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ρOph, Herschel

Rotation, 
Magnetism &
Convection
Are 
Fascinating
Challenges 
for
Stellar Theory



ALSO impacts observables!
(Pecaut & Mamajek 2013)

Somers & Pinsonneault (2015)

(Feiden talk)



Spotted Models Are Older and Colder
=> Longer Gas Disk Lifetimes

Somers & Pinsonneault 2016







Irwin & Bouvier 2008;
Moraux et al. 2013Young

Old

• Birth Rotation 
Much Less 

Than Break-Up 
• Wide Range in 

Rotation Rate 
at Fixed Mass

• Weak Time 
Evolution 

Despite Rapid 
Contraction



Konigl 1991; Shu et al. 1994



Skumanich 1972:
The first rotational clock!



Krishnamurthi+1997
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Core-Envelope Decoupling

Krishnamurthi+1997



Pizzolato et al. 2003

Coronal Activity vs. Period Coronal Activity vs. Rossby number
=> mass dependence of Lx

The saturation model is empirical, not predictive!

Proxies of dipole field strength and mass loss are observed to 
saturate, which mirrors the torque model needed to explain data

See Wright, Browning
talks!





Gallet & Bouvier 2015



Needed:
Physical models of winds, disks, internal transport…
New observational diagnosics



Moraux et al. 2013



=> Constant J/M (Somers et al. 2017)



Red: 
Stars with Disks

Rebull et al. 2018



Coker+2016



Praesepe (Douglas+2017)

Pleiades (Stauffer+2016)Upper Sco (Stauffer+2016)

=> Short Disk Lifetimes





Rebull et al. 2017 (Godoy-Rivera poster)



Contrary to earlier models 
(Kawaler 1988), new ones 
predict strongly R-dependent 
torques. 

See et al. (2019)



Somers & Pinsonneault 2016



Wright+2011 scaling



van Saders et al. 2016)

The period–age 
plane as 

predicted by 
gyrochronology, 
compared with 

observed 
periods.

Models
Calibrated
On Clusters
1-2 Gyr Old…

Predict
Rotation
Periods
Longer Than
The Data



Requires Inefficient 
Magnetized 

Torques Below The 
Solar Activity Level

STRONG IMPLICATION:
The Clock Stops for Stars Less
Active than the Sun
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