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Abstract

Thanks to the space missions CoRoT and Kepler, asteroseismology has successfully probed stellar
interiors, especially of solar-like stars and red giants. Such a success has not been achieved yet for non-
evolved intermediate-mass and massive stars, as the oscillation spectra of pulsating stars in this mass
range exhibit complex patterns that are not well understood. Rapid rotation, a very common feature of
these stars, is an identified source of complexity.

Our proposal aims at building a joint effort between modellers and observers, based on existing seismic
data for fast rotators, in order to address major difficulties in understanding and studying stars with rapid
rotation.

Substantial progress has recently been achieved both in theory and observations. The space missions
CoRoT and Kepler have provided seismic data with unprecedented quality for classical pulsators such as
& Scuti stars, y Doradus or SPB (slow pulsating B-type) stars. It allowed us to accurately determine the
frequencies of hundreds of oscillation modes in these stars. The mode identification, i.e. associating each
frequency with a mode, is a prerequisite for any further seismic inference. This identification needs
theoretical support. In the last years, new theoretical approaches as well as new 2D codes taking into
account the centrifugal deformation have been developed to model the internal structure of rotating stars
and to compute their oscillation spectra.

We are now close to a convergence between theory and observation. Indeed a first breakthrough has
been made with the detection of regular patterns that were predicted by the models.

We aim at providing new seismic diagnosis, especially for stellar rotation so as to obtain new
interpretations of CoRoT and Kepler observations of § Scuti stars, y Doradus or SPB stars. This work will
also help the seismic analyses of future space missions such as TESS and PLATO.
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Models

2D Models Oscillations
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Mode classification & regularities
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Regularities in CoRoT & Kepler data

p modes (0 Sct) g modes (y Dor, SPB)

Power spectrum of the frequency distribution

=
=)

=50 frequencies

= = =100 frequencies
250 frequencies

== =422 frequencies

=
=

=
=

=)
=1

O = N W B o
T T T T

Amplitude [mmag]

FT of Spectra
Pattern search

Power spectrum normalised tounity at frequency equal sero

0.46 0.48
Period [days]

Van Reeth et al. 2015

25 30 a5
ities in the frequency distribution (ukHz)

Garcia Hernandez et al. 2009

] ]

5

Frequency [d7']

-
[T}

-
=]

I B | IR A TR R
4 L] 8 1

Modulo 3.459 [d™]

L]

-
LL
©
Q
e
(&)
4
(]
S
frar
7p)

12 13
1A o P (cfd)

c
e
o
—
(o]
K=y
@©
=
<o
Cng
0 e
Q
(8]
c
(F]
>
o
(B]
(7))

Paparo¢ et al. 2016 Christophe et al. (in prep)




Team objectives

p modes and 0 Scuti stars

> Detecting and interpreting the regular spacings
+ Determining Robustness and reliability of detections Team #1
+ ldentifying their nature and origin (large spacing, rotation...)

> Finer mode identification (chaotic modes, island modes...)

g modes in y Doradus & SPB stars

> Detecting period spacings
> Measuring rotation
+ capability in measuring reliable internal differential rotation

+ Application range of traditional approximation
> Core properties

Direct analysis _
> How to use 2D models to perform direct seismic analysis? Team #3 = #1+#2




Schedule

Jun 2016 Project initiated during SPACEInn Workshop 4.4 (Toulouse)

June 2017 Team accepted by ISSI

29 Jan — 2 Feb 2018 First team meeting at ISSI
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