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            Abstract
The event rate, energy distribution and time-domain behaviour of repeating fast radio bursts (FRBs) contain essential information regarding their physical nature and central engine, which are as yet unknown1,2. As the first precisely localized source, FRB 121102 (refs. 3,4,5) has been extensively observed and shows non-Poisson clustering of bursts over time and a power-law energy distribution6,7,8. However, the extent of the energy distribution towards the fainter end was not known. Here we report the detection of 1,652 independent bursts with a peak burst rate of 122â€‰hâˆ’1, in 59.5 hours spanning 47 days. A peak in the isotropic equivalent energy distribution is found to be approximatelyÂ 4.8 Ã— 1037 erg at 1.25 GHz, below which the detection of bursts is suppressed. The burst energy distribution is bimodal, and well characterized by a combination of a log-normal function and a generalized Cauchy function. The large number of bursts in hour-long spans allows sensitive periodicity searches between 1 ms and 1,000 s. The non-detection of any periodicity or quasi-periodicity poses challenges for models involving a single rotating compact object. The high burst rate also implies that FRBs must be generated with a high radiative efficiency, disfavouring emission mechanisms with large energy requirements or contrived triggering conditions.
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                    Fig. 1: Detected bursts and temporal energy distribution during the observation campaign.[image: ]


Fig. 2: Burst rate distribution of the isotropic equivalent energy at 1.25 GHz for FRB 121102 bursts.[image: ]


Fig. 3: Waiting time distribution of the bursts.[image: ]


Fig. 4: DM evolution of FRB 121102.[image: ]
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                Data availability

              
              All relevant data for the 1,652 detected burst events are summarized in Supplementary Table 1. Observational data are available from the FAST archive (http://fast.bao.ac.cn) 1 year after data collection, following FAST data policy. Owing to the large data volume for these observations, interested users are encouraged to contact the corresponding author to arrange the data transfer. The data that support the findings of this study are openly available in Science Data Bank atÂ https://doi.org/10.11922/sciencedb.01092Â or https://www.scidb.cn/en/detail?dataSetId=f172ff40142c4100855724b80a085deb.

            

Code availability

              
              Computational programs for the FRB121102 burst analysis and observations reported here are available at https://github.com/NAOC-pulsar/PeiWang-code. Other standard data reduction packages are available at their respective websites: PRESTO (https://github.com/scottransom/presto), HEIMDALL (http://sourceforge.net/projects/heimdall-astro/), DSPSR (http://dspsr.sourceforge.net), PSRCHIVE (http://psrchive.sourceforge.net).
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Extended data figures and tables

Extended Data Fig. 1 The distribution of the instrumental gain and off-pulse brightness RMS at 1.25 GHz for observations.
The upper panel indicates the gain applied for each pulses. The red dots denote the averaged gain in each day. The bottom panel shows the off-pulse brightness RMS (mK s) of the first pulse detected each day.


Extended Data Fig. 2 Example of a dynamic spectrum of burst with RFI.
.


Extended Data Fig. 3 Left panel: Example of FRB simulations.
Upper panels (a and b) are injected and de-dispersed dynamic spectra respectively. The time series is shown in panel (c) with the red arrows pointing to simulated pulses that were detected, while the blue arrow indicates an undetected pulse. Right panel: Comparison of SNRp recovered by FRB search versus the corresponding injected values. The SNRp histograms separately indicate the injected FRB pulses (grey lines) and the mock FRBs detected (red lines).


Extended Data Fig. 4 The completeness fraction of the FAST survey to FRBs as a function of the observed fluence and detected width.
All FRBs lying in the integrated SNRfâ€‰<â€‰6 region are below PRESTOÃ¢â‚¬â„¢s search threshold. The region above the integrated SNRf of 6 shows the incompleteness of our FAST detection to broad FRBs as revealed by the injections. The map was smoothed (rebin) the map with a box of 0.05 ms Ã— 0.002 Jy ms, which ensured the presence of at least one injected pulse in most map areas. Then for a few grid points without pulses, a simple linear interpolation was used to improve the visual appearance. The colour bar on the right side indicates the detection recovery fraction.


Extended Data Fig. 5 Upper panel (a): The burst rate distribution of the isotropic equivalent energy.
Details as per Extended Data Fig. 2. The red line represents the recovered distribution by adding back the missing fraction based on the simulation. The grey shaded region is the uncertainty for a 95% confidence based on the Poisson statistical assumption in the â€œreconstructedâ€� fitting. Bottom panel (b): The fluence-width distribution at 1.25 GHz for FRB 121102 bursts. The black dots indicate the 1,652 detected bursts, the colorbar is consistent with Extended Data Fig. 4. In the upper panel, the two-component lognormal (LN) distribution is separately fitted in blue dashed line and grey dot line, an overall fit for bursts is shown in green. The red line and the shaded region indicates reconstructed missing fraction of bursts detection and uncertainty.


Extended Data Fig. 6 Flux intensity and pulse width distribution of FRB 121102.
Left: Flux intensity against pulse width for the FRB 121102 bursts with peak SNRp >10 in our sample. Right: The equivalent pulse width histogram.


Extended Data Fig. 7 MC simulations of the waiting time distribution.
The three figures correspond to three different simulations, and the number of randomly generated pulses in each simulation are 100 Ã— 1652 ~ 1.6e5, 1 Ã— 1652â€‰=â€‰1652, and 0.2 Ã— 1652 ~ 330. The peak times of the three log-normal distributions are 0.62 s, 61.89 s, and 272.04 s, respectively.


Extended Data Fig. 8 Lomb-Scargle periodograms of FRB 121102 burst arrival times (top row) along with phase histograms for two trial periods (bottom row).
Left: Periods from 10âˆ’3 to 102 d. The four leftmost peaks in the periodogram are caused by daily sampling and its harmonics. The peak at ~24 d is related to the sampling window function (i.e. non-uniform sampling) over the 47 d data set, as is consistent with the broad distribution in burst phase (bottom left). Right: Periods from 1 ms to 103 s. The peak at 10 ms is a large multiple of the original sampling time and also yields no distinct concentration in burst phase.


Extended Data Fig. 9 Example of the DM optimization method for FRB 121102.
The complex timeâ€“frequency structures for the burst of MJD 58729.01858 was revealed with an optimal DM of 563.5 pc cmâˆ’3.


Extended Data Fig. 10 Left panel: Histogram and cumulative distribution of dispersion measure for FRB 121102.
Right panel: Slope distribution of null hypothesis test.
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