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            Abstract
Fast radio bursts1,2 are astronomical radio flashes of unknown physical nature with durations of milliseconds. Their dispersive arrival times suggest an extragalactic origin and imply radio luminosities that are orders of magnitude larger than those of all known short-duration radio transients3. So far all fast radio bursts have been detected with large single-dish telescopes with arcminute localizations, and attempts to identify their counterparts (source or host galaxy) have relied on the contemporaneous variability of field sources4 or the presence of peculiar field stars5 or galaxies4. These attempts have not resulted in an unambiguous association6,7 with a host or multi-wavelength counterpart. Here we report the subarcsecond localization of the fast radio burst FRB 121102, the only known repeating burst source8,9,10,11, using high-time-resolution radio interferometric observations that directly image the bursts. Our precise localization reveals that FRB 121102 originates within 100 milliarcseconds of a faint 180-microJansky persistent radio source with a continuum spectrum that is consistent with non-thermal emission, and a faint (twenty-fifth magnitude) optical counterpart. The flux density of the persistent radio source varies by around ten per cent on day timescales, and very long baseline radio interferometry yields an angular size of less than 1.7 milliarcseconds. Our observations are inconsistent with the fast radio burst having a Galactic origin or its source being located within a prominent star-forming galaxy. Instead, the source appears to be co-located with a low-luminosity active galactic nucleus or a previously unknown type of extragalactic source. Localization and identification of a host or counterpart has been essential to understanding the origins and physics of other kinds of transient events, including gamma-ray bursts12,13 and tidal disruption events14. However, if other fast radio bursts have similarly faint radio and optical counterparts, our findings imply that direct subarcsecond localizations may be the only way to provide reliable associations.
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                    Figure 1: VLA detection of FRB 121102.


Figure 2: Radio and optical images of the FRB 121102 field.


Figure 3: Broadband spectral energy distribution of the counterpart.
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Extended data figures and tables

Extended Data Figure 1 The offset of FRB 121102 from the persistent counterpart.
Five bursts detected at the VLA with the highest resolution (A-array, 3â€‰GHz) are plotted (crosses), with epoch indicated by MJD values. The (right ascension (RA), declination (Dec)) coordinate difference (burst relative to counterpart) is shown with an ellipse indicating the 1Ïƒ error calculated as the quadrature sum of errors in the two sources. VLBA and EVN positions are indicated, with 1Ïƒ errors smaller than the symbols. The centroid of the Gemini optical counterpart is shown (red dot) with an estimated 1Ïƒ error circle of 100 mas (red) from fitting and radio-optical frame tie uncertainties.

                          Source data
                        


Extended Data Figure 2 VLA spectrum of the persistent counterpart to FRB 121102.
The integrated flux density FÎ½ is plotted for each epoch of observation (listed by MJD) over a frequency range Î½ from 1â€‰GHz to 25â€‰GHz. Error bars represent 1Ïƒ uncertainties. The spectrum is non-thermal and inconsistent with a single power law.

                          Source data
                        


Extended Data Table 1 VLA detections of bursts from FRB 121102 and Arecibo constraintsFull size table


Extended Data Table 2 VLA 3-GHz observations of the persistent counterpart to FRB 121102 over timeFull size table


Extended Data Table 3 Flux density and position measurements of the persistent counterpart to FRB 121102Full size table
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        Editorial Summary
Precise fast radio burst location raises new questions
Shami Chatterjee et al. report the subarcsecond localization of the Arecibo-discovered fast radio burst FRB 121102, the only known repeating burst source, using high-time-resolution radio interferometric observations that directly image the bursts. FRBs are radio flashes of unknown physical nature with durations of milliseconds. Previous observations have lacked the resolution to uniquely identify a host or multi-wavelength counterpart. The localization of FRB 121102 reveals a persistent radio and optical source that is coincident with the bursts to within 100 milliarcseconds. The enigmatic persistent source could be a neutron star within its nebula in a distant host galaxy, a low-luminosity active galactic nucleus, or a previously unknown type of extragalactic source.
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