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Solar-like dynamo?

Figure 4: Spots detected on HAT-P-11 with STSP. The radius of each circle corresponds to the size of the spot. The shading 
beneath corresponds to the number of times the planet occulted that spatial bin on the stellar surface, which can be used as 
a proxy for relative completeness. The four blue circles in the eastern hemisphere correspond to the spots derived from the 
transit light curve in Figure 2. The green circle near longitude –100° corresponds to the large spot in Figure 3.

Map reveals solar-like active latitudes
Figure 5: Spot latitudes over four years of 
observations for both HAT-P-11 and the Sun. 
The four-year bin of solar observations 
corresponds to the maximum of solar Cycle 19. 
Both stars have active latitudes centered on 
16° with standard deviations of 8°. These 
observations are put into the context of the full 
solar activity cycle in Figure 6 below.

Figure 6: Latitude distributions of sunspots 
and spots on HAT-P-11. The circles are the 
best-fit parameters for four-year bins of the Mt. 
Wilson sunspot catalog. The red square is the 
HAT-P-11 latitude distribution over the four 
years of Kepler data. The colors of the solar 
circles represent the number of sunspots in 
each bin, which is a good proxy for phase of 
the solar activity cycle (darker points are 
nearer to solar maximum). HAT-P-11 has 
active latitudes like the Sun at maximum.

Figure 3: Same details as above, for a 
different transit. This large spot has radius 
84000 ± 8000 km – larger than the largest 
recorded sunspot (77000 km). This spot is 
highlighted in green on the spot map in 
Figure 4.

Figure 2: We explore the degeneracy 
between spot position and radius with the 
STSP photometric forward model and 
MCMC. The red latitude line is the stellar 
equator; the stellar rotational pole is tilted 
into the page and on the right. The active 
latitudes appear near the grid lines on either 
side of the equator (15°). The spot map 
shows several draws from the spot radius/
position posterior distributions. These four 
spots are highlighted in blue on the spot 
map in Figure 4.

Figure 1: Transit geometry of HAT-P-11. The planet sweeps over 
many latitudes with each transit. The stellar rotation period is 29 
days, the planet’s orbital period is 5 days, giving us 205 transits 
with short cadence photometry from Kepler. The stellar rotation 
axis is tilted 106° from the orbit normal, 10° into sky plane.

Spot Positions and Radii with STSP

Figure 8: Spot area coverages of the Sun and HAT-P-11. 
HAT-P-11 has ~100x more spotted area than the Sun 
typically does. We infer that the number of spots on HAT-
P-11 is greater than the number of spots on the Sun, since 
the spotted area is greater than solar, but the sizes of 
starspots on HAT-P-11 are similar to sunspot sizes (Figure 
7). The same flux tube physics is at play, just more tubes!

100x more spotted area than Sun

Figure 7: Spot radii for HAT-P-11 and for the Sun 
at activity minimum and maximum. For reference, 
the largest sunspot measurement we could find in 
the literature was 77,000 km, smaller than the 
spot in Figure 3.

Radii similar to sunspots

Spot latitude distribution like Sun’s at maximum

Spectroscopic Activity Cycle: Ca II H & K

Abstract
We measure the starspot radii and latitude 
distribution on the K4 dwarf HAT-P-11 from Kepler 
short-cadence photometry. We take advantage of 
starspot occultations by its highly-misaligned planet 
to compare the spot size and latitude distributions to 
those of sunspots. We find that the spots of HAT-
P-11 are distributed in latitude much like sunspots 
near solar activity maximum, with mean spot latitude 
of 16±1°. The majority of starspots of HAT-P-11 have 
physical sizes that closely resemble the sizes of 
sunspots at solar maximum, with occasional spots 
larger than the largest sunspots. We measure the 
mean spotted area coverage on HAT-P-11 is 3%, 
roughly two orders of magnitude greater than the 
Sun’s. The similarities in spot distribution and radii 
are interesting given the star’s similar rotation period 
(29 d) but smaller mass (0.8 MSun) than the Sun.
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Figure 9: Searching for an activity cycle in our own echelle spectra from the Apache Point 
Observatory 3.5 m Telescope, and with archival Keck/HIRES spectra from Isaacson & Howard 
(personal communication). We will continue monitoring chromospheric activity through one 
complete cycle, which may be similar in duration to the solar activity cycle (11 years).

Future Work: We will independently verify the spot area coverage/temperatures with 
molecular band absorption from echelle spectroscopy with the APO 3.5 m Telescope, and 
measure S-indices for other K stars to put HAT-P-11 into context stars of similar mass.

mailto:bmmorris@uw.edu
mailto:bmmorris@uw.edu

