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            Abstract
Stellar ejecta gradually enrich the gas out of which subsequent stars form, making the least chemically enriched stellar systems direct fossils of structures formed in the early Universe1. Although a few hundred stars with metal content below 1,000th of the solar iron content are known in the Galaxy2,3,4, none of them inhabit globular clusters, some of the oldest known stellar structures. These show metal content of at least approximately 0.2% of the solar metallicity \(([{\rm{Fe}}/{\rm{H}}]\gtrsim -2.7)\). This metallicity floor appears universal5,6, and it has been proposed that protogalaxies that merged into the galaxies we observe today were simply not massive enough to form clusters that survived to the present day7. Here we report observations of a stellar stream, C-19, whose metallicity is less than 0.05% of the solar metallicity \(([{\rm{F}}{\rm{e}}/{\rm{H}}]=-3.38\pm 0.06\,({\rm{s}}{\rm{t}}{\rm{a}}{\rm{t}}{\rm{i}}{\rm{s}}{\rm{t}}{\rm{i}}{\rm{c}}{\rm{a}}{\rm{l}})\pm 0.20\,({\rm{s}}{\rm{y}}{\rm{s}}{\rm{t}}{\rm{e}}{\rm{m}}{\rm{a}}{\rm{t}}{\rm{i}}{\rm{c}}))\). The low metallicity dispersion and the chemical abundances of the C-19 stars show that this stream is the tidal remnant of the most metal-poor globular cluster ever discovered, and is significantly below the purported metallicity floor: clusters with significantly lower metallicities than observed today existed in the past and contributed their stars to the Milky Way halo.
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                    Fig. 1: Properties of the C-19 member stars.[image: ]


Fig. 2: Metallicity properties of C-19 and its stars observed by spectroscopy.[image: ]


Fig. 3: High-resolution GRACES spectra for three members of C-19.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Pristine photometric information for all stars of the C-19 stream selected by STREAMFINDER and present in the Pristine survey.
Large symbols represent stars with G0 < 19.0, for which the STREAMFINDER selection is very reliable, and small symbols represent stars fainter than this limit, which are more likely contaminated in the STREAMFINDER catalogue (see also Fig. 1). The lines represent model expectations as determined from the spectral libraries and filter response curves, without an assumption on whether the star is a dwarf or a giant10. Both model lines and data points are color-coded by their \({[{\rm{Fe}}/{\rm{H}}]}_{{\rm{Pristine}}}\) metallicities. Most C-19 candidate members are located in the region that corresponds to metallicities below \([{\rm{Fe}}/{\rm{H}}]=-3.0\) (above the blue line). For the large data points, we specifically used a photometric metallicity model tailored to giant stars. Near the tip of the red giant branch, it deviates significantly from the generic model represented by the coloured lines and explains the higher metallicity of the right-most point compared with the models.


Extended Data Fig. 2 Favourite orbital solutions for the C-19 stream.
The dashed line shows the orbit of C-19 constrained using the proper motions (red symbols in a, b) of C-19 members identified by STREAMFINDER, their Gaia parallaxes (c), their radial velocities when available (d) and their location on the sky compared with the distribution of extinction45 (e). The orbit determined without using the Gaia parallax information but instead anchoring the distance at 18 kpc is represented by the dotted line. f, g The two orbits, integrated for ±1 Gyr, projected on the Galactic plane, and in the R–z plane. The thick red lines correspond to the part of the orbits that overlaps the observed C-19 member stars.


Extended Data Fig. 3 Spectra of the C-19 member stars observed with OSIRIS, normalized using a running mean filter after removing the velocity signal in the rest frame (black lines), together with the best fit (blue lines) derived by adopting a fitting procedure.
The metallicity, [Fe/H], computed from [M/H] and [Ca/H] is also indicated for each target (see the text for more details).


Extended Data Table 1 List of potential C-19 members from the STREAMFINDER sampleFull size table


Extended Data Table 2 Summary of observations for the C-19 candidate starsFull size table


Extended Data Table 3 Spectroscopic parameters and one-dimensional LTE chemical abundances for the Gemini–GRACES spectraFull size table


Extended Data Table 4 Spectral lines and atomic data used for the chemical abundances for the Gemini–GRACES spectraFull size table


Extended Data Table 5 Stellar parameters and abundances of C-19 stars observed with GTC–OSIRISFull size table
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