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In stars activity depends on rotation & convective

overturning time via Rossby nb Ro=P _/t U
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Fig. 6. The rotational period-cyvele period diagram, with symbols as
Fig. 5. The dashed line is the fit to all results incleding the ones from t
literature, and the solid line is the relation for the shonest cycle lengt

determined by us,
Olah et al. 2009

- Ro 1s the ratio of the
inertial to Coriolis forces.

Ro << 1 — Coriolis dominate
Ro >> 1 — Inertial and
centrifugal forces dominate

AT

CallH & Klines , <R’>

Over 111 stars in HK project (F2-M2):

31 flat or linear signal e
29 irregular variables =
51 + Sun possess magnetic cycle

see also Noyes et al. 1984, Wilson 1978, Baliunas et al. 1995

Much more
coming in
Asteroseismology
Era




Weak trend with @ AQ increases with M.
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In Donahue et al. 1996: AQ propto Q%7
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Matt et al. 2011, 2013
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DRKE [erg.cm™]

Flud Rossby Fluid Rossby

Brown et al. 2008
Augustson et al. 2012

A = 156.0 nHz (

)u 47
< smaller AQ with smaller Mass

= 150.3 nHz (




Matt, Brun et al. 2011, 2013

Fluid Rossby
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Introduction: Energy balance in the convection zone

A&

Lrad

Internal Energy

Potential Energy

Qn: Ohmic heating

Qv: Viscous heating
Wg:Buoyancy work
Wp:Pressure work

Wm: Lorentz force work

Magnetic
Energy

Influence of Rotation:

Slow rotation:

Lorentz ~ Advection, Emag ~ Eke
Fast rotation:

Laplace ~ Coriolis, Emag > Eke

(Brandenburg et al. 1996, Brun et al. 2004)




Equilibrium field . B, ~ sqri( 8z P,;) ~ sqrt(p.)

If magnetic Reynolds number Rm ~1 , v= /L, then

Laminar (weak) scaling: Lorentz ~ diffusion =>
B? cax ~ pv1/L?  (ME < KE)

Turbulent (equipartition) scaling: Lorentz ~ advection =>
Bgturb ~pvi~pni/l? & Byeakl™~ 1Byl Ijmw2 (ME ~ KE)

Magnetostrophic (strong) scaling: Lorentz ~ Coriolis =>
BESU’DHQ ~ pLn (ME > KE)

With p density, v kinematic viscosity, 1 magnetic diffusivity, €2 rotation rate,
v, L characteristic velocity & length scales, P, = v/1) the magnetic Prandtl nb

Fauve et al. 2010, Christensen 2010, Brun et al. 2013
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Antisolar rotation, mass trend in G&K stars

Ro = 0.33
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- Dynamo o?. CKE > DRCE.

- Laminar scaling. KE > ME.

- Higher mass — DRKE drops.

- ME steady evolution for 0.9 M,
oscillating for 0.7 M, drops for 1.1 M.




Antisolar rotation, mass trend in G&K stars

0.7 M (Ro = 0.33) 0.9 Mass (Ro = 0.31) 1.1 Mass (Ro = 0.35)
% o T AQ =50

¢ AQ = 120
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Rotation trend in G&K stars
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- The 1 Q shows a weak ME
oscillations. CKE = DRKE.

A000 BOO0 = BIBIK 10000 = The 3 Q ShOWS d Strong M E
ime Ldayes oscillations. CKE < DRKE.
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Effect of th % ation in G&K stars

0.9 Mass and 1 O / // /
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Rotation trend in G&K stars

1.1 Mass and 1 Q (Ro = 0.35
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- For the 3 Q simulation the DRKE
> CKE, the opposite than in the 1 Q
R case. AQ 1s larger.
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after the local maximum of the ME.

Beginning of a magnetic cycle ?.
1.1 Mass and 3 Q (Ro=0.13
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Mass trend in G&K stars

0.9 Mass and 1 Q (Ro 0. 18)

iy W e T N R
L ]
nrﬂph“

vl o .mw

P Py e d l"-!'l'""" "'

lF' hEM M I'ﬁ‘i oy A My
ruﬁ. " ::'mﬂ‘#' ﬁ:w'!.‘"'\l*m i

b Ve
,

" DRME (th
MCME (thick]

- The KE 1n the 0.5 M case 1s larger
than in the 0.9 M simulation.

- The DRKE > CKE in the 0.5 M
case. Larger AQ.

- To drop the Ro leads to larger ME
oscillations (almost one order of
magnitude in the 0.5 M case).




Mass trend in G&K stars
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Fluid Rossby

Dynamo frontiers conference: Varela & Brun 2015

- Same trends in the MHD
and HD simulations.

0,1 S

Ro
- AQ and DRKE smaller in
the MHD than in the HD.




Conclusions and future research

- All simulation are in the laminar scaling.

- The anti-solar model (CKE > DRCE), o* dynamo. Stable magnetic
wreaths. Higher mass, drop of the DRKE and increase of the AQ.

- The anti-solar cases don’t show cyclic activity but the ME and KE is
only steady in the mode with 0.9 M.

- The model with 0.9 M and 1 € shows a weak cyclic activity (CKE =
DRKE) while the 3 Q model show a strong cyclic activity (CKE <
DRKE). Similar conclusions for the 1.1M models with 1 — 3 Q.

- The model with 0.5 M and 1 Q shows a stronger ME oscillations than
the model with 0.9 M and 1 Q (larger Ro).

- Increase the rotation rate leads to an enhancement of the DRKE and
AQ, non-steady evolution of the ME and cyclic activity (polar
inversion). a-Q dynamo.

- Increase star mass, leads to a drop of the DRKE (relative to each
simulation) and an enhancement of the AQ. Dynamo dominated by
convective motions (o?), steady evolution ME.
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