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Activity-Rotation Relation

Wright et al. 2018
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Activity-Rotation Relation

Wright et al. 2018

i
O -
=R 5
2 e | j
S ok -
— . .
2 :
'c'-nl <
o o | Fast rotators -
g i : :
S e | -
NG
B = E
g ) :
! | - - Fit from Wright et al. 2011 with g = —-2.7 ove |
N © | — Fit to fully—convective stars with § = —2.3 (this work) ‘ by P |
Io — o Partly—convective stars (Wright et al. 2011) o -
— E o Fully—convective stars (Wright et al. 2011) Slow POt&tOI’-‘S’ .
| @ Fully—convective stars (this work) L
1 1 1 1 - B 1 l 1 1 1 1 Ll 1 1 l 1 1 1 1 BTN B l 1 LS
- 1073 0.01 0.1 1
Noraz et al. 2025 (ASH Simulation) Rossby Number = Rotation Period

Convective Turnover Timescale

adam.finley@cea.fr adamjamesfinley.github.io



/eeman-Doppler Imaging

Kochukhov 2016
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/eeman-Doppler Imaging

Fast rotators Slow rotators
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e g an e T . NGC 2112 (LRGB) by.Dan Crowson (BBG:Sky.at Night)
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Stellar Rotation Evolution

Louis Amard, Private Comm
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Stellar Spin-down (one solar mass)
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Stellar Wind Angular Momentum-loss

Tangential Speed

N

Tangential Speed
@ 1au

I8netic Tensje Tangential Speed = 1km/s
n

Larger angular momentum-loss per unit mass!
-Plasma angular momentum
-Magnetic stresses

adam.finley@cea.fr More details in Finley et al. (2017, 2018) adamjamesfinley.github.io
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MHD Stellar Wind Simulations

Angular Momentum-loss Rate

(Torque): . 2 < RA>

Rotation Ra,te\
-Heating of the Corona
-Braiding, reconnection...
-Alfvén Wave Heating

15

Radial Distance [Stellar Radii]
o

)

._10_

-Small-scale magnetic fields Alfvén Radius

-Heating of the Wind

o

-Alfvén Wave Acceleration
-Open flux, density, speed...

-Large-scale magnetic field
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Puzzle 1: Stalling of Spin-down Around 1Gyr

Dominated by angular momentum-
2 ) e . .
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Puzzle 2: Weakened Spin-down at Late-ages

Dominated by angular momentum-
ol . :
e P loss in the solar wind
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@ Fast rotators
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A, § ¢ Around the Sun’s age, magnetic
L 10 -7 activity continues to decrease with
§ e age but rotation remains constant...
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Earth Observatories

Differential Rotation
Ireland et al. (2022) »
Finley & Brun (2023a, 2023b) =

Angular Momentum Transport and SteIIar Spln down
Finley et al. (2017, 2018, 2019) -
See et al. (2019, 2020) o .
Metcalfe etal. (2022 2023a 2023b, 2024) ; I reenoglan frobe

Enforces Rotation into the Solar Corona and Wind
Finley et al. (2019, 2020)
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Complexity in the Solar Wind Observations
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Solar Angular Momentum Redistribution

Enhanced Tangential Speed

@ 1 au
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(less dense) catches slow wind and is deflected.
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Where is the Sun’s Alfvén Surface?
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Where is the Sun’s Alfvén Surface?
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NASA’s Parker Solar Probe
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Conclusmns

Magnetlc act|V|ty, rotation and stellar age are I|nked due to the Ioss of , | .
angular ‘momentum in stellar winds. ~ , .- ORISR L 1.t Doy sl

: - % wsolar.orbiter.
: Th|s relat|onsh|p shapes the coronae and astrospheres of stars which N ) : s
' dlrectly impact the secular evolution of exoplanetary atmospheres.. ' |

Gyrochronology is useful for determmlng stellar ages, however its
accuratcy is limited by at least two phy5|cal phenomena

1. The stalllng of spin-down around 1 billion years. - - 3

2. The »weakening.of spin-down around the Sun’s age. W

Take Home Message: Currently in a golden age of solar and
heliospheric physics. Developing a better physical understanding
of the solar corona and wind, including direct measurements of
the Alfvén surface and angular momentum transport.
Application to other Sun-like stars with the PLATO mission. X _ \ A
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