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            Abstract
Observations of galaxies and primordial radiation suggest that the Universe is made mostly of non-luminous dark matter1,2. Several new types of fundamental particle have been proposed as candidates for dark matter3, such as weakly interacting massive particles (WIMPs)4,5. These particles would be expected to interact with nuclei in suitable detector materials on Earth, for example, causing them to recoil. However, no definitive signal from such dark-matter interactions has been detected despite concerted efforts by many collaborations6. One exception is the much-debated claim by the DAMA collaboration of a statistically significant (more than nine standard deviations) annual modulation in the rate of nuclear interaction events. Annual modulation is expected because of the variation in Earthâ€™s velocity relative to the Galaxyâ€™s dark-matter halo that arises from Earthâ€™s orbital motion around the Sun. DAMA observed a modulation in the rate of interaction events in their detector7,8,9 with a period and phase consistent with that expected for WIMPs10,11,12. Several groups have been working to develop experiments with the aim of reproducing DAMAâ€™s results using the same target medium (sodium iodide)13,14,15,16,17. To determine whether there is evidence for an excess of events above the expected background in sodium iodide and to look for evidence of an annual modulation, the COSINE-100 experiment uses sodium iodide as the target medium to carry out a model-independent test of DAMAâ€™s claim. Here we report results from the initial operation of the COSINE-100 experiment related to the first task18,19. We observe no excess of signal-like events above the expected background in the first 59.5 days of data from COSINE-100. Assuming the so-called standard dark-matter halo model, this result rules out spin-independent WIMPâ€“nucleon interactions as the cause of the annual modulation observed by the DAMA collaboration20,21,22,23. The exclusion limit on the WIMPâ€“sodium interaction cross-section is 1.14 Ã— 10âˆ’40 cm2 for 10-GeV câˆ’2 WIMPs at a 90% confidence level. The COSINE-100 experiment will continue to collect data for two more years, enabling a model-independent test of the annual modulation observed by the DAMA collaboration.
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                    Fig. 1: Efficiency of event selection.[image: ]


Fig. 2: Measured and simulated energy spectra.[image: ]


Fig. 3: Fit results for a WIMP mass of 10Â GeVÂ câˆ’2.[image: ]


Fig. 4: Exclusion limits on the WIMPâ€“nucleon spin-independent cross-section.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 The COSINE-100 detector.
a, The detector is contained within a nested arrangement of shielding components, as indicated by different colours. The main purpose of the shield is to provide 4Ï€ coverage against external radiation from various background sources. The shielding components include plastic scintillator panels (blue), a lead brick enclosure (grey) and a copper box (reddish brown). b, c, The eight encapsulated sodium iodide crystal assemblies (c) are located inside the copper box and are immersed in scintillating liquid (b). All images are schematic.


Extended Data Fig. 2 Typical waveforms from the COSINE-100 PMTs for 2â€“6-keV signals.
a, The Î² and Î³ scintillation signals have a fast rise and then fall off with a decay time of about 250Â ns. The waveform from WIMPs is expected to closely resemble the Î² and Î³ waveforms. b, c, Background waveforms from PMT noise (b) and external discharge (c).


Extended Data Fig. 3 The BDT output (horizontal) versus the BDTA output (vertical).
a, b, Events (colour scale) with energies below 10Â keV are shown for two separate crystals, with (a) and without (b) PMT discharge. The events to the right and above the red dotted lines are scintillation events induced by real particleâ€“crystal interactions. PMT noise events are to the left of the vertical dotted lines in both panels; PMT discharge events are below the horizontal dotted line in a.


Extended Data Fig. 4 A comparison between data and simulation.
aâ€“d, Four categories of data are shown: single-hit low-energy (2â€“70Â keV; a); single-hit high-energy (70â€“3,000Â keV; b); multiple-hit low-energy (2â€“70Â keV; c); and multiple-hit high-energy (70â€“3,000Â keV; d). The black points (with errors bars indicating the 68% confidence interval) are data. The green (yellow) band shows the Â±1Ïƒ (Â±2Ïƒ) uncertainty range of the model. The peak near 3Â keV in the multiple-hit, low-energy spectrum (c) is due to the tagged 40K events. The inset in a shows a zoomed-in view in the region of interest after efficiency corrections are applied. The major contributors to the radioactive background are labelled.


Extended Data Fig. 5 Crystal-by-crystal fit results.
aâ€“f, The points (with errors bars indicating the 68% confidence interval) show the measured energy spectra for each of the six crystals. The fit results are shown as blue histograms, with the Â±1Ïƒ (Â±2Ïƒ) error bands shown in green (yellow). To compare the signal strength of the DAMA sodium region with our data, a 10Â GeVÂ câˆ’2 WIMP signal at 2.35â€‰Ã—â€‰10âˆ’40Â cm2 (the centre of the DAMA sodium region) is indicated for each crystal as a red histogram. The fit residuals, together with the expectations for the 10Â GeVÂ câˆ’2 WIMP signal are also shown (bottom panels).





Source data
Source Data Fig. 1

Source Data Fig. 2

Source Data Fig. 3

Source Data Fig. 4
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