Imaging the
sedimentary basins of
the Sun
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The Sun

® Directly impacts Earth climate
® Affects space weather

® Remarkable physics

® “Noisy” seismic system
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Internal structure

® Normal-mode global helioseismology + |D stellar
evolution B e

® Fluid body
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® Opaque interior
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Noise tomography on
the Sun

® Doppler shifts of absorption
lines - line-of-sight
projected wavefield velocity

® Measured at millions of
~ pixels” on the surface



Power spectrum of
solar oscillations
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® Ridges of high power
well understood

® Background power
remains mysterious

® Frequencies are
measured with high
precision




Seismic comparison

Differences Similarities

® No discontinuties ® Linear wave equation

® Sources are everywhere,all ® Normal modes exist
the time

® Cross-correlation travel-time
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Posing inverse
problems

® Sub-surface structure driven by:
Data + Forward model + Inverse theory
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An example of an
Inversion

(Kosovichev; Stanford Solar Group). Likely inaccurate.



Adjoint tomography

Recent developments make this

feasible (Tromp et al. 2010; Hanasoge i .
et al. 20 I I ) distributed sources single source

Fundamental challenges remain

Sensitivity of measurement to sources
far away: kernels inherently different

Unknown Scattering properties and
poorly known source distribution may
make it more complex for earth

e.g. Gizon & Birch 2002



What remains to be
done!

® Structure of sunspots

® Dynamics of turbulent convection and
rotation; meridional circulation belt

° 7 =) ° °
" . - ) [2) ol '
FoL X N ‘\'.t_ "_ e ) ~ ""‘-'b; =y o L - p.l.‘ :‘ ‘ *..'. ..":‘-JA l-h..' o' ) '-\.‘.‘ 1.’ :Pr, D e e - Ao -
N ™ L f - & »> - i N - - s . - ’ - - w
X ; g IS y Lo P 4 ‘ b : = ’ AN TR N

3 » - oy. ' ct
A . y
= A TR L 5 - - =




Other stars

® Understanding exoplanets dependent on
- appreciating the host star
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Inside the sun




