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            Abstract
Fast radio bursts (FRBs) are flashes of unknown physical origin1. The majority of FRBs have been seen only once, although some are known to generate multiple flashes2,3. Many models invoke magnetically powered neutron stars (magnetars) as the source of the emission4,5. Recently, the discovery6 of another repeater (FRB 20200120E) was announced, in the direction of the nearby galaxy M81, with four potential counterparts at other wavelengths6. Here we report observations that localized the FRB to a globular cluster associated with M81, where it is 2 parsecs away from the optical centre of the cluster. Globular clusters host old stellar populations, challenging FRB models that invoke young magnetars formed in a core-collapse supernova. We propose instead that FRB 20200120E originates from a highly magnetized neutron star formed either through the accretion-induced collapse of a white dwarf, or the merger of compact stars in a binary system7. Compact binaries are efficiently formed inside globular clusters, so a model invoking them could also be responsible for the observed bursts.
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                    Fig. 1: Dispersion-corrected time series and dynamic spectra of the five FRB 20200120E bursts.[image: ]


Fig. 2: Localization plots for FRB 20200120E.[image: ]


Fig. 3: Optical images of the FRB 20200120E host and surrounding field.[image: ]


Fig. 4: Continuum maps of the field around FRB 20200120E.[image: ]
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                Data availability

              
              The datasets generated from the EVN observations and analysed in this study are available at the Public EVN Data Archive under the experiment codes EK048B, EK048C and EK048F. The calibrated maps, plotting scripts and further data used in this manuscript are available at https://doi.org/10.5281/zenodo.5708237.

            

Code availability
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Extended data figures and tables

Extended Data Fig. 1 DM and rotation measure (RM) maps around FRB 20200120E.
a, Expected Galactic DM contribution (background) according to the YMW16 model disk contribution only93, the DM of FRB 20200120E (pentagon) and the DMs of known pulsars from the ATNF Pulsar Catalogue in this field (circles)100. b, Physical Galactic Faraday depth ϕg (background)97, the RM of FRB 20200120E (pentagon) and Galactic pulsars with a known RM (circles). We assume that theRM6 of FRB 20200120E is −36.9 rad m−2.


Extended Data Fig. 2 Modelling the SED of [PR95] 30244.
The Milky Way extinction corrected flux densities of [PR95] 30244 in different wavelength bands are plotted, along with the best-fit Prospector model spectrum. To assess the quality of the Prospector model, the modelled and actual photometric data are also shown. The best-fit model profile is used to estimate the physical properties of [PR95] 30244 stated in Extended Data Table 3. Finally, the shaded region around the best-fit profile is the 1σ uncertainty region.


Extended Data Fig. 3 MCMC simulation corner plot.
The posterior probability distributions are shown for each of the five model parameters along the diagonal panels, and the correlations between model parameter posteriors are shown along the columns. Above each probability distribution, the median of the parameter posterior is printed, along with the 1σ error bars.


Extended Data Table 1 Time ranges of PRECISE runs targeting FRB 20200120E between February and May 2021Full size table


Extended Data Table 2 Set-ups at the different stations during observations used in the analysisFull size table


Extended Data Table 3 Notable properties of [PR95] 30244Full size table


Extended Data Table 4 Broadband SDSS filters used to model the SED of [PR95] 30244Full size table


Extended Data Table 5 Free parameters and their associated priors for the Prospector ‘delayed tau’ modelFull size table
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