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The Activity Cycle
of HAT-P-11

What would happen to the
solar dynamo if you took
away 20% of the Sun’s mass?




The Activity Cycle
of HAT-P-11

1) Intro: brief review of solar cycle
2) Transiting planets for stellar activity
* Properties and positions of starspots
3) Ground-based additions to Kepler results




Solar Cycle: Active latitudes
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Solar Cycle: Active latitudes
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HAT-P-11: a scaled down Sun

. K4V

e Mx = 0.8 Mg

* Prot = 29 d (like Sun!)

* Hot Neptune Pow = 5 d

: Brett Morris
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Transiting exoplanets reveal starspots

* [Iming encodes spot position
« Amplitude encodes spot contrast
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HAT-P-11: a scaled down Sun

e Mx = 0.8 |\/|@
¢ Prot =29d (||ke Sun!)

e Rossiter-MclLaughlin
effect yields orientation

Sanchis-Ojeda et al. 2011 Brett Morris
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Misaligned exoplanets reveal active latitudes

* [ImIing encodes active latitude positions
« Amplitude encodes spot contrast

Flux
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HAT-P-11: Sun-like active latitudes
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HAT-P-11: Sun-like active latitudes
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latitudes

Sun-like active

HAT-P-11
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HAT-P-11: Sun-like active latitudes

HAT-P-11 Sun
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HAT-P-11: More spotted than Sun

| = HAT-P-11
[1 Sun

Spot coverage
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HAT-P-11: Sunspot-like sizes

o Normalized number of obs.
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Lessons from Kepler

* The spots of HAT-P-11 are like the Sun’s
o Similar latitude distribution

o Similar physical radii
 However: they cover 100x more fractional surface area
- Solar-like dynamo

Lessons from ground-based follow-up

Brett Morris
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HAT-P-11: Chromospheric activity
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HAT-P-11: Star-planet interaction?
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Holographic Diffuser-Assisted Photometry
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HAT-P-11: Molecular band modeling
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Flux

Lessons from Kepler

e The spots of HAT-P-11 are like the Sun’s
o Similar latitude distribution
e Similar physical radii

 However: they cover 100x more fractional surface area
» Solar-like dynamo

Lessons from ground-based follow-up

02:00 03:00 04:00 05:00 :
2017-10-30 UTC

e Chromosphere: activity cycle P =z 11 years

o Diffuser: Perhaps more spotted than ever in 2017

o TIO: corroborates large spot coverage

Brett Morris
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Sun: Mt. Wilson Observatory
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HAT-P-11: Kepler
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HAT-P-11:

Kepler photometry +

STSP model

Flux
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Spot radil similar to sunspots

[ HAT-P-11 (2009-2013) -
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HAT-P-11: K4 star with solar-like dynamo

Morris et al. (2017)
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Toroidal Mainetic Field
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Flipping the polar field: Babcock-Leighton Mechanism

Meridional flow

drags surface flux
from low latitudes to
higher latitudes
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Spot bipolarity arises naturally

Bipolar — Babcock (1969)
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BMR tilt arises from Coriolis effect
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F. Inflow
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Leading spot dominates B-field

[ Ime

Babcock (1961)

Following Leading

Near-surface rotates faster than
sub-surface,
leading B-field dominates

33



HAT-




Helioseismology saves the a-effect

480 [T T T g
- |Radiative | |Convective| .- -
460 I o O _ 25 d
> 157 Y
SN 440 30° g 3
=Rias 27d =
o B o
Lt — 420 = -
s 45° '\ =
O : M®
= 3 400 130d 5
e & | -
380._ \\:-"-——__—_':_-;-' |
! ‘ o 60° 7 31d
360 | Tachocline A
050 060 070 080 090 1.00
r/Rg

Howe et al. (2000)

35 35



36



