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Rotation-Activity Relation
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Activity Cycles

Chromospheric acitvity
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* Modelling of dynamos, sunspots and the corona

* High-resolution and long-term observation

experience

Solar Activity Stellar Activity

constraints

 Rotational dependence of cycles & X-rays

* Size and distribution of star spots
* Dependence on stellar parameters
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Magnetic Helicity

- UHU extr

Alleskleber

The glue that connects
dynamos and coronae
of the Sun and stars
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Helicity in the Sun and Stars

Nonalignment of
rotation and gravity

= Alpha effect from
™ global simulations
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Magn. helicity fluxes

Dynamo - Corona
connection
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Importance of
magnetic helicity
for coronal heating
and X-ray emission

Magnetic helicity
production |

Kinetic helicity
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Magnetic helicity
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Space weather
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Solar and Stellar Dynameos

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS
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We can use numerical simulations to
determine turbulent effects.
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Dynamo theory

Electromotive force:
Turbulent dynamo effects
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Electromotive force 1

E=a-B+b-VB+...

Ei = CLiij - bwké‘jﬁk —= e

LN

E=a-B+yxB-B-(VxB)-6x(VxB)—«-(VB)®

Alpha effect "Turbulent diffusion

v

Turbulent pumping Radler effect
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Electromotive force 11

Not considered

| /Schrinnger e£ al. 2005, 2, T
‘Test-ﬁeld method: Measuring turbulent dynamo eftects |

Applying 9 linear independent test-fields, no back reaction

Calculating corresponding electromotive force

Inverting for turbulent dynamo eftects
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Global stellar dynamo simulations

Kapyla et al. 2012, 2013 { ¢
Tl Warnecke et al. 2014, 2016 {“ o
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Pencil Code
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Parker—Yoshimura Rule

F 4

| Parker 1955 |
' Yoshimura 1975 §

Smig (T, 0) = —oze¢ x V2,

1
Alpha-Omega dynamo i

agnetic field [kG]

Latitude (deg)

Solar-like solution can be well described
with P-Y dynamo wave.
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Dynamo cycles of other authors

Other studies an be explained
with P-Y as well.
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Turbulent pumping
Mean magnetic field only ,,sees" the sum of flow and pumping

Ueﬁ=ﬁ+7
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Dynamo simulations - increasing rotation
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ptor Consistent with

previous simulations
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Turbulent transport coefﬁcients: alpha
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Turbulent transport coefficients: alpha

Co 0.00 0.12 1.20 1.46 110.9

o

9

o
1
|
1

Q
<
<

/

¢
1
[
1
1

®

!
|
N4
!

I
|
!
L
|

i R Il i
i‘i Radler et al. 1990, Pipin 2017 | 0.1 1

Found in observations I Berdyugma & Tuommen 1998 & Lehtmen etal 2018 i 4
and Simulati()ns V1V1an1 et al 2018 f




latitude latitude latitude

latitude

Co

0.25+0.04

10 20 30 40 50 B,[KG] O 10 20 30 40 50 603¢[kG]0 0,20 30 40 50B,[kG] 20

time [yr]

time [yr]

time [yr]



| 310.

' 54.7

/9

Dynamo cycles in simulations 11
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Olspert et al. 2017 ﬂ

FAY A,

Results of simulations it well with
transitional branch

Explanation for inactive branch still missing
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latitude

latitude

Turbulent dynamo effects

latitude

10 20 30 40 5OB¢[kG
time [yr]

Need to explore new type of dynamos
driven by several turbulent effects

Numerlcal 51mulat10n play key role to
determine the effects now in the future
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latitude [deg]
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Mean-field model vs.
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Very good agreement of MF model w1th DNS
(Period and Pattern) . .

Warnecke et al. 2021
Full spectrum of effects needed | Submitted
| arXiv:2105.07708 |

Simple dynamo models may not viable - -
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Magnetic helicity
in convective dynamo simulation
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Magnetic helicity production

with increasing rotation
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Magnetic helicity fluxes

1 + ReMFZ/ng

' Kleeorin & Ruzmaikin 1982
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Based on assumption, which might be not true
in complex systems




Turbulent layer

Forcing with
helical transversal
plane waves
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Magnetic helicity fluxes from simulations
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Magnetic helicity fluxes
from convection simulations

10
Corolios number

600 800 1000 1200 1400 1600 1800
t/T

Norm. helicity fluxes stay constant
Increase due to mag. field increase

Corolios numb®=
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Rotation-Activity Relation
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Comparison with observations
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Can reproduce many observed features !
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Scaling of X-rays with magnetic flux
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Magnetic helicity injection

Vertical photospheric field: A,, A,
Hin
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Magnetic helicity + X-ray production
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Magnetic helicity density

Increase of X-rays with magnetic helicity is consistent with
observation, if H,, increases less linearly with rotation.

Increase of X-rays with magnetic helicity provide a
significant contribution to activity-rotation-relation




|Conclusions|

Test-field method one way to measure dynamo effects
Irace of alpha saturates for high rotation, but non-isotropic

Explanation for inactive branch still missing

Large variety of turbulent dynamo effects

Simple dynamo models may not viable

LS and SS mag. helicity no opposite sign

All helicities follow ~ Co9-2
Norm. helicity fluxes independent of rotation

Injecting mag. helicity causes higher Xray fluxes

Significant contribution to Xray rotation relation

Helical magnetic field important role in

lunderstanding the Rotation-Activity-Relation of stars



