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Relevance

Rotation, convection, B-fields dynamo
Magnetic fields              activity on all time 
scales
Irradiance Variability
Variability in energetic particle fluence
Affects ambient radiative and particle 
environments of extrasolar planetary systems
Interaction of magnetic fields and winds 
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Onset of solar-dynamo activity
Onset of chromospheric activity in range of 
0.1 ≤ B-V ≤ 0.2, or A7-8 V
Increasing magnetic field-related 
chromospheric and coronal emission with 
more rapid surface rotation
“Saturation” at Lx/Lbol ~ 10-3

Decreasing dynamo efficiency in limit of 
thin convection zones





Activity vs. rotation

Similar linear relation between period and 
Lx/Lbol (or Lx) independent of fractional 
convection zone depth
Increasing efficiency for onset of 
‘saturation’ toward greater fractional 
convection zone depths (i.e., saturation at 
lower rotation rates)





Application of geodynamo models

Scaling theory for field strength of (rapidly rotating) 
planetary dynamos (e.g., Earth, Jupiter, etc.) applied to 
rapidly rotating, fully convective stars (low mass, T Tauri)
Thermal flux converted to magnetic energy to sustain it 
against ohmic dissipation



sen et al. (2009)



Prediction from planetary dynamo 
scaling law

Giant ESPs (5-10 Jupiter masses) should 
have field strengths 5-12 times Jupiter’s 
surface
Possibility of detecting radio emissions 
from giant Jupiters?
A lot of variation in magnetic properties of 
the group of stars considered
Model with no density stratification not 
accurate for stars









following Mestel (1984); Kawaler (1988); 
Durney (1993)

 = 2 for a radial field

 = 1 for a dipole field

Stellar Evolution

Rewriting above in terms of relative change in 
rotation period and the moment of inertia 
yields



Relevant quantities:

• mass loss rate

• stellar mass

• “K”– what is spinning down?

• magnetic field strength & geometry



n terms of surface magnetic field strength

Used that Alfven speed = wind speed at the Alfven surface; 

mass continuity; 

scaling of the decline of the surface magnetic field strength with distance out 
to the co-rotation radius



Illustration……

ume similar wind densities and magnetic topologies.  In solar units:

8 V:  BR2/M ~ 0.3,  with B ~ 3000 G, R ~ 0.1, M ~ 0.1

r very low mass (small) dwarfs, the total surface magnetic 
x is relatively low, suggesting slower spin-down

5 V: BR2/M ~ 0.6, with B ~ 2000 G, R ~ 0.3, M ~ 0.2



Magnetic topologies in low mass 
stars

Donati (2008): Abrupt change in large-
scale magnetic topologies at ~ M3
Early M—large-scale toroidal and non-
axisymmetric poloidal configurations
Later M—large-scale axisymmetric 
poloidal fields
Rapid change in size of radiative core, 
e.g., 0.5R* at 0.5 MSun to negligible at 



kes V – large scale field



arly M-dwarfs: 6% of total magnetic flux 
large-scale configurations

ully convective, mid-M dwarfs: 14%
ulk of magnetic flux in small-scale 
omponents

Reiners & Basri (2009)



Stellar ‘moment of inertia’

Fully convective stars



“C (Convective) 
Sequence”—decoupled 
radiative and convective 
cores

“I (interface) 
Sequence”—core and 
envelope coupled

M35 (150 Myr)



Sun’s Internal Rotation

Tachocline
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Perspectives and Issues….
In low mass stars, evidence for compact field 
topologies and large-scale fields
How do we reconcile slow spin-down with 
extended field structures at low stellar mass?
“Seamless” transition in chromospheric/coronal 
emission properties from partial to fully 
convective interior
Transition from partial to full convection 
manifested in changing magnetic field topologies
Fractional convection zone depths may be most 
relevant to magnetic cycle properties



Are relative mass-loss rates similar from F to M?
What is spinning down?

— Is it the whole star?
— Is it just the outer layers?

Can the outer convection zone and radiative 
interior “decouple” and “recouple”?
Is stellar spin-down a smooth function of time?
Can we detect solar-like cycles at the limits of 
thin and thick convection zones?









…….applications

Acoustic radius variations as diagnostic 
of surface magnetic structure
High sensitivity measurements of low-
amplitude rotational modulation for slow 
Sun-like) rotators




