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            Abstract
Neutron stars and stellar-mass black holes are the remnants of massive star explosions1. Most massive stars reside in close binary systems2, and the interplay between the companion star and the newly formed compact object has been theoretically explored3, but signatures for binarity or evidence for the formation of a compact object during a supernova explosion are still lacking. Here we report a stripped-envelope supernova, SN 2022jli, which shows 12.4-day periodic undulations during the declining light curve. Narrow HÎ± emission is detected in late-time spectra with concordant periodic velocity shifts, probably arising from hydrogen gas stripped from a companion and accreted onto the compact remnant. A new Fermi-LAT Î³-ray source is temporally and positionally consistent with SN 2022jli. The observed properties of SN 2022jli, including periodic undulations in the optical light curve, coherent HÎ± emission shifting and evidence for association with a Î³-ray source, point to the explosion of a massive star in a binary system leaving behind a bound compact remnant. Mass accretion from the companion star onto the compact object powers the light curve of the supernova and generates the Î³-ray emission.
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                    Fig. 1: Multiband light curves of SN 2022jli showing periodic undulations.


Fig. 2: Multiband periodogram and the undulation profile of SN 2022jli.


Fig. 3: The spectral evolution of SN 2022jli between +139â€‰days and +280 days after discovery.


Fig. 4: The pseudo-bolometric light curve and multi-frequency data of SN 2022jli.



                


                
                    
                
            

            
                Data availability

              
              Photometry and spectroscopy of SN 2022jli will be made available at the WISeREP public database. Facilities that make all their data available in public archives promptly or after a proprietary period include Palomar 48-inch/ZTF, VLT/X-shooter, NuSTAR, Chandra X-ray Observatory and Fermi Gamma-Ray Space Telescope. Data from the ATLAS, Gaia, ASAS-SN and KKO were obtained from public sources. The data used to perform the analysis and produce the figures for this paper are available at a public GitHub repository (https://github.com/AtomyChan/SN2022jli).

            

Code availability

              
              The codes used to perform the analysis and produce the figures for this paper are available at a public GitHub repository (https://github.com/AtomyChan/SN2022jli).
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Extended data figures and tables

Extended Data Fig. 1 SN 2022jli and the host galaxy NGC 157.
The background image shows the three-color (Y,â€‰H,â€‰K bands) image of NGC 157 taken before the supernova explosion with the HAWK-I instrument on ESOâ€™s Very Large Telescope (VLT) at the Paranal Observatory in Chile (Credit: ESO). The red plus symbol in the figure indicates the position of SN 2022jli. Inset panels: a, zoom-in view around SN 2022jli showing the nearby environment in NIR; b, zoom-in view around SN 2022jli on an r-band image taken with Magellan/IMACS on 2022 December 15; c, Na I absorption lines from the host galaxy; d, the narrow diffuse interstellar band absorption (DIB6283) from the host galaxy. a,b, Share the same field of view size. c,d, The red spectrum shows the averaged spectrum of three X-Shooter spectra and one IMACS spectrum, whereas the individual spectra are shown in grey in the background.


Extended Data Fig. 2 Spectral evolution and comparison of SN 2022jli.
a, Photospheric spectra of SN 2022jli. The +6d spectrum and the +19d spectrum are shown in black and red, respectively. The identified absorption lines of Fe II, O I, and Ca II are indicated with the arrows. A blue-shifted velocity of 8,â€‰200â€‰kmâ€‰sâˆ’1 has been applied to all the lines. b, The +19d spectrum of SN 2022jli compared with photospheric spectra of other SNe. The comparison objects include: normal SNe Ic (SN 2004gk178, SN 2007gr179), SN Ib/c (SN 2013ge106), â€œHypernovaeâ€� (SN 1997dq 12,13,180), Hydrogen-poor SLSNe (SN 2015bn5,181), and other long-lasting peculiar SESNe (SN 2012au14, iPTF15dtg15). c, Late-time spectra of SN 2022jli and other comparison SNe. The comparison objects are the same as in b except that we have added another Hydrogen-poor SLSN SN 2007bi11. The vertical dashed lines mark the wavelength of HÎ± and HÎ².


Extended Data Fig. 3 Periodicity analysis of light curves in the individual bands.
Left: the Lomb-Scargle power spectrum of the light curve (blue) and the observation window function (yellow). The zoom-in panel shows the region of interest around the true periodic signal. The horizontal lines indicate the false alarm probability (FAP) levels of 10âˆ’3, 10âˆ’6, and 10âˆ’9 from bottom to top. Right: the phase-folded subtracted and normalized light curve. The period adopted for the folding corresponds to the peak power in the zoom-in panel on the left.


Extended Data Fig. 4 Optical and NIR spectra of SN 2022jli around +210 days after discovery (optical spectrum taken with NOT/ALFOSC on 2022 November 25 and NIR spectrum taken with Magellan/FIRE on 2022 December 15).
The NIR spectrum has been scaled to match the flux of the optical spectrum in the overlapping region. The prominent features and the corresponding ions (or molecules) that likely contributed to the emission lines are marked. The spectrum in blue shows the mock spectrum of Fe II, Fe III and Ni II emission, and the vertical lines indicate emission from individual transitions which give relatively strong emission. The absolute strength of the mock spectrum is arbitrary, and the relative strength between different transitions for the same ion was calculated for a temperature of 104 K, and an electron density of 107cmâˆ’3.


Extended Data Fig. 5 Spectral evolution of SN 2022jli before and during the fast decline phase of the light curve.
The top left panel shows the bolometric light curve, and the top right panel shows the zoom-in view of the fast decline phase of the light curve. The second panel shows the six epochs of spectra as indicated in the top right panel. The bottom three panels show the zoom-in view of the spectra within different wavelength ranges. All spectra in the bottom three panels have been scaled to have the same integrated luminosity between 3800 to 9000 Ã… as the BINOSPEC spectrum taken on 12 January 2022.


Extended Data Fig. 6 Pseudo-bolometric light curve of SN 2022jli.
a, The points show the pseudo-bolometric light curve from 3750 Ã… to 25000 Ã…. These data points share the same colours with the other panels to indicate different phases. The black shows the gradual decline phase during which the constant relative undulation is detected. The last bump before the fast-declining phase is shown in blue, and the fast-declining phase is shown in cyan. The magenta line shows the radioactive decay model with 0.15 MâŠ™â€‰56Ni. b, Zoom-in view of the accretion-powered pseudo-bolometric light curve, \({L}_{accretion}={L}_{UVOIR}-{L}_{{}^{56}Ni}\), before and during the fast-declining phase. The black solid line shows the linear fit to data between 200 and 260 days after JDâ€‰=â€‰2,459,700. The red solid line shows the best-fit undulation model to the data, while the red dashed line shows the extrapolation of the undulation model if the SN follows the previous undulations. The vertical green lines mark the 12.4-day periods with the left three lines at the minima of the undulation profiles. c, The undulation profiles of the gradual-declining phase and the last bump. d, The relative undulation of the accretion-powered pseudo-bolometric light curve. The red line shows the empirical undulation model adopting the same empirical undulation profile as in c.


Extended Data Fig. 7 Detection and light curve of the new Î³-ray source.
The top panels show the Test Statistic (TS) map of the region of interest in the direction of SN 2022jli. a, The result of data observed from 1 May 2022 to 1 March 2023 in the broad energy band (100 MeV â€“ 300 GeV). b, The result of data observed from 1 November 2022 to 1 January 2023 in the narrow energy band (1 â€“ 3 GeV). The sources from the 4FGL-DR3 catalogue shown with blue plus symbols have been modelled and subtracted from the map. The bottom panels show the Î³-ray light curves of the detected source at the position of SN 2022jli with a bin size of 2 months. c, The energy range of 100 MeV to 300 GeV. d, The energy range of 1 GeV to 3 GeV. The black points show the measured energy flux from the likelihood modelling with the Fermi-LAT analysis tool. The blue lines give the upper limit of energy flux within a 95% confidence interval. The red histograms show the Test Statistics values on the right axis. The horizontal dashed red line marks TS=9. The vertical yellow lines mark the discovery time of SN 2022jli.


Extended Data Fig. 8 Localization and potential periodicity of the new Î³-ray source.
a, The background mosaic grey pixels show the count map of 1 â€“ 3 GeV photons detected between 1 November 2022 and 1 January 2023. The pixel size is 0.125Â°â€‰Ã—â€‰0.125Â°. The yellow plus symbol shows the best-localized position of the new Î³-ray source, and the surrounding yellow contours show the corresponding 68%, 95%, and 99% confidence area. SN 2022jli, the red plus symbol, is within the 68% uncertainty region of the detected Î³-ray source. The blazar candidate NVSS J003456-082820 is shown with the blue plus symbol and is within the 95% uncertainty region of the new Î³-ray source. In the central 1.625Â°â€‰Ã—â€‰1.625Â° field, there is one detected Î³-ray source from the LAT 12-year Source Catalog (4FGL-DR3), 4FGL J0035.8-0837. The black circle has a radius of 0.4Â° corresponding roughly to the 50% containment radius of the averaged PSF over the energy range between 1 GeV and 3 GeV. b, The distribution of 1 â€“ 3 GeV photons of the new Î³-ray source. The top panel shows the photon energy and detection time. The bottom panel shows the distribution after folding the light curve with a period of 12.4 days. The reference time (phase=0) corresponds to the minimum of the optical undulation profile. Most of the Î³-ray photons come from the rising phase of the optical bump. The 11 photons are within the half-containment radius shown in a. c, The cumulative distribution of the maximum separation between any two photons that would be achieved by drawing N photons randomly distributed in a time range of 120 days.


Extended Data Fig. 9 Light curve of SN 2022jli compared with those of other supernovae.
a, Comparison with Type Ic supernovae dominantly powered by radioactive decay showing clear exponential decay tails. All the comparison supernovae have been shifted to have a peak at 14th magnitude. The inset panel shows a zoom-in view around the peak light. b, Comparison with the long-lasting SN 2012au (SN Ib), and other supernovae with double-peaked light curves.


Extended Data Fig. 10 Evolution of the accretion-powered HÎ± emission.
a, The line luminosity of the HÎ± emission compared with the pseudo-bolometric luminosity. b, The velocity of the HÎ± emission. The data points share the same colour as in a, indicating the phase of the corresponding spectrum. The lines show the orbital velocity model with specific orbital parameters in the legend. An edge-on view (inclination angle i = 90 degrees) is adopted for all models. The orbital parameters include compact remnant mass mc, companion star mass m2, and orbital eccentricity e. The errorbars are 1Ïƒ confidence intervals.
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