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Observed stellar oscillation spectra
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Observed stellar oscillation spectra
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1. No theory predicting mode amplitudes | Why?
2. Effects of rotation ¢
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Stellar rotation velocity
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> High-mass and intermediate-mass stars rotate fast.
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Oscillation modes

» Q=0 — spherical symmetry 0 .
* modes g(x) = f(r)P/(0)exp(imo) . ..

¢ > 1-D Problem 2; 6(.\
-

> Q#0 — centrifugal distortion + Coriolis force
- axial symmetry
* modes g(x) = f(Xu)exp(imo)
¢ — 2-D Problem
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What models must we use?

> 1-D models - may be ok for some g modes...
» 2-D models

* Simplified models (polytropes)

¢ Distorted 1-D stellar evolution models [Roxburgh 2006]

+ 2-D Stellar structures — ESTER code [Rieutord et al. 2016]

Self-consistent

Up-to-date microphysics

Valid for massive stars
Simplified evolution

Open source code
developed @ IRAP
http://ester-project.github. |o/ester/ \\
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How to compute modes?

> Reduce a 2-D problem to a set of 1-D problems

¢ Perturbative methods
- Only valid if @ < wlandQ <« Qx = /GM/R3

Centrifugal force
* For g modes: Traditional Approximation [eckart 1960]
- Solid rotation, neglecting distortion & terms in Coriolis force
> Complete 2-D computations

* TOP code [Rreese et al. 2006]
* ACOR code [ouazzani et al. 2012]
> Ray theory
~ geometrical optics
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p modes: classification and regularities

Mode y
computation /

Whispering gallery  Chaoti

acoustic rays

> Numerical computation interpreted with ray theory
(Lignieres & Georgeot 2008, 2009)

> Regularities are found and understood for Island &
chaotic modes (LG2009, Reese et al. 2008, Pasek et al. 2011, 2012, Evano PhD Th.)
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Finding such regularities

> Tests on synthetic spectra (based on 2D models)
* Methods based on autocorrelation, Fourier transform
* Recovered spacings: 202 & A/2

Rotation mean structure
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Regularities in CoORoT & Kepler data
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Ballot et al 2012]

Rosette modes

> Mode class
[Prat et al 2016,

Chaotic modes

“normal” modes
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g mode: regularities

> Evenly spaced in period without rotation (P )

¢ Spacings are no more constant with rotation...
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g mode: regularities

> Spacings for a family of modes depend on a function

of Q*P
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¢+ Compatible with the traditional approximation
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Looking for regularities in g mode spectra

could not be =3 0M=1

> Method:

¢ Assuming a rotation, stretch  identified _—_
the spectrum and find for VAT
regularities

| P\ . L
¢ Scan a rotation range

> Test on y Doradus and SPB
observed by Kepler

L
[=]

STt
T
T

(=] N
L] L]

Amplitude (mmag)

o R R

=] o =] on
L | L]

3.2

2.20

* |dentify modes g >
* Rotation period recovered b

{c/d

|Dl'..lrlf.\"-l Atm P) :

2.12 Vrot = 28k CT
Py =0.048d
210 0 20 2122 2324

> See Poster 28 [Christophe et al] ! mE ()
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What next?

> Convergence between theoretical developments and
observations

> Further works

* p modes:
- ldentifying nature and origin of spacings (large spacing, rotation...)
- Finer mode identification (chaotic modes, island modes...)

* g modes:

- Validity range of Traditional Approximation

- Effects of differential rotation (Mirouh et al. 2016, Vincent's talk)
(see also Aerts et al. 2017)

* How to use 2D models to perform direct seismic analysis?

— |SSI International team SoFAR
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SoFAR - Seismology of Fast Rotating Stars
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