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            Abstract
Most structural and evolutionary properties of galaxies strongly rely on the stellar initial mass function (IMF), namely the distribution of the stellar mass formed in each episode of star formation1,2,3,4. The IMF shapes the stellar population in all stellar systems, and so has become one of the most fundamental concepts of modern astronomy. Both constant and variable IMFs across different environments have been claimed despite a large number of theoretical5,6,7 and observational efforts8,9,10,11,12,13,14,15. However, the measurement of the IMF in Galactic stellar populations has been limited by the relatively small number of photometrically observed stars, leading to high uncertainties12,13,14,15,16. Here we report a star-counting result based on approximately 93,000 spectroscopically observed M-dwarf stars, an order of magnitude more than previous studies, in the 100â€“300â€‰parsec solar neighbourhood. We find unambiguous evidence of a variable IMF that depends on both metallicity and stellar age. Specifically, the stellar population formed at early times contains fewer low-mass stars compared with the canonical IMF, independent of stellar metallicities. In more recent times, however, the proportion of low-mass stars increases with stellar metallicity. The variable abundance of low-mass stars in our Milky Way establishes a powerful benchmark for models of star formation and can heavily affect results in Galactic chemical-enrichment modelling, mass estimation of galaxies and planet-formation efficiency.
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                    Fig. 1: The M-dwarf star sample in the solar neighbourhood.[image: ]


Fig. 2: Stellar IMF variation revealed by our M-dwarf star sample.[image: ]


Fig. 3: The IMF power exponent as a function of stellar metallicity for different groups.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 The Sigmoid function fitting result of IMF power-law slope as a function of [M/H].
The yellow line is the best-fit result. The red squares are results in our study using to fit. The blue lines are 100 fitting results selected randomly from the MCMC chains. Error bars represent 1Ïƒ uncertainty.


Extended Data Fig. 2 The derived stellar mass by PARSEC model as a function of absolute magnitude of Ks-band (\({M}_{{K}_{s}}\)).
The colours of each pixel represent the median [M/H] in each colour-magnitude bin.


Extended Data Fig. 3 The IMF power-law index as a function of [M/H] measured with different methods and different stellar models.
a, The red filled rectangles are derived by all stars with the hierarchical Bayesian model considering the exponential Galactic disk profile. The filled stars denote the values of Î± derived directly from the observed densities of stars in the |z| range from 100 to 250â€‰pc. b, The IMF power-law slope as a function of [M/H] based on various stellar models and empirical MLR, respectively. The red filled rectangles are derived by PARSEC, and the black rectangles are derived by Dartmouth56. The blue rectangles denote the values of Î± from the empirical massâ€“luminosity relation48. Error bars represent 1Ïƒ uncertainty.


Extended Data Fig. 4 Red giant branch stars65 reveals vertical actions Jz increase with stellar age.
a, Ageâ€“metallicity distributions of red giant branch stars within 500â€‰pc in the solar vicinity. The red and blue contours display the ageâ€“metallicity distribution of dynamically hot (Jzâ€‰>â€‰20â€‰kpcâ€‰kmâ€‰sâˆ’1) and dynamically cold (Jzâ€‰<â€‰10â€‰kpcâ€‰kmâ€‰sâˆ’1) stars, respectively. Their contour densities are smoothed by the kernel density estimation method. The dotted lines indicate the separation of [M/H] slices used in the M dwarf samples. b, Stellar ages as a function of Jz in logarithmic form. The left side of the vertical dashed line denotes the dynamically cold stars, and the right side of the vertical dash-dotted line represents the dynamically hot stars. c, The ratio of the normalized number of dynamically hot stars to that of the dynamically cold stars as a function of [M/H]. fdyn.hot is the proportion of the number of dynamically hot stars in each [M/H] bin to all dynamically hot stars of M dwarf star sample. fdyn.cold denotes the similar proportion, but for dynamically cold stars. fdyn.hot/(fdyn.hotâ€‰+â€‰fdyn.cold) indicate the normalized number ratio between dynamically hot and the sum of dynamically hot and dynamically cold ratios. The vertical shaded region represents the metallicity range of âˆ’0.5â€‰<â€‰[M/H]â€‰<â€‰0.2, corresponding to the area of Î± variation in Fig. 2b and Fig. 3. Error bars represent 1Ïƒ uncertainty.


Extended Data Fig. 5 The test results of the effect of the binary stars on the IMF.
a, The results of simulations to verify the effect of the binary stars in the IMF. The results show the difference of the estimated Î± from the true values versus binary fraction with the numbers of mock stars equal to 1,000, 10,000 and 100,000. The vertical dotted line represents the binary fraction is 30%, which is approximately the observed mean binary fraction for solar metallicity stars. The vertical dashed line denotes the binary fraction is 60%. b, The test results by setting different slopes of binary fraction as a function of [M/H]. The blue, orange, green and red solid lines show the trend of Î± with [M/H] by adopting dfb/[M/H]â€‰â‰ˆ âˆ’0.12, âˆ’0.20, âˆ’0.50 and âˆ’1.00, respectively. The blue dashed line indicates the IMF formula in Yan et al.24. The annotations on the right of the vertical line denote the binary fractions of [M/H]â€‰=â€‰âˆ’0.8. Error bars represent 1Ïƒ uncertainty.


Extended Data Fig. 6 The Î”RVmax distribution of the dynamically hot M-dwarf stars and dynamically cold stars.
The red solid line and blue dashed line represented the dynamically hot and dynamically blue stars, respectively. The vertical dotted line denotes the typical 1Ïƒ uncertainty of radial velocity uncertainty of LAMOST M-dwarf stars.


Extended Data Table 1 The sigmoid function fitting parameters of IMF power-law slope as a function and corresponding errorsFull size table


Extended Data Table 2 Binary corrections to IMF slopes in different [M/H]Full size table
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