors.


Extended Data Fig. 3 Corner plots.
Corner plots for the photometric fitting: results for the model atmospheres of Tremblay et al.43 (left) and Bohlin et al.45 (right).


Extended Data Fig. 4 Phase-resolved spectra, blue side.
The LRIS phase-resolved spectra of ZTF J1901+1458 in the blue side. Some small variations can be observed in the spectral features with phase, especially in features at ~4,600Â Ã… and at ~3,800Â Ã….


Extended Data Fig. 5 Phase-resolved spectra, red side.
The LRIS phase-resolved spectra of ZTF J1901+1458 in the red side. Some small variations can be observed in the spectral features with phase: in particular, the feature at ~6,620Â Ã… becomes broader and narrower with phase.


Extended Data Table 1 Photometric data for ZTF J1901+1458Full size table


Extended Data Table 2 Identified Balmer transitionsFull size table
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