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            Abstract
Gravitational waves were discovered with the detection of binary black-hole mergers1 and they should also be detectable from lower-mass neutron-star mergers. These are predicted to eject material rich in heavy radioactive isotopes that can power an electromagnetic signal. This signal is luminous at optical and infrared wavelengths and is called a kilonova2,3,4,5. The gravitational-wave source GW170817 arose from a binary neutron-star merger in the nearby Universe with a relatively well confined sky position and distance estimate6. Here we report observations and physical modelling of a rapidly fading electromagnetic transient in the galaxy NGC 4993, which is spatially coincident with GW170817 and with a weak, short γ-ray burst7,8. The transient has physical parameters that broadly match the theoretical predictions of blue kilonovae from neutron-star mergers. The emitted electromagnetic radiation can be explained with an ejected mass of 0.04 ± 0.01 solar masses, with an opacity of less than 0.5 square centimetres per gram, at a velocity of 0.2 ± 0.1 times light speed. The power source is constrained to have a power-law slope of −1.2 ± 0.3, consistent with radioactive powering from r-process nuclides. (The r-process is a series of neutron capture reactions that synthesise many of the elements heavier than iron.) We identify line features in the spectra that are consistent with light r-process elements (atomic masses of 90–140). As it fades, the transient rapidly becomes red, and a higher-opacity, lanthanide-rich ejecta component may contribute to the emission. This indicates that neutron-star mergers produce gravitational waves and radioactively powered kilonovae, and are a nucleosynthetic source of the r-process elements.
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                    Figure 1: Observational data summary.


Figure 2: Light curves of AT 2017gfo.


Figure 3: Model bolometric light curve fits using the Arnett formalism.


Figure 4: Spectroscopic data and model fits.
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Extended data figures and tables

Extended Data Figure 1 Light curves of AT 2017gfo.
a, Observed (AB system) light curves of AT 2017gfo, vertically shifted for clarity. The 1σ uncertainties are typically smaller than the symbols. The arrows indicate 3σ upper limits. b, Comparison of the absolute r-band light curve of AT 2017gfo with those of a selection of faint and fast supernovae SN 2005E67, SN 2005ek68, SN 2010X69, SN 2012hn70 and OGLE-2013-SN-07971 (OGLE13-079). The comparison event phases are with respect to maximum light, while for AT 2017gfo they are with respect to the LIGO trigger.


Extended Data Figure 2 ATLAS limits at the position of AT 2017gfo.
5σ upper limits (from forced photometry) at the position of AT 2017gfo up to 601 d before discovery in the ATLAS images. The cyan and orange filter limits are plotted in those colours. These limits are measured on the difference images, which are the individual 30-s frames after having the ATLAS reference sky subtracted off. The points plotted represent (typically) 5 images per night, and are the median limits of those five 30-s frames. The two horizontal lines indicate the AB orange magnitude of AT 2017gfo at 0.7 and 2.4 days after discovery, illustrating that ATLAS has the sensitivity to make discoveries within 1–2 days of a neutron-star merger at this distance. The last non-detection is 16 days before discovery of AT 2017gfo.


Extended Data Figure 3 Spectral comparisons.
a, Comparison of our Xshooter spectra of AT 2017gfo with early-time (4–5 days after the explosion) optical and near infrared spectra of type Ia supernova SN 2011fe72 and type II-P supernova SN 1999em73. The spectra have been scaled for comparison purposes. b, Comparison of our earliest spectrum of AT 2017gfo (1.4 days after explosion) with a sample of type I supernova events, which share some common properties with AT 2017gfo such as faint absolute magnitudes and/or fast evolution and/or explosion environments without obvious star formation. c, Comparison of the +4.4 d spectrum of AT 2017gfo with our sample of faint and fast-evolving events at later phases.


Extended Data Figure 4 Posterior probability plots of our model light curve fits.
This is the Arnett formalism which includes a power-law term for radioactive powering. We show the 68% quantile in all plots and 95% and 99.7% levels in the two-dimensional histograms. We quote the maximum posterior fit value and the 68% quantile range as uncertainty.


Extended Data Figure 5 Posterior probability plots of our model light curve fits for the parameterized Metzger model19.
As in Extended Data Fig. 4, we show the 68% quantile in all plots and 95% and 99.7% levels in the two-dimensional histograms. We quote the maximum posterior fit value and the 68% quantile range as uncertainty.


Extended Data Table 1 Log of spectroscopic observationsFull size table


Extended Data Table 2 Optical photometric measurementsFull size table


Extended Data Table 3 Near-infrared photometric measurementsFull size table


Extended Data Table 4 Bolometric light curve, temperature and radius evolutionFull size table
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