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STUDYING STELLAR MAGNETIC 
ACTIVITY:  

ASTEROSEISMIC MEASUREMENTS 
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I-Introduction 
 



I-STELLAR ACTIVITY 
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Ø  Activity cycles are the consequence of: 
§  Interaction between 

•  Rotation, convection & magnetic fields 

Ø  There is a relation between: 
Pcyc/Prot = Ω/ Ωcyc = CRoq 

 

§  with Ro = Prot/τc, the Rosby number  
§  τc the convective turnover time 
§   q changing from 0.25 to 1  

Ø  Stellar activity cycles: 
§  Two branches 
§  The position of the Sun 

•  Between both branches 

Ø  Faster rotators 
§  Stronger magnetic activity amplitudes 
§  Rarely have regular cycles 

[Adapted from Bohm-Vitense, 2007] 

[e.g. Thomas & Weiss 2008] 

[e.g. Ossendrijver 1997; Saar 2002; Jouve et al. 2010] 

HD49933 

[Fletcher et al. 2010] 

 i Horologii 



I-WHAT CAN SEISMOLOGY OFFER? 
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Ø  Long, uninterrupted (stable?) photometric observations 
§  CoRoT 

•  Hundred days (2 or 3 times) 

§  Kepler: 
•  More than 3.5 years 

Ø  Convective properties 
§  Characteristic time of the granulation 

§  Depth of the convective zone 

Ø  New magnettic-activity cycle proxies: 
§  Frequency shifts  

§  Mode amplitudes 
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I-METHODOLOGY: THE SUN 

Sunspot number 

[García et al. 2010]
[Salabert et al. 2009]

VIRGO/SPM VIRGO/SPM 

[Mathur et al. 2013]
[Chaplin et al. 2011] 



6 

II- RESULTS: 
CoRoT 
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II-THE COROT TARGET: HD49933 
   Stellar parameters: 

§  F5V dwarf  

•  1.2 M¤; 1.3 R¤ 

§  Observed by CoRoT during 60 
+ 137 days + 90 days 

•  50 oscillation modes measured 

§  Prot = 3.4 days 

[Appourchaux et al. 2008; Benomar et al. 2009]

// 

// 

// 

// 



HINTS OF A MAGNETIC-ACTIVITY CYCLE 

Anticorrelation between amplitude 
variation and frequency shifts 
Pcyc>120days 

[García et al. 2010]

Seismology 

Spectroscopy 

•  Complementary observations 
ü  Ca HK: Mount Wilson index of 0.31 

Active star 

3rd run 

Freq. shifts 

HD49933 
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II-DEPTH OF THE PERTURBATION 
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Ø  The frequency shifts only affect: 
§  Modes > 2 mHz 

•  Surface effect 

•  Modes <2 mHz 
§  External turning point 

§  Deeper as frequency decreases 

Ø  Similar dependence of Δν(ν):	

§  Found in HD49933 

§  Surface effect 

1138 D. Salabert et al.: Solar p modes in 10 years of the IRIS network

are forced to be identical, as well as the three components of

the � = 2 triplet). The fits on the group of modes 0–2 and on the
group of modes 1–3 are computed separately. The average fre-

quencies of 1995 and 1996 are taken as reference frequencies,

these two years being well centered around the latest solar min-

imum. The frequency shift is simply obtained by a comparison

of a mode frequency with its reference. However, this method

was only used up to 3.8 mHz: beyond this frequency, because

of both the reduced lifetime of the modes and the reduced S/N,
the uncertainties on the extracted p-mode parameters by fitting

a Lorentzian profile are more important.

The second method computes the cross-correlation be-

tween a given annual spectrum and the reference spectrum,

again taken as the average of 1995 and 1996. The cross-

correlation is computed over each group of modes separately.

The position of the maximum of correlation gives the fre-

quency shift. It is measured by means of the least square fit

of a second order polynomial on the logarithmic correlation,

inside an interval ± σ (where σ is the second order moment)
around this peak. More details about this method can be found

in Pallé et al. (1989), or Jiménez-Reyes et al. (1998). This

method presents the advantage of not requiring any line fitting,

and then no assumption on the shape of the line profiles. It is

free of the need for modeling the p-mode excitation and damp-

ing mechanisms. Such a cross-correlation method is more effi-
cient at higher frequency with a decreasing S/N.

Beyond 4.5 mHz, where the damping time of p modes be-

comes shorter than one day, we have simply used individual

days of data, with the original sampling of 15 s. Each daily

timeseries (selected for being at least 9 hours long) is split in

three independent series, each one with a 45 s sampling time.

They are then resampled on the same time frame, so that 3 dif-

ferent cross spectra can be computed and averaged instead of

one single power spectrum, thus reducing very significantly the

contribution of the photon statistic noise. Many such daily aver-

age cross spectra are then averaged, across the periods of solar

maximum and solar minimum. Then the same cross-correlation

method is applied to these two averaged spectra, on bandwidths

of 136 µHz. The fit of the peak of correlation is now Gaussian,
since the 9-hour resolution is unable to show the Lorentz pro-

file and the convolution of the cross-correlation makes the final

profile quite close to a Gaussian one. The frequency shifts ob-

tained by this method can cover the whole p-mode frequency

range, up to the acoustic cut-off frequency. They are shown as
black diamonds in Fig. 2. It is not easy to estimate the uncer-

tainty on these numbers, it is rather displayed by the scatter

of individual values around the mean tendency. Only this kind

of cross-correlation on daily files is totally free of any window

function pollution, and still provides enough frequency resolu-

tion in the highest part of the p-mode range. It is the only one

used beyond 4.5 mHz, where the pairs of even or odd degree

can no longer be efficiently separated. At lower frequencies,
all three methods provide consistent results, as shown by the

comparable point by point scatters.

Figure 2, showing the frequency shifts obtained by

these different methods between maximum (from mid 1989

to mid 1992) andminimum of activity, can be separated in three

different parts.

1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
−6

−5

−4

−3

−2

−1

0

1

2

Frequency (µHz)

F
re

qu
en

cy
 S

h
if
t 
(µ

H
z)

l=0
l=1
l=2

l=0
l=1
l=2

l=0
l=1
l=2

l=0
l=1
l=2

l=0
l=1
l=2

l=0
l=1
l=2

Shift (Maximum Activity − Minimum Activity)

Fig. 2. IRIS frequency shifts in the frequency range from 1.8 mHz to

the acoustic cut-off frequency. (1) from the Lorentzian profile fitting

−�−: � = 0, −•−: � = 1 and −�−: � = 2, (2) from the cross-correlation
method − ∗ −, and (3) from the cross-correlation method adapted for
frequencies beyond 4.5 mHz −�−.

– At low frequencies, the shifts tend asymptotically towards

zero and become negligible between 1.8 and 2.5 mHz,

depending on the precision that is looked for.

– Then, up to 3.7 mHz, one can see the well known

shift increase, already studied in some detail in various

datasets of intermediate- and low-degree ranges (Libbrecht

& Woodard 1990; Anguera Gubau et al. 1992; Chaplin

et al. 1998; Howe et al. 1999; Jiménez-Reyes et al. 2001).

The shift reaches about ∼0.5 µHz at 3.7 mHz, following
the famous inverse mode-mass law, shown by the continu-

ous line. The mode masses computed from a standard solar

model have been kindly provided by J. Provost.

– Above 3.7 mHz, the behaviour abruptly changes. The pos-

itive shifts suddenly drop to zero, and become negative

above 4.5 mHz or so, reaching the very significant nega-

tive value of more than −5 µHz at the acoustic cut-off fre-
quency, around 5.5 mHz. Note that only the last method

of cross-correlation analysis is possible beyond 4.5 mHz,

since no individual p-mode frequency can be identified in

this range. Ronan et al. (1994) and Jefferies (1998) have
already observed this negative shift in the intermediate de-

grees range (100 to 250), and it has also been recently re-

ported in the low-degree GOLF data (Gelly et al. 2002),

with very similar values.

3.2. Linewidths Γ

The p-mode frequencies have been estimated with an assumed

known and imposed splitting. The other parameters are esti-

mated by means of the next step of an iterative process, in

which the frequencies are themselves fixed, the linewidths, the

amplitudes and the background level being kept as free param-

eters of the fit.

As already shown (Chaplin et al. 1997; Komm et al. 2000;

Gelly et al. 2002), the linewidths Γ increase with frequencies,

[e.g. Salabert et al. 2004] 

The Sun 

HD49933 

[Salabert et al. 2011] 

[Ceillier et al. 2011] 



II-ANALYSE OF 3 OTHER STARS 
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Ø  Using CoRoT and NARVAL: 

HD49385 

HD52265 
Prot~12.3 d 

HD181420,Prot~2.6 d 

[Mathur et al. 2013] 
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III- RESULTS: 
Kepler 



III-ROTATION (SURFACE) 
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Ø  Around 190 stars observed since Q5 for at least 3 months (short cadence) 
§   3.5 years of data available for surface rotation studies 

[Garcia et al. in preparation] 

HD49933 

Prot<8d	




III-RESULTS: KEPLER 
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Ø  Kaa 

[Mathur et al. to be submitted] 



III-RESULTS: KEPLER 
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Ø  Shere-Khan 

[Mathur et al. to be submitted] 



III-RESULTS: KEPLER 
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Ø  Bagheera 
Ø  Baloo 

[Mathur et al. to be submitted] 

Prot=3.7d Prot=4.0d 

Ø  Baloo 
Ø  Bagheera 



III-NEXT STEP: 3D MODELS 
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Ø  1D Seismic model 
Ø  3D Model by ASH 

[Mathur et al. to be submitted] 

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

Hidrodynamical models 



III-NEXT STEP: 3D MODELS 

17 

Ø  1D Seismic model 
Ø  3D Model by ASH 

[Mathur et al. to be submitted] [Augustson, Mathur, Brun et al. in prep.] 

MHD Model 

Preliminary results: a regular cycle has been established  
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Thanks 
¡¡Gracias!! 


