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            Abstract
Interacting compact binary systems provide a natural laboratory in which to study irradiated substellar objects. As the mass-losing secondary (donor) in these systems makes a transition from the stellar to the substellar regime, it is also irradiated by the primary (compact accretor)1,2. The internal and external energy fluxes are both expected to be comparable in these objects, providing access to an unexplored irradiation regime. The atmospheric properties of donors are largely unknown3, but could be modified by the irradiation. To constrain models of donor atmospheres, it is necessary to obtain accurate observational estimates of their physical properties (masses, radii, temperatures and albedos). Here we report the spectroscopic detection and characterization of an irradiated substellar donor in an accreting white-dwarf binary system. Our near-infrared observations allow us to determine a model-independent mass estimate for the donor of 0.055 ± 0.008 solar masses and an average spectral type of L1 ± 1, supporting both theoretical predictions and model-dependent observational constraints that suggest that the donor is a brown dwarf. Our time-resolved data also allow us to estimate the average irradiation-induced temperature difference between the dayside and nightside of the substellar donor (57 kelvin) and the maximum difference between the hottest and coolest parts of its surface (200 kelvin). The observations are well described by a simple geometric reprocessing model with a bolometric (Bond) albedo of less than 0.54 at the 2σ confidence level, consistent with high reprocessing efficiency, but poor lateral heat redistribution in the atmosphere of the brown-dwarf donor4,5. These results add to our knowledge of binary evolution, in that the donor has survived the transition from the stellar to the substellar regime, and of substellar atmospheres, in that we have been able to test a regime in which the irradiation and the internal energy of a brown dwarf are comparable.
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                    Figure 1: The average optical and near-infrared spectral energy distribution of SDSS J143317.78+101123.3.[image: ]


Figure 2: Ellipsoidal and irradiation effects associated with the substellar donor in SDSS J143317.78+101123.3.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Posterior probability distributions for the irradiation model parameters.
Colour scale contours show the joint probability for every combination of parameters. Contours represent the 1σ, 2σ and 3σ levels. Marginal posterior distributions are shown as histograms with the median and 1σ marked as dashed lines. The AB distribution is quoted as a truncated distribution with a 2σ upper limit.


Extended Data Figure 2 Redistribution efficiency limits for the irradiated substellar donor.
Allowed family solutions of redistribution efficiencies ε as a function of Bond albedo AB are shown. The black and grey contours represent the 1σ and 2σ confidence levels, respectively.
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An accreting white-dwarf binary system
This paper reports simultaneous optical and near-infrared time-resolved spectroscopy of an accreting white-dwarf binary system, termed J1433, using the X-Shooter instrument at the Very Large Telescope (operated by the European Southern Observatory). The spectra reveal the presence of an irradiated substellar donor with a mass of 0.055 ± 0.008 solar masses, an average spectral type of L1 and an average irradiation-induced temperature difference between the dayside and nightside of 57 kelvin. These observations provide an empirical benchmark for models of irradiated substellar atmospheres and interiors, a regime that includes hot Jupiters and short-period brown-dwarf binaries.
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