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            Abstract
Gamma-ray bursts (GRBs) are divided into two populations1,2; long GRBs that derive from the core collapse of massive stars (for example, ref. 3) and short GRBs that form in the merger of two compact objects4,5. Although it is common to divide the two populations at a gamma-ray duration of 2 s, classification based on duration does not always map to the progenitor. Notably, GRBs with short (≲2 s) spikes of prompt gamma-ray emission followed by prolonged, spectrally softer extended emission (EE-SGRBs) have been suggested to arise from compact object mergers6,7,8. Compact object mergers are of great astrophysical importance as the only confirmed site of rapid neutron capture (r-process) nucleosynthesis, observed in the form of so-called kilonovae9,10,11,12,13,14. Here we report the discovery of a possible kilonova associated with the nearby (350 Mpc), minute-duration GRB 211211A. The kilonova implies that the progenitor is a compact object merger, suggesting that GRBs with long, complex light curves can be spawned from merger events. The kilonova of GRB 211211A has a similar luminosity, duration and colour to that which accompanied the gravitational wave (GW)-detected binary neutron star (BNS) merger GW170817 (ref. 4). Further searches for GW signals coincident with long GRBs are a promising route for future multi-messenger astronomy.
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                    Fig. 1: Swift/BAT and Fermi/GBM gamma-ray light curves of GRB 211211A.[image: ]


Fig. 2: The field of GRB 211211A in HST and Gemini North imaging.[image: ]


Fig. 3: Afterglow and kilonova models fit to selected observations of the broadband counterpart of GRB 211211A.[image: ]
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                Data availability

              
              Most of the data generated or analysed during this study are included in the Extended Data Tables of this article. Gamma-ray and X-ray light curves may be downloaded from the UK Swift Science Data Centre and the online HEASARC archive at https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html. Any further data requests should be made to J.C.R.

            

Code availability

              
              The kilonova model scripts are available at https://github.com/guillochon/MOSFiT. The scripts used to model the afterglow will be publicly available on publication of this manuscript. The Prospector stellar population modelling code is available at https://github.com/bd-j/prospector.
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Extended data figures and tables

Extended Data Table 1 Optical-NIR observations of the counterpart and host galaxy of GRB 211211AFull size table


Extended Data Table 2 Swift/UVOT photometry of the counterpart to GRB 211211AFull size table


Extended Data Table 3 Afterglow modelling parametersFull size table


Extended Data Fig. 1 The host of GRB 211211A is a low-mass, actively star-forming galaxy in the local universe.
a, The 2D NOT/ALFOSC spectra of the afterglow and host of GRB 211211A. b, Keck/DEIMOS 1D spectrum (blue) and 1σ uncertainty (dot-dashed blue line) compared with the arbitrarily scaled NOT/ALFOSC afterglow spectrum (red) and Prospector model spectrum (grey). We highlight the strong emission lines in the observed host spectrum, none of which are detected in the 1D or 2D afterglow spectrum. c, The observed host photometry (blue circles) and 3σ uncertainties (blue lines), Prospector model photometry (black squares) and Prospector model spectrum (grey line). The Prospector-derived SED matches the observed photometry, spectral continuum and spectral line strengths well.


Extended Data Fig. 2 Temporal evolution of the UV through NIR SED of the counterparts to GRB 211211A and GW170817.
Circles or squares represent detections, whereas triangles represent upper limits. For both GRB 211211A (solid lines) and GW170817 (dashed lines), the counterparts’ SEDs at 4–5.1 days post-burst (dark blue and purple) demonstrate a notable reddening compared with those at earlier epochs.


Extended Data Fig. 3 Corner plot showing posterior distributions for the basic kilonova model.
This model consists of three ejecta components and a fraction ζ of the blue (low-lanthanide) ejecta that is heated by shocks from the GRB jet. The final parameter is a white-noise term for modelling systematics in the data. The labelled 1σ error bars are statistical only; we estimate further systematic error of about 50% on these parameters (see Methods).


Extended Data Fig. 4 Light curve fit using the binary-based kilonova model21.
The dashed lines show a model for AT 2017gfo evaluated at the same redshift, z = 0.076.


Extended Data Fig. 5 Corner plot showing posterior distributions for the binary-based kilonova model.
The model consists of three ejecta components whose masses, velocities and opacities depend on the chirp mass and binary mass ratio (q) and the fraction of ejecta lost through disk (ε) and magnetic (α) winds. A fraction ζ of the blue (low-lanthanide) ejecta is heated by shocks from the GRB jet over a timescale tshock. The final parameter is a white-noise term for modelling systematics in the data. The labelled 1σ error bars are statistical only; we estimate further systematic error of about 50% on these parameters (see Methods).


Extended Data Fig. 6 Light curve fit using a 56Ni-powered model.
This provides a poor fit, as the single radioactive component is unable to cool quickly enough to match the early UV and longer-term NIR emission. The best-fitting parameters require an unrealistic composition of 100% 56Ni and an ejecta velocity pushing against the upper bound of the prior at 0.4c.


Extended Data Fig. 7 The optical and NIR light curves of GRB 211211A have similar luminosities and decay rates compared with past kilonovae and kilonova candidates.
The rest-frame i-band (a) and K-band (b) light curves of GRB 211211A (purple diamonds), GW170817/AT 2017gfo (grey points, ref. 20 and references therein) and previous short GRB kilonova upper limits (yellow triangles) and detections (yellow circles105,147,150,151). As there are no other rest-frame K-band kilonova light curves beyond AT 2017gfo, we plot rest-frame J-band and H-band short GRB kilonova observations for comparison (open circles and triangles105,147,150,151,152,153,154,155). At z = 0.076, the K-band counterpart to GRB 211211A is of similar luminosity to AT 2017gfo and fades on similar timescales.


Extended Data Fig. 8 The ejecta mass and velocities estimated for GRB 211211A compared with those of past kilonovae and kilonova candidates.
Best-fit ejecta and velocity estimates (including 1σ errors) of the red (a), purple (b) and blue (c) kilonova components of GRB 211211A (purple boxes; Methods section ‘Kilonova model’). We also plot ejecta mass and velocity estimates for two-component models of AT 2017gfo (red boxes; compiled in ref. 148 and references therein), a three-component model of AT 2017gfo (red stars21) and previous short GRB kilonovae (labelled yellow boxes105,149). As two-component models of AT 2017gfo do not distinguish between the ‘purple’ and ‘red’ components included in our analysis, we plot past two-component ‘red’ estimates on both corresponding panels. We plot the dynamical ejecta estimates for GRB 160821B on the red and blue panels and the disk mass on the purple panel. We plot the total estimate for GRB 130603B on all panels. Our estimates for GRB 211211A fall within the range of AT 2017gfo and past kilonova candidates. As ejecta mass and velocity estimates are highly model-dependent, we note that the most robust comparison is between the three-component estimates for AT 2017gfo (stars) and our results for GRB 211211A.
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