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            Abstract
Sunspots are cool areas caused by strong surface magnetic fields that inhibit convection1,2. Moreover, strong magnetic fields can alter the average atmospheric structure3, degrading our ability to measure stellar masses and ages. Stars that are more active than the Sun have more and stronger dark spots than does the Sun, including on the rotational pole4. Doppler imaging, which has so far produced the most detailed images of surface structures on other stars, cannot always distinguish the hemisphere in which the starspots are located, especially in the equatorial region and if the data quality is not optimal5. This leads to problems in investigating the north–south distribution of starspot active latitudes (those latitudes with more starspot activity); this distribution is a crucial constraint of dynamo theory. Polar spots, whose existence is inferred from Doppler tomography, could plausibly be observational artefacts6. Here we report imaging of the old, magnetically active star ζ Andromedae using long-baseline infrared interferometry. In our data, a dark polar spot is seen in each of two observation epochs, whereas lower-latitude spot structures in both hemispheres do not persist between observations, revealing global starspot asymmetries. The north–south symmetry of active latitudes observed on the Sun7 is absent on ζ And, which hosts global spot patterns that cannot be produced by solar-type dynamos8.
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                    Figure 1: Surface image of ζ And from July 2011 with eleven nights of data using SURFING.[image: ]


Figure 2: Surface images of ζ And from September 2013 with fourteen nights of data using SURFING.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Visibility curve of UT 15 September 2013 observations of ζ And with CHARA/MIRC.
The observed visibilities (unitless) are plotted in black with 1σ error bars and the SURFING model visibilities are overlaid in red.


Extended Data Figure 2 Closure phases of UT 15 September 2013 observations of ζ And with CHARA/MIRC.
Each block represents a temporal block of closure phase (CP) observations with data plotted in black (with 1σ errors) and SURFING model in red. Each row represents the CP from a unique set of three telescopes, labelled in the standard CHARA format.


Extended Data Figure 3 Orbit of 37 And.
The grey plus signs represent measurements of the companion (1σ errors on detections are smaller than the symbols). The observed resolved disk of 37 And is plotted as the black dot at the origin. The thin solid black line is the best-fit orbit from combining the interferometric detections and the ELODIE radial velocities. Note that the axis units are milliarcseconds (mas) with north up and east to the left.


Extended Data Figure 4 Radial velocity curve of the primary star of 37 And.
The data points are based upon archival ELODIE spectra (with 1σ error bars). The orbital solution used the velocity measurements and the interferometric measurements simultaneously. The solid line is the best-fit orbit and the grey lines are fifty Monte Carlo realizations of the orbit.


Extended Data Figure 5 Reduced, normalized χ2 surface plot of the SURFING model fitted for position angle and inclination of ζ And.
The peak is found at PA = 126.0° ± 1.9 and i = 70.0° ± 2.8. The epoch of each data set is located in the upper left of each panel. The different colours represent varying normalized χ2 values with the black contours labelled with specific values.


Extended Data Figure 6 Comparison of the 2013 CHARA/MIRC data set divided into two sets of seven nights of data.
These projections are plotted in the same way as the Aitoff projection in Fig. 2.


Extended Data Table 1 Observations and calibrators of ζ AndFull size table


Extended Data Table 2 Uniform disk sizes (H-band) of calibratorsFull size table


Extended Data Table 3 Binary separation and position angle measurements of 37 AndFull size table


Extended Data Table 4 Orbital parameters of 37 AndFull size table
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        Editorial Summary
Star spots on ζ Andromedae
As observed on the Sun, strong magnetic fields suppress convection to create localized cooler regions that appear as sunspots or starspots. It is difficult to observe starspots on stars other than the Sun, but here Rachael Roettenbacher and colleagues present infrared interferometry images of the old, magnetically active star ζ Andromedae that reveal starspot distribution in detail. They find an asymmetric distribution, in contrast to the north–south symmetry observed on the Sun, meaning that the underlying dynamo mechanisms in the two bodies must be different.
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