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Properties of Splitting 
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Beck et al. 2012, Nature (Fig 2) 



Banana 

Ballot et al. 2011, Gizon et al. 2012 



Modulation of splitting 

Individual Mode Splitting  Mixed Mode Period Spacing 

Modulation of splitting by the  
large separation Δν. 

  
•   follows Lorentzian profile 
   (Mosser et al. 2012, A&A 548, 10) 

  
 



Large Sample A&A 548, A10 (2012)

Fig. 6. Rotational splitting δνrot as a function of the large separation ∆ν,
in log-log scale. The dotted line indicates the frequency resolution. The
dashed and dot-dashed lines represent the confusion limit with mixed
modes in RGB and clump stars, respectively, derived from Mosser et al.
(2012c). Crosses correspond to RGB stars, triangles to clump stars, and
squares to secondary clump stars. The color code gives the mass esti-
mated from the asteroseismic global parameters. The vertical bars indi-
cate the mean error bars, as a function of the rotational splitting.

4.1. Rotational splittings δνrot

Rotational splittings δνrot are shown as a function of the large
separation ∆ν (Fig. 6). We see that the detection is difficult at
low ∆ν, due to the limited frequency resolution. This precludes
an analysis of the core rotation in the high-luminosity RGB stars,
but allows us to measure rotation in the clump stars.

We first consider the RGB stars, indicated by crosses in
Fig. 6. We note that the rotational splitting slightly decreases
when ∆ν decreases, that is, when the star evolves on the RGB.
For clump stars and secondary clump stars, splittings are much
smaller. At this stage, ensemble asteroseismology indicates ei-
ther that the core rotation spins down, or that the splitting of g-m
modes is not dominated by the core rotation. This last result is
unlikely since g-m mode splittings are significantly larger than
p-m mode splittings (Fig. 3), consistent with the observations
reported by Beck et al. (2012) and Deheuvels et al. (2012a) for
four early RGB stars.

4.2. Scaling relations

We have examined how the rotational splittings evolve with the
stellar radius along the RGB (Fig. 7). Only RGB stars with a
mass in the range [1.2, 1.5 M!] were considered, to avoid a bias
from the fact that high-mass stars are under-represented in the
early stages of the RGB, whereas low-mass giants are under-
represented in the later stages. With 49 RGB stars in this case,
we find

δνrot ∝ R−0.5± 0.3 (RGB). (6)

In the first stages of the RGB, the splittings δνrot show a slow de-
crease. Assuming the local conservation of angular momentum,
such a decrease seems in contradiction with the core contraction:
this has to be investigated.

The same exercise can be done for the clump stars. The fit,
conducted over a much broader range of mass (Mosser et al.
2012c), gives

δνrot ∝ R−1.3± 0.4 (clump) or ∝ R−1.4± 0.4 (2nd clump). (7)

Fig. 7. Rotation splitting δνrot as a function of the asteroseismic stellar
radius, in log-log scale. Same symbols and color code as in Fig. 6. The
dotted line indicates a splitting varying as R−2. The dashed (dot-dashed,
triple-dot-dashed) line corresponds to the fit of RGB (clump, secondary
clump) splittings.

This indicates a different behaviour compared to RGB stars. We
first note that the slopes are independent of the stellar mass.
Closer to −2 than for RGB stars, they certainly relate the in-
fluence of the stellar expansion. We also note that secondary
clump stars, which are more massive, show larger splittings than
clump stars.

4.3. Intermediate conclusions

From the analysis of the rotational splittings with the stellar ra-
dius, we note the weak decrease of RGB stars. According to the
exponent of the fit reported by Eq. (6), this g-m mode splitting
cannot be related to the surface rotation if it evolves at constant
local angular momentum. The large change in the rotation evo-
lution from the RGB to the clump can be related to the expan-
sion of the non-degenerate helium burning core (Iben 1971; Sills
& Pinsonneault 2000). This increase of the core radius is how-
ever limited and cannot explain the entire observed decrease of
the rotational splittings, so that we are left with the most plausi-
ble conclusion that the strong decrease of the rotational splitting
is the signature of a significant transfer of internal angular mo-
mentum from the inner to the outer layers. This transfer should
preferably occur at the tip of the RGB, out of reach with cur-
rent Kepler observations due to a limited frequency resolution.
One could also imagine that the rotational splittings are sensitive
to different layers, depending on the evolutionary status. This is
investigated in the next section, where we aim to interpret the
signification of the observed splittings δνrot.

5. Linking the rotational splittings to the core
rotation

To go a step further, we intend to qualitatively link the observed
rotational splittings to the rotation inside the red giants.

5.1. Linear rotational splittings and average rotation

We assume that the rotation is slow enough that a first-
order perturbation theory is sufficient to compute the rotational
splittings. This yields the following expression for rotational
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Mosser et al. 2012, A&A 540, 143 



Splitting Asymmetry 

δƒright δƒleft 

Beck et al. 2013, A&A accepted 
Split dipole mode seen at an inclination of i=60° 

Asymmetries in  
•  Mode height (lifetime effects) 
•  Rotational splitting 



Large  
Sample 

Beck et al. 2013, PhD thesis 

•  Max. Splitting =  
core dominated 

•  What you see = 
what you get 
ℓ=1 (ℓ=2) 



Complicated Splittings 

Beck et al. 2013, PhD thesis Mode identifcation, following: Mosser et al. 2012, A&A 548, 10 



Complicated Splittings 

Beck et al. 2013, PhD thesis Mode identifcation, following: Mosser et al. 2012, A&A 548, 10 



Eccentric RG Binaries 

Beck et al. 2013, A&A accepted 



Eccentric RG Binaries 

HERMES:  
380 - 900 nm 
R  = 86000 
 
Orbital Parameters 
Period = 94.82 d 
e  = 0.71 ±0.01 
Ω  = 4.00 ±0.01 
K  = 11.78 ±0.01 km/s 
γ  = -14.37 ±0.01 km/s 

Asteroseismic analysis Binary evol. (sdb?, CV?) Light curve modelling 
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Eccentric Binary Systems 
 
 
 
 
 

Pieter Degroote 



Oscillation power excess 

KIC 5006817, Beck et al. 2013, A&A accepted Mode identifcation, following: Mosser et al. 2012, A&A 548, 10 



Rotational Profile 

Mass= 1.5 Mo; Radius= 6 Ro 
H-shell burning 
 
Rotation: 
Core/Surface : 13 
Surface Rotation: 165 days 

 Orbital Period: 94.82 days 
⇒ 1.7 Orbits per surface rotation 

Inclination:  
Rotation: 77°±9°; Orbit: 62°±4° 
 
The puzzle of Doppler beaming 
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Beck et al. 2013, A&A under revision 



Future (&) Challenges  
Core well constrained. 
Form of rotational gradient? 
 

?  Splittings  Rotation? 1st order? 
?  ℓ=2, Lifetime, Mixed mod. (ℓ=1,2) 
?  Asymmetries of splittings 
?  Mode interaction 

Inclination: 
?  Degeneracy: i vs δf in fit 
?  Equipartition of mode energy 
 
Rewards:  
?  Rotation on higher RGB  
?  Additional constraints: Surface 



http://youtube.com/BeckPG 


