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            Abstract
Convection plays a major part in many astrophysical processes, including energy transport, pulsation, dynamos and winds on evolved stars, in dust clouds and on brown dwarfs1,2. Most of our knowledge about stellar convection has come from studying the Sun: about two million convective cells with typical sizes of around 2,000 kilometres across are present on the surface of the Sun3—a phenomenon known as granulation. But on the surfaces of giant and supergiant stars there should be only a few large (several tens of thousands of times larger than those on the Sun) convective cells3, owing to low surface gravity. Deriving the characteristic properties of convection (such as granule size and contrast) for the most evolved giant and supergiant stars is challenging because their photospheres are obscured by dust, which partially masks the convective patterns4. These properties can be inferred from geometric model fitting5,6,7, but this indirect method does not provide information about the physical origin of the convective cells5,6,7. Here we report interferometric images of the surface of the evolved giant star π1 Gruis, of spectral type8,9 S5,7. Our images show a nearly circular, dust-free atmosphere, which is very compact and only weakly affected by molecular opacity. We find that the stellar surface has a complex convective pattern with an average intensity contrast of 12 per cent, which increases towards shorter wavelengths. We derive a characteristic horizontal granule size of about 1.2 × 1011 metres, which corresponds to 27 per cent of the diameter of the star. Our measurements fall along the scaling relations between granule size, effective temperature and surface gravity that are predicted by simulations of stellar surface convection10,11,12.
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                    Figure 1: The stellar surface of π1 Gruis.


Figure 2: Power spectral density.


Figure 3: The characteristic horizontal scale of granulation of π1 Gruis versus theoretical predictions.
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Extended data figures and tables

Extended Data Figure 1 The PIONIER data.
The upper left panel shows in black the PIONIER squared visibilities V and in blue the Fourier transform of the SQUEEZE image (first spectral channel) on a linear (main panel) and semi-logarithmic (inset) scale. The upper right panel is the same, but for the closure phase. The lower left panel shows the u–v coverage of the data. The blue data correspond to observations acquired with the short VLTI array configuration (called ‘A1-B2-C1-D0’). The red data correspond to observations acquired with the intermediate array configuration (‘D0-G1-H0-I1’).


Extended Data Figure 2 SQUEEZE images and error images.
a–c, The first row of images corresponds to the adopted SQUEEZE images; the second row, labelled ‘+STD DEV’, corresponds to images one standard deviation above the average image; and the third row of images, labelled ‘-STD DEV’ shows images one standard deviation below the average image.


Extended Data Figure 3 Spectral energy distribution.
Comparison between the spectral energy distribution (yellow stars) and the best-fitting MARCS synthetic spectrum (black line). Note the presence of a moderate infrared excess longwards of 10 μm (105 Å) attributable to circumstellar dust.
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Colossal stellar convection cells
Almost all of what we know about convection on stars is based on observations of the Sun and theoretical calculations. There are around two million convective cells on the surface of the Sun, which are typically around 2,000 kilometres across—less than 0.15 per cent the diameter of the Sun. Theory predicts that, because of the lower surface gravity, giant stars will have much larger cells. Claudia Paladini and collaborators report interferometric imaging of the surface of the giant star π1 Gruis, facilitated by its almost dust-free atmosphere. They find a characteristic convection cell size of about 27 per cent the diameter of the star. This is in line with theoretical predictions.
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