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Pulsating H-R diagram
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O Scuti stars

» location of cool edge of IS
» acoustic radiation

Solar-like pulsators

» surface effects
» amplitudes

Courtesy of Christensen-Dalsgaard



O Scuti stars

log(L/Lo)
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» Central or shell hydrogen burning phase

»1.5My < M < 2.5Mg

» 0.6 <logL/Lgy < 2.0

» Multiperiodic behaviour
(e.g. FG Vir: 79 modes)

» Amplitudes from 10-3 — 0.1 mag

> low-order p modes

» Periods between 18 min and 8 h

» Driven by the k mechanism in
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O Scuti stars

Overview of selected time-dependent convection models (applications by)

Unno (1967, 89) = Gabriel (1998) — Grigahcéne et al. (2004): Dupret; Théado

Nonlinear mixing-length equations for a Boussinesq fluid
Infinite lifetime of fluid elements

Gough (1965, 77) == Balmforth (1992) : Baker; Balmforth; Cunha; Gough; GH

Linearized mixing-length equations for a Boussinesq fluid
Finite lifetime of fluid elements (linear growth rates)

Xiong (1977, 1989) : Cheng; Deng; Xiong

Reynold’s transport equations for a Boussinesq fluid
Third-order moments approximated with diffusion-like expressions
using parametrized length scales (closure coefficients)

—> estimates of turbulent flux perturbations: §F. ; Op;

b



O Scuti stars

L/Le
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O Scuti stars

1.7 M_ 8 Scuti model evolving during H-core burning phase

¢+’ ' rrrroTr g
0.4 Wi /]
i 77 = — / -
[ Wr /]
0.2 - / §
o i
‘C_D' O'O I i i DN T J ]
> - —_—— i
) - stable -
-0.2 /| 7
— = = - Ng (0F, +0F,) \ i
i —_— - e (§ ‘ .
_04F ( pt) \‘ ]
i N N N | N 1 1 1 1 1 1 | 1 1 1 1 1 PR B 1 1 PR A. |

8200 8000 7800 7600 7400 7200 7000 6800

Terr [K]

GH (2000)



O Scuti stars

Log(L/Ly)
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O Scuti stars

Accumulated work integral
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O Scuti stars

Accumulated work integral
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O Scuti stars

Accumulated work integral

stable radial p, mode
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O Scuti stars

Accumulated work integral

stable radial p; mode
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O Scuti stars

Acoustic radiation in the equilibrium model
(Houdek & Gough 1998; Houdek 2000; Samadi, Goupil, Houdek 2002)

overturning eddy:

acoustic drag
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O Scuti stars

Acoustic radiation in the equilibrium model
(Houdek & Gough 1998; Houdek 2000; Samadi, Goupil, Houdek 2002)

2 W3 7w b
overturning eddy: %f = géT’ _Fac Lighthill-Proudman: P,. = A (—)
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Solar-like pulsator

log(L/Lo)
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» Main-sequence/post main-sequence
phase

» In the Sun up to 10 million p modes

» Amplitudes: cms-1 — ms-1
few ppm — hundreds of ppm

» Driven stochastically by the turbulence
in the outer stellar layers



Solar-type pulsator

Kepler amplitudes of main-sequence and red-giant stars
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Solar-like pulsator: surface effects

Christensen-Dalsgaard et al. (1996)
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Solar-like pulsator: surface effects

Momentum equation of stellar (envelope) structure:

% Dt 1 Gm = 0°r
om (p\ st pt,) +0 )47T'r3p 4mr? ( 2 T 8t2)
p

(mean) turbulent momentum flux (turbulent pressure): p; = pw?

Sun Sun
0.20 [T _
Trampedach et al (1999): 0.8 j
o1l H.—G. Ludwig (2005) i dpy /dr )
i Nonlocal ML—Model ) 0.6 dp/dr ]
0.101 ’ 0.4 Nonlocal ML—Model ]
Pt /p ) -
- . 0.2+ .
0.05 - - -
[ J : 0.0 L
oool__...J.. .. LT P T S S S T
-06 00 05 1.0 16 20 26 05 00 05 10 15 20 25
Depth (Mm) Depth (Mm)

GH (2008)



Solar-like pulsator: surface effects

Nonadiabaticity: Convection dynamics:
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Solar-like pulsator: surface effects

Nonadiabaticity: Convection dynamics:
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Solar-like pulsator: surface effects

perturbed energy equation:

om L T

perturbed momentum equation: 9 (%p) = f (5_"" oI op op
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Solar-type pulsator

L/Le

Pulsation amplitudes

Theroretical scaling: V/V_
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Solar-type pulsator: excitation model
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- Inhomogeneous wave equation:
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- Power (spectral density): P o P, Pr
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Solar-type pulsator: excitation model

(Goldreich & Keeley 1977, Balmforth 1992, Samadi et al. 2001, Chaplin et al. 2005)

Reynolds stress contribution

2
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mean turbulent pressure

H := P/n*I =2V?/n



Solar-type pulsator: excitation model

(Goldreich & Keeley 1977, Balmforth 1992, Samadi et al. 2001, Chaplin et al. 2005)

Reynolds stress contribution

R | 2
P 1_1/ 03 (rag;fpt) Sdr
0

small-scale turbulence

H := P/n*I =2V?/n



Solar-type pulsator: excitation model

Energy supply rate P for 83 models with 0.9 < M /Mg < 1.5
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Solar-type pulsator: excitation model

(Goldreich & Keeley 1977, Balmforth 1992, Samadi et al. 2001, Chaplin et al. 2005)

Reynolds stress contribution
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Solar-type pulsator: eigenfunctions &

Amplitude ratios in a model for Procyon A
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Solar-type pulsator: mode lifetimes t
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Solar-type pulsator: mode lifetimes t

Scattering contribution (Goldreich, Murray 1994):
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Summary/Conclusion

» Turbulent convection controls location of cool edge of IS in & Scuti stars;
the detailed mechanism (i.e. convective heat flux, momentum flux of turbulent
viscosity) for return to stability, however, is still uncertain.

» Acoustic radiation in the equilibrium model affects both the hot & cool edge
of IS in 6 Scuti stars.

» Mean turbulent pressure appears to be dominating surface effect in explaining
diffrences between observed and modelled frequencies of solar-like oscillations;
nonadiabaticity and convection dynamics must also not be neglected.

» Poor modelling of pulsation eigenfunctions and mode lifetimes together with partial
cancellation of acoustic excitation sources may explain disagreement between
modelled and observed pulsation amplitudes of solar-like oscillations in hotter stars.





