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            Abstract
The interstellar medium (ISM) comprises gases at different temperatures and densities, including ionized, atomic and molecular species, and dust particles1. The neutral ISM is dominated by neutral hydrogen2 and has ionization fractions of up to eight per cent3. The concentration of chemical elements heavier than helium (metallicity) spans orders of magnitudes in Galactic stars4, because they formed at different times. However, the gas in the vicinity of the Sun is assumed to be well mixed and to have a solar metallicity in traditional chemical evolution models5. The ISM chemical abundances can be accurately measured with ultraviolet absorption-line spectroscopy. However, the effects of dust depletion6,7,8,9—which removes part of the metals from the observable gaseous phase and incorporates it into solid grains—have prevented, until recently, a deeper investigation of the ISM metallicity. Here we report the dust-corrected metallicity of the neutral ISM measured towards 25 stars in our Galaxy. We find large variations in metallicity over a factor of ten (with an average of 55 ± 7 per cent solar metallicity and a standard deviation of 0.28 dex), including many regions of low metallicity, down to about 17 per cent solar metallicity and possibly below. Pristine gas falling onto the Galactic disk in the form of high-velocity clouds can cause the observed chemical inhomogeneities on scales of tens of parsecs. Our results suggest that this low-metallicity accreting gas does not efficiently mix into the ISM, which may help us understand metallicity deviations in nearby coeval stars.
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                    Fig. 1: Location of our targets on the Galactic plane.[image: ]


Fig. 2: Dust-corrected abundances in the neutral ISM.[image: ]


Fig. 3: Metallicities in the neutral ISM.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Line profiles of Zn ii λ2026 (black), Cr ii λ2056 (blue) and Fe ii λ2260 (green) in our sample.
The Mg i λ2026 line is separated by ~50 km s−1 from Zn ii. Vertical lines mark the zero-velocity central wavelength of the Zn ii line. The yellow curve shows the 1σ uncertainties.


Extended Data Fig. 2 Determination of the metallicity and strength of depletion with the relative method.
The variables and coefficients of the linear relation are defined in equations (4) to (7), where the y intercept gives the [M/H]tot and the slope of the relation the strength of depletion [Zn/Fe]fit. The error bars show the 1σ uncertainties.
Source data


Extended Data Fig. 3 Determination of [M/H]tot and F* with the F* method.
The variables are described in equation (8). The most volatile elements (red) are taken from the literature (Extended Data Table 6) and shown for reference: their discrepancy with respect to the more refractory elements suggests a mix between high-metallicity and pristine gas, see Methods. The error bars show the 1σ uncertainties.
Source data


Extended Data Fig. 4 Metallicity towards our targets and their Galactic location.
a, Metallicities towards our targets and their Galactic radii. The green dotted line shows the metallcity gradient measured in H ii regions by ref. 10, although without dust corrections. The solar Galactic radius (red cross) is assumed at 8.29 kpc 59. The error bars show the 1σ uncertainties. b, Metallicities towards our targets and their height above the Galactic Disk. The error bars show the 1σ uncertainties.
Source data


Extended Data Table 1 Target sample characteristicsFull size table


Extended Data Table 2 Column densitiesFull size table


Extended Data Table 3 Metallicities of the neutral ISMFull size table


Extended Data Table 4 Absorption lines that we use in this work and their oscillator strengthsFull size table


Extended Data Table 5 Coefficients used in equations (6) and (7)Full size table


Extended Data Table 6 Column densities of the volatile elementsFull size table
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