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X-ray luminosity vs. rotation period of field dwarfs (crosses)  Fig. 4. X-ray to bolometric luminosity ratio vs. rotation period for field
1ster stars (squares). Leftward arrows indicate field stars with  dwarfs (crosses) and cluster stars (squares). The meaning of the lefi-
s derived from v sin i data. ward symbols is the same as in Fig. 3.
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Fig. 13. Template Ry values plotted over B — V. Main-sequence stars
are represented by circles, giant stars with “+" symbols. The B - V
values range from 0.22 to .92, A clear decrease in Call H&K activity
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Jonset of solar-dynamo activity

Onset of chromospheric activity in range of
0.1<B-V=<0.2,0orA7-8V

Increasing magnetic field-related
chromospheric and coronal emission with
more rapid surface rotation

‘Saturation” at L /L, ~ 10

Decreasing dynamo efficiency in limit of
thin convection zones



N. Pizzolato et al.: The stellar activity-rotation relatienship revisited
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Activity vs. rotation

Similar linear relation between period and
| /L, (or L,) independent of fractional
convection zone depth

Increasing efficiency for onset of
saturation’ toward greater fractional
convection zone depths (i.e., saturation at
ower rotation rates)
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rgy flux determines magnetic field strength of
1ets and stars

. Christensen', Volkmar Holzwarth' & Ansgar Reiners®

The magnetic fields of Earth and Jupiter, along with those of rapidly
rotating, low-mass stars, are generated by convection-driven dyna-
mos that may operate similarly"* (the slowly rotating Sun gener-
ates its field through a different dynamo mechanism®). The field
strengths of planets and stars vary over three orders of magnitude,
but the critical factor causing that variation has hitherto been
unclear™’. Here we report an extension of a scaling law derived
from geodynamo models’ to rapidly rotating stars that have strong
density stratification. The unifying principle in the scaling law is
that the energy flux available for generating the magnetic field sets
the field strength. Our scaling law fits the observed field strengths
of Earth, Jupiter, young contracting stars and rapidly rotating low-
mass stars, despite vast differences in the physical conditions of the



\pplication of geodynamo models

Scaling theory for field strength of (rapidly rotating)
olanetary dynamos (e.g., Earth, Jupiter, etc.) applied to
-apidly rotating, fully convective stars (low mass, T Tauri)

Ihermal flux converted to magnetic energy to sustain it
against ohmic dissipation

(B 1(2pt0) = clonmip) ~(Fgo)"~ (2)

Here ¢ is a constant of proportionality, and the averaging of radially
varying properties has been condensed into the efficiency factor F
R
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sen et al. (2009)
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caling law versus magnetic fields of planets and stars.

nergy density in the dynamo versus a function of density and
flux (both in units of Jm ™). The scale on the right shows r.m.s.
th at the dynamo surface. The heat flow from Earth’s core is

* but is in the range 30-100 mW m™ °. The effective convected
ng compositional convection is about twice as large

itary Information ); we use g, = 100mWm™ %, {p} = 10*kgm
5. For Jupiter™, g, =54 Wm ? and {ph=1,330kgm * For
ume F= 1. For T Tauri stars” (in blue) and old M dwarfs (in red
for total field is known', and in pink where the large-scale field
d*}, g, is obtained from the effective surface temperatures'*'%*%,
-1.1 solar masses' are shown in green for rotation periods
llow for4d << P<2 10d and orange for P << 4 d. Where relevant
are not quoted, we use model-based relationships between
iclass, mass and luminosity™**, We assume f,p, = 1 asanominal
bar lengths show estimated uncertainty rather than formal error
tary Information). Black lines show the rescaled fit from Fig, 1
ertainties (solid and dashed lines, respectively). The stellar field
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FiG. 13. Ha equivalent width for Pleiades and Hyades low mass stars as a
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2 dM R2 QO (ﬁ)m following Mestel (1984); Kawaler (1988):
dt " Durney (1993)

LQII\_;

= 2for aradial field
=1for adipolefield

/
_ dI df)
= gz.lg? + 149
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Stellar Evolution

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



P —2 M (rqm
P — 3K M (F)

where we used for the moment of inertia term
| = KMR?

Relevant quantities:
 masslossrate

o stellar mass

e “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



ume similar wind densities and magnetic topologies. In solar units:
V: BR4M ~0.3, withB~3000G,R~0.1,M ~0.1

- very low mass (small) dwarfs, the total surface magnetic
X Isrelatively low, suggesting slower spin-down

V: BR4/M ~0.6, withB~2000G,R ~0.3,M ~0.2



Magnetic topologies in low mass
stars

Donati (2008): Abrupt change in large-
scale magnetic topologies at ~ M3

Farly M—Iarge-scale toroidal and non-
axisymmetric poloidal configurations

_ater M—Ilarge-scale axisymmetric
noloidal fields

Rapid change in size of radiative core,
e.g., 0.5R. at 0.5 M, to negligible at

Sun



A Reiners and G. Basri: On the magnetic topology of partially and fully comvective stars
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p panel: Mean magnetic field measurements from Stokes I (open symbols) and Stokes V (filled symbols). Cenrer (Bottom)
tio of large-scale magnetic flux (energy) to total magnetic flux (energy). Left and night panels show these values as a
f Rossby number and mass, respectively. Symbols distinguish between fully convective (stars) and partially convective
tars.
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Stellar ‘moment of inertia’

where [ 1s the moment of inertia of the star or
the outer convection zone(?)

T
 M<0.35M.,
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7.— The distribution of stellar rotation periods with (B-V) color index for 310 members
[35. Dark blue symbols represent stars that are both photometric and radial-velocity
ibers of M35h. Light blue symbols are used for stars that are photometric members only.
ser-motion members are marked with additional squares. The upper x-axis gives a stellar



Sun’s Internal Rotation
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Perspectives and Issues....

n low mass stars, evidence for compact field
'opologies 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

-ractional convection zone depths may be most
‘elevant 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™™?

|s stellar spin-down a smooth function of time?

Can we detect solar-like cycles at the limits of
thin and thick convection zones?



lar Phys (2008) 251: 157-161
O1 10.1007/s11207-008-9205-9

IELIOSEISMOLOGY, ASTEROSEISMOLOGY, AND MHD CONNECTIONS

.coustic Radius Measurements from MDI and GONG

. Kholikov - F. Hill

ract We study the temporal autocorrelation function (ACF) of global solar oscillations.
well known that the “large frequency separation™ is proportional to the solar acoustic
5. We analyze the ACF of MDI and GONG spherical-harmonic-coetficient time series
egrees ¥ = 0 — 3. Acoustic radius measurements obtained from the first dominant peak
ions of the ACF show a significant anticorrelation with solar cycle. This technique can
useful tool to search for stellar activity.
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...applications

crom Stars

r
0 ﬁ'ﬁlb‘ltahlc

planet®

\coustic radius variations as diagnostic
f surface magnetic structure

1igh sensitivity measurements of low-
xmplitude rotational modulation for slow
Sun-like) rotators
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