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> Activity cycles are the consequence of:

= Interaction between
 Rotation, convection & magnetic fields
» There is a relation between:
Poye/ Prot = Qf Qg = CROY
[e.g. Thomas & Weiss 2008]
= with Ro = P/, the Rosby number

= 71, the convective turnover time
= g changing from 0.25 to 1
[e.g. Ossendrijver 1997; Saar 2002; Jouve et al. 2010]
» Stellar activity cycles:

= Two branches
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= The position of the Sun
» Between both branches
» Faster rotators

= Stronger magnetic activity amplitudes 10 20 30 40 50
Rotation Period (days)

= Rarely have regular cycles
[Adapted from Bohm-Vitense, 2007]

[Fletcher et al. 2010]
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» Long, uninterrupted (stable?) photometric observations
= CoRoT
* Hundred days (2 or 3 times)
= Kepler:

» More than 3.5 years

» Convective properties
= Characteristic time of the granulation

= Depth of the convective zone

» New magnettic-activity cycle proxies:
= Frequency shifts

= Mode amplitudes
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CoRoT
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Seismology ofTE

Spectroscopy
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Anticorrelation between amplitude Active star
variation and frequency shifts
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Shift (Maximum Activity — Minimum Activity)

» The frequency shifts only affect:
= Modes >2 mHz
» Surface effect

e Modes <2 mHz

= External turning point

Frequency Shift (uHz)

= Deeper as frequency decreases

> Similar dependence of Av(Vv): 1800 2000 2500 3000 3500 4000 4500 5000 5500
= Found in HD49933 20

=  Surface effect

00
Frequency (uHz)  [€:g- Salabert et al. 2004]

[Ceillier et al. 2011]
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Kepler
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> Around 190 stars observed since Q5 for at least 3 months (short cadence)

= 3.5 years of data available for surface rotation studies

4 £
W& 1) ?&S
Sy e @)
<
"..\ )

‘<‘= N P
S

1.6M,
(

HD49933
1 04Mo

) | ) ) ) ) | )
7000 6500
[Garcia et al. in preparation]




600
Time (days)

erlet Powr Spectrum

Time (days)

Scale—average Time Series (1.30—3.21d)

Coqmol quiloqiz qual Qif

600
Time (days)

0.00 0.62 1.25
Power {107

Voo =5.3u2Hz

rot
P =2.16days
P, =2.17 + 0.14days

7000 6500 6000

[Garcia et al. in preparation] Tenr (K)

[Mathur et al. to be submitted]

13



600
Time (days}

Wavelet Powr Sectru

X 4.5
Time (days) Power {107

Scale—average Time Series (1.79—4.66d)

Vi =4.55uHz

P =2.54days

Pl =2.54 £ 0.16days
P, =3.5 £ 0.16days

Avg variance

600
Time (days)

» Shere-Khan

7000 6500 6000

[Garcia et al. in preparation] Tenr (K)

[Mathur et al. to be submitted]

14



Period (days)

Avg variance

600
Time (days)

Wavelet Power Spectrum
———T— T

L
600
Time (days)

Wavelet Power Spectrum
— T

b

4” )

' nma H.Jl "u\u\( f

dll

vy, !

N” C O

q“l b -M'JN. l""s ww Mﬂ iy

.\
N Lﬂl H .|||ll|..hil' IM i Im. il 1)

L H S
il

Period (days)

N

Jl' L] um
lm‘m I;m‘;‘lm.

(! |lI
A I |||.J‘I‘.|HHI .ll.ll". wll 1“‘

|
1000 0 200

l

> Baloo

» Bagheera

7000
[Garcia et al. in preparation]

K

! ‘. '\‘.l

6500

ne | {
l'l (G /
| HM..‘\' bl 1

0 200 400 600 800 400 600 800 1000
Time {year) Time {year)
rot™ Od
Scale—average Time Series (2.59—-4.814d)
T RN LA T T T v T T T T T
Qit: QiE Q

81 @4l Q5 Q8 Q7 [ g8

Q9

QLo

987

600

Time (days)

1 1 . 1 1
800 1000 0 200 400 600
Time (days)

800

1000

[Mathur et al. to be submitted]



» 1D Seismic model
» 3D Model by ASH
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[Augustson, Mathur, Brun et al. in prep.]
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> 3D Model by ASH
MHD Model

[Augustson, Mathur, Brun et al. in prep.]

Preliminary results: a regular cycle has been established
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