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            Abstract
Fast radio bursts (FRBs) are bright, millisecond-duration radio transients originating from sources at extragalactic distances1, the origin of which is unknown. Some FRB sources emit repeat bursts, ruling out cataclysmic origins for those events2,3,4. Despite searches for periodicity in repeat burst arrival times on timescales from milliseconds to many days2,5,6,7, these bursts have hitherto been observed to appear sporadically and—although clustered8—without a regular pattern. Here we report observations of a 16.35 ± 0.15 day periodicity (or possibly a higher-frequency alias of that periodicity) from the repeating FRB 180916.J0158+65 detected by the Canadian Hydrogen Intensity Mapping Experiment Fast Radio Burst Project4,9. In 38 bursts recorded from 16 September 2018 to 4 February 2020 utc, we find that all bursts arrive in a five-day phase window, and 50 per cent of the bursts arrive in a 0.6-day phase window. Our results suggest a mechanism for periodic modulation either of the burst emission itself or through external amplification or absorption, and disfavour models invoking purely sporadic processes.
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                    Fig. 1: Periodograms of FRB 180916.J0158+65 and control samples.[image: ]


Fig. 2: Timeline of the daily exposure of CHIME/FRB to FRB 180916.J0158+65.[image: ]


Fig. 3: Burst properties against phase.[image: ]
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              The data and code used in this publication are available at https://chime-frb-open-data.github.io (https://doi.org/10.11570/20.0002).
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Extended data figures and tables

Extended Data Fig. 1 Dynamic spectra of newly reported bursts (bursts 12–28 in Extended Data Table 1).
Bursts with separations of less than 0.1 s are shown in joint spectra (bursts 24 and 25). All bursts are dedispersed to 348.82 pc cm−3. The sequence number of the burst and the arrival date (in MJD) is given in each top-left corner. The arrival phase of the bursts within the 16.35-d cycle is given in the top left corner of each spectrum. Each plot also gives the 0.98304-ms time-resolution dedispersed intensity data with the integrated burst profile on top and the on-pulse spectrum on the right (arbitrary units). Intensity values are saturated at the 5th and 95th percentiles. Pulse widths—defined as the width of the boxcar with the highest S/N after convolution with the burst profile—are given in the top-right corner. The shaded region in each profile (four times the pulse width) was used for the extraction of the on-pulse spectrum. The shaded region in the on-pulse spectrum shows the full width at tenth maximum of a Gaussian fit. In each burst profile, the black line is the integration over the full width at tenth maximum of the spectrum and the grey line is the integration over the full bandwidth. For better visualization, we downsampled the full-resolution data (16,384 channels) to 64 sub-bands, each with a bandwidth of 6.25 MHz. Horizontal white bands represent missing or masked data. There are underlying missing or masked channels at full resolution, resulting in an average effective bandwidth of 224 MHz.


Extended Data Fig. 2 Dynamic spectra of newly reported bursts (bursts 29–38 in Extended Data Table 1).
As in Extended Data Fig. 1. Bursts 31 and 32 are shown in joint spectra.


Extended Data Fig. 3 Dynamic spectra of the bursts with available baseband data.
a–d, Bursts 9 (a), 10 (b), 18 (c) and 20 (d) (see Extended Data Table 1), dedispersed to their per-burst optimal DM, which is listed in each top-right corner. The sampling time (ts) after downsampling is listed in each top-left corner. Intensity values are saturated at the 1st and 99th percentiles. 64 frequency sub-bands with a 6.25-MHz sub-band bandwidth are shown for all bursts. Horizontal white bands represent missing or masked data. pc/cc, pc cm−3.


Extended Data Fig. 4 Cumulative distribution of burst fluences.
The distribution is composed of both the newly detected bursts and those previously detected. Excluding bursts detected beyond the 600-MHz FWHM of any CHIME/FRB synthesized beam, this includes 25 bursts split into sub-bursts, yielding 33 fluence measurements. The black solid line represents the maximum-likelihood estimated power law with differential distribution index α = −2.3 ± 0.3 ± 0.1, where the first error is the statistical uncertainty from the maximum-likelihood estimator and the second error is the standard deviation of the distribution of power-law indices obtained from a Monte Carlo simulation that resamples the fluences according to their uncertainties. The black dashed vertical line denotes the 5.3 Jy ms threshold determined by minimizing the Kolmogorov–Smirnov distance between a power-law fit and the underlying data. The blue dash-dotted vertical line denotes the 5.2 Jy ms active period 90% confidence completeness threshold.


Extended Data Table 1 Burst propertiesFull size table


Extended Data Table 2 Effelsberg observationsFull size table
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