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            Abstract
Since their discovery in 20071, much effort has been devoted to uncovering the sources of the extragalactic, millisecond-duration fast radio bursts (FRBs)2. A class of neutron stars known as magnetars is a leading candidate source of FRBs3,4. Magnetars have surface magnetic fields in excess of 1014 gauss, the decay of which powers a range of high-energy phenomena5. Here we report observations of a millisecond-duration radio burst from the Galactic magnetar SGRÂ 1935+2154, with a fluence of 1.5Â Â±Â 0.3 megajansky milliseconds. This event, FRBÂ 200428 (ST 200428A), was detected on 28 April 2020 by the STARE2 radio array6 in the 1,281â€“1,468 megahertz band. The isotropic-equivalent energy released in FRB 200428 is 4Â Ã—Â 103 times greater than that of any radio pulse from the Crab pulsarâ€”previously the source of the brightest Galactic radio bursts observed on similar timescales7. FRBÂ 200428 is just 30 times less energetic than the weakest extragalactic FRB observed so far8, and is drawn from the same population as the observed FRB sample. The coincidence of FRBÂ 200428 with an X-ray burst9,10,11 favours emission models that describe synchrotron masers or electromagnetic pulses powered by magnetar bursts and giant flares3,4,12,13. The discovery of FRBÂ 200428 implies that active magnetars such as SGRÂ 1935+2154 can produce FRBs at extragalactic distances.
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                    Fig. 1: Time series and dynamic spectrum of FRBÂ 200428.[image: ]


Fig. 2: STARE2 localization of FRBÂ 200428.[image: ]


Fig. 3: Phase space of centimetre-wavelength radio transient events.[image: ]



                


                
                    
                
            

            
                Data availability


Data are available upon request. These data are in a public archive by the Caltech LibraryÂ at http://doi.org/10.22002/D1.1647 .



Code availability


Custom code is available at https://github.com/cbochenek/STARE2-analysis.Â The code used to fit the burst profiles is available on request.
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Extended data figures and tables

Extended Data Fig. 1 Time series and dynamic spectrum of FRBÂ 200428 at each station.
Top, time series at each station referenced to the arrival time at OVRO at Î½Â =Â 1,529.267578Â MHz. Bottom, dynamic spectra at each station. The data shown in all panels were processed in the same way as those in Fig. 1. We have not corrected for the spectral response at each station. The blue bars in the Delta dynamic spectrum indicate frequencies affected by radio frequency interference that were excised from the data.


Extended Data Fig. 2 Fits to data on FRBÂ 200428 in four sub-bands.
Black lines indicate the raw data and blue lines show the best-fit model. The sub-band centre frequencies are indicated beside each plot.


Extended Data Fig. 3 Volumetric rates of FRBs.
Volumetric rate, Î¦(>E), calculated from the radio burst from SGRÂ 1935+2154 (red cross) compared with the extrapolated luminosity function of bright FRBs29 (blue-shaded region). The black crosses represent the volumetric rate of FRBs determined from the ASKAP Flyâ€™s Eye sample29. We note that correlated probabilities between the parameters of the luminosity function are not taken into account, leading to an overestimate of the uncertainty in the blue-shaded region; see ref. 43 for a similar plot in which they are taken into account. The volumetric rate was calculated by modelling the population of Galactic fast radio transients as a Poisson process and assuming that these fast radio transients track star formation. The uncertainties on this measurement are 1Ïƒ statistical uncertainties, in addition to the maximum range of possible distances to SGRÂ 1935+2154 (4â€“16Â kpc)39. We also show the energy of the weakest burst detected from FRBÂ 180916.J0158+65â€”a repeating FRBâ€”for comparison8. The volumetric rate of Galactic fast radio transients is consistent with extrapolating the luminosity function of bright FRBs to the energy of FRBÂ 200428.


Extended Data Fig. 4 Upper limits on fast radio transients from other flares of SGRÂ 1935+2154 observable by STARE2.
The ordinate shows the 7.3Ïƒ upper limit on the fluence of a potential burst in JyÂ ms1/2, and the abscissa shows the times (in MJD) of reported flares from SGRÂ 1935+2154. The derivation of the upper limits is described in Methods. We note that our three-station system was observing only during the flares between MJD 58966 and MJD 58987, shown in black. For the other flares, only our stations at OVRO and GDSCC were observing, shown in red. We show FRBÂ 200428 in blue; the error bar represents the standard error in the measured fluence.


Extended Data Table 1 STARE2 7.3Ïƒ upper limits on reported X-ray bursts from SGRÂ 1935+2154 that occurred in the STARE2 field of viewFull size table


Extended Data Table 2 STARE2 7.3Ïƒ upper limits on reported X-ray bursts from SGRÂ 1935+2154 that occurred in the STARE2 field of viewFull size table
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