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Motivation

* Characterisation of objects

» Astrophysical processes evolve with time
* Planetary characterisation

* Transport processes in stars

 Chemical evolution of Galaxy
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What are stellar properties and what
do we observe?

'Distance

Photometry Interstellar extinction
Reddening excess Bolometric flux
gareillfoxsi; Angular diameters
Vipsibilities Py Teff/log g/[Fe/H]
Frequencies velocities
Light/RV curves MZ‘QQ /d nglitgs
“Inclination
"Radius R
Mass M
Age t
Luminosity L

Surface gravity g
Initial composition
Effective temperature

- Atmospheric composition
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What are stellar properties and what
do we observe?

/ Distance

" Photometry

Reddening excess Interstellar extinction
Parallaxes Bolometric flux
Spectroscopy Angular diameters
Visibilities Teff/log g/[Fe/H]
Frequencies \I\ﬁlelocnclles "
L | ean density
- Light/RV curves Vacs | Radis
“Inclination
“Radius R
Mass M
Age t
Luminosity L
For detached binaries Surface gravity g
(resolved??) Initial composition
Effective temperature

- Atmospheric composition




Ages of single stars

 Model-independent methods

— Sun: radioactive dating technigues of meteorites
- Oldest stars: nucleocosmochronometry
- Youngest stars: kinematics
- All stars: empirical relations (rotation, activity, Li)
- Upper limit: 13.7 Gyr

 Model-dependent

— All stars: stellar evolution models
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Model dependent ages
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Mean density -> asteroseismology / planetary transits
Radius -> distance + interferometry / surface brightness relations
OR asteroseismology



L (L)

Model dependent ages

1.55 R
470 kg/m®

=
1.6 R
328 kg/m®

[Fe/H] = 0.04 + 0.10

6200 6000 5800 5800 5400
TulK)




Outline

 Motivation & Stellar properties
 Seismic and Kepler recent results

* An old metal-poor Halo star: HD 140283
« A faint planetary-host: CoRoT-30

* Conclusion



Asteroseismic benchmarks

Typical power spectrum of sun-like oscillations
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42 Kepler benchmark stars

Homoge_nous sample of 42 stars Ké‘pler
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42 Kepler benchmark stars
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Outline

 Motivation & Stellar properties

e Seismic and Kepler recent results

 An old metal-poor Halo star: HD 140283
« A faint planetary-host: CoRoT-30

* Conclusion



Interferometric observables
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Angular diameters of Pop Il stars

HD 122563 b=+65
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Angular diameters
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R _ Teﬁ‘ - ( bol)

7T O SB 92
Radius : direct constraint for Teff : direct determination only
mass, age, and logg mildly dependent on models (flux)
. direct comparison
with seismic R \ /

Teff & logg : abundance analyses

Teff & R : mixing-length parameter

Metal-poor stars:
Oldest stars in Galaxy: - ages and initial composition
for formation scenarios
- chemical evolution

Poorest in metals: - Teff scale poorly calibrated
- model atmospheres need complex treatment
- Treatmentof physics in models



HD 140283
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HD 140283
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Bright metal-poor stars as
benchmarks

Casagrande et al. IRFM agrees -> Teff for all stars with

IR photometry

Calibration of Gala: benc
atmospheres and stellar

nmark stars for model
properties

Models with diffusion anc

a. globular clusters

Chemical compositions and ages well-determined for
sample of old stars: Y, DZ/DY, age

FRIENDS: higher precision + more access

Gala: distances better precision
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Motivation & Stellar properties

Seismic and Kepler recent results

An old metal-poor Halo star: HD 140283
A faint planetary-host: CoRoT-30
Conclusion



DE + 6.835964 (arcsec)

CoR0T-30 Observations
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CoRo0T-30

Light curve and RV derived parameters

Period (d) 9.06004
Eccentricity <0.24
Inclination (deg) >88
R_p/R_star 0.119
Stellar density (solar) 1.06

K_B (cm/s?) 260




CoRo0T-30

Light curve and RV derived parameters Stellar observed parameter
Period (d) 9.06004 [M/H] -0.05
Eccentricity <0.24 log g 4.4
Inclination (deg) >88 Teff (K) 5700
R_p/R_star 0.119 T v (mag) 15.62
Stellar density (solar) 1.06 K (mag) 13.56
K_B (cm/s?) 260 E(B-V) 0.20

L
v :
Stellar
Mass
- Radius
Age
Luminosity

Distance



CoRo0T-30

Light curve and RV derived parameters Stellar observed parameter
Period (d) 9.06004 [M/H] -0.05
Eccentricity <0.24 log ¢ 4.4
Inclination (deg) >88 Teff (K) 5700
R_p/R_star 0.119 T v (mag) 15.62
Stellar density (solar) 1.06 K (mag) 13.56
K_B (cm/s?) 260 E(B-V) 0.20
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Stellar parameters of CoRoT-30

Photometry -> Fit model atmospheres to determine angular diameter
Spectroscopy + angular diameter -> MC match to evolution models

0.9 10 11

Radius
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0.8

Mass Radius Age Distance
Sun 1.009) 1.00(6) 6.2(4.0
aCenA 1.10(8) 1.22(8) 6.7(2.2
aCenB 095(8) 087((3) 7.1(4.5
CoRoT-7 0.90(7) 085(3) 99(4.1) 162(12)
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Stellar parameters of CoRoT-30

Photometry -> Fit model atmospheres to determine angular diameter
Spectroscopy + angular diameter -> MC match to evolution models

Mass Radius Age Distance
Sun 1.009) 1.00(6) 6.2(4.0
aCenA 1.10(8) 1.22(8) 6.7(2.2)
aCenB 0958 0.87(3) 7.1(4.5
CoRoT-7 0.90(7) 085(3) 99(4.1) 162(12)
el > T R =1.00 (6)
R @ | M = 0.90 (9)
S Ok E ! A=7.9(3.2)
Ak 3 (0.7)
" |Radius| Radius|

Gaia distance!!!



Stellar parameters of CoRoT-30

MCMC in development: better determination of uncertainties and use of information

Age (Gyr)
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Conclusions

Radius, mass, age are fundamental properties of interest to all aspects
of astrophysics but are not usually observable.

Sun is our most reliable calibrator. We need several such calibrators
([Fe/H], age, mass)

Bright stars: precise properties allow us to test models, serve as bmarks

- Seismic stars from Kepler: calibrate relations, such as age-rotation
and scaling

- HD140283: Metal-poor star: T, g, R, M, age,

Fainter stars: use of improved models in efficient way

- Planet CoRoT-30b: Combining observations + efficient algorithms
Future: Gaia: distance + reddening -> luminosity constraint + Ages FLAME
- FRIENDS: fainter stars and better precision/accuracy

- PLATO: bright + seismology for planetary systems



Conclusions

Radius, mass, age are fundamental properties of interest to all aspects
of astrophysics but are not usually observable.

Sun is our most reliable calibrator. We need several such calibrators
([Fe/H], age, mass)

Bright stars: precise properties allow us to test models, serve as bmarks

%k Seismic stars from Kepler: calibrate relations, such as age-rotation
and scaling Independent radius, distance, Av

* HD140283: Metal-poor star: T, g, R, M, age, Av, Teff, L
Fainter stars: use of improved models in efficient way

Av, R, L, M, A
* Planet CoRoT-30b: Combining observations + efficient algorithms

Future: Gaia: distance + reddening -> luminosity constraint + Ages FLAME

- FRIENDS: fainter stars and better precision/accuracy
- PLATO: bright + seismology for planetary systems



Thank you



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

