[2022: ApJL 933, L17]

Collaborators: Adam Finley, Oleg Kochukhov, Victor See, Thomas Ayres
Keivan Stassun, Jennifer van Saders, Catherine Clark, Diego Godoy-Rivere
llya IIyin,_{fI)\/Iar‘c ;,Pinsbn_n{eault, Klaus Strassmeier, Pascal Petit




UUeaEenea magneglc BraEmg

o)
-

Period (days)
N
S

DD
-

6500 6000 5500 5000 4500
Eff (K) van Saders+2019



o)
-

Period (days)
N
S

o
-

6500 6000 5500 5000 4500
Eff (K) van Saders+2019



* No detection bias: asteroseismic rotation rates show similar distribution

* Pile-up confirmed: precise Te+ shows range of ages at long-period edge
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On the only inhabited planet currently known, life emerged

from the oceans onto land when the G-type host reached

The Sun appears to be in a transitional
evolutionary phase, so its magnetic cycle

may represent a special case of dynamo theory.



log(L/Lg)

To sustain a magnetic dynamo, the
Rossby number cannot be too large!
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Cycles grow longer and weaker in old stars
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Featherstone & Hindman 2016

2. loss of shear disrupts a-Q dynamo
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Evolutionary sequence: F-type stars
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* 88 Leo: detection of large-
scale field, modeled by
dipole with B, = 5.0 G

* p CrB: upper limits on
field strength suggest a
torque < 8% of 88 Leo

* Dominated by changes in
field morphology, but ZDI
needed for confirmation

Metcalfe+2019,2021



Evolutionary sequence: solar analogs
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* Between 2.6-3.7 Gyr, braking torque decreases by an order of magnitude
* Dominated by changes in mass-loss rate and field strength & morphology
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Evolutionary sequence: old solar analogs
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Summary of conclusions

* Weakened magnetic braking beyond middle-age as
the global field shifts toward smaller spatial scales

* F- and G-type stars make this transition at rotation
periods between ~15-25 days, enabling direct tests

* LBT spectropolarimetry supports a diminishing dipole
field in sequences of stars that span the transition

* Braking torque changes due to mass-loss rate (early)
and field strength & morphology (dominates later)

. travis_metcalfe #firstgen
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HD 166620: grand minimum
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Showed a clear Sun-like
activity cycle during the
Mount Wilson survey

Keck data are consistent
In the late-90s, constant
activity level after 2003

Position of cycle above
lower sequence is outlier
similar to the solar cycle

Baum+2022



Activity level evolves continuously with age

Chromospheric Activity (log R'yk)
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Mean Spherical Harmonic Degree

Evolution of magnetic complexity

Saturation : K2
regime l observations
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* Saturation regime:
range of rotation rates at
constant activity level

* Skumanich regime:
rotation rate and activity
level decline together

* Decoupled regime:
activity level evolves at
constant rotation rate

Garraffo+2018



