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Stellar ages can be estimated 
from modeling clusters

(M67, 4 Gyr, 800 pc)(Pleiades, 0.1 Gyr, 133 pc)



Stellar rotation and magnetic activity 
decrease with time: "spindown"
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(Skumanich 1972, ApJ – 1364 citations*)
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Initial Value Problem

(Brun et al. 2015, Sp. Sci. Rev.)

• Wide range of rotation rates observed in youngest 
protostars (e.g. Rebull et al. 2006)


• Gaseous accretion disks persist fur up to 12 Myr, 
exchange of angular momentum


• Star-disk coupling regulates stellar rotation, 
preventing protostars from spinning up as they 
contract (Koenigl 1991; Keppens et al. 1995)


• Early angular momentum evolution of stars is a 
window into star and planet formation processes


• On the main sequence, surface rotation of star 
responds to both internal angular momentum 
transport and momentum loss from magnetized 
solar-like winds



Rotational initial conditions are forgotten after ~1 Gyr

(Gallet & Bouvier 2013, A&A)

extrapolate to 
older ages?

Sun



(Barnes 2007, ApJ)

Gyrochronology



Gyrochronology

(Barnes 2010, ApJ)

100 Myr 100 Myr

600 Myr 4.54 Gyr
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Braking Breaks at a Critical Rossby Number
Van Saders et al. 2016, Nature
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Braking Breaks at a Critical Rossby Number
Van Saders et al. 2016, Nature
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Or does it?

(Van Saders 2019, ApJ)

1. Stars actually stop braking at a 
critical Rossby number due to 
an abrupt change in magnetic 
topology. 

2. Stars actually stop braking at a 
critical Rossby number due to 
abrupt change in surface field 
strength. 

3. Braking continues, but surface 
features diminish smoothly in a 
temperature dependent fashion 
and reach a Kepler-specific 
detection threshold. 

4. Braking continues, but surface 
features diminish abruptly in a 
temperature-dependent fashion 
and impose a universal 
detection threshold.

McQ14 Data
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Stellar rotation and magnetic activity 
decrease with time: "magdown?"
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Rossby Number – useful, if nothing else

41 stars

Noyes et al. 1984

Convective Turnover Time Activity vs. Rossby Number
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⌧c

Sun



Mean Activity ∝ Rotation & Mass

(Noyes et al. 1984 + Baliunas et al. 1995 + Lit. Rotations)
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Mean Activity ∝ Rossby Number
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Endurance of Age-Activity, -Rotation?
Lorenzo-Oliviera et al. 2018, A&A 

"Solar Twins" Teff ±100K; logg, [Fe/H] ±0.1dex
Lorenzo-Oliviera et al. 2019, MNRAS 

"Solar Twins" Teff ±100K; logg, [Fe/H] ±0.1dex

Sun



Sun Sun

Mean Activity ∝ Rossby Number

(Wright et al. 2011)



Brightness Variability as an Activity Measure

(Radick et al. 2018, ApJ)

~17 years of APT observations; mostly G-type stars

(Salabert et al. 2016, A&A)

~4 years of Kepler Observtions; G-type stars

(McQuillan et al. 2015, ApJS)
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Activity Evolution in the UV

Judge et al. 2017, ApJ
Lowell SSSIUE / HubbleROSAT, Chandra

Sun

log scales 
Note the range!



Long-Term Variability Evolution
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Long-Term Variability Evolution

Maunder
Minimum

Cosmogenic Reconstruction 
Wu et al. 2019, A&A

WDC-SILSO “backbone” 
Svalgaard & Schatten 2015

Grand Minima
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"Maunder Minimum" Stars

Baliunas et al. 1995
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"Maunder Minimum" Stars

(Wright 2004)

Subgiants

Sun
Sun



Sun Sun "Flat Activity" Mount Wilson Stars

"Maunder Minimum" Stars

Judge & Saar 2007



The only way to be sure?

Shah et al. 2018
Mittag et al. 2019, A&A

HD 140538 (G2V)

HD 4915 (G5V)
HD 3651 (K0V)

Baliunas et al. 1995; Judge & Saar 2007



The Sun: On the way out,  
or ready for a comeback?

(Reinhold et al. 2020, Science)
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The Sun: On the way out,  
or ready for a comeback?

(Reinhold et al. 2020, Science)
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The Sun: On the way out,  
or ready for a comeback?

(Zhang et al. 2020, ApJL)
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Conclusions
• Stellar observations of rotation and activity inform us about the operation 

of the dynamo under different conditions and give us a proxy to 
understand the magnetic history and future of our Sun.


• Multiple observations support the idea that angular momentum evolution 
stops mid-main-sequence, but this picture is still contentious.  It is unclear 
on what timescale such a magnetic transition might take place.


• Multiple observations support the idea that the Sun is near the minimum 
activity attainable for a star of its mass.  The location of the absolute 
minimum and the frequency/nature of transitions between low/high 
activity states is unclear.


