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Motivations

 Quantification of the wave propagation in complex realistic
media.

* Modeling of inhomogeneous wave propagation.
e Direct inverse scattering for seismic data processing.
e |nversion in attenuating media

e Mathematical form of full waveform inversion updates and
sensitivities for determining Qp and Q.



Scattering theory
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Forward Scattering
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Lippmann-Schwinger equation
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Born Series
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Elastic scattering potential

For isotropic, elastic earth the wave equation is given by

Lp(x,wu(x,w) =0

(Lg)ij = 0i(pw? 4 Oppiy) + HNO; + O; 10,

Scattering potential

V=L L,



Elastic scattering potential
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Scattering Potential transformation

(Robert H. Stolt, Professor Arthur B. Weglein Seismic Imaging and Inversion, 2012)
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Viscoelastic Scattering Potential
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1) Viscoelastic Scattering Operator

Vie(L, W) = Lye(r, w) — Lye, (T, w)
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2) Definition of orthogonal frame constructed
by displacement vectors



Inhomogeneous waves
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Framework for inhomogeneous waves

Roger D. Borcherdt, Viscoelastic Waves in Layered Media, (2009)
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Transformation of

Scattering Potential
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Viscoelastic P-P scattering element

o . ; o B °
II;V'UG - IQVE"—HQH%PD P0o {FF A:O o 2AGEH + AQHP + FJ&H A..SH }_?'QHlso Po ( -'HO ) SIHQ UAQHS
0

B,

2
Fr =1+ 5 SOy (tan op +tandp, ) — ( ) {2 sin® o, + sin 20, (tan 6p, — tan dp, )}

XYH,

2
A .
3 " Ho Y i 2 ¢ an o an o
= ( {2sin® 0, + sin 20, (tan dp, — tandp, ) |

X[, \
RV
r >
\V/ g/ A;
Elastic P-P scattering element

x 9 = )
EVP = —po {l 0080w — 2 ( i ) sin’ crm,} A,+2p0 Ay +2p0 ( HO) sin? OppA gy

Y Hy XHy






Scattering of homogeneous P-wave

to inhomogeneous P-wave
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VISCOELASTIC SENSITIVITIES

Sensitivity of the P-P fieldto (¢
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Conclusions and future direction

1) Construction of the scattering potential for a viscoelastic medium based on
Stolt and Weglein method.

2) We explicitly demonstrate that the components of the scattering potential
related to the scattering of Sll-waves to P- and S| waves are zero. In other
words Sll-waves can only scattered to Sll-waves.

3) We have shown that viscoelastic scattering potential can be expressed as
elastic scattering potential plus an additional perturbing term related to the
inhomogeneity of waves and quality factors of P- and S-waves.

Vie = Vo +iQ55G(0,0,,0;, AA) +iQ - F(0,0,,6;, AA)

4) Investigation of sensitivities to make up the gradient for FWI.
5) Q estimation based on amplitude attenuation for inverse Q filtering.
6) Viscoelastic AVO approximations.
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