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Spherical Harmonics T o
Stare are (almost) epherical
Constructve’destructive wanses

Woaves travel through star

p-rmiodes, g-modes

Measurement of wanees
Can be very smiall amplitude
Sensitive equiprment
Lang period of abeservations

anees insight into intesor of stars!
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Hi, De. Elzabeth?
Yech, oh... T accidente)ly tock
the Fgw.e.r transform of My cab.. .
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THE FOURIER TRANSFORM

Your frend, really
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Feal pscillations not so simple
Peradic observations
Interference betwean oscllations ]
Instrument sensitivity & &l
Target properties .'::,,
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Periodic gaps in signals f-.q “ﬁ' ﬂlﬁi
Single site data
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An Observational Problem
Observations at a single terrestrial site produce periodic time seres gaps

The cscillation spectrum & convabed with the tempeoral wardow spectrum
Contarminates oscillabion spectrum with spuricus peaks

Salutions
Artarctica
rmax & month duration

Network
needs data merging, but maintainable

Space
expensive, difficuit
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Dseillaton networks

Solar Crsallations:

Glabal Oscillation Network Group (GOMNG)
Birrmingham Solar Oscllations Metwork (BISOMN)

Stellar Oscillations:
Stellar Osrillatiors MNetwork Group (SOMNG)

MUSICOS (Multi-5ite COntinuous Spectroscopy)
Delta Scuti Metwork - & Souti stars
Whole Earth Telescope (WET) - White Dhwvarfs

Space Missicns:

50lar and Heliospheric Observatory (50HO)
Kepler




Heliosesmology: measuring waves on the surface of the Sun
Discovery of propagating waves on Sun (Leighton et al, [962)

Doppler Map ==> Time Series ==> FourerTransform ==> Spherical Harmanics
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Differential rotation of layers of Sun
in comvaction zone below surface

Core and convection rotation
different




Modes turn at depth where sound speed = horizontal phase speed = W £
All modes with same wW £ must take same time te make one trig between reflections

Basis of Time-Distance (or Local) Heliosesmology

v [Fe

fleresting new results
Irmages of activity in the far side of the Sun
Flare orediction

Emerging actve regons




WET founded in 19854
Linmversity of Tewas at Austin

Worldwide collaboration of astronomers interested in
observations of oscillating stars

Technological goal:
To resclve the multi-penodic oscillations observed in white
dwarfs (and other objects) into their indmidual components

scientific goal:
To construct accurate theoretical models, constrained by
observed behavior, from which fundamental astrophysical
parameters could be derived

Headquartersd at
IJT Awstin 1986 - [996
Erl Mather Director

lenwa State University 1997 - 2006
Steve Kawalen Director
Chrs Clemens, Seot Keinman, Reed Raddle, ADW s

Delaware Asterossismic Research Center [DARC)
Judi Provverncal, Director; Harry Shipman, Financal director
Mike Monmtgomery, Science Director; Susan Thompson, Assoc. Dir:

Coundl of the Wise (CoW)
Creereees WET
Charts seientific directon

extended Coverage campaigrs (XCov)
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26 X Cov campaigns completed
X Cov 27 in May

kit fwanaer priysics. udel edu/dare 2007 _targets/ 2009 _targets.html

WET campaigns
2 to 4 weeks long

|0 to 20 observalories pér campaign
Different sets of telescopes each time
Owerlap with special guests (HS5T)

Manned headquarters to manage campasgn

Ondy use WET for specific targets

Singhe site observations not good enough

Oscillation periods of "20 seconds to 20 minutas”
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Kepler et al ASA 401, 639-654 (2003)

M. Visckovic et al, Apl, 2006
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M. Wuckovic et al, Apl, 2006
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MRAS, 348,
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Mukadam et al, Ap|, 5%4: 96 [-970, 2003
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