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Outline

- Asteroseismology in 5
minutes

- Two B-type slow
rotators

- Lessons on mixing and
overshoot
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Brunt-Vaisala Frequency:
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Mixing Signature in high-order gravity modes

For a series of g-
modes of any
degree, el:

Pn,lf — l/fn,fa
AP, = P, — P,,
Tko ~ 90days,
Tcorot ~ 130 days,
Txepler ~ 1460 days.
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Mixing Signature in high-order gravity modes

For a series of g-
modes of any
degree, el:

® No Smoothing ||

Fra =1/ fut & T
AP, = P11 — P,
Tk2 ~ 90 days,
TcoroT ~ 130 days,
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Mixing Signature in high-order gravity modes

For a series of g-
modes of any
degree, el:
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Mass

Observed Metallicity, Z

Modes Age, X.
Overshooting, f,,

or

Semi-Convection, a,,
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KIC 10526294 (B8 V)
T.= 11500 # 500 K

log g =4.2 £ 0.2 dex

V sin i< 18 km/sec

HD 50230 KIC 10526294

HD 50230 (B3 V)
T4 =18 000 + 1500 K
log g = 3.8 £ 0.3 dex
V sini= 6 km/sec
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The Kepler Target (l)

KIC 10526294 (B8 V)
T.¢=11500 + 500 K

log g =4.2 £ 0.2 dex

V sin i< 18 km/sec

Tiepler = 1420 days
19 consecutive dipole g-mode
triplets!

Papics & Moravveji et al. (2014)
Morevveji et al. (2015)
Triana et al. (2015, submitted)
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The Kepler Target (lIl)

KIC 10526294 (B8 V)
T.¢=11500 + 500 K

log g =4.2 £0.2 dex

V sin i< 18 km/sec

Tiepler = 1420 days
19 consecutive dipole g-mode
triplets!

Papics & Moravveji et al. (2014)
Morevveji et al. (2015)
Triana et al. (2015, submitted)
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The Kepler Target (llI)

KIC 10526294 (B8 V)
Test of extra mixing:

Chi-square improves by a factor
of 11

Papics & Moravveji et al. (2014)
Morevveji et al. (2015)
Triana et al. (2015, submitted)
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The Kepler Target (I1V)
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The Kepler Target (V)

KIC 10526294 (B8 V) 00 o oo
Test of Overshoot prescription: 5500 7 KIC 10526294

- Step-function overshoot
- Exponentially decaying
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HD 50230 (B3 V)
T. = 18 000 + 1500 K
log g =3.8+0.3 dex
Vsini=6 km/sec

Teoror = 137 days
5 consecutive dipole g-modes +
a lot of low-order p-modes

Degroote et al. (2010, Nature,
2012),

Moravveji & Aerts (2015, in
preparation)
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Physics of “less™-Evolved Stars
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Asteroseismology can quantify
overshooting and mixing in (B-type)
stars

Overshoot aqy

Overshoot from the core is perhaps
smooth (exponential?)

General picture is forming ...

Extra Mixing [10% — 10* cm?/sec] is
essential, even for non-rotating stars
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see Rogers & Glatzmaier (2005, Ap)),
Meaking & Arnett (2007)
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Period Spacing in Other
Stars: Few Examples
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Grid Parameters

Mass
Physical Ingredients: 7
- Mass
- Metallicity Overshoot
- Opacity: OP and OPAL
- Mixing? Yes/No Log Mixing
- Mixing values

Center H
- Age

- Mixture: Nieva & Przybilla (2012)

- Asplund et al. (2009)

- Asplund et al. (2005) + Cunha et al. (2006)

- Overshoot option: step-function versus exponential decay
- Overshoot value
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0.050r 0.01
0.001

0.003 or
0.001

1.0 or 0.25
0.001




Fov = 0.001
fov = 0.015
fov = 0.030
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Echelle Diagram
HD 50230
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Parameters of the best models

Gnd

Basic
Composition
Evolved
Mixing+Fine
Mixture
Mixture
Mixture
Mixture
Mixture

Step Overshoot
Metallicity

Opacity

OPAL
OPAL
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OPAL
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OP

OP

OP

OPAL
OPAL

Mixture

NP12
NP12
NP12
NP12
AQ9
A05+Ne
NP12
AQ9
AQ5+Ne
NP12
NP12

Mass
[M.]
3.20
3.15
3.50
3.25
3.18
3.20
24

‘Xl bl |

0.71
0.69
0.71
0.71
0.71
0.71

71
0.71
0.71
0.71
0.71

»~
-.J'

- O

rq !Jl IJ ‘o !Jl L- N | S S
oL WY

RET R A IR -




