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Target-oriented tomographic imaging aims to image localized regions of interest buried inside the Earth. Especially
challenging is the situation where neither seismic sources nor seismic receivers are located in the vinicity of the
region to be imaged. For example, for the study of a region in the deep mantle we must use remote data since all
seismic stations as well as most earthquakes are located near the Earth’s surface. In this case, we need to model
wave propagation in the entire Earth in order to obtain the synthetic data (seismograms) needed to solve the inverse
problem. Such global simulations are computationally heavy and have to be repeated thousands of times due to
the non-linearity of the inverse problem. In order to lighten the computational burden, we developed a domain
decomposition method that combines local wave propagation modeling with wavefield extrapolation techniques
for fast and accurate imaging of remote targets. We first present a discrete solution to the direct scattering problem.
We obtained a discrete formula for the exact boundary condition that is used to confine wave propagation modeling
within a sub-volume of arbitrary shape, and, a discrete formula for the Helmholtz-Kirchhoff integral theorem that
is used to extrapolate the numerical wavefield to remote seismic stations. Thanks to these formulas, we are able to
compute synthetic seismograms that are exactly similar to thoses that would be obtained if we were modeling wave
propagation in the entire Earth, but, at a reduced computational cost. Then, we investigate the tomographic imaging
problem or inverse scattering problem where seismic records (full-waveforms) are inverted to deduce the visco-
elastic structure of the propagating medium. Through numerical examples, we show that we are able to image
remote targets in the deep Earth without having to model wave propagation in the entire Earth as illustrated in the
figure. Further, we show that our method performs very well in the challenging situation where the propagating
medium’s structure is poorly constrained outside the region to be imaged.
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Figure 1. Tomographic images of the p-wave velocity structure within an idealized 2D planet. The left panel shows the
actual structure of the planet that has a 1D axisymmetric structure similar to the one of the Earth (PREM) onto which we
added some velocity anomalies at a depth corresponding to the base of the Earth’s lower mantle. The middle panel shows the
tomographic image obtained by doing global tomography that requiers to model wave propagation in the entire planet. The
right panel shows the tomographic image obtained with the proposed domain decomposition method, here wave propagation
modeling is confined within the imaged region.
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