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K2 Fields of View
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Oscillations produce variations in intensity



Time domain astronomy



Frequency domain astronomy!



Sun-like stars

Solar type Solar analog Solar twin

K2 through to F8 5200 to 6300 K 5720 to 5830 K

Main sequence Main sequence and no 
close companion

MS, 3.5 to 5.6 Gyr, and no 
stellar companion

Any metallicity Solar +- 0.3 dex Solar +- 0.05 dex

A lot of stars >30 within 50 ly
e.g., Alpha Cen A (& B)

A handful
e.g., 18 Sco



Solar-like oscillators

Evolved Sun-
like stars

Solar type Solar analog Solar twin The Sun

Cooler K2 through to F8 5200 to 6300 K 5720 to 5830 K 5777 K

Sub giant
Red giant

Main sequence Main sequence MS, 3.5 to 5.6 
Gyr

4.5 Gyr

Any Any metallicity Solar +- 0.3 dex Solar +- 0.05 dex Solar

Many many 
detectable

A lot >30 within 50 ly
e.g., Alpha Cen 
A (& B)

A handful
e.g., 18 Sco

Just the one!





Sun-like MS stars - echelle diagram







Spot the difference ...











Observations and constraint

Evolved Sun-
like stars

Solar type Solar analog Solar twin The Sun

Cooler K2 through to F8 5200 to 6300 K 5720 to 5830 K 5777 K

Sub giant
Red giant

Main sequence Main sequence MS, 3.5 to 5.6 
Gyr

4.5 Gyr

Any Any metallicity Solar +- 0.3 dex Solar +- 0.05 dex Solar

Many many 
detectable

A lot >30 within 50 ly
e.g., Alpha Cen 
A (& B)

A handful
e.g., 18 Sco

Just the one!
Progress



Observations and constraint
Observable Solar type red 

giant
Solar type 
subgiant

Solar type main 
sequence

The Sun

Average 
frequency 
spacings + 
numax

Period spacing

Rotation

Individual 
frequencies



Sun-like evolved stars

KIC 7341231 - 
“Otto”

Mixed modes of 
oscillation



Sun-like evolved stars

KIC 7341231 - 
“Otto”

Mixed modes of 
oscillation

P

G

Envelope

Core



Sun-like red giant branch

Kepler-56

RGB star with 
mixed modes





Rotation

http://www.youtube.com/watch?v=46bF5tnqye8


Internal rotation



Internal rotation

Lund+ 2014

Kernel

Rotation 
profile

Frequency 
splitting



Internal rotation - 1D



Internal rotation - 1D

Deheuvels+ 2012



Rotation - 1D

Frequency





What happens when you only have 27 days of data? (e.g. TESS)

dnu = 13 +- 1 muHz
numax = 160 muHz
period spacing = ?
rotation = ?
Individual frequencies - for l=0



What happens when you only have 70 days of data? (e.g. K2)

dnu = 13.3 +- 0.7 muHz
numax = 161.2 muHz
period spacing = ?
rotation = ?
Individual frequencies - for l=0,2



What happens when you only have 351 days of data? (e.g. Best TESS)

dnu = 12.9 +- 0.2 muHz
numax = 162.6 muHz
period spacing = 80.45 +- 0.04 s
rotation <Omega Core> = 0.43 +- 0.03 muHz
Individual frequencies - for l=0,2,1,(3)
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l = 2,0 modes



What happens when you only have 730 days of data? (e.g. PLATO long)

dnu = 12.97 +- 0.17 muHz
numax = 161.3 muHz
period spacing = 80.45 +- 0.02 s
rotation <Omega Core> = 0.44 +- 0.04 muHz 
Individual frequencies - for l=0,2,1,3
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What happens when you only have 1335 days of data? (e.g. Best PLATO/Kepler)

dnu = 12.97 +- 0.27 muHz
numax = 160.8 muHz
period spacing = 80.446 +- 0.004 s
rotation <Omega Core>= 0.43 +- 0.01 muHz
Individual frequencies - for l=0,2,1,3



What happens when you only have 1335 days of data? (e.g. Best PLATO/Kepler)

dnu = 12.97 +- 0.27 muHz
numax = 160.8 muHz
period spacing = 80.446 +- 0.004 s
rotation <Omega Core>= 0.43 +- 0.01 muHz
Individual frequencies - for l=0,2,1,3



l=0



Period spacing

Core rotation

Envelope rotation



Period spacing

Envelope rotation

Core rotation



See the next talk for more on period 
spacing.



Observations and constraint
Observable Red giant Solar type 

subgiant
Solar type main 
sequence

The Sun

Average 
frequency 
spacings + 
numax

Period spacing Probably (not all) Possibly Difficult Very difficult

Rotation Probably (even 
less than above)

Radial differential 
rotation - some

Average splitting Helioseismology - 
map of interior

Individual 
frequencies

Yes - Mode ID 
is/was a problem 
… Benoit ...

Yes Yes Yes



Getting from observables to intrinsic properties you lot care about ...




