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            Abstract
Long-duration γ-ray bursts (GRBs) are the most luminous sources of electromagnetic radiation known in the Universe. They arise from outflows of plasma with velocities near the speed of light that are ejected by newly formed neutron stars or black holes (of stellar mass) at cosmological distances1,2. Prompt flashes of megaelectronvolt-energy γ-rays are followed by a longer-lasting afterglow emission in a wide range of energies (from radio waves to gigaelectronvolt γ-rays), which originates from synchrotron radiation generated by energetic electrons in the accompanying shock waves3,4. Although emission of γ-rays at even higher (teraelectronvolt) energies by other radiation mechanisms has been theoretically predicted5,6,7,8, it has not been previously detected7,8. Here we report observations of teraelectronvolt emission from the γ-ray burst GRB 190114C. γ-rays were observed in the energy range 0.2–1 teraelectronvolt from about one minute after the burst (at more than 50 standard deviations in the first 20 minutes), revealing a distinct emission component of the afterglow with power comparable to that of the synchrotron component. The observed similarity in the radiated power and temporal behaviour of the teraelectronvolt and X-ray bands points to processes such as inverse Compton upscattering as the mechanism of the teraelectronvolt emission9,10,11. By contrast, processes such as synchrotron emission by ultrahigh-energy protons10,12,13 are not favoured because of their low radiative efficiency. These results are anticipated to be a step towards a deeper understanding of the physics of GRBs and relativistic shock waves.
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                    Fig. 1: Light curves in the kiloelectronvolt, gigaelectronvolt and teraelectronvolt bands, and spectral evolution in the teraelectronvolt band for GRB 190114C.[image: ]


Fig. 2: Spectrum above 0.2 TeV averaged over the period between T0 + 62 s and T0 + 2,454 s for GRB 190114C.[image: ]


Fig. 3: Distribution of the number of teraelectronvolt-band γ-rays in time and energy for GRB 190114C.[image: ]
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                Data availability

              
              Raw data were generated at the MAGIC telescopes large-scale facility. Derived data supporting the findings of this study are available from the corresponding authors upon request. Source data for Figs. 1–3 are provided with the paper.

            

Code availability

              
              Proprietary data reconstruction codes were generated at the MAGIC telescope large-scale facility. Information supporting the findings of this study is available from the corresponding authors upon request.
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Extended data figures and tables

Extended Data Fig. 1 Light curves in the teraelectronvolt and kiloelectronvolt bands for GRB 190114C.
Photon flux light curve above 0.3 TeV measured by MAGIC (red; from T0 + 62 s to T0 + 210 s), compared with that between 15 keV and 50 keV measured by Swift-BAT73 (grey; from T0 to T0 + 210 s) and the photon flux above 0.3 TeV of the Crab Nebula (blue dashed line). The errors on the MAGIC photon fluxes correspond to one standard deviation. Vertical lines indicate the times when the alert was received (T0 + 22 s) by MAGIC, when the tracking of the GRB by the telescopes started (T0 + 50 s), when the data acquisition started (T0 + 57 s), and when the data acquisition system (DAQ) became stable (T0 + 62 s; dotted line).


Extended Data Fig. 2 Significance of the γ-ray signal between T0 + 62 s and T0 + 1,227 s for GRB 190114C.
Distribution of the squared angular distance, θ2, for the MAGIC data (points) and background events (grey shaded area). θ2 is defined as the squared angular distance between the nominal position of the source and the reconstructed arrival direction of the events. The dashed vertical line represents the value of the cut on θ2. This defines the signal region, where the number of events coming from the source (Non) and from the background (Noff) are computed. The errors for ‘on’ events are derived from Poissonian statistics. From Non and Noff, the number of excess events (Nex) is computed. The significance is calculated using the Li & Ma method42.


Extended Data Table 1 Energy flux between 0.3 and 1 TeV in selected time bins for GRB 190114CFull size table


Extended Data Table 2 Number of γ-rays from GRB 190114C in the highest-energy binsFull size table


Extended Data Table 3 Observed and expected number of events in estimated-energy bins for GRB 190114CFull size table


Extended Data Table 4 Spectral indices for different EBL modelsFull size table


Extended Data Table 5 List of GRBs observed under adequate technical and weather conditions by MAGIC with z < 1 and Tdelay < 1 hFull size table
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