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Observational Asteroseismology: 
Observables 

• Oscillation frequencies and frequency 
differences/ratios/splittings 

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

• Oscillation mode properties (amplitude, 
amplitude ratios, phase, phase differences, life 
time, …) 

• Changes (short term and long term) in mode 
parameters (frequencies, amplitudes, …) 



Requirements for Observational Asteroseismology: 
High-precision time series photometry with high duty cycle 
 

 

 

 

 

 
 

 

 

 

 





n

i

iii tfatnoisetdata
1

)2sin()()( 



2/1

3

2

)(

)(
44.0

)(6)(

π

3
)(

)(
13

)(                           
)(

)(

)(80.0
2

)(
)(

2
)(
















T
N

A

Ta

A

Ta

A

a

a

T
f

T
f

a

a

A
P

Aa

NoiseNoise

NoiseNoise

Noise

Noise

Noise





























Following Montgomery and D. O’Donoghue, 1999 
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Following Montgomery and D. O’Donoghue, 1999 



p-mode oscillations: 

       Mode life-time (Damping) 

        



3.125 mHz 
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ℓ = 1, n=21 

 

ℓ = 3, n=20 

 

 

 

 

 

ℓ = 0, n=21 

ℓ = 2, n=20 



p-mode oscillations: 

       Mode life-time (Damping) 

        



4 yr 

 

1 yr 

 

90 d 

 

 

 

 

30 d 

Damped/re-excited: 1 d                Coherent 
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For damped and re-excited oscillations 
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20 d 

Reaching same accuracy for damped and re-excited oscillations: 
 

OBT.T (intensity) / OBS-T (velocity) ≈ 12-15 

 

 

… for coherent oscillations: 
 

OBT.T (intensity) / OBS-T (velocity) ≈ 2-3 

 



2/3
)(

T
f Noise

 

Damped and re-excited modes 

2/1
)(

T
f Noise

 

Coherent modes 



)( f

2/1
)(

T
f Noise

 

2/3
)(

T
f Noise

 

Time 

Lifetime 



Variable noise level in the data series 

Variable SNR 
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sdB:  PG 1325+101 
Silvotti et al., 2006 and Charpinet et al., 2006 
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Window 
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Optimized data weights 

• Weight ~ SNR² 

• Signal 

• Noise 

























The Surface Offset 

O - C 



The Surface Offset 

 n

  0



The Surface Offset 

 n

  0

   MODEL S GOLF  radial order, n 

1. Frequency (f)  3038.95  3034.15  17-25 (21) 

2. Large separation   135.855   134.810 17-25 (21) 

 

3. f(n=17)  2497.35   2496.04  17 

4. f(n=13)  1957.46   1957.45   13  



 n

  0

   MODEL S GOLF  radial order, n 

1. Frequency (f)  3038.95  3034.15  17-25 (21) 

2. Large separation   135.855   134.810 17-25 (21) 

 

3. f(n=17)  2497.35   2496.04  17 
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0.16 %  

0.78 % 

 

0.05 % 

0.0005 % 



Requirements: 

High-precision time series photometry with high duty cycle 

 

 

 

 

 

 
 

 

 

 

Space: 

 

• High Photometric Precision due to no atmospheric effects 

(scintillation) 
 

• Long uninterrupted time series (high duty cycle, extended 

observation) 
 

• Large number of targets observed (large FOV, high density 

of stars) 



CoRoT and MOST 

Low Earth Orbit (LEO) 

 

Several pointings 

Kepler Orbit 

Earth trailing Heliocentric 

 

One FOV for whole mission 



CoRoT (CNES): 27 cm 

Kepler (NASA): 95 cm 

MOST (CSA): 15 cm 



Kepler: 42 CCD’s 

CoRoT: 4 CCD’s 

MOST: 1 CCD 



The three Space Missions 

• MOST: Precursor for dedicated time series 

missions. Focus is on bright stars. 
 

• CoRoT: More than 100,000 targets for 

exoplanet studies ( T(obs) < 180d ). Few 

hundred stars observed for asteroseismology. 
 

• Kepler: Very extended time series data 

(years). Relatively low crowding effects. High 

dynamical range (V: 7-16) 



Jenkins et al. 2010 

Kepler 

The data … 



1014 

Kepler 

Can the data meet the challenges? 

 …. a series of examples … 



A&A 2008 

CoRoT 



Michel et al. 2008 



De Ridder et al. 2009 



H 

 

 

 

 

He 

Kepler 







Mode Identification? 
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Magnitudes 

8 coherent oscillations each 

simulated to give rise to differential 

Variations + a slow trend in 

detector sensitivity  



Intensity 



Magnitudes 

8 coherent oscillations each 

simulated to give rise to differential 

Variations + a slow trend in 

detector sensitivity  



Intensity 





HD187547 

KIC7548479 



Gilliland et al. 2010 Space data: Kepler 



Noise levels 

• Magnitude 13:  260 ppm / min 

      50 ppm / 30-min 

        7 ppm / day 

        0.7 ppm / Q (90-d) 

 

  Amplitude Spectrum Noise (90-d): 

        1.3 ppm 

         

     



Noise levels 

• Magnitude 7:  15 ppm / min 

      2.8 ppm / 30-min 

      0.40 ppm / day 

      0.04 ppm / Q (90-d) 

 

  Amplitude Spectrum Noise (90-d): 

      0.08 ppm 
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Following Montgomery and D. O’Donoghue, 1999 

a = 0.001, COHERET       (magnitude: 10)   Kepler 

Amplitude Spectrum Noise (30-d):  0.55 ppm 

Amplitude Spectrum Noise (90-d):  0.32 ppm 

Amplitude Spectrum Noise (365-d):  0.158 ppm 

Amplitude Spectrum Noise (1460-d): 0.079 ppm 

 

 

Frequency accuracy: 30 d: 

 
   90 d: 

 
   365 d: 

 
   1460 d: 
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Frequency accuracy: 30 d: 
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450 d, mag: 7.18 

G main sequence 

Kepler 



450 d, mag: 7.18 

G main sequence 



540 d, mag: 9.27 

subgiant 

Kepler 



540 d, mag: 8.74 

F main sequence 

Kepler 



Observables 

• Oscillation frequencies and frequency 
differences/ratios/splittings 

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

• Oscillation mode properties (amplitude, 
amplitude ratios, phase, phase differences, life 
time, …) 

• Changes (short term and long term) in mode 
parameters (frequencies, amplitudes, …) 



Observables 

• Oscillation frequencies and frequency 
differences/ratios/splittings 

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

• Oscillation mode properties (amplitude, 
amplitude ratios, phase, phase differences, life 
time, …) 

• Changes (short term and long term) in mode 
parameters (frequencies, amplitudes, …) 



Observables 

• Oscillation frequencies and frequency 
differences/ratios/splittings 

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

• Oscillation mode properties (amplitude, 
amplitude ratios, phase, phase differences, life 
time, …) 

• Changes (short term and long term) in mode 
parameters (frequencies, amplitudes, …) 

1910
1 








yr

dt

dP

P




1014 

Kepler 

Can the data meet the challenges? 

….. YES! 


