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A model of stellar spin down
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Very young stars display a wide range of

initial rotation periods
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Problem #1

There may be real variance in the starting
distributions of rotation periods that depends
on environment

Assuming clusters at different ages represent an
evolutionary sequence may not be safe



Example: the problem of h Per
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Coker, Pinsonneault & Terndrup 2016



Stronger FUV exposure Weaker FUV exposure

Roquette et al. 2021



Model Ingredients

1.) A description of initial conditions

2.) A description of magnetic braking
at the stellar surface

3.) A description interior angular
momentum transport



Magnetic braking prescriptions
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Magnetic field strength and morphology matter
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Magnetic braking prescriptions

—m 5m+2 4m : 1-2m
dl _ [ M. R, B, M, Q,
dr M, R, B, M, Q,

Matt et al. 2012
Matt et al. 2015
van Saders & Pinsonneault 2013



Magnetic braking prescriptions

Set by field morphology, wind acceleration

S CICRCICNC

Normalization constant

Matt et al. 2012
Matt et al. 2015
van Saders & Pinsonneault 2013



Magnetic braking prescriptions

—m Sm+2 4dm ) 1-2m
dl _ (M, R, B, M, Q,
dr M, R, B, M, Q,
Matt et al. 2012

Matt et al. 2015

van Saders & Pinsonneault 2013



Magnetic braking prescriptions



Measurements of mass loss rates for dwarfs exist,
but they are few.
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Magnetic braking prescriptions

—m 5m+2 4m : 1-2m
dl _ [ M. R, B, M, Q,
dt Mg, R B, M, Qo

First, assume a dipole*
Second, assume a Rossby scaling®



Magnetic phenomena (appear to)
depend on the Rossby number

increases as the
star spins down

P A/ with time

C<l Roughly constant
'\ during the main
sequence, but a
strong function of
mass
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Objects with lower Rossby numbers are more
active, with stronger fields
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Magnetic braking prescriptions

—m 5m+2 4m : 1-2m
dl _ M, R, B, M, Q,
dt M, R, B, M, Q,

Generally:
dl .
— o L2 dJ/dti
f [ 1s a strong
function of mass
To reproduce the observed (or Teff, or color)
time dependence of spin of the star

down



A standard spin-down model
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Problem #2

Rapid rotators cannot survive to their observed
ages with Q7 spin down
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Problem #2

Rapid rotators cannot survive to their observed
ages with Q7 spin down

dl
- OC Q o Q < chif
dt

dJ
- O< Q, Q > QCI"it
dt

“Saturation”: At some £2_ ., spinning the star faster does not yield a
stronger field, thus you do not have stronger braking



Problem #2

Rapid rotators cannot survive to their observed
ages with Q7 spin down
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Problem #2

Rapid rotators cannot survive to their observed
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A model of stellar spin down
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Problem #3

Old stars appear to stop losing angular
momentum at Rossby numbers larger than solar



A standard spin-down model
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Halt spin-down past a critical Rossby number
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Magnetic field strength and morphology matter
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A shift in magnetic field morphology?
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A shift in magnetic field morphology?
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A shift in magnetic field morphology?
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Model Ingredients

1.) A description of initial conditions

2.) A description of magnetic braking at
the stellar surface

3.) A description interior angular
momentum transport



The Sun is not far from a solid body
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Allow envelopes and cores to

“decouple”
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Rotation cares about the things you care

about: internal transport, magnetic field

generation, convection zone properties,
stellar structure



