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Wampler’s screwdriver 



Frequency spacings 

Elsworth & Thompson (2004) 



Échelle diagram 

Metcalfe et al. (2009) 

Grec, Fossat & Pomerantz (1983) 



Christensen-Dalsgaard (2004) 

Asteroseismic H-R diagram 

Christensen-Dalsgaard (1984) 



Differential rotation 

•  Three seasons of precise 
MOST photometry for the 
solar-type star κ1 Ceti 

•  Latitudinal differential 
rotation pattern has same 
functional form as Sun 

•  Asteroseismic splitting as 
a function of n can probe 
radial differential rotation 

Walker et al. (2007) 

Ca HK period 

Fletcher et al. (2006) 



Convection zone depth 

•  Second differences (Δ2ν) 
measure deviations from 
even frequency spacing 

•  Base of the convection 
zone and He ionization 
create oscillatory signals 

•  CoRoT measured the 
acoustic radius of He 
ionization in HR 7349 

Miglio et al. (2010) 



•  Solar p-mode shifts first 
detected in 1990, depend 
on frequency and degree 

•  Normalizing by a simple 
parametrization removes 
most of the dependencies 

•  CoRoT found frequency 
shifts in HD49933 with 
120-day cycle period  

Magnetic activity cycles 

Metcalfe et al. (2007) 

Garcia et al. (2010) 



Sun-as-a-star data 

Broomhall et al. (2009) 

<Δν0> = 135.07 + 1.03 µHz
<δν02> = 9.08 + 1.35 µHz



R = 0.98 + 0.02 Ro

C-D diagram 



Evolved stars 

Bedding et al. (in preparation) 



Pipeline analysis 

Stello et al. (2009) 



Christensen-Dalsgaard et al. (1996) 

Surface effects 

•  Incomplete modeling of 
surface convection zone 
leads to systematic errors 

•  Parameterize the offset, 
calibrate with solar data, 
apply homology scaling 

•  For near-optimal models, 
this procedure is enough 
to correct β Hydri data Christensen-Dalsgaard  et al. (1996) 

Kjeldsen et al. (2008) 



Fitting the frequencies 

•  Fit to 36 frequencies with 
l = 0-2 and constraints on 
temperature, luminosity 

•  Matches the observed 
oscillation frequencies  
better than about +2% 

•  Precision: radius to 
+0.3%, mass to +0.8%, 
age to +3.7% for the Sun 

Metcalfe et al. (2009) 



Avoided crossings 

Metcalfe et al. (2010) 



Fitting mixed modes 

Metcalfe et al. (2010) 



Mode coupling 

•  Mixed modes behave like 
g-modes in the core, and 
p-modes in the envelope 

•  Strength of the coupling 
determines size of shift 
and range of influence 

•  Coupling in “Gemma” is 
strong for l = 1, may help 
reveal mixed l = 2 modes 

Deheuvels & Michel (2010) 



Precision of methods 

•  C-D diagram: Sun-like, comparing large samples 

•  Pipelines: more precision for hundreds of targets 

•  Frequencies: highest precision for dozens of stars 



TeraGrid Science Gateway 

•  Web interface to specify 
observations with errors, 
or upload as a text file 

•  Specify parameter values 
to run one instance of the 
model, results archived 

•  Source code available for 
those with access to large 
cluster or supercomputer 

http://amp.ucar.edu/ 

Metcalfe et al. (2009) 



Summary 

•  The asteroseismic H-R diagram offers a powerful 
diagnostic of masses and evolutionary states, but 
may be subject to a variety of systematic errors. 

•  Analysis of individual oscillation frequencies can 
break the degeneracies inherent in methods that 
fit only the characteristic frequency spacings. 

•  Kepler observations have sufficient precision to 
distinguish between various descriptions of the 
physics, and maybe to require new ingredients. 


