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Detailed characterization of stars with planetsDetailed characterization of stars with planets

• Characterizing exoplanets and their atmospheres
requires in most cases detailed knowledge of the q g
host star. 

S l t h i il bl f t• Several techniques are available for measurement
of global stellar properties and some of those
offer possibilities to characterize the host stars atoffer possibilities to characterize the host stars at 
a very detailed level. 

• I will in this talk especially focus on the use of 
asteroseismology to measure global propertiesgy g p p



AsteroseismologyAsteroseismology

• Mean density – better than 1%
• Mass (more accurate if we also have [Fe/H] and ( [ ]
Teff) – better than 5‐8%

• Radius from Mass and density – better than 2‐3%Radius from Mass and density better than 2 3%
• Surface gravity from Radius and density – better
than 3%than 3%

• Age / Evolutionary stage – better than 10% of turn‐
ffoff age

• Rotation period, inclination axis, differential
rotation



Observational Asteroseismology:Observational Asteroseismology:
Observables

• Oscillation frequencies and frequency q q y
differences/ratios/splittings

• Oscillation mode identification (degree, order andOscillation mode identification (degree, order and 
mode type; g/p/f, mixed)

• Oscillation mode properties (amplitude amplitude• Oscillation mode properties (amplitude, amplitude 
ratios, phase, phase differences, life time, …)
Ch ( h t t d l t ) i d• Changes (short term and long term) in mode 
parameters (frequencies, amplitudes, …)
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Radial order: nRadial order: n
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Levels of detectionLevels of detection

• Excess power (and frequency at max. 
Power))

• p-mode signature (large separation)
D t il d d t t ( ll• Detailed p-mode structure (small 
separation)

• Individual frequencies (Echelle diagram)
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White et al. 2012



Chaplin et al. 2011

Kepler stars with positive p‐mode detections



Chaplin et al. 2011
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Levels of detectionLevels of detection

• Excess power (and frequency at max. 
Power))

• p-mode signature (large separation)
D t il d d t t ( ll• Detailed p-mode structure (small 
separation)

• Individual frequencies (Echelle diagram)

For exoplanets we often have to deal
with low SNR oscillationswith low-SNR oscillations



From Chaplin et al. 2013



From Chaplin et al. 2013



Measurement of Large SeparationMeasurement of Large Separation

• Power of power
• Auto CorrelationAuto Correlation
• Comb response / Match filter (using the 

t ti l ti )asymptotic relation)









Batalha et	al.	2011:					275d
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L f tiLarge frequency separation



118 2 µHz118.2 µHz

Small frequency separation



Mass (Msun)  0.995 ± 0.060 (  6%)
Radius (Rsun)  1.056 ± 0.021 (  2 %)
Age (Gyr)  11.9 ± 4.5 (38%)
‐ Batalha et al 2011‐ Batalha et al. 2011



Analysis of more than two years of data….y y

~ 850 days 850 days





All	data	to	date:												850	d	

Batalha et	al.	2011:					275d





Mass (Msun)  0.995 ± 0.060
Radius (Rsun)  1.056 ± 0.021
Age (Gyr)  11.9 ± 4.5
‐ Batalha et al 2011‐ Batalha et al. 2011

Mass (Msun)  0.913 ± 0.022( )
Radius (Rsun)  1.065 ± 0.009
Age (Gyr) 10 4 ± 1 4Age (Gyr)  10.4 ± 1.4
‐ All data to date



Kepler‐10:Kepler‐10:
Mass (Msun)  0.913 ± 0.022 (2.4%)
R di (R ) 1 065 0 009 (0 85%)Radius (Rsun)  1.065 ± 0.009 (0.85%)
Age (Gyr)  10.4 ± 1.4 (13%)

Kepler‐10b:p
Rplanet/Rstar 0.01254 ± 0.00013 (1.0%)
Rplanet/REarth 1 451 ± 0 019 (1 3%)Rplanet/REarth 1.451 ± 0.019 (1.3%)

Th k i t t d th l th f th ti iThe key is to extend the length of the time series
or observe bright targets with high SNR
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HAT P 7bHAT-P-7b

From Lund et al 2014From Lund et al. 2014







Inclination of rotational axis?

To the Observer

90°
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Inclination of rotational axis?
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Inclination of rotational axis?

To the Observer
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Inclination of rotational axis?
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Inclination of rotational axis?

To the Observer

15°



Inclination of rotational axis?

To the Observer

0°







Detection of p modesDetection of p-modes

• Amplitude
• SNRSNR



Huber et al. 2011



Chaplin et al. 2011
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TESS targets based on HIPPARCOS (Chaplin 2013)





Amplitudes of stellar oscillations and granulation
will be lower in TESS than in Kepler/K2will be lower in TESS than in Kepler/K2

From: Ricker Winna Vanderspek and Latham et alFrom: Ricker, Winna, Vanderspek and Latham et al.



Specified at one hour 

Detector Saturation (2 sec exposures)

From: Ricker Winna Vanderspek and Latham et alFrom: Ricker, Winna, Vanderspek and Latham et al.



Simulations done by Bill Chaplin (2014)



A number of stars will be observed for extended periods

From: Ricker Winna Vanderspek and Latham et alFrom: Ricker, Winna, Vanderspek and Latham et al.



Simulations done by Bill Chaplin (2014)











Simulations done by Bill Chaplin (2014)



TESS exoplanet host stars
• Asteroseismology on a large number of F and G 

main sequence stars and subgiants
• Asteroseismology on few late G main sequence 

stars near the ecliptic poles

Simulations done by Bill Chaplin (2014)

stars near the ecliptic poles.
• Testing models for M < M(sun)


