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            Abstract
Long-period variable stars arise in the final stages of the asymptotic giant branch phase of stellar evolution. They have periods of up to about 1,000 days and amplitudes that can exceed a factor of three in the I-band flux. These stars pulsate predominantly in their fundamental mode1,2,3, which is a function of mass and radius, and so the pulsation periods are sensitive to the age of the underlying stellar population4. The overall number of long-period variables in a population is directly related to their lifetimes, which is difficult to predict from first principles because of uncertainties associated with stellar mass-loss and convective mixing. The time variability of these stars has not previously been taken into account when modelling the spectral energy distributions of galaxies. Here we construct time-dependent stellar population models that include the effects of long-period variable stars, and report the ubiquitous detection of this expected â€˜pixel shimmerâ€™ in the massive metal-rich galaxy M87. The pixel light curves display a variety of behaviours. The observed variation of 0.1 to 1 per cent is very well matched to the predictions of our models. The data provide a strong constraint on the properties of variable stars in an old and metal-rich stellar population, and we infer that the lifetime of long-period variables in M87 is shorter by approximately 30 per cent compared to predictions from the latest stellar evolution models.
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                    Figure 1: Illustration of pixel shimmer.[image: ]


Figure 2: Simulation of pixel light curves.[image: ]


Figure 3: Observed pixel light curves for M87.[image: ]


Figure 4: Statistics of the pixel light curves.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Flux of background galaxies.
Shown is the time variation of the flux of three background galaxies. The background galaxies should show no intrinsic time variation in their flux and therefore serve as a test of the stability of the data. The mean (Î¼) and standard deviation (Ïƒ) are reported in each panel. The 1Ïƒ error on each point due to photon counting uncertainty is 0.09%. The solid line is a 5-point boxcar average. a, Flux variation after the standard data reduction including the primary sky background correction. The arrow indicates a point that lies at âˆ’2.1. b, Flux variation after additional corrections were applied to the sky background levels. These additional corrections allow us to achieve a stability of ~0.1% for boxcar-averaged time series data.


Extended Data Figure 2 Flux variation distributions.
Shown is the normalized distribution of (maximumâˆ’minimum)/mean fluxes over the 72 observing windows, separated into three bins of counts per second (ct/s). The data (black lines) are compared to the best-fit model (red lines) and a noise-only model (blue dotted lines). Also shown in each panel is the number of pixels, Npix, contributing to the distribution.


Extended Data Figure 3 Amplitude versus period for luminous variable stars.
Data are for Galactic bulge stars from the OGLE survey11 measured in the I band. The distinct classes of Miras, semi-regular variables (SRVs), and OGLE small-amplitude red giants (OSARGs) are shown as red, green, and blue symbols. Lines are the adopted sequences for Miras and SRVs; these relations are used to assign pulsation amplitudes in our model.


Extended Data Figure 4 Long-period variable (LPV) star flux contribution versus age, wavelength, and metallicity.
a, Fractional contribution to the total luminosity versus age in four bandpasses: I (0.8â€‰Î¼m), z (0.9â€‰Î¼m), J (1.2â€‰Î¼m), and K (2.4â€‰Î¼m). The flux contribution scales approximately as tâˆ’1/2. b, Flux contribution versus age and metallicity for the I and K bandpasses. The metallicity range shown encompasses the observed variation in M87 within Re.


Extended Data Figure 5 Radial variation of model properties for M87.
a, Stellar mass per pixel for the smooth underlying model for M87 as a function of R/Re where Re is the effective radius. b, Fraction of pixels with |slope/error|â€‰>â€‰2. c, Fraction of pixels in a noise-free model with >1% peak-to-peak flux variation over 200â€‰d. d, Strength of surface brightness fluctuation (SBF) signal at a single epoch compared to the mean temporal variation due to variable stars in a noise-free model.
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        Editorial Summary
Long-period variable stars in a nearby galaxy
The number of evolved long-period variable stars in a stellar population is directly related to their lifetime, which is difficult to predict from first principles. Charlie Conroy et al. construct simple time-dependent stellar population models that include the effects of long-period variable stars, and report the ubiquitous detection of the 'pixel shimmer' caused by the stars' pulsation in observations of the massive metal-rich galaxy M87. They infer that the lifetime of long period variables in M87 is approximately 30 per cent shorter that predicted from the latest stellar evolution models.
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