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A scattering wave modeling method using Gaussian beam

and Gaussian packet in the Gabor domain
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Abstract How to calculate the wavefield that scattered by a perturbed model (scatterers) in a
smooth background model is a practical problem. If scatterers are described in the Gabor domain,
and the incident waves are short-duration and broad-band, then the scatter wavefield can be
calculated using Gaussian beam in the frequency domain or using Gaussian packet in the time
domain. Compared with wave-equation, Gaussian beam/packet shares higher efficiency.
Moreover, the accuracies of Gaussian beam/packet are comparable with wave-equation in the case
of smooth media. The method that calculates scatter waves using Gaussian beam and Gaussian
packet in an acoustic medium is proposed. The accuracy of the modeling method is also analyzed.

The incident waves and Green' s function can be both written as the expressions with
amplitude and travel-time under WKB] approximation. Substituting these expressions into the
formula of Born approximation of scatter waves in the acoustic medium, then the analytic
expression of scatter waves that are scattered by Gabor-scatterer is deduced.

The initial Hessian of scatter Gaussian beam's travel-time with respect to space coordinates

is the same as that in Klimes's work (2012). We present the initial values of Gaussian beam's
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dominate frequency, ray parameters, and amplitude in 3-dimensions, respectively. The initial
amplitude of scatter Gaussian beam in 2-dimensions is also presented. Similar to scatter Gaussian
beam, the initial Hessian of scatter Gaussian packet’s travel-time is the same as that of Klimes's
work (2012), too. Scatter Gaussian packet’'s dominant frequency and initial ray parameters can
be calculated with the same formulas as the scatter Gaussian beam. Both formulas for calculating
initial amplitudes of scatter Gaussian packets in 3-dimensions and 2-dimensions are deduced.
Finally, the strategy of simulating scatter wave with Gaussian beam and Gaussian packet can
be concluded as a flow chart in the main body of the paper. The wavefield scattered by a Gabor-
scatterer is simulated with the finite-difference (FD for short) method and Gaussian packet. The
two are almost the same in the time domain and very similar with each other in the frequency
domain. The accuracy of scatter Gaussian packet is higher as the scatter angle becomes smaller,
and vice versa. The scattered waves of a synthetic model are examined, and the common shot
gathers calculated using FD method and Gaussian packet are comparable, except boundaries of
shot gather. For comparing details of wavefields simulated using the above two methods, two
groups of traces are extracted from common-shot-gathers. Comparison of waveforms show that
amplitudes of different methods are almost the same while phases of wavelets are distinguishable.
Accuracies of waveforms calculated with Gaussian packet are lower when offset becomes bigger.
Calculation of the wavefield scattered by Gabor-scatterer using Gaussian beam and Gaussian
packet are deduced for constant-density acoustic medium. Compared with scatter wave modeling
in an anisotropic elastic medium, the number and initial amplitudes of scatter Gaussian beams/
packets are both distinguishable here. Scatter Gaussian beam/packet’s initial amplitudes are
disparate in 2- and 3-dimensional media. With the proposed scatter theory, wavefields scattered
by Gabor-scatterer calculated using the Gaussian packet and FD method are compared. They are
comparable with each other in the time domain while there is a little difference in the frequency
domain, and the reason has been analyzed in this article. Accuracy of simulation using Gaussian
packet is influenced by scatter angles. The accuracy is higher when scatter angle becomes smaller
and vice versa. Common-shot-gathers observed on the earth surface of a general model are
simulated with the proposed Gaussian packet approach. Comparison of the presented scheme and
FD method shows that our method is effective, although waveforms of common-shot-gathers

simulated using Gaussian packet are slightly different from that simulated using the FD method.
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The blue dot, the red arc and the red circle are the perturbed model, the wave-front of the background wave,

and the scattered Green's function, respectively.
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Fig. 2 The Gabor-perturbation (a), the background wave-field (b), the scattered Gaussian packet (c)

The blue pattern, the red arc, and the red packet are the perturbed model, the wave-front of the background wave,

and the scattered wave packet, respectively (Klimes, 2012).
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Fig. 6 The single trace signal of the scattering wave in time domain (a) and frequency domain (b)

The red curve is calculated with FD method and the blue curve is calculated with Gaussian packet.
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Fig. 9 The perturbed velocity expressed with two Gabor functions (a), the scattering wave simulated
with (b) Gaussian packet and (¢) FD method
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with (b) Gaussian packet and (¢) FD method
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