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            Abstract
SS 433 is a binary system containing a supergiant star that is overflowing its Roche lobe with matter accreting onto a compact object (either a black hole or neutron star)1,2,3. Two jets of ionized matter with a bulk velocity of approximately 0.26c (where c is the speed of light in vacuum) extend from the binary, perpendicular to the line of sight, and terminate inside W50, a supernova remnant that is being distorted by the jets2,4,5,6,7,8. SS 433 differs from other microquasars (small-scale versions of quasars that are present within our own Galaxy) in that the accretion is believed to be super-Eddington9,10,11, and the luminosity of the system is about 1040 ergs per second2,9,12,13. The lobes of W50 in which the jets terminate, about 40 parsecs from the central source, are expected to accelerate charged particles, and indeed radio and X-ray emission consistent with electron synchrotron emission in a magnetic field have been observed14,15,16. At higher energies (greater than 100 gigaelectronvolts), the particle fluxes of γ-rays from X-ray hotspots around SS 433 have been reported as flux upper limits6,17,18,19,20. In this energy regime, it has been unclear whether the emission is dominated by electrons that are interacting with photons from the cosmic microwave background through inverse-Compton scattering or by protons that are interacting with the ambient gas. Here we report teraelectronvolt γ-ray observations of the SS 433/W50 system that spatially resolve the lobes. The teraelectronvolt emission is localized to structures in the lobes, far from the centre of the system where the jets are formed. We have measured photon energies of at least 25 teraelectronvolts, and these are certainly not Doppler-boosted, because of the viewing geometry. We conclude that the emission—from radio to teraelectronvolt energies—is consistent with a single population of electrons with energies extending to at least hundreds of teraelectronvolts in a magnetic field of about 16 microgauss.
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                    Fig. 1: VHE γ-ray image of the SS 433/W50 region in Galactic coordinates.[image: ]


Fig. 2: Broadband spectral energy distribution of the eastern emission region e1.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 VHE γ rays from MGRO J1908+06 and SS 433/W50.
The colour scale indicates the statistical significance of the excess counts above the background of contaminating cosmic rays and γ-rays before accounting for statistical trials. The bright extended γ-ray source MGRO J1908+06 is shown at the centre of the left panel with SS 433/W50 at the bottom. The dark contours show X-ray emission from SS 433 and its jets41. The semicircular area indicates the region of interest used to fit the γ-ray observations. The right panel shows the γ-ray excess measured after the fitting and subtraction of γ-rays from the spatially extended source MGRO J1908+06. The dashed box indicates the region shown in Fig. 1. The jet termination regions e1, e2, e3, w1 and w2 observed in the X-ray data are indicated, as well as the location of the central binary.


Extended Data Fig. 2 Distribution of pixel significance in the region of interest of the fit.
The significance is defined as deviations from the background expectation, in the HAWC sky map (left panel), after fitting and subtraction of emission from MGRO J1908+06 (middle panel), and after fitting and removal of emission from MGRO J1908+06 and the γ rays from w1 and e1 (right panel).


Extended Data Fig. 3 Fraction of jet power needed to produce the observed VHE γ-rays in the hadronic scenario.
The blue-shaded region shows the energy injection rate of protons, in units of the kinetic luminosity of the jet, required to produce the observed VHE γ-rays by interacting with ambient gas, as a function of the proton confinement time. A gas density of 0.05 cm−3 is adopted for the source vicinity16,27. Most hadronic models require >100% jet power (above the red solid line) and are thus not allowed. Even when the diffusion coefficient is extremely small (for reference, the dashed grey lines show the source age and the confinement time of 200 TeV protons in a 30-pc region in the ISM with Kraichnan- and Kolmogorov-type diffusion) and when the spectral index is much harder than 2, the hadronic scenario still requires a large energy input from the jet.


Extended Data Table 1 Fits to teraelectronvolt emission from SS 433 using nested point source modelsFull size table


Extended Data Table 2 Dependence of measured HAWC flux at 20 TeV on spectral assumption, assuming a power law in energy parameterized by a spectral index and an exponential cutoff parameterized by EcutoffFull size table


Extended Data Table 3 Systematic uncertainties on the flux of VHE γ-rays from SS 433 measured by HAWCFull size table
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