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The tomography paradigm
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Cross-correlation
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Interpretation

oi‘

A wavefront heals because energy diffracts
around the anomaly. Can we correct for it?
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Born approximation

N




Born approximation




Born approximation

N

~N—

_|_

N




scattered wave perturbs cross-
correlation time
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Kernels and volume integrals
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What kernels look like
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Computational effort for volume
integrals
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Compare to line integrals:

Typically n=100 voxels




Inferred temperature at 800 km depth
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Inferred temperature at 800 km depth
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Nolet et al. 2006
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Inferred heat flux
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Early success: proof of thermal plumes
in the lower mantle
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Early success: proof of thermal plumes

Montelli et al. 2004, 2006

in the lower mantle
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Regularization options: among all the models
that fit the data, we prefer either the

e Minimum norm model
e Smoothest model
* Most compact model

e Fewest wavelets
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Minimum norm models
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Smooth models
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Sparse models

Using a wavelet transform:

w=Wm
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Thresholding (Sergey Voronin)
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Thresholding (Sergey Voronin)

soft thresholdii s
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Smooth approximations of non-smooth
penalties (Sergey Voronin)
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Ever more data: Super-Arrays
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Ever more data: Super-Arrays
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Pertabie 3rvadband 3tations 1992 1598

Ever more data: Super-Arrays
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Ever more data: Super-Arrays
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Ever more data: Super-Arrays
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Finite-frequency inversion on a global grid

Irregular
tetrahedral mesh

«Joint inversion of
~400,000 P-wave
traveltimes

*Using 7 frequency
passbands between
25 s and 2 s period.
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>1.000.000 data

3.600.000 unknowns

(model
vector)

(data
vector)
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Option |:Singular value decomposition
using randomized algorithms
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Option |:Singular value decomposition

using randomized algorithms
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Option Il: compressing the kernels (=matrix
rows)

b Compressed
E . o 2%
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A statistical conundrum (1)

We assume normally distributed errors, define
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A statistical conundrum (ll)

We now take an acceptable model, and
remove one anomaly (e.g. the Tahiti plume):

Latitude
20

g0

5000 "\

Small enough such that chi square remains
acceptable

Does this mean Tahiti is not “resolved’?
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A statistical conundrum (lll)

* We could do this for any anomaly, so nothing is resolved

e However, there are subsets of data, that violate the chi
square criterion (e.g. the seismic station on Tahiti)

* Can we develop a subset criterion!?
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The oceans
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The oceans
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The oceans
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The oceans
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Wet super-arrays
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Mermaids
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Turkey
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Spin-off (1): medical tomography
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Spin-off

(2): Ocean sounding
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