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SUMMARY5

Green’s function expressions for seismic interferometry in acoustic and elastic media6

have been extensively studied and applied across a wide range of applications, includ-7

ing surface-wave tomography and generating virtual shot gathers. However, analogous8

expressions for coupled acoustic-elastic media systems remain absent, despite their im-9

portance for analysing cross-correlation wavefields from ocean-bottom nodal and seis-10

mometer recordings and other seismic problems in marine settings. To address this is-11

sue, we derive convolution- and correlation-type reciprocity relations for physically cou-12

pled acoustic-elastic media by combining Rayleigh’s and Rayleigh-Betti reciprocity the-13

orems, incorporating the constitutive equations governing coupling at the acoustic-elastic14

interface, and applying time-reversal invariance principles for an arbitrary 3-D inhomo-15

geneous, lossless medium. The derived relationships show that the acoustic and elastic16

Green’s functions between any two observation points in the medium can be expressed17

as integrals of cross-correlations of wavefield observations at those locations, generated18

by sources distributed over an arbitrarily shaped closed surface enclosing the two obser-19

vation points. When the Earth’s free surface coincides with the enclosing surface, inte-20

gral evaluation is required only over the remaining portion of the closed surface. If the21

sources are mutually uncorrelated ambient sources, the Green’s function representation22
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simplifies to a direct cross-correlation of wavefield observations at the two points, gener-23

ated by a specific ambient source distribution on the closed surface. However, in practical24

scenarios, the ideal source distribution necessary to retrieve Green’s functions is rarely25

realized, for example, due to non-uniform illumination. To address these challenges, we26

represent the ambient cross-correlations as self-consistent observations and introduce a27

cross-correlation modelling methodology that accounts for practical limitations in source28

distribution for coupled acoustic-elastic media scenarios. We illustrate the theory by mod-29

elling ambient cross-correlation wavefields for a deep-water scenario.30

1 INTRODUCTION31

Recent advances in sparse, large-scale, multi-component ocean-bottom sensor array deployments –32

including ocean-bottom seismometers (OBSs), cables (OBCs), and nodes (OBNs) – offer a unique33

opportunity to enhance our understanding of marine ambient wavefield phenomena by extracting low-34

frequency (sub-2.0 Hz) wavefield information at the seabed. Many continuous ocean-bottom acqui-35

sitions lasting for durations spanning one to three months are designed for active-source seismic ex-36

ploration, where short-duration windows are extracted to form shot gathers, with the remainder of the37

data archived and often disregarded as containing little useful information for subsurface investigation38

- especially below the 2.0 Hz low-frequency cutoff of typical marine air-gun sources.39

Long-time continuous seafloor recordings, though, also capture a rich broadband spectrum of am-40

bient seismic energy in the 0.01-1.0 Hz frequency range, and a growing number of studies demonstrate41

that this low-frequency energy can be transformed into useful surface-wave information through seis-42

mic interferometry (de Ridder & Dellinger 2011; Girard et al. 2023, 2024). For example, ambient43

virtual shot gather (VSG) volumes derived from continuous wavefield data recorded on OBC arrays at44

the Valhall (de Ridder & Dellinger 2011) and Ekofisk (de Ridder & Biondi 2015) fields in the Norwe-45

gian North Sea, as well as OBN arrays in the Gulf of Mexico (Stewart 2006; Girard et al. 2023, 2024),46

reveal dispersive surface- and guided P-wave modes. These VSGs also exhibit surface-wave sensitiv-47

ity to strong lateral velocity heterogeneities (e.g., salt bodies) within the sub-2.0 Hz frequency band.48

de Ridder & Dellinger (2011) further used VSG data for ambient eikonal tomography to perform49

near-seabed imaging at the North Sea Valhall field, while de Ridder & Biondi (2015) used VSG-50

derived dispersion panels to image Scholte-wave group velocities via straight-ray tomography. These51

examples demonstrate the potential of using the low-frequency information recorded on ocean-bottom52

sensors for subsurface investigation, complementing conventional exploration methods.53
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To fully exploit the potential of ambient VSG data and move toward low-frequency elastic Earth54

model building through full-waveform inversion (FWI), it is essential to understand the physical sig-55

nificance of the cross-correlated wavefield recorded on ocean-bottom sensors. This understanding re-56

quires interpreting ambient wavefield information within the context of marine settings characterized57

by physically coupled acoustic-elastic media and accurately modelling these wavefields for FWI work-58

flows within an appropriate seismic interferometry (SI) framework. Consequently, it is imperative to59

develop Green’s function representations for SI in such coupled-media systems, to understand when60

the underlying assumptions are realized, and to develop methodologies for using approximate repre-61

sentations for SI when they are not.62

In SI, waves recorded at two receiver locations are correlated to approximate Green’s function be-63

tween these locations. Seismic wavefield energy, continuously generated by a diverse array of sources64

– including active sources, oceanic phenomena, and localized seismic events such as earthquakes –65

form the basis for such correlation-based interferometric analyses. Wapenaar & Fokkema (2006) pro-66

vides a comprehensive overview of Green’s function representations in terms of cross-correlations of67

full wavefields in arbitrary configurations (Weaver & Lobkis 2004; van Manen et al. 2006) and dis-68

cusses modifications for their application in SI for both acoustic and elastodynamic systems, without69

assuming wavefield diffusivity. Lobkis & Weaver (2001), Wapenaar (2004), and Wapenaar & Fokkema70

(2006) demonstrate that the interstation correlation of ambient wavefields can approximate the inter-71

station Green’s function under the assumption of a diffused, equipartitioned, random, and uncorrelated72

“noise” field. Applications of Green’s function retrieval using SI in acoustic and elastic systems have73

been extensively studied and successfully applied across various fields, including helioseismology74

(Rickett & Claerbout 2000), ultrasonics (Lobkis & Weaver 2001) as well as exploration (Bakulin &75

Calvert 2004) and global (Sager et al. 2018) seismology. However, Green’s function representations76

for SI in coupled acoustic-elastic media, such as those encountered in ocean-bottom acquisition in77

marine environments, remain poorly studied and are notably absent from the literature.78

This paper derives reciprocity relations for coupled acoustic-elastic systems by employing consti-79

tutive equations at the acoustic-elastic interface and reciprocity theorems for the associated acoustic80

and elastodynamic media. We establish source-receiver reciprocity expressions and give an overview81

of Green’s function representations for pressure and particle velocity data in such systems, expressed82

through cross correlations of full wavefields in arbitrary configurations within inhomogeneous, loss-83

less media. We consider both open and free-surface configurations with approximations introduced to84

address practical SI challenges, including source availability and characteristics. For practical applica-85

tions, we present a cross-correlation modelling (CCM) approach derived from Tromp et al. (2010) for86

realistically representing and modelling of ambient wavefield cross correlations, supported by a syn-87
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thetic simulation that highlights CCM waveform differences from the corresponding direct Green’s88

function response.89

2 RECIPROCITY FOR COUPLED ACOUSTIC-ELASTIC SYSTEMS90

In many applications, such as exploration focused OBN deployments or globally focused marine seis-91

mic acquisition, waves propagating in an acoustic medium are physically coupled to wave motion in92

the underlying elastic solid through constitutive equations (Sun et al. 2017; Sethi et al. 2021). Fig-93

ure 1 illustrates the configuration of such a coupled domain where the acoustic medium, denoted as94

V
a, is governed by acoustic wave-equation physics while wave propagation in the underlying elastic95

medium, denoted as V
e, is described by the elastic wave equations.96

2.1 Acoustic Region97

In the acoustic region V
a, Rayleigh’s reciprocity theorem as (Rayleigh 1878; de Hoop 1988; Fokkema98

& van den Berg 1993; Wapenaar & Fokkema 2006) is given by:99

∫

V a

(
p̂A q̂B → v̂i,A f̂i,B → q̂A p̂B + f̂i,A v̂i,B

)
d3x

=

∮

ωV a
(p̂A v̂i,B → v̂i,A p̂B) n

a
i d2x +

∮

ωV →
(p̂A v̂i,B → v̂i,A p̂B) n

a
i d2x,

(1)

where p̂(x, ω) and v̂i(x, ω) respectively represent the acoustic pressure and particle velocity with the100

A and B denoting two independent acoustic states; and f̂i(x, ω) and q̂(x, ω) represent the source101

distributions in terms of external volume force density and volume injection rate density. Domain V
a

102

represents an arbitrary acoustic spatial region enclosed by boundaries εV
a and εV

→ with the outward-103

pointing normal vector na = n
a
i = [na

1, n
a
2, n

a
3], where a superscript a indicates a quantity defined in104

the acoustic medium. The boundary εV
→ represents a coupled interface between the acoustic and105

elastic media (see Figure 1). Lowercase Latin subscripts take values of 1, 2, 3, and x = [x1, x2, x3]106

denotes the Cartesian coordinate vector with the x3-axis oriented positive downward. Finally, note107

throughout that the summation convention applies for repeated subscripts, and a circumflex accent108

over a variable [e.g., p̂(x, ω)] indicates a Fourier transformed quantity in the frequency domain:109

p̂(x, ω) =

∫ ↑

↓↑
p(x, t) exp(→ϑωt) dt, (2)

where ϑ is the imaginary unit and ω is angular frequency.110

Equation 1 represents the acoustic reciprocity theorem of the convolution type, where frequency-111

domain products (e.g., p̂A v̂i,B) correspond to convolutions in the time domain. The field quantities in112

equation 1 – p̂(x, ω), v̂i(x, ω), q̂(x, ω), and f̂i(x, ω) – satisfy the space-frequency-domain acoustic113
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<latexit sha1_base64="eF7MhPln1UlAorpuC5zPJ+lX0EY=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi6LblxWsA9oQphMJ+3YSSbMTMQS8h1u/BU3LhRxJ278GydtFtr2wIXDOfdy7z1+zKhUlvVjlFZW19Y3ypuVre2d3T1z/6AjeSIwaWPOuOj5SBJGI9JWVDHSiwVBoc9I1x9f5373gQhJeXSnJjFxQzSMaEAxUlryTHvkpfQ+qzkhUiM/SB+zusNDMkSndRh4dInumVWrYU0BF4ldkCoo0PLML2fAcRKSSGGGpOzbVqzcFAlFMSNZxUkkiREeoyHpaxqhkEg3nb6WwROtDGDAha5Iwan6dyJFoZST0Ned+aVy3svFZV4/UcGlm9IoThSJ8GxRkDCoOMxzggMqCFZsognCgupbIR4hgbDSaVZ0CPb8y4ukc9awrYZ9e15tXhVxlMEROAY1YIML0AQ3oAXaAIMn8ALewLvxbLwaH8bnrLVkFDOH4B+M718cL6Dh</latexit><latexit sha1_base64="eF7MhPln1UlAorpuC5zPJ+lX0EY=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi6LblxWsA9oQphMJ+3YSSbMTMQS8h1u/BU3LhRxJ278GydtFtr2wIXDOfdy7z1+zKhUlvVjlFZW19Y3ypuVre2d3T1z/6AjeSIwaWPOuOj5SBJGI9JWVDHSiwVBoc9I1x9f5373gQhJeXSnJjFxQzSMaEAxUlryTHvkpfQ+qzkhUiM/SB+zusNDMkSndRh4dInumVWrYU0BF4ldkCoo0PLML2fAcRKSSGGGpOzbVqzcFAlFMSNZxUkkiREeoyHpaxqhkEg3nb6WwROtDGDAha5Iwan6dyJFoZST0Ned+aVy3svFZV4/UcGlm9IoThSJ8GxRkDCoOMxzggMqCFZsognCgupbIR4hgbDSaVZ0CPb8y4ukc9awrYZ9e15tXhVxlMEROAY1YIML0AQ3oAXaAIMn8ALewLvxbLwaH8bnrLVkFDOH4B+M718cL6Dh</latexit><latexit sha1_base64="eF7MhPln1UlAorpuC5zPJ+lX0EY=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi6LblxWsA9oQphMJ+3YSSbMTMQS8h1u/BU3LhRxJ278GydtFtr2wIXDOfdy7z1+zKhUlvVjlFZW19Y3ypuVre2d3T1z/6AjeSIwaWPOuOj5SBJGI9JWVDHSiwVBoc9I1x9f5373gQhJeXSnJjFxQzSMaEAxUlryTHvkpfQ+qzkhUiM/SB+zusNDMkSndRh4dInumVWrYU0BF4ldkCoo0PLML2fAcRKSSGGGpOzbVqzcFAlFMSNZxUkkiREeoyHpaxqhkEg3nb6WwROtDGDAha5Iwan6dyJFoZST0Ned+aVy3svFZV4/UcGlm9IoThSJ8GxRkDCoOMxzggMqCFZsognCgupbIR4hgbDSaVZ0CPb8y4ukc9awrYZ9e15tXhVxlMEROAY1YIML0AQ3oAXaAIMn8ALewLvxbLwaH8bnrLVkFDOH4B+M718cL6Dh</latexit><latexit sha1_base64="eF7MhPln1UlAorpuC5zPJ+lX0EY=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi6LblxWsA9oQphMJ+3YSSbMTMQS8h1u/BU3LhRxJ278GydtFtr2wIXDOfdy7z1+zKhUlvVjlFZW19Y3ypuVre2d3T1z/6AjeSIwaWPOuOj5SBJGI9JWVDHSiwVBoc9I1x9f5373gQhJeXSnJjFxQzSMaEAxUlryTHvkpfQ+qzkhUiM/SB+zusNDMkSndRh4dInumVWrYU0BF4ldkCoo0PLML2fAcRKSSGGGpOzbVqzcFAlFMSNZxUkkiREeoyHpaxqhkEg3nb6WwROtDGDAha5Iwan6dyJFoZST0Ned+aVy3svFZV4/UcGlm9IoThSJ8GxRkDCoOMxzggMqCFZsognCgupbIR4hgbDSaVZ0CPb8y4ukc9awrYZ9e15tXhVxlMEROAY1YIML0AQ3oAXaAIMn8ALewLvxbLwaH8bnrLVkFDOH4B+M718cL6Dh</latexit>

⌧ij(x, !), vi(x, !)
<latexit sha1_base64="3QVxYGpU2PDK4WBvcWlExDuTR6M=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoUEoiBV0W3bisYB/QhDCZTtqxk0yYmRRLyI+48VfcuFDEhRvxb5y2WWjbAxcO59zLvff4MaNSWdaPUVhb39jcKm6Xdnb39g/Mw6O25InApIU546LrI0kYjUhLUcVINxYEhT4jHX90M/U7YyIk5dG9msTEDdEgogHFSGnJM+uOQomX0oes4oRIDf0gfcyqDg/JAJ1X4dijK3TPLFs1awa4TOyclEGOpmd+OX2Ok5BECjMkZc+2YuWmSCiKGclKTiJJjPAIDUhP0wiFRLrp7LsMnmmlDwMudEUKztS/EykKpZyEvu6cXioXvam4yuslKrhyUxrFiSIRni8KEgYVh9OoYJ8KghWbaIKwoPpWiIdIIKx0oCUdgr348jJpX9Rsq2bf1cuN6zyOIjgBp6ACbHAJGuAWNEELYPAEXsAbeDeejVfjw/ictxaMfOYY/IPx/QvGAaJN</latexit><latexit sha1_base64="3QVxYGpU2PDK4WBvcWlExDuTR6M=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoUEoiBV0W3bisYB/QhDCZTtqxk0yYmRRLyI+48VfcuFDEhRvxb5y2WWjbAxcO59zLvff4MaNSWdaPUVhb39jcKm6Xdnb39g/Mw6O25InApIU546LrI0kYjUhLUcVINxYEhT4jHX90M/U7YyIk5dG9msTEDdEgogHFSGnJM+uOQomX0oes4oRIDf0gfcyqDg/JAJ1X4dijK3TPLFs1awa4TOyclEGOpmd+OX2Ok5BECjMkZc+2YuWmSCiKGclKTiJJjPAIDUhP0wiFRLrp7LsMnmmlDwMudEUKztS/EykKpZyEvu6cXioXvam4yuslKrhyUxrFiSIRni8KEgYVh9OoYJ8KghWbaIKwoPpWiIdIIKx0oCUdgr348jJpX9Rsq2bf1cuN6zyOIjgBp6ACbHAJGuAWNEELYPAEXsAbeDeejVfjw/ictxaMfOYY/IPx/QvGAaJN</latexit><latexit sha1_base64="3QVxYGpU2PDK4WBvcWlExDuTR6M=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoUEoiBV0W3bisYB/QhDCZTtqxk0yYmRRLyI+48VfcuFDEhRvxb5y2WWjbAxcO59zLvff4MaNSWdaPUVhb39jcKm6Xdnb39g/Mw6O25InApIU546LrI0kYjUhLUcVINxYEhT4jHX90M/U7YyIk5dG9msTEDdEgogHFSGnJM+uOQomX0oes4oRIDf0gfcyqDg/JAJ1X4dijK3TPLFs1awa4TOyclEGOpmd+OX2Ok5BECjMkZc+2YuWmSCiKGclKTiJJjPAIDUhP0wiFRLrp7LsMnmmlDwMudEUKztS/EykKpZyEvu6cXioXvam4yuslKrhyUxrFiSIRni8KEgYVh9OoYJ8KghWbaIKwoPpWiIdIIKx0oCUdgr348jJpX9Rsq2bf1cuN6zyOIjgBp6ACbHAJGuAWNEELYPAEXsAbeDeejVfjw/ictxaMfOYY/IPx/QvGAaJN</latexit><latexit sha1_base64="3QVxYGpU2PDK4WBvcWlExDuTR6M=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoUEoiBV0W3bisYB/QhDCZTtqxk0yYmRRLyI+48VfcuFDEhRvxb5y2WWjbAxcO59zLvff4MaNSWdaPUVhb39jcKm6Xdnb39g/Mw6O25InApIU546LrI0kYjUhLUcVINxYEhT4jHX90M/U7YyIk5dG9msTEDdEgogHFSGnJM+uOQomX0oes4oRIDf0gfcyqDg/JAJ1X4dijK3TPLFs1awa4TOyclEGOpmd+OX2Ok5BECjMkZc+2YuWmSCiKGclKTiJJjPAIDUhP0wiFRLrp7LsMnmmlDwMudEUKztS/EykKpZyEvu6cXioXvam4yuslKrhyUxrFiSIRni8KEgYVh9OoYJ8KghWbaIKwoPpWiIdIIKx0oCUdgr348jJpX9Rsq2bf1cuN6zyOIjgBp6ACbHAJGuAWNEELYPAEXsAbeDeejVfjw/ictxaMfOYY/IPx/QvGAaJN</latexit>

n<latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

v
<latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit>

@V
e

<latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit>

V
e

<latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit>

V
a

<latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit>

@V
a

<latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit>

@V
[

<latexit sha1_base64="kv29SiwjdDiAHlPl8MGYu+IF5Hk=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZK0tnVXdOOygn1AE8tkOmmHTpJhZlIooX/ixoUibv0Td/6Nk7aCih64cDjn3pl7T8AZlcq2P4zC2vrG5lZxu7Szu7d/YB4edWSSCkzaOGGJ6AVIEkZj0lZUMdLjgqAoYKQbTK5zvzslQtIkvlMzTvwIjWIaUoyUlgamCT2OhKKIwc69h1M+MMu2ddmouRcutC3brruVWk7cetWtQEcrOcpghdbAfPeGCU4jEivMkJR9x+bKz/JHMSPzkpdKwhGeoBHpaxqjiEg/W2w+h2daGcIwEbpiBRfq94kMRVLOokB3RkiN5W8vF//y+qkKG35GY54qEuPlR2HKoEpgHgMcUkGwYjNNEBZU7wrxGAmElQ6rpEP4uhT+Tzqu5diWc1stN69WcRTBCTgF58ABddAEN6AF2gCDKXgAT+DZyIxH48V4XbYWjNXMMfgB4+0TSXCTcA==</latexit><latexit sha1_base64="kv29SiwjdDiAHlPl8MGYu+IF5Hk=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZK0tnVXdOOygn1AE8tkOmmHTpJhZlIooX/ixoUibv0Td/6Nk7aCih64cDjn3pl7T8AZlcq2P4zC2vrG5lZxu7Szu7d/YB4edWSSCkzaOGGJ6AVIEkZj0lZUMdLjgqAoYKQbTK5zvzslQtIkvlMzTvwIjWIaUoyUlgamCT2OhKKIwc69h1M+MMu2ddmouRcutC3brruVWk7cetWtQEcrOcpghdbAfPeGCU4jEivMkJR9x+bKz/JHMSPzkpdKwhGeoBHpaxqjiEg/W2w+h2daGcIwEbpiBRfq94kMRVLOokB3RkiN5W8vF//y+qkKG35GY54qEuPlR2HKoEpgHgMcUkGwYjNNEBZU7wrxGAmElQ6rpEP4uhT+Tzqu5diWc1stN69WcRTBCTgF58ABddAEN6AF2gCDKXgAT+DZyIxH48V4XbYWjNXMMfgB4+0TSXCTcA==</latexit><latexit sha1_base64="kv29SiwjdDiAHlPl8MGYu+IF5Hk=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZK0tnVXdOOygn1AE8tkOmmHTpJhZlIooX/ixoUibv0Td/6Nk7aCih64cDjn3pl7T8AZlcq2P4zC2vrG5lZxu7Szu7d/YB4edWSSCkzaOGGJ6AVIEkZj0lZUMdLjgqAoYKQbTK5zvzslQtIkvlMzTvwIjWIaUoyUlgamCT2OhKKIwc69h1M+MMu2ddmouRcutC3brruVWk7cetWtQEcrOcpghdbAfPeGCU4jEivMkJR9x+bKz/JHMSPzkpdKwhGeoBHpaxqjiEg/W2w+h2daGcIwEbpiBRfq94kMRVLOokB3RkiN5W8vF//y+qkKG35GY54qEuPlR2HKoEpgHgMcUkGwYjNNEBZU7wrxGAmElQ6rpEP4uhT+Tzqu5diWc1stN69WcRTBCTgF58ABddAEN6AF2gCDKXgAT+DZyIxH48V4XbYWjNXMMfgB4+0TSXCTcA==</latexit><latexit sha1_base64="kv29SiwjdDiAHlPl8MGYu+IF5Hk=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZK0tnVXdOOygn1AE8tkOmmHTpJhZlIooX/ixoUibv0Td/6Nk7aCih64cDjn3pl7T8AZlcq2P4zC2vrG5lZxu7Szu7d/YB4edWSSCkzaOGGJ6AVIEkZj0lZUMdLjgqAoYKQbTK5zvzslQtIkvlMzTvwIjWIaUoyUlgamCT2OhKKIwc69h1M+MMu2ddmouRcutC3brruVWk7cetWtQEcrOcpghdbAfPeGCU4jEivMkJR9x+bKz/JHMSPzkpdKwhGeoBHpaxqjiEg/W2w+h2daGcIwEbpiBRfq94kMRVLOokB3RkiN5W8vF//y+qkKG35GY54qEuPlR2HKoEpgHgMcUkGwYjNNEBZU7wrxGAmElQ6rpEP4uhT+Tzqu5diWc1stN69WcRTBCTgF58ABddAEN6AF2gCDKXgAT+DZyIxH48V4XbYWjNXMMfgB4+0TSXCTcA==</latexit>

@V
[

<latexit sha1_base64="wfNq3yykAz04lp/KI06hJ+SvFYk=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NZEKSKZShf+LGhSJu/RN3/o2ZdhbaeuDC4Zx7k3tPJDnTxvO+nbX1jc2t7cpOdXdv/+DQPTpu6zRThLZIylPVjbCmnAnaMsxw2pWK4iTitBON7wq/M6FKs1Q8mqmkYYKHgsWMYGOlvuuiQGJlGOao/RSQTPbdmlf35kCrxC9JDUo0++5XMEhJllBhCMda93xPmjAvHiWczqpBpqnEZIyHtGepwAnVYT7ffIbOrTJAcapsCYPm6u+JHCdaT5PIdibYjPSyV4j/eb3MxDdhzoTMDBVk8VGccWRSVMSABkxRYvjUEkwUs7siMsIKE2PDqtoQ/OWTV0n7su57df/hqta4LeOowCmcwQX4cA0NuIcmtIDABJ7hFd6c3Hlx3p2PReuaU86cwB84nz/meJMs</latexit><latexit sha1_base64="wfNq3yykAz04lp/KI06hJ+SvFYk=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NZEKSKZShf+LGhSJu/RN3/o2ZdhbaeuDC4Zx7k3tPJDnTxvO+nbX1jc2t7cpOdXdv/+DQPTpu6zRThLZIylPVjbCmnAnaMsxw2pWK4iTitBON7wq/M6FKs1Q8mqmkYYKHgsWMYGOlvuuiQGJlGOao/RSQTPbdmlf35kCrxC9JDUo0++5XMEhJllBhCMda93xPmjAvHiWczqpBpqnEZIyHtGepwAnVYT7ffIbOrTJAcapsCYPm6u+JHCdaT5PIdibYjPSyV4j/eb3MxDdhzoTMDBVk8VGccWRSVMSABkxRYvjUEkwUs7siMsIKE2PDqtoQ/OWTV0n7su57df/hqta4LeOowCmcwQX4cA0NuIcmtIDABJ7hFd6c3Hlx3p2PReuaU86cwB84nz/meJMs</latexit><latexit sha1_base64="wfNq3yykAz04lp/KI06hJ+SvFYk=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NZEKSKZShf+LGhSJu/RN3/o2ZdhbaeuDC4Zx7k3tPJDnTxvO+nbX1jc2t7cpOdXdv/+DQPTpu6zRThLZIylPVjbCmnAnaMsxw2pWK4iTitBON7wq/M6FKs1Q8mqmkYYKHgsWMYGOlvuuiQGJlGOao/RSQTPbdmlf35kCrxC9JDUo0++5XMEhJllBhCMda93xPmjAvHiWczqpBpqnEZIyHtGepwAnVYT7ffIbOrTJAcapsCYPm6u+JHCdaT5PIdibYjPSyV4j/eb3MxDdhzoTMDBVk8VGccWRSVMSABkxRYvjUEkwUs7siMsIKE2PDqtoQ/OWTV0n7su57df/hqta4LeOowCmcwQX4cA0NuIcmtIDABJ7hFd6c3Hlx3p2PReuaU86cwB84nz/meJMs</latexit><latexit sha1_base64="wfNq3yykAz04lp/KI06hJ+SvFYk=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NZEKSKZShf+LGhSJu/RN3/o2ZdhbaeuDC4Zx7k3tPJDnTxvO+nbX1jc2t7cpOdXdv/+DQPTpu6zRThLZIylPVjbCmnAnaMsxw2pWK4iTitBON7wq/M6FKs1Q8mqmkYYKHgsWMYGOlvuuiQGJlGOao/RSQTPbdmlf35kCrxC9JDUo0++5XMEhJllBhCMda93xPmjAvHiWczqpBpqnEZIyHtGepwAnVYT7ffIbOrTJAcapsCYPm6u+JHCdaT5PIdibYjPSyV4j/eb3MxDdhzoTMDBVk8VGccWRSVMSABkxRYvjUEkwUs7siMsIKE2PDqtoQ/OWTV0n7su57df/hqta4LeOowCmcwQX4cA0NuIcmtIDABJ7hFd6c3Hlx3p2PReuaU86cwB84nz/meJMs</latexit>

na
<latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit>

ne
<latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit>

Figure 1. Configuration for a coupled acoustic (V a)-elastic (V e) system. The domains are coupled at common

interface εV
→ by the constitutive equations. The sources acting in V

a include the volume injection rate density

q, and volume force density fi while the observed wavefields are the pressure p and the particle velocity vector

vi. In V
e, the sources are the external deformation rate density hij and the external volume force density fi,

with the observed wavefields being the stress tensor ϖij and the particle velocity vector vi. The uv-plane shown

is locally tangential to εV
→, with n as the normal vector.

wave equations representing a coupled first-order system in a lossless, arbitrarily inhomogeneous fluid114

medium:115

ϑωϱ
a
v̂i + εip̂ = f̂i (3)

and116

ϑως
a
p̂ + εiv̂i = q̂, (4)

where εi denotes the partial derivative with respect to the xi-direction; and ϱ
a = ϱ

a(x) and ς
a =117

ς
a(x) are the density and compressibility of the acoustic medium, respectively.118

2.2 Elastic region119

In elastic region V
e, we express the Rayleigh-Betti reciprocity theorem (Knopoff & Gangi 1959;120

De Hoop 1966; Aki & Richards 2002; Wapenaar & Fokkema 2006) as121

∫

V e

(
→ϖ̂ij,A ĥij,B → v̂i,A f̂i,B + ĥij,A ϖ̂ij,B + f̂i,A v̂i,B

)
d3x

=

∮

ωV e
(v̂i,A ϖ̂ij,B → ϖ̂ij,A v̂i,B) n

e
j d2x +

∮

ωV →
(v̂i,A ϖ̂ij,B → ϖ̂ij,A v̂i,B) n

e
j d2x,

(5)
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where ϖij(x, ω) and vi(x, ω), respectively, are the components of the stress tensor and particle ve-122

locity vector with subscripts A and B again denoting two independent elastodynamic states; fi(x, ω)123

denotes the external volume force density; and hij(x, ω) represents the external deformation rate den-124

sity source types. Domain V
e represents an arbitrary elastic spatial region enclosed by boundaries125

εV
e and εV

→ with an outward-pointing normal vector ne = n
e
j = [ne

1, n
e
2, n

e
3] where a superscript e

126

denotes a quantity defined in the elastic solid. Boundary εV
→ again represents the common coupled127

interface between acoustic and elastic domains εV
a and εV

e.128

Equation 5 represents the elastodynamic reciprocity theorem of the convolution type. The associ-129

ated field quantities – ϖ̂ij(x, ω), v̂i(x, ω), ĥij(x, ω), and f̂i(x, ω) – satisfy the space-frequency domain130

elastic wave equations forming a coupled, first-order system in a lossless, arbitrarily inhomogeneous131

anisotropic elastic medium132

ϑωϱ
e
v̂i → εj ϖ̂ij = f̂i, (6)

and133

→ϑωs
e
ijklϖ̂kl +

1

2
(εiv̂j + εj v̂i) = ĥij , (7)

where ϱ
e = ϱ

e(x) and s
e
ijkl = s

e
ijkl(x) are the density and compliance of the elastic medium, respec-134

tively.135

2.3 Interface boundary considerations136

Applying the boundary conditions that couple the elastic and acoustic domains at the interface εV
→

137

requires enforcing the continuity of traction and the normal component of the particle velocity. The138

continuity of traction at the acoustic-elastic interface εV
→ is given by:139

→p̂ = t̂n, (8)

whereas140

t̂nu = t̂nv = 0, (9)

because an inviscid fluid cannot support shear stress. The continuity of the normal component of the141

particle velocity is expressed as142

v̂
a
n = v̂

e
n . (10)

In equations 8-10, t̂n, t̂nu, and t̂nv represent the normal and shear tractions, while v̂
a
n and v̂

e
n are the143

normal particle velocity components in the acoustic and the elastic solid, respectively, at any point on144

εV
→. The normal vector n is relative to a locally orthogonal coordinate system, where the uv-plane145
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is locally tangential to that point on the interface εV
→ (see Figure 1). The stresses and traction are146

related by t̂i = ϖ̂ijnj .147

By virtue of equation 9, the reciprocity relation in equation 5 reduces to148

∫

V e

(
→ϖ̂ij,A ĥij,B → v̂i,A f̂i,B + ĥij,A ϖ̂ij,B + f̂i,A v̂i,B

)
d3x

=

∮

ωV e
(v̂i,A ϖ̂ij,B → ϖ̂ij,A v̂i,B) n

e
j d2x +

∮

ωV →

(
v̂n,A t̂n,B → t̂n,A v̂n,B

)
d2x.

(11)

Using equations 8 and 10, and the fact that the normals defined on opposite sides of the interface εV
→

149

must satisfy ne = →na, we rewrite equation 1 as:150

∫

V a

(
p̂Aq̂B → v̂i,A f̂i,B → q̂A p̂B + f̂i,A v̂i,B

)
d3x

=

∮

ωV a
(p̂A v̂i,B → v̂i,A p̂B) n

a
i d2x →

∮

ωV →

(
v̂n,A t̂n,B → t̂n,A v̂n,B

)
d2x.

(12)

Adding equations 11 and 12 yields151

∫

V a

(
p̂A q̂B → v̂i,A f̂i,B → q̂A p̂B + f̂i,A v̂i,B

)
d3x

+

∫

V e

(
→ϖ̂ij,A ĥij,B → v̂i,A f̂i,B + ĥij,A ϖ̂ij,B + f̂i,A v̂i,B

)
d3x

=

∮

ωV a
(p̂A v̂i,B → v̂i,A p̂B) n

a
i d2x +

∮

ωV e
(v̂i,A ϖ̂ij,B → ϖ̂ij,A v̂i,B) n

e
j d2x.

(13)

Equation 13 represents the convolution-type reciprocity for a coupled acoustic-elastic system, as152

frequency-domain products (e.g., p̂A v̂i,B) correspond to time-domain convolutions. A similar reci-153

procity relation to equation 13 is given in de Hoop (1990).154

Because the acoustic and elastic media are assumed to be lossless, the principle of time-reversal155

invariance (Bojarski 1983) can be applied to both domains. In the frequency domain, time rever-156

sal is replaced by complex conjugation, which is denoted by the ↔ symbol over the field quantities.157

Time-reversal invariance states that if p̂ and v̂i are solutions to the acoustic wave-equation system in158

equations 3 and 4 with source terms f̂i and q̂, then p̂
↔ and →v̂

↔
i will satisfy the same equations with159

source terms f̂
↔
i and →q̂

↔. Similarly, when ϖ̂ij and v̂i are solutions to the elastic wave-equation system160

in equations 6 and 7 with source terms f̂i and ĥij , then ϖ̂
↔
ij and →v̂

↔
i will obey the same equations with161

source terms f̂
↔
i and →ĥ

↔
ij .162

Enforcing time reversal for state A in equation 13 leads to163

∫

V a

(
p̂
↔
A q̂B + v̂

↔
i,A f̂i,B + q̂

↔
A p̂B + f̂

↔
i,A v̂i,B

)
d3x

+

∫

V e

(
→ϖ̂

↔
ij,A ĥij,B + v̂

↔
i,A f̂i,B → ĥ

↔
ij,A ϖ̂ij,B + f̂

↔
i,A v̂i,B

)
d3x

=

∮

ωV a

(
p̂
↔
A v̂i,B + v̂

↔
i,A p̂B

)
n
a
i d2x →

∮

ωV e

(
v̂
↔
i,A ϖ̂ij,B + ϖ̂

↔
ij,A v̂i,B

)
n
e
j d2x.

(14)
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x1
<latexit sha1_base64="GOw0Cts6mPG/vELHwU8GszbBxP0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8mKoMeiF48VTFtoQ9lsN+3SzSbsbsQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG8/7dipr6xubW9Vtd2d3b/+gdnjU1kmmKPNpIhLVDYlmgkvmG24E66aKkTgUrBNObgu/88iU5ol8MNOUBTEZSR5xSoyV/KcBdt1Bre41vDnQKsElqUOJ1qD21R8mNIuZNFQQrXvYS02QE2U4FWzm9jPNUkInZMR6lkoSMx3k82Nn6MwqQxQlypY0aK7+nshJrPU0Dm1nTMxYL3uF+J/Xy0x0HeRcpplhki4WRZlAJkHF52jIFaNGTC0hVHF7K6Jjogg1Np8iBLz88ippXzSw18D3l/XmTRlHFU7gFM4BwxU04Q5a4AMFDs/wCm+OdF6cd+dj0Vpxyplj+APn8wd17I3I</latexit><latexit sha1_base64="GOw0Cts6mPG/vELHwU8GszbBxP0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8mKoMeiF48VTFtoQ9lsN+3SzSbsbsQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG8/7dipr6xubW9Vtd2d3b/+gdnjU1kmmKPNpIhLVDYlmgkvmG24E66aKkTgUrBNObgu/88iU5ol8MNOUBTEZSR5xSoyV/KcBdt1Bre41vDnQKsElqUOJ1qD21R8mNIuZNFQQrXvYS02QE2U4FWzm9jPNUkInZMR6lkoSMx3k82Nn6MwqQxQlypY0aK7+nshJrPU0Dm1nTMxYL3uF+J/Xy0x0HeRcpplhki4WRZlAJkHF52jIFaNGTC0hVHF7K6Jjogg1Np8iBLz88ippXzSw18D3l/XmTRlHFU7gFM4BwxU04Q5a4AMFDs/wCm+OdF6cd+dj0Vpxyplj+APn8wd17I3I</latexit><latexit sha1_base64="GOw0Cts6mPG/vELHwU8GszbBxP0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8mKoMeiF48VTFtoQ9lsN+3SzSbsbsQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG8/7dipr6xubW9Vtd2d3b/+gdnjU1kmmKPNpIhLVDYlmgkvmG24E66aKkTgUrBNObgu/88iU5ol8MNOUBTEZSR5xSoyV/KcBdt1Bre41vDnQKsElqUOJ1qD21R8mNIuZNFQQrXvYS02QE2U4FWzm9jPNUkInZMR6lkoSMx3k82Nn6MwqQxQlypY0aK7+nshJrPU0Dm1nTMxYL3uF+J/Xy0x0HeRcpplhki4WRZlAJkHF52jIFaNGTC0hVHF7K6Jjogg1Np8iBLz88ippXzSw18D3l/XmTRlHFU7gFM4BwxU04Q5a4AMFDs/wCm+OdF6cd+dj0Vpxyplj+APn8wd17I3I</latexit><latexit sha1_base64="GOw0Cts6mPG/vELHwU8GszbBxP0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8mKoMeiF48VTFtoQ9lsN+3SzSbsbsQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG8/7dipr6xubW9Vtd2d3b/+gdnjU1kmmKPNpIhLVDYlmgkvmG24E66aKkTgUrBNObgu/88iU5ol8MNOUBTEZSR5xSoyV/KcBdt1Bre41vDnQKsElqUOJ1qD21R8mNIuZNFQQrXvYS02QE2U4FWzm9jPNUkInZMR6lkoSMx3k82Nn6MwqQxQlypY0aK7+nshJrPU0Dm1nTMxYL3uF+J/Xy0x0HeRcpplhki4WRZlAJkHF52jIFaNGTC0hVHF7K6Jjogg1Np8iBLz88ippXzSw18D3l/XmTRlHFU7gFM4BwxU04Q5a4AMFDs/wCm+OdF6cd+dj0Vpxyplj+APn8wd17I3I</latexit>

x2
<latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit><latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit><latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit><latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit>

x3
<latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit>

xB
<latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit>

xA
<latexit sha1_base64="kuQH8fp5CxJgAWIcyO6k3eRpa/E="></latexit><latexit sha1_base64="kuQH8fp5CxJgAWIcyO6k3eRpa/E="></latexit><latexit sha1_base64="kuQH8fp5CxJgAWIcyO6k3eRpa/E="></latexit><latexit sha1_base64="kuQH8fp5CxJgAWIcyO6k3eRpa/E="></latexit>

@V
e

<latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit>

V
e

<latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit>

V
a

<latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit>

@V
a

<latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit>

na
<latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit>

ne
<latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit>

Figure 2. Configuration for coupled source-receiver reciprocity relations derived in Section 3.1. Points xA and

xB are respectively located in the acoustic (V a) and elastic (V e) medium.

Equation 14 represents the correlation-type reciprocity for a coupled acoustic-elastic system, because164

frequency-domain products (e.g., p̂ ↔
A v̂i,B) correspond to time-domain correlations. Finally, in both the165

coupled convolution and correlation-type reciprocity theorems above, the medium properties in states166

A and B are assumed to be identical.167

3 COUPLED ACOUSTIC-ELASTIC DOMAIN’S GREEN’S FUNCTION168

REPRESENTATIONS169

In this section, we first derive the source-receiver reciprocity relations for the coupled acoustic-elastic170

system by substituting Green’s functions for the wavefields in the convolution-type reciprocity re-171

lation (equation 13). We then derive the coupled-domain Green’s function representations using the172

correlation-type reciprocity relation (equation 14). These representations form the foundation for SI173

in physically coupled acoustic-elastic systems, such as those found in exploration OBN settings. We174

consider a domain V = V
a↑V

e (see Figure 1). Boundaries εV
a and εV

e do not necessarily coincide175

with physical boundaries; however, they must be continuous on the εV
→ interface.176

3.1 Source-receiver reciprocity relations in coupled acoustic-elastic domain177

We consider two cases involving two impulsive point sources: one located in the acoustic medium in178

state A, and the other in the solid in state B. In each case, xA is in the acoustic medium V
a and xB179
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Table 1. Summary of different source configurations in states A and B used in the coupled convolution-type

reciprocity theorem for deriving coupled source-receiver reciprocity expressions.

Case State A (xA in V
a
) State B (xB in V

e
)

1 q̂A = φ(x → xA), f̂i,A = 0 ĥij,B = 0, f̂i,B = φ(x → xB)φil

2 q̂A = φ(x → xA), f̂i,A = 0 ĥij,B = φ(x → xB)φirφjs, f̂i,B = 0

is in the solid medium V
e (see Figure 2). Table 1 summarizes these two cases and the chosen source180

type.181

Case 1 represents scenarios where only impulsive point sources of volume injection rate q̂ (x, ω)182

at point xA in V
a in state A and impulsive point force sources f̂i (x, ω) at point xB in V

e in state B183

are present. In this case, the coupled convolution-type reciprocity relation (equation 13) simplifies to184

→
∫

V a
q̂A p̂B d3x →

∫

V e
v̂i,A f̂i,B d3x

=

∮

ωV a
(p̂A v̂i,B → v̂i,Ap̂B) n

a
i d2x +

∮

ωV e
(v̂i,A ϖ̂ij,B → ϖ̂ij,A v̂i,B) n

e
j d2x.

(15)

For an unbounded medium, we can consider the surface of integration εV
a and εV

e as a spherical185

arc with infinite radius r ↓ ↔. In this case, the contributions from the boundary integrals over εV
a

186

and εV
e vanish, as they will be of order O(r↓1). Because the right-hand side of equation 15 vanishes187

on both εV
a and εV

e, the result is independent of the specific choice of boundaries εV
a and εV

e,188

provided points xA and xB are contained within εV
a ↑ εV

e. This further simplifies equation 15 to189

∫

V a
q̂A p̂B d3x = →

∫

V e
v̂i,A f̂i,B d3x. (16)

Table 1 presents the Case 1 source definitions found in equation 16:190

q̂A(x, ω) = φ(x → xA) (17)

and191

f̂i,B(x, ω) = φ(x → xB)φil, (18)

where φ(x) is the Dirac delta function and φil is the Kronecker delta function. The wavefields in states192

A and B, needed in equation 16 due to above sources, can be expressed in terms of impulse responses193

(i.e., acoustic and elastodynamic Green’s functions):194

p̂B(x, ω) = Ĝ
p,f
l (x,xB, ω) (19)

and195

v̂i,A(x, ω) = Ĝ
v,q
i (x,xA, ω) . (20)
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Here, the Green’s function notation Ĝ
v,q
i (x,xA, ω) represents the impulse response observed at x due196

to a source at xA. The double superscripts (v, q here) respectively represent the observed field quantity197

(here particle velocity v) and the applied source (here impulsive point sources of volume injection rate198

q). If the observed field quantity or source is a vector or tensor, its component or direction is indicated199

by the subscripts. In this case, subscript i denotes the i-th component of the observed particle velocity200

v. No subscript is required for scalar q quantities. A circumflex accent on Ĝ denotes the Fourier201

transform of causal time-domain Green’s function G
v,q
i (x,xA, t).202

Substituting equations 17-20 into equation 16 and using the sifting property of the delta function203

leads to a source-receiver reciprocity relation for the coupled acoustic-elastic system:204

Ĝ
p,f
l (xA,xB, ω) = →Ĝ

v,q
l (xB,xA, ω) . (21)

Equation 21 represents the source-receiver reciprocity for an OBN acquisition scenario where the205

airgun sources or noise sources acting as a distributed pressure field are present anywhere above the206

seabed (i.e., in the water column), while the receivers are located just below the seabed (i.e., in the207

elastic solid).208

Similarly, Case 2 is a scenario where we replace the source in equation 18 by a point impulsive209

source of external deformation rate density ĥij (x, ω) defined as210

ĥij,B(x, ω) = φ(x → xB)φirφjs, (22)

where the other sources remain the same as Case 1. Table 1 presents this Case 2 source definitions.211

Here, the coupled convolution-type reciprocity relation (equation 13) simplifies to212

∫

V a
q̂A p̂B d3x = →

∫

V e
ϖ̂ij,A ĥij,B d3x. (23)

We may express the wavefields needed in above the equation due to sources in Case 2 (Table 1) as213

p̂B(x, ω) = Ĝ
p,h
rs(x,xB, ω) (24)

and214

ϖ̂ij,A(x, ω) = Ĝ
ε,q
ij (x,xA, ω). (25)

Substituting equations 17, 22, 24 and 25 into equation 23 and using the sifting property of the215

delta function yields the following coupled source-receiver reciprocity relation216

Ĝ
p,h
rs(xA,xB, ω) = →Ĝ

ε,q
rs (xB,xA, ω). (26)

For sources and receivers both located either in acoustic or elastic-solid media, the source-receiver217

reciprocity remains as presented in Wapenaar & Fokkema (2006). When both the source and receiver218

are in water and only impulsive point sources of volume injection rate q are acting in both states,219
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Table 2. Choice of sources and wavefields in V
a and V

e in states A and B, when points xA and xB are in V
a,

to be used in the coupled convolution-type reciprocity theorem to derive pressure Green’s function expression.

Domain Parameter State A State B

in V
a

q̂(x, ω) φ(x → xA) φ(x → xB)

f̂i(x, ω) 0 0

p̂(x, ω) Ĝ
p,q(x,xA, ω) Ĝ

p,q(x,xB , ω)

v̂i(x, ω) ω
εϑa(x)εiĜ

p,q(x,xA, ω) ω
εϑa(x)εiĜ

p,q(x,xB , ω)

in V
e

ĥij(x, ω) 0 0

f̂i(x, ω) 0 0

ϖ̂ij(x, ω) Ĝ
ϖ,q
ij (x,xA, ω) Ĝ

ϖ,q
ij (x,xA, ω)

v̂i(x, ω) Ĝ
v,q
i (x,xA, ω) Ĝ

v,q
i (x,xB , ω)

reciprocity is given by220

Ĝ
p,q(xB,xA, ω) = Ĝ

p,q(xA,xB, ω). (27)

When both the source and receiver are in solid media, three scenarios must be addressed. First, for221

cases where impulsive point sources of force f are acting in both states, the reciprocity relation is222

Ĝ
v,f
m,n(xB,xA, ω) = Ĝ

v,f
n,m(xA,xB, ω). (28)

Second, when impulsive point sources of force f act in state A and point sources of deformation type223

h act in state B, the reciprocity relation224

Ĝ
ε,f
qr,m(xB,xA, ω) = Ĝ

v,h
m,qr(xA,xB, ω). (29)

Third, when point sources of deformation type h are acting in both states, the reciprocity relation is225

Ĝ
ε,h
qr,mn(xB,xA, ω) = Ĝ

ε,h
mn,qr(xA,xB, ω). (30)

3.2 Pressure-type Green’s function expression for seismic interferometry in coupled226

acoustic-elastic media227

As with the coupled source-receiver reciprocity relations derived earlier, one can make specific choices228

regarding the wavefields and source fields in states A and B to derive the pressure Green’s function229

representation for SI. In this section, we examine various cases for the locations of points xA and xB230

inside εV
a ↑ εV

e and define the corresponding sources and wavefields to derive the expression for231

the pressure-type Green’s functions using the correlation-type coupled reciprocity relation derived in232

equation 14.233
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3.2.1 Points xA and xB in acoustic media V
a

234

For the scenario where points xA and xB are located in acoustic medium V
a, one need only consider235

impulsive point sources of volume injection-rate density q̂ (x, ω) defined by236

q̂ϑ(x, ω) = φ(x → xϑ) for ↼ = A, B, (31)

while the external forces f̂(x, ω) in V
a are assumed to be zero in both states. There are no sources237

in V
e for states A and B. In this scenario, the correlation-type coupled reciprocity relation given in238

equation 14 simplifies to239

∫

V a
(p̂ ↔

A q̂B + q̂
↔
A p̂B) d3x

=

∮

ωV a

(
p̂
↔
A v̂i,B + v̂

↔
i,A p̂B

)
n
a
i d2x →

∮

ωV e

(
v̂
↔
i,A ϖ̂ij,B + ϖ̂

↔
ij,A v̂i,B

)
n
e
j d2x.

(32)

We define the recorded pressure wavefield p̂(x, ω) at x in V
a for both the states as the observed240

impulse responses (Green’s functions), given by:241

p̂ϑ(x, ω) = Ĝ
p,q(x,xϑ, ω) for ↼ = A, B. (33)

We then obtain the expressions for the particle velocities observed at x in V
a for both the states by242

substituting equation 33 and f̂A(x, ω) = f̂B(x, ω) = 0 into the acoustic wave equation 3 as:243

v̂i,ϑ(x, ω) =
→1

ϑωϱa(x)
εiĜ

p,q(x,xϑ, ω) for ↼ = A, B. (34)

For the stress and velocity wavefields recorded at x in V
e for both states, we define the stress and244

velocity Green’s functions due to the sources in equations 31 as245

ϖ̂ij,ϑ(x, ω) = Ĝ
ε,q
ij (x,xϑ, ω) for ↼ = A, B, (35)

and246

v̂i,ϑ(x, ω) = Ĝ
v,q
i (x,xϑ, ω) for ↼ = A, B. (36)

Table 2 summarizes the sources along with the corresponding wavefields in V
a and V

e for both states.247

Substituting equations 31, 33-36 into equation 32 and applying the sifting property of the Dirac248

delta function obtains249

Ĝ
p,q↔(xB,xA, ω) + Ĝ

p,q(xA,xB, ω)

=

∮

ωV a

→1

ϑωϱa(x)

(
Ĝ

p,q↔(x,xA, ω) εiĜ
p,q(x,xB, ω) → εiĜ

p,q↔(x,xA, ω) Ĝ
p,q(x,xB, ω)

)
n
a
i d2x

→
∮

ωV e

(
Ĝ

v,q↔
i (x,xA, ω) Ĝ

ε,q
ij (x,xB, ω) + Ĝ

ε,q↔
ij (x,xA, ω) Ĝ

v,q
i (x,xB, ω)

)
n
e
j d2x.

(37)
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<latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit>

@V
e

<latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit>

V
e

<latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit>

V
a

<latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit>

@V
a

<latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit>

na
<latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit>

ne
<latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit>

bGp,q (xA,xB,!)

<latexit sha1_base64="K3OAcqY7UP3oorLhqJlGCcqEiuQ="></latexit><latexit sha1_base64="K3OAcqY7UP3oorLhqJlGCcqEiuQ="></latexit><latexit sha1_base64="K3OAcqY7UP3oorLhqJlGCcqEiuQ="></latexit><latexit sha1_base64="K3OAcqY7UP3oorLhqJlGCcqEiuQ="></latexit>

bGp,q(xA,x, !)
<latexit sha1_base64="mdtgG3FqUm6WFswt4HyrasIuIWQ="></latexit><latexit sha1_base64="mdtgG3FqUm6WFswt4HyrasIuIWQ="></latexit><latexit sha1_base64="mdtgG3FqUm6WFswt4HyrasIuIWQ="></latexit><latexit sha1_base64="mdtgG3FqUm6WFswt4HyrasIuIWQ="></latexit>

bGp,q(xB ,x, !)
<latexit sha1_base64="TbZopzj/zaed+ozwF0CbZk3B4SY="></latexit><latexit sha1_base64="TbZopzj/zaed+ozwF0CbZk3B4SY="></latexit><latexit sha1_base64="TbZopzj/zaed+ozwF0CbZk3B4SY="></latexit><latexit sha1_base64="TbZopzj/zaed+ozwF0CbZk3B4SY="></latexit>

bGp,f
i (xA,x, !)

<latexit sha1_base64="4a8USlcHfMhIaUsLG685XyNNRJc=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1ZdaHLCvYBnTpk0jttaOZBklHLMJ/jxl9xI6JIt36J6QPU1hMCJ+fcS+49bsSZVKY5NDILi0vLK9nV3Nr6xuZWfnunLsNYUKjRkIei6RIJnAVQU0xxaEYCiO9yaLj9y5HfuAchWRjcqkEEbZ90A+YxSpSWnPyZ/cA60CMquUrvkqjkpU5ilyaHpUXbJ6rneslj6pyX8M9L89CHLjl08gWzbI6B54k1JQU0RdXJv9mdkMY+BIpyImXLMiPVTohQjHJIc3YsISK0T7rQ0jQgPsh2Ml40xQda6WAvFPoGCo/V3x0J8aUc+K6uHI0qZ72R+J/XipV32k5YEMUKAjr5yIs5ViEepYY7TABVfKAJoYLpWTHtEUGo0tnmdAjW7MrzpH5UtsyydXNcqFxM48iiPbSPishCJ6iCrlEV1RBFT+gFvaMP49l4NT6N4aQ0Y0x7dtEfGF/fmimmRA==</latexit><latexit sha1_base64="4a8USlcHfMhIaUsLG685XyNNRJc=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1ZdaHLCvYBnTpk0jttaOZBklHLMJ/jxl9xI6JIt36J6QPU1hMCJ+fcS+49bsSZVKY5NDILi0vLK9nV3Nr6xuZWfnunLsNYUKjRkIei6RIJnAVQU0xxaEYCiO9yaLj9y5HfuAchWRjcqkEEbZ90A+YxSpSWnPyZ/cA60CMquUrvkqjkpU5ilyaHpUXbJ6rneslj6pyX8M9L89CHLjl08gWzbI6B54k1JQU0RdXJv9mdkMY+BIpyImXLMiPVTohQjHJIc3YsISK0T7rQ0jQgPsh2Ml40xQda6WAvFPoGCo/V3x0J8aUc+K6uHI0qZ72R+J/XipV32k5YEMUKAjr5yIs5ViEepYY7TABVfKAJoYLpWTHtEUGo0tnmdAjW7MrzpH5UtsyydXNcqFxM48iiPbSPishCJ6iCrlEV1RBFT+gFvaMP49l4NT6N4aQ0Y0x7dtEfGF/fmimmRA==</latexit><latexit sha1_base64="4a8USlcHfMhIaUsLG685XyNNRJc=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1ZdaHLCvYBnTpk0jttaOZBklHLMJ/jxl9xI6JIt36J6QPU1hMCJ+fcS+49bsSZVKY5NDILi0vLK9nV3Nr6xuZWfnunLsNYUKjRkIei6RIJnAVQU0xxaEYCiO9yaLj9y5HfuAchWRjcqkEEbZ90A+YxSpSWnPyZ/cA60CMquUrvkqjkpU5ilyaHpUXbJ6rneslj6pyX8M9L89CHLjl08gWzbI6B54k1JQU0RdXJv9mdkMY+BIpyImXLMiPVTohQjHJIc3YsISK0T7rQ0jQgPsh2Ml40xQda6WAvFPoGCo/V3x0J8aUc+K6uHI0qZ72R+J/XipV32k5YEMUKAjr5yIs5ViEepYY7TABVfKAJoYLpWTHtEUGo0tnmdAjW7MrzpH5UtsyydXNcqFxM48iiPbSPishCJ6iCrlEV1RBFT+gFvaMP49l4NT6N4aQ0Y0x7dtEfGF/fmimmRA==</latexit><latexit sha1_base64="4a8USlcHfMhIaUsLG685XyNNRJc=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1ZdaHLCvYBnTpk0jttaOZBklHLMJ/jxl9xI6JIt36J6QPU1hMCJ+fcS+49bsSZVKY5NDILi0vLK9nV3Nr6xuZWfnunLsNYUKjRkIei6RIJnAVQU0xxaEYCiO9yaLj9y5HfuAchWRjcqkEEbZ90A+YxSpSWnPyZ/cA60CMquUrvkqjkpU5ilyaHpUXbJ6rneslj6pyX8M9L89CHLjl08gWzbI6B54k1JQU0RdXJv9mdkMY+BIpyImXLMiPVTohQjHJIc3YsISK0T7rQ0jQgPsh2Ml40xQda6WAvFPoGCo/V3x0J8aUc+K6uHI0qZ72R+J/XipV32k5YEMUKAjr5yIs5ViEepYY7TABVfKAJoYLpWTHtEUGo0tnmdAjW7MrzpH5UtsyydXNcqFxM48iiPbSPishCJ6iCrlEV1RBFT+gFvaMP49l4NT6N4aQ0Y0x7dtEfGF/fmimmRA==</latexit>

bGp,f
i (xB ,x, !)

<latexit sha1_base64="tBI2sVb5XstagCaY6k7biGgBfSo=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1Z6kKXFewDOnXIpHfa0MyDJKOWYT7Hjb/iRkSRbv0S0weorScETs65l9x73IgzqUxzZGSWlldW17LruY3Nre2d/O5eQ4axoFCnIQ9FyyUSOAugrpji0IoEEN/l0HQHl2O/eQ9CsjC4VcMIOj7pBcxjlCgtOfkL+4F1oU9UcpXeJVHJS53ELk0PS4u2T1Tf9ZLH1KmW8M9L89CHHjl28gWzbE6AF4k1IwU0Q83Jv9ndkMY+BIpyImXbMiPVSYhQjHJIc3YsISJ0QHrQ1jQgPshOMlk0xUda6WIvFPoGCk/U3x0J8aUc+q6uHI8q572x+J/XjpV33klYEMUKAjr9yIs5ViEep4a7TABVfKgJoYLpWTHtE0Go0tnmdAjW/MqLpHFStsyydXNaqFRncWTRATpERWShM1RB16iG6oiiJ/SC3tGH8Wy8Gp/GaFqaMWY9++gPjK9vm8KmRQ==</latexit><latexit sha1_base64="tBI2sVb5XstagCaY6k7biGgBfSo=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1Z6kKXFewDOnXIpHfa0MyDJKOWYT7Hjb/iRkSRbv0S0weorScETs65l9x73IgzqUxzZGSWlldW17LruY3Nre2d/O5eQ4axoFCnIQ9FyyUSOAugrpji0IoEEN/l0HQHl2O/eQ9CsjC4VcMIOj7pBcxjlCgtOfkL+4F1oU9UcpXeJVHJS53ELk0PS4u2T1Tf9ZLH1KmW8M9L89CHHjl28gWzbE6AF4k1IwU0Q83Jv9ndkMY+BIpyImXbMiPVSYhQjHJIc3YsISJ0QHrQ1jQgPshOMlk0xUda6WIvFPoGCk/U3x0J8aUc+q6uHI8q572x+J/XjpV33klYEMUKAjr9yIs5ViEep4a7TABVfKgJoYLpWTHtE0Go0tnmdAjW/MqLpHFStsyydXNaqFRncWTRATpERWShM1RB16iG6oiiJ/SC3tGH8Wy8Gp/GaFqaMWY9++gPjK9vm8KmRQ==</latexit><latexit sha1_base64="tBI2sVb5XstagCaY6k7biGgBfSo=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1Z6kKXFewDOnXIpHfa0MyDJKOWYT7Hjb/iRkSRbv0S0weorScETs65l9x73IgzqUxzZGSWlldW17LruY3Nre2d/O5eQ4axoFCnIQ9FyyUSOAugrpji0IoEEN/l0HQHl2O/eQ9CsjC4VcMIOj7pBcxjlCgtOfkL+4F1oU9UcpXeJVHJS53ELk0PS4u2T1Tf9ZLH1KmW8M9L89CHHjl28gWzbE6AF4k1IwU0Q83Jv9ndkMY+BIpyImXbMiPVSYhQjHJIc3YsISJ0QHrQ1jQgPshOMlk0xUda6WIvFPoGCk/U3x0J8aUc+q6uHI8q572x+J/XjpV33klYEMUKAjr9yIs5ViEep4a7TABVfKgJoYLpWTHtE0Go0tnmdAjW/MqLpHFStsyydXNaqFRncWTRATpERWShM1RB16iG6oiiJ/SC3tGH8Wy8Gp/GaFqaMWY9++gPjK9vm8KmRQ==</latexit><latexit sha1_base64="tBI2sVb5XstagCaY6k7biGgBfSo=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1Z6kKXFewDOnXIpHfa0MyDJKOWYT7Hjb/iRkSRbv0S0weorScETs65l9x73IgzqUxzZGSWlldW17LruY3Nre2d/O5eQ4axoFCnIQ9FyyUSOAugrpji0IoEEN/l0HQHl2O/eQ9CsjC4VcMIOj7pBcxjlCgtOfkL+4F1oU9UcpXeJVHJS53ELk0PS4u2T1Tf9ZLH1KmW8M9L89CHHjl28gWzbE6AF4k1IwU0Q83Jv9ndkMY+BIpyImXbMiPVSYhQjHJIc3YsISJ0QHrQ1jQgPshOMlk0xUda6WIvFPoGCk/U3x0J8aUc+q6uHI8q572x+J/XjpV33klYEMUKAjr9yIs5ViEep4a7TABVfKgJoYLpWTHtE0Go0tnmdAjW/MqLpHFStsyydXNaqFRncWTRATpERWShM1RB16iG6oiiJ/SC3tGH8Wy8Gp/GaFqaMWY9++gPjK9vm8KmRQ==</latexit>

bGp,h
ij(xB ,x, !)

<latexit sha1_base64="UEZtzqAFtcnk8EVjjQLLIDQhygE=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF2WutBlBfuATh0y6Z02NvMgyahlmN9x46+4UVDUrT9i+gC19YTAyTn3knuPG3EmlWl+GJmFxaXllexqbm19Y3Mrv73TkGEsKNRpyEPRcokEzgKoK6Y4tCIBxHc5NN3B2chv3oKQLAyu1DCCjk96AfMYJUpLTr5i37Eu9IlKztPrJCr1UyexS5PDbtKi7RPVd73kPnWqJfzz0jz0oUcOnXzBLJtj4HliTUkBTVFz8i92N6SxD4GinEjZtsxIdRIiFKMc0pwdS4gIHZAetDUNiA+yk4w3TfGBVrrYC4W+gcJj9XdHQnwph76rK0ejyllvJP7ntWPlnXYSFkSxgoBOPvJijlWIR7HhLhNAFR9qQqhgelZM+0QQqnS4OR2CNbvyPGkclS2zbF0eFyrVaRxZtIf2URFZ6ARV0AWqoTqi6AE9oVf0Zjwaz8a78TkpzRjTnl30B8bXN34aprs=</latexit><latexit sha1_base64="UEZtzqAFtcnk8EVjjQLLIDQhygE=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF2WutBlBfuATh0y6Z02NvMgyahlmN9x46+4UVDUrT9i+gC19YTAyTn3knuPG3EmlWl+GJmFxaXllexqbm19Y3Mrv73TkGEsKNRpyEPRcokEzgKoK6Y4tCIBxHc5NN3B2chv3oKQLAyu1DCCjk96AfMYJUpLTr5i37Eu9IlKztPrJCr1UyexS5PDbtKi7RPVd73kPnWqJfzz0jz0oUcOnXzBLJtj4HliTUkBTVFz8i92N6SxD4GinEjZtsxIdRIiFKMc0pwdS4gIHZAetDUNiA+yk4w3TfGBVrrYC4W+gcJj9XdHQnwph76rK0ejyllvJP7ntWPlnXYSFkSxgoBOPvJijlWIR7HhLhNAFR9qQqhgelZM+0QQqnS4OR2CNbvyPGkclS2zbF0eFyrVaRxZtIf2URFZ6ARV0AWqoTqi6AE9oVf0Zjwaz8a78TkpzRjTnl30B8bXN34aprs=</latexit><latexit sha1_base64="UEZtzqAFtcnk8EVjjQLLIDQhygE=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF2WutBlBfuATh0y6Z02NvMgyahlmN9x46+4UVDUrT9i+gC19YTAyTn3knuPG3EmlWl+GJmFxaXllexqbm19Y3Mrv73TkGEsKNRpyEPRcokEzgKoK6Y4tCIBxHc5NN3B2chv3oKQLAyu1DCCjk96AfMYJUpLTr5i37Eu9IlKztPrJCr1UyexS5PDbtKi7RPVd73kPnWqJfzz0jz0oUcOnXzBLJtj4HliTUkBTVFz8i92N6SxD4GinEjZtsxIdRIiFKMc0pwdS4gIHZAetDUNiA+yk4w3TfGBVrrYC4W+gcJj9XdHQnwph76rK0ejyllvJP7ntWPlnXYSFkSxgoBOPvJijlWIR7HhLhNAFR9qQqhgelZM+0QQqnS4OR2CNbvyPGkclS2zbF0eFyrVaRxZtIf2URFZ6ARV0AWqoTqi6AE9oVf0Zjwaz8a78TkpzRjTnl30B8bXN34aprs=</latexit><latexit sha1_base64="UEZtzqAFtcnk8EVjjQLLIDQhygE=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF2WutBlBfuATh0y6Z02NvMgyahlmN9x46+4UVDUrT9i+gC19YTAyTn3knuPG3EmlWl+GJmFxaXllexqbm19Y3Mrv73TkGEsKNRpyEPRcokEzgKoK6Y4tCIBxHc5NN3B2chv3oKQLAyu1DCCjk96AfMYJUpLTr5i37Eu9IlKztPrJCr1UyexS5PDbtKi7RPVd73kPnWqJfzz0jz0oUcOnXzBLJtj4HliTUkBTVFz8i92N6SxD4GinEjZtsxIdRIiFKMc0pwdS4gIHZAetDUNiA+yk4w3TfGBVrrYC4W+gcJj9XdHQnwph76rK0ejyllvJP7ntWPlnXYSFkSxgoBOPvJijlWIR7HhLhNAFR9qQqhgelZM+0QQqnS4OR2CNbvyPGkclS2zbF0eFyrVaRxZtIf2URFZ6ARV0AWqoTqi6AE9oVf0Zjwaz8a78TkpzRjTnl30B8bXN34aprs=</latexit>

bGp,h
ij(xA,x, !)

<latexit sha1_base64="V/ZgQXSSg6mC2vXRJVF/i4T1cmo=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF1WXeiygn1Apw6Z9E4bm3mQZNQyzO+48VfcKCjq1h8xfYDaekLg5Jx7yb3HjTiTyjQ/jMzc/MLiUnY5t7K6tr6R39yqyzAWFGo05KFoukQCZwHUFFMcmpEA4rscGm7/bOg3bkFIFgZXahBB2yfdgHmMEqUlJ1+x71gHekQl5+l1EpV6qZPYpfFhN2nR9onquV5ynzonJfzz0jz0oUv2nXzBLJsj4FliTUgBTVB18i92J6SxD4GinEjZssxItRMiFKMc0pwdS4gI7ZMutDQNiA+ynYw2TfGeVjrYC4W+gcIj9XdHQnwpB76rK4ejymlvKP7ntWLlHbcTFkSxgoCOP/JijlWIh7HhDhNAFR9oQqhgelZMe0QQqnS4OR2CNb3yLKkflC2zbF0eFiqnkziyaAftoiKy0BGqoAtURTVE0QN6Qq/ozXg0no1343NcmjEmPdvoD4yvb3yBpro=</latexit><latexit sha1_base64="V/ZgQXSSg6mC2vXRJVF/i4T1cmo=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF1WXeiygn1Apw6Z9E4bm3mQZNQyzO+48VfcKCjq1h8xfYDaekLg5Jx7yb3HjTiTyjQ/jMzc/MLiUnY5t7K6tr6R39yqyzAWFGo05KFoukQCZwHUFFMcmpEA4rscGm7/bOg3bkFIFgZXahBB2yfdgHmMEqUlJ1+x71gHekQl5+l1EpV6qZPYpfFhN2nR9onquV5ynzonJfzz0jz0oUv2nXzBLJsj4FliTUgBTVB18i92J6SxD4GinEjZssxItRMiFKMc0pwdS4gI7ZMutDQNiA+ynYw2TfGeVjrYC4W+gcIj9XdHQnwpB76rK4ejymlvKP7ntWLlHbcTFkSxgoCOP/JijlWIh7HhDhNAFR9oQqhgelZMe0QQqnS4OR2CNb3yLKkflC2zbF0eFiqnkziyaAftoiKy0BGqoAtURTVE0QN6Qq/ozXg0no1343NcmjEmPdvoD4yvb3yBpro=</latexit><latexit sha1_base64="V/ZgQXSSg6mC2vXRJVF/i4T1cmo=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF1WXeiygn1Apw6Z9E4bm3mQZNQyzO+48VfcKCjq1h8xfYDaekLg5Jx7yb3HjTiTyjQ/jMzc/MLiUnY5t7K6tr6R39yqyzAWFGo05KFoukQCZwHUFFMcmpEA4rscGm7/bOg3bkFIFgZXahBB2yfdgHmMEqUlJ1+x71gHekQl5+l1EpV6qZPYpfFhN2nR9onquV5ynzonJfzz0jz0oUv2nXzBLJsj4FliTUgBTVB18i92J6SxD4GinEjZssxItRMiFKMc0pwdS4gI7ZMutDQNiA+ynYw2TfGeVjrYC4W+gcIj9XdHQnwpB76rK4ejymlvKP7ntWLlHbcTFkSxgoCOP/JijlWIh7HhDhNAFR9oQqhgelZMe0QQqnS4OR2CNb3yLKkflC2zbF0eFiqnkziyaAftoiKy0BGqoAtURTVE0QN6Qq/ozXg0no1343NcmjEmPdvoD4yvb3yBpro=</latexit><latexit sha1_base64="V/ZgQXSSg6mC2vXRJVF/i4T1cmo=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF1WXeiygn1Apw6Z9E4bm3mQZNQyzO+48VfcKCjq1h8xfYDaekLg5Jx7yb3HjTiTyjQ/jMzc/MLiUnY5t7K6tr6R39yqyzAWFGo05KFoukQCZwHUFFMcmpEA4rscGm7/bOg3bkFIFgZXahBB2yfdgHmMEqUlJ1+x71gHekQl5+l1EpV6qZPYpfFhN2nR9onquV5ynzonJfzz0jz0oUv2nXzBLJsj4FliTUgBTVB18i92J6SxD4GinEjZssxItRMiFKMc0pwdS4gI7ZMutDQNiA+ynYw2TfGeVjrYC4W+gcIj9XdHQnwpB76rK4ejymlvKP7ntWLlHbcTFkSxgoCOP/JijlWIh7HhDhNAFR9oQqhgelZMe0QQqnS4OR2CNb3yLKkflC2zbF0eFiqnkziyaAftoiKy0BGqoAtURTVE0QN6Qq/ozXg0no1343NcmjEmPdvoD4yvb3yBpro=</latexit>

Figure 3. Seismic interferometry by cross-correlation for the pressure-type Green’s function representation

when receivers are in V
a. Green’s function Ĝ

p,q(xA,xB , ω) can be obtained by cross-correlating the observa-

tions at xA and xB , and integrating along the source coordinate x at εV
a and εV

e (equation 38). The figure

shows the wavefields observed at xA and xB along with the corresponding sources required at x on εV
a and

εV
e for pressure Green’s function retrieval. Note that the rays represent the full responses between the source

and receiver points, including primary and multiple scattering mode conversions due to inhomogeneities inside

and outside the region εV
a ↑ εV

e.

Applying source-receiver reciprocity from equations 21-27 into both sides of the above results in250

2↗
{

Ĝ
p,q(xA,xB, ω)

}

=

∮

ωV a

→1

ϑωϱa(x)

(
Ĝ

p,q↔(xA,x, ω) εiĜ
p,q(xB,x, ω) → εiĜ

p,q↔(xA,x, ω) Ĝ
p,q(xB,x, ω)

)
n
a
i d

2x

→
∮

ωV e

(
Ĝ

p,f↔
i (xA,x, ω) Ĝ

p,h
ij (xB,x, ω) + (Ĝp,h↔

ij (xA,x, ω) Ĝ
p,f
i (xB,x, ω)

)
n
e
jd

2x.

(38)

where the ↗ operator extracts the real part of a complex argument.251

In the time domain, the products on the right-hand side of the above equation (e.g., Ĝ
p,q↔

εiĜ
p,q)252

correspond to cross correlations, while the left-hand side represents the pressure Green’s function253

and its time-reversed counterpart [i.e., G
p,q(xA,xB, t) + G

p,q(xA,xB,→t)]. The term Ĝ
p,q under254

the acoustic-surface integral
∮
ωV a denotes the response of the volume injection-rate density sources255

q at x on εV
a. Similarly, the terms Ĝ

p,f and Ĝ
p,h under the solid-surface integral

∮
ωV e respectively256

represent the responses of force sources f and deformation sources h at x on εV
e. Integration in both257

integrals is performed along the source coordinate x (see Figure 3).258
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The exact relationship expressed in equation 38 provides a means to retrieve the complete pres-259

sure Green’s function Ĝ
p,q(xA,xB, ω) using cross correlations of observed Green’s functions from260

sources on εV
a and εV

e (Figure 3). This formulation applies to any lossless, arbitrary, inhomo-261

geneous, anisotropic, coupled acoustic-elastic medium and forms the basis for acoustic SI when re-262

ceivers are located within the acoustic medium. The retrieved Green’s function is complete, containing263

all arrivals—direct and scattered—including primaries, multiples, and mode conversions from inho-264

mogeneities both within and outside the boundaries εV
a and εV

e.265

Although equation 38 is an exact representation of the acoustic Green’s function, it is impractical266

for field data applications in its current form due to its complexity. Specifically, one must evaluate the267

superposition of two correlation products under both integrals,
∮
ωV a and

∮
ωV e . Furthermore, monopole268

Ĝ
p,q as well as dipole responses εiĜ

p,q are required for all source positions x on V
a. Similarly, two269

different types of sources, f̂(x, ω) and ĥ(x, ω), are required for all source positions x on V
e. To270

overcome these challenges, we develop practical approximations for both integrals.271

Simplification of the acoustic boundary integral (equation 37): When the wavefield on the bound-272

ary εV
a satisfies outgoing (i.e., radiation or absorbing) boundary conditions such that the outward-273

propagating wavefield at the εV
a boundary does not return after being scattered by external inhomo-274

geneities εV
a, Wapenaar & Fokkema (2006) demonstrates that the acoustic boundary integral can be275

approximated as:276

Acoustic Boundary Integral ↘ 2

ϱaca

∮

ωV a
Ĝ

p,q↔(xA,x, ω) Ĝ
p,q(xB,x, ω) d2x, (39)

where the acoustic medium at and outside εV
a is assumed to be homogeneous with a propagation277

velocity c
a and mass density ϱ

a.278

Simplification of the elastic boundary integrand (equation 37): To approximate the contribution279

of sources on the elastic boundary εV
e to the acoustic Green’s function 2↗{Ĝp,q(xA,xB, ω)} in280

equation 37, we can follow the procedure developed in Wapenaar & Fokkema (2006) starting with281

equation A-9 found therein. This simplification involves decomposing the wavefield under the domain282

boundary integrand into inward- and outward-propagating components and assuming that the medium283

outside the domain is isotropic and homogeneous, ensuring the absence of cross-terms between inward284

and outward propagating waves. The complete argument is thoroughly developed in Wapenaar &285

Haimé (1990). Accordingly, we assume the solid medium at and outside εV
e to be homogeneous,286

isotropic, and source-free, with mass density ϱ
e, and P- and S-wave velocities cP and cS . The elastic287

boundary integral term in the convolution-type reciprocity relation (equation 14) can then be expressed288

as (see equation A-9 in Wapenaar & Fokkema (2006)):289

→
∮

ωV e

(
v̂
↔
i,A ϖ̂ij,B + ϖ̂

↔
ij,A v̂i,B

)
n
e
j d2x ↘ 2

ϑωϱe

∮

ωV e

(
(εj!̂

↔
A) !̂B + (εj”̂

↔
k,A) ”̂k,B

)
n
e
j d2x, (40)
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where !̂ and ”̂k respectively represent the observed P- and S-wave potentials at x on εV
e with290

subscripts A and B correspond to states A and B. These potentials satisfy the Helmholtz equations291

(Aki & Richards 2002).292

In the current case (Case 1 in Table 2), points xA and xB are located above the seafloor, and we293

have chosen impulsive point sources with volume injection-rate density q̂(x, ω) at points xA in state294

A and at xB in state B. For x in V
e, the velocity and stresses in both the states due to above sources295

at xA and xB are expressed in terms of coupled Green’s functions as given in equations 35 and 36.296

For x at or outside εV
e but still in solid, we express the P- and S-wave potentials in states A and B in297

terms of Green’s functions as298

!̂ϑ(x, ω) = Ĝ
ϖ,q
0 (x,xϑ, ω) for ↼ = A, B (41)

and299

”̂k,ϑ(x, ω) = Ĝ
ϖ,q
k (x,xϑ, ω) for ↼ = A, B, (42)

where the superscript ↽ denotes that the observed wavefield quantity at x is a P- or S-wave potential.300

To describe both wave types with a single Green’s function, we use subscript K that takes on values 0,301

1, 2, and 3. Hence, in Ĝ
ϖ,q
K (x,xB, ω), the observed wavefield at x is a P wave for K = 0 or an S-wave302

component for K = k = 1, 2, 3. Substituting equations 35, 36, 41 and 42 into equation 40 gives303

→
∮

ωV e

(
Ĝ

v,q↔
i (x,xA, ω)Ĝε,q

ij (x,xB, ω) + Ĝ
ε,q↔
ij (x,xA, ω)Ĝv,q

i (x,xB, ω)
)

n
e
j d2x

↘ 2

ϑωϱe

∮

ωVe
εjĜ

ϖ,q↔
K (x,xA, ω) Ĝ

ϖ,q
K (x,xB, ω) n

e
j d2x.

(43)

Note that the repeated subscript K now represents a summation from 0 to 3, accounting for the dif-304

ferent wave types in equation 40, and that the left-hand side is the elastic boundary integral from305

equation 37. Let us examine the source-receiver reciprocity for the Green’s function Ĝ
ϖ,q
K (x,xA, ω),306

where x lies in the solid and xA is in the water. In this case (refer to Table 1, Case 1 for the source307

configuration), we can write the source-receiver reciprocity relation (equation 21) as308

Ĝ
p,f
l (xA,x, ω) = →Ĝ

v,q
l (x,xA, ω) . (44)

Alternatively, if the source f̂(x, ω) is replaced with impulsive P- and S-wave point sources (Wapenaar309

& Berkhout 1989) at x, we can define another coupled source-receiver reciprocity as:310

Ĝ
p,ϖ
K(xA,x, ω) = →Ĝ

ϖ,q
K (x,xA, ω) . (45)

In this case, the superscript ↽ in Ĝ
p,ϖ
K(xA,x, ω) indicates a P-wave source for K = 0 or a vector-311

polarized S-wave source for K = k = 1, 2, 3. Accordingly, in Ĝ
ϖ,q
K (x,xA, ω), the observed wave312

potential at x is the P-wave potential for K = 0, and the S-wave potential for K = k = 1, 2, 3.313
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Introducing the above reciprocity relation in equation 43 results in314

Elastic Boundary Integral ↘ 2

ϑωϱe

∮

ωV e
εjĜ

p,ϖ↔
K (xA,x, ω) Ĝ

p,ϖ
K (xB,x, ω) n

e
j d2x. (46)

Despite its simple form, the above equation requires the availability of monopole and dipole responses,315

Ĝ
p,ϖ and εiĜ

p,ϖ
K , from P- and S-wave sources at x. Assuming as previously that the solid medium at316

and outside εV
e is homogeneous with mass density ϱ

e and P- and S-wave velocities c
P and c

S ,317

respectively, the dipole response can be approximated in terms of a monopole response (Wapenaar &318

Fokkema 2006) as319

εjĜ
p,ϖ
K(xA,x, ω) n

e
j ↘

ω

ϑcK
Ĝ

p,ϖ
K(xA,x, ω), (47)

where320

c
K =






c
P for K = 0

c
S for K = k = 1, 2, 3.

(48)

Note that since K does not appear as a subscript in c
K , no summation takes place over K on the321

right-hand side of equation 47. Using the dipole approximation from equation 47 in equation 46, the322

elastic boundary integral reduces to:323

Elastic Boundary Integral ↘ 2

ϱecK

∮

ωV e
Ĝ

p,ϖ↔
K (xA,x, ω) Ĝ

p,ϖ
K (xB,x, ω) d2x. (49)

Using the acoustic and elastic boundary integral approximations (equations 39 and 49), the pressure324

Green’s function in equation 37 approximates to:325

↗
{

Ĝ
p,q(xA,xB, ω)

}

↘ 1

ϱaca

∮

ωV a
Ĝ

p,q↔(xA,x, ω) Ĝ
p,q(xB,x, ω) d2x

+
1

ϱecK

∮

ωV e
Ĝ

p,ϖ↔
K (xA,x, ω) Ĝ

p,ϖ
K (xB,x, ω) d2x.

(50)

This approximation is highly accurate when εV
a and εV

e are part of a sphere with a sufficiently large326

radius such that all rays are normal to εV
a and εV

e; otherwise, it may introduce significant amplitude327

errors. Additionally, events that would be otherwise completely cancelled when using equation 38 may328

instead give rise to artifacts due to incomplete destructive interference. Nonetheless, the application329

of equation 50 will correctly retrieve the phases of all arrivals.330

3.2.2 Points xA and xB in the solid media V
e

331

When both points are located beneath the seafloor, we place impulsive point sources of the external332

deformation rate density ĥij(x, ω) at xA and xB within V
e, with all other sources set to zero. Table 3333

summarizes these sources and the resulting wavefields in both V
a and V

e for the two states. Substitut-334
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Table 3. Summary of sources and wavefields in states A and B, used for the pressure Green’s function expres-

sion when points xA and xB are in V
e.

Domain Parameter State A State B

in V
a

q̂(x, ω) 0 0

f̂i(x, ω) 0 0

p̂(x, ω) Ĝ
p,h

mm(x,xA, ω) Ĝ
p,h

rr(x,xB , ω)

v̂i(x, ω) ω
εϑa(x)εiĜ

p,h
mm(x,xA, ω) ω

εϑa(x)εiĜ
p,h

rr(x,xB , ω)

in V
e

ĥii(x, ω) φ(x → xA) φim φ(x → xB) φir

f̂i(x, ω) 0 0

ϖ̂ij(x, ω) Ĝ
ϖ,h
ij,mm(x,xA, ω) Ĝ

ϖ,h
ij,rr(x,xB , ω)

v̂i(x, ω) Ĝ
v,h
i,mm(x,xA, ω) Ĝ

ϖ,h
i,rr(x,xB , ω)

ing the parameters from Table 3 into the reciprocity relation in equation 14 and using the Dirac delta335

function sifting property yields:336

(
Ĝ

ε,h↔
rr,mm(xB,xA, ω) + Ĝ

ε,h
mm,rr(xA,xB, ω)

)

=

∮

ωV a

1

ϑωϱa(x)

(
Ĝ

p,h↔
mm(x,xA, ω) εiĜ

p,h
rr(x,xB, ω) → εiĜ

p,h↔
mm(x,xA, ω) Ĝ

p,h
rr(x,xB, ω)

)
n
a
i d

2x

+

∮

ωV e

(
Ĝ

v,h↔
i,mm(x,xA, ω) Ĝ

ε,h
ij,rr(x,xB, ω) + Ĝ

ε,h↔
ij,mm(x,xA, ω) Ĝ

v,h
i,rr(x,xB, ω)

)
n
e
jd

2x.

(51)

Using the source-receiver reciprocity of equations 26, 29 and 30 into the above equation results in337

2↗
{

Ĝ
ε,h
mm,rr(xA,xB, ω)

}

=

∮

ωV a

1

xϑωϱa(x)

(
Ĝ

ε,q↔
mm(xA,x, ω) εiĜ

ε,q
rr (xB,x, ω) → εiĜ

ε,q↔
mm(xA,x, ω) Ĝ

ε,q
rr (xB,x, ω)

)
n
a
i d

2x

+

∮

ωV e

(
Ĝ

ε,f↔
mm,i(xA,x, ω) Ĝ

ε,h
rr,ij(xB,x, ω) + Ĝ

ε,h↔
mm,ij(xA,x, ω) Ĝ

ε,f
rr,i(xB,x, ω)

)
n
e
jd

2x.

(52)

Assuming an isotropic elastic solid, we define pressure as the stress tensor trace (Bennethum 2006)338

p̂
e = →1

3
(ϖ̂11 + ϖ̂22 + ϖ̂33). (53)

Because the sources are impulsive point stress sources, we write the above pressure equation as339

p̂
e = →Ĝ

εtr,htr = →1

3

(
Ĝ

ε,htr
11 + Ĝ

ε,htr
22 + Ĝ

ε,htr
33

)

= →1

9

(
(Ĝε,h

11,11 + Ĝ
ε,h
11,22 + Ĝ

ε,h
11,33)

+ (Ĝε,h
22,11 + Ĝ

ε,h
22,22 + Ĝ

ε,h
22,33)

+ (Ĝεh
33,11 + Ĝ

ε,h
33,22 + Ĝ

ε,h
33,33)

)

(54)
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x1
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<latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit><latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit><latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit><latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit>

x3
<latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit>

x
<latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit><latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit><latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit><latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit>

x
<latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit>

xA
<latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="yRyDYypwd6Zd55NvVv1Xb5lih+U=">AAAB6XicbVBNSwMxFHzrZ61Vq1cvwSJ4Krte9Kh48VjBfkC7lGz6tg1NsmuSLZalv8OLB0X8Q978N2bbHrR1IDDMvMebTJQKbqzvf3sbm1vbO7ulvfJ+5eDwqHpcaZkk0wybLBGJ7kTUoOAKm5ZbgZ1UI5WRwHY0viv89gS14Yl6tNMUQ0mHisecUeuksCepHUVx/jzr35b71Zpf9+cg6yRYkhos0ehXv3qDhGUSlWWCGtMN/NSGOdWWM4Gzci8zmFI2pkPsOqqoRBPm89Azcu6UAYkT7Z6yZK7+3sipNGYqIzdZhDSrXiH+53UzG1+HOVdpZlGxxaE4E8QmpGiADLhGZsXUEco0d1kJG1FNmXU9FSUEq19eJ63LeuDXgwcfSnAKZ3ABAVzBDdxDA5rA4Ale4A3evYn36n0s6trwlr2dwB94nz8zKpCF</latexit><latexit sha1_base64="yRyDYypwd6Zd55NvVv1Xb5lih+U=">AAAB6XicbVBNSwMxFHzrZ61Vq1cvwSJ4Krte9Kh48VjBfkC7lGz6tg1NsmuSLZalv8OLB0X8Q978N2bbHrR1IDDMvMebTJQKbqzvf3sbm1vbO7ulvfJ+5eDwqHpcaZkk0wybLBGJ7kTUoOAKm5ZbgZ1UI5WRwHY0viv89gS14Yl6tNMUQ0mHisecUeuksCepHUVx/jzr35b71Zpf9+cg6yRYkhos0ehXv3qDhGUSlWWCGtMN/NSGOdWWM4Gzci8zmFI2pkPsOqqoRBPm89Azcu6UAYkT7Z6yZK7+3sipNGYqIzdZhDSrXiH+53UzG1+HOVdpZlGxxaE4E8QmpGiADLhGZsXUEco0d1kJG1FNmXU9FSUEq19eJ63LeuDXgwcfSnAKZ3ABAVzBDdxDA5rA4Ale4A3evYn36n0s6trwlr2dwB94nz8zKpCF</latexit><latexit sha1_base64="DXy83K1q4jdx5R/UnoX1jJNIHkU=">AAAB9HicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYCywMBaJPqQ2qhz3prXqOMF2Kqqo38HCAEKsfAwbf4PTdoCWI1k6Oude3eMTJIJr47rfTmFtfWNzq7hd2tnd2z8oHx41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6zf3WGJXmsXwwkwT9iA4kDzmjxkp+N6JmGITZ07R3XeqVK27VnYGsEm9BKrBAvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIRHWDHUkkj1H42Cz0lZ1bpkzBW9klDZurvjYxGWk+iwE7mIfWyl4v/eZ3UhFd+xmWSGpRsfihMBTExyRsgfa6QGTGxhDLFbVbChlRRZmxPeQne8pdXSfOi6rlV796t1G4WdRThBE7hHDy4hBrcQR0awOARnuEV3pyx8+K8Ox/z0YKz2DmGP3A+fwB6YJHg</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit>

xB
<latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit>

@V
e

<latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit>

V
e

<latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit>

V
a

<latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit>

@V
a

<latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit>

na
<latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit>

ne
<latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit>

bGpe,q(xB ,x, !)
<latexit sha1_base64="ZMA3TdusnNsdaFulgTp3A/mAk2g="></latexit><latexit sha1_base64="ZMA3TdusnNsdaFulgTp3A/mAk2g="></latexit><latexit sha1_base64="ZMA3TdusnNsdaFulgTp3A/mAk2g="></latexit><latexit sha1_base64="ZMA3TdusnNsdaFulgTp3A/mAk2g="></latexit>

bGpe,q(xA,x, !)
<latexit sha1_base64="E58pjqJIBNW5glbu0BdwwEmO5vw="></latexit><latexit sha1_base64="E58pjqJIBNW5glbu0BdwwEmO5vw="></latexit><latexit sha1_base64="E58pjqJIBNW5glbu0BdwwEmO5vw="></latexit><latexit sha1_base64="E58pjqJIBNW5glbu0BdwwEmO5vw="></latexit>

bGpe,f
i (xA,x, !)

<latexit sha1_base64="rvq5p8ppXxXcGz17QKcfpBb/Bz4="></latexit><latexit sha1_base64="rvq5p8ppXxXcGz17QKcfpBb/Bz4="></latexit><latexit sha1_base64="rvq5p8ppXxXcGz17QKcfpBb/Bz4="></latexit><latexit sha1_base64="rvq5p8ppXxXcGz17QKcfpBb/Bz4="></latexit>

bGpe,f
i (xB ,x, !)

<latexit sha1_base64="/NeMMOse6YGP8XRz101akKfvfB4="></latexit><latexit sha1_base64="/NeMMOse6YGP8XRz101akKfvfB4="></latexit><latexit sha1_base64="/NeMMOse6YGP8XRz101akKfvfB4="></latexit><latexit sha1_base64="/NeMMOse6YGP8XRz101akKfvfB4="></latexit>

bGpe,h
ij(xB ,x, !)

<latexit sha1_base64="BbEkp1k4rAhyvy11qK4Z6NFgbpY="></latexit><latexit sha1_base64="BbEkp1k4rAhyvy11qK4Z6NFgbpY="></latexit><latexit sha1_base64="BbEkp1k4rAhyvy11qK4Z6NFgbpY="></latexit><latexit sha1_base64="BbEkp1k4rAhyvy11qK4Z6NFgbpY="></latexit>

bGpe,h
ij(xA,x, !)

<latexit sha1_base64="xOx6NkW/t/EQohwWRvPWrcxjNkk="></latexit><latexit sha1_base64="xOx6NkW/t/EQohwWRvPWrcxjNkk="></latexit><latexit sha1_base64="xOx6NkW/t/EQohwWRvPWrcxjNkk="></latexit><latexit sha1_base64="xOx6NkW/t/EQohwWRvPWrcxjNkk="></latexit>

bGp
e ,q

e
(xA,xB,!)
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Figure 4. Pressure-type Green’s function representation through interferometry when both the receivers are in

V
e. According to equation 56, the Green’s function Ĝ

pe,qe

(xA,xB , ω) can be obtained by cross-correlating the

observations at xA and xB , and integrating along the source coordinate x at εV
a and εV

e. The wavefields

observed at xA and xB , along with the corresponding sources required at x on εV
a and εV

e for Green’s

function Ĝ
pe,qe

(xA,xB , ω) retrieval, are shown. Note that the rays in this figure represent the full responses

between the source and receiver points, including primary and multiple scattering, as well as mode conversion

due to inhomogeneities inside and outside the region εV
a ↑ εV

e.

due to a corresponding composite source of volume injection type340

q̂
e = ĥtr =

1

3

(
ĥ11 + ĥ22 + ĥ33

)
. (55)

Using these definitions and applying the summation convention, we rewrite equation 52 as:341

2↗
{

Ĝ
pe,qe(xA,xB, ω)

}

=

∮

ωV a

→1

ϑωϱa(x)

(
Ĝ

pe,q↔(xA,x, ω) εiĜ
pe,q(xB,x, ω) → εiĜ

pe,q↔(xA,x, ω) Ĝ
pe,q(xB,x, ω)

)
n
a
i d

2x

→
∮

ωV e

(
Ĝ

pe,f↔
i (xA,x, ω) Ĝ

pe,h
ij(xB,x, ω) + Ĝ

pe,h↔
ij (xA,x, ω) Ĝ

pe,f
i (xB,x, ω)

)
n
e
jd

2x.

(56)

Figure 4 illustrates the Green’s functions of the above equation observed at xA and xB and corre-342

sponding sources required at x on εV
a and εV

e to obtain the Green’s function Ĝ
pe,qe(xA,xB, ω).343

Equation 56 is identical to equation 38, except that p̂
e and q̂

e in this context are defined for the344

elastodynamic state. Consequently, it can be approximated using a similar expression to equation 50:345

↗
{

Ĝ
pe,qe(xA,xB, ω)

}
↘ 1

ϱaca

∮

ωV a
Ĝ

pe,q↔(xA,x, ω) Ĝ
pe,q(xB,x, ω) d2x

+
1

ϱecK

∮

ωV e
Ĝ

pe,ϖ↔
K (xA,x, ω) Ĝ

pe,ϖ
K (xB,x, ω) d2x,

(57)
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Table 4. Summary of sources and wavefields in states A and B, used for the pressure Green’s function expres-

sion when point xA is in V
a, and point xB is in V

e.

Domain Parameter State A State B

in V
a

q̂(x, ω) φ(x → xA) 0

f̂i(x, ω) 0 0

p̂(x, ω) Ĝ
p,q(x,xA, ω) Ĝ

p,h
rr(x,xB , ω)

v̂i(x, ω) ω
εϑa(x)εiĜ

p,q(x,xA, ω) ω
εϑa(x)εiĜ

p,h
rr(x,xB , ω)

in V
e

ĥii(x, ω) 0 φ(x → xB) φir

f̂i(x, ω) 0 0

ϖ̂ij(x, ω) Ĝ
ϖ,q
ij (x,xA, ω) Ĝ

ϖ,h
ij,rr(x,xB , ω)

v̂i(x, ω) Ĝ
v,q
i (x,xA, ω) Ĝ

v,h
i,rr(x,xB , ω)

where the superscripts p and q in the Green’s functions on the left-hand side of equation 38 are respec-346

tively replaced by the elastodynamic pressure and source, p̂
e and q̂

e as both xA and xB are located347

within the solid. Similarly, the superscript p in the Green’s functions on the right-hand side is replaced348

by p̂
e, reflecting that xA is within the solid medium.349

3.2.3 Point xA in the acoustic media V
a

and xB in the solid media V
e

350

We now consider impulsive point sources of volume injection-rate density q̂ (x, ω) at point xA in V
a

351

for state A, and point impulsive sources of external deformation rate density ĥij(x, ω) at xB in V
e for352

state B. Table 4 summarizes the sources and corresponding wavefields in V
a and V

e for both states.353

Substituting the parameters from Table 3 into the convolution-type reciprocity relation 14 results in:354

Ĝ
p,h
rr(xA,xB, ω) → Ĝ

ε,q↔
rr (xA,xB, ω)

=

∮

ωV a

→1

ϑωϱa(x)

(
Ĝ

p,q↔(x,xA, ω) εiĜ
p,h
rr(x,xB, ω) → εiĜ

p,q↔(x,xA, ω) Ĝ
p,h
rr(x,xB, ω)

)
n
a
i d

2x

→
∮

ωV e

(
Ĝ

v,q↔
i (x,xA, ω) Ĝ

ε,h
ij,rr(x,xB, ω) + Ĝ

ε,q↔
ij (x,xA, ω) ≃ Ĝ

v,h
i,rr(x,xB, ω)

)
n
e
jd

2x.

(58)

Using the source-receiver reciprocity relations 21-27, 29, and 30 on both sides of the equations gives,355

Ĝ
p,h
rr(xA,xB, ω) + Ĝ

p,h↔
rr (xA,xB, ω)

=

∮

ωV a

1

ϑωϱa(x)

(
Ĝ

p,q↔(xA,x, ω) εiĜ
ε,q
rr (xB,x, ω) → εiĜ

p,q↔(xA,x, ω) Ĝ
ε,q
rr (xB,x, ω)

)
n
a
i d

2x

+

∮

ωV e

(
Ĝ

p,f↔
i (xA,x, ω) Ĝ

ε,h
rr,ij(xB,x, ω) + Ĝ

p,h↔
ij (xA,x, ω) Ĝ

p,f
i (xB,x, ω)

)
n
e
jd

2x.

(59)

Applying summation notation and using the previously defined elastodynamic pressure p
e and its356
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<latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit>

x
<latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit><latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit><latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit><latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit>

x
<latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit>

xB
<latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit>

xA
<latexit sha1_base64="kuQH8fp5CxJgAWIcyO6k3eRpa/E="></latexit><latexit sha1_base64="kuQH8fp5CxJgAWIcyO6k3eRpa/E="></latexit><latexit sha1_base64="kuQH8fp5CxJgAWIcyO6k3eRpa/E="></latexit><latexit sha1_base64="kuQH8fp5CxJgAWIcyO6k3eRpa/E="></latexit>

@V
e

<latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit>

V
e

<latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit>

V
a

<latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit>

@V
a

<latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit>

na
<latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit>

ne
<latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit>

bGpe,q(xB ,x, !)
<latexit sha1_base64="ZMA3TdusnNsdaFulgTp3A/mAk2g="></latexit><latexit sha1_base64="ZMA3TdusnNsdaFulgTp3A/mAk2g="></latexit><latexit sha1_base64="ZMA3TdusnNsdaFulgTp3A/mAk2g="></latexit><latexit sha1_base64="ZMA3TdusnNsdaFulgTp3A/mAk2g="></latexit>

bGpe,f
i (xB ,x, !)

<latexit sha1_base64="/NeMMOse6YGP8XRz101akKfvfB4="></latexit><latexit sha1_base64="/NeMMOse6YGP8XRz101akKfvfB4="></latexit><latexit sha1_base64="/NeMMOse6YGP8XRz101akKfvfB4="></latexit><latexit sha1_base64="/NeMMOse6YGP8XRz101akKfvfB4="></latexit>

bGpe,h
ij(xB ,x, !)

<latexit sha1_base64="BbEkp1k4rAhyvy11qK4Z6NFgbpY="></latexit><latexit sha1_base64="BbEkp1k4rAhyvy11qK4Z6NFgbpY="></latexit><latexit sha1_base64="BbEkp1k4rAhyvy11qK4Z6NFgbpY="></latexit><latexit sha1_base64="BbEkp1k4rAhyvy11qK4Z6NFgbpY="></latexit>

bG p,q e

(xA ,xB ,!)

<latexit sha1_base64="US0k0K29LysSSW5mTVkkGFa7yfM=">AAACIHicbVDJSgNBEO1xjXEb9eilMQgRQpgRIR5jPOgxglkgGz2dmqRJz2J3jxqG+RQv/ooXD4roTb/GznKIiQ8aXr1XRVc9J+RMKsv6NpaWV1bX1lMb6c2t7Z1dc2+/KoNIUKjQgAei7hAJnPlQUUxxqIcCiOdwqDmDy5FfuwchWeDfqmEILY/0fOYySpSWOmah+cC60CcqvkracZi7a0OSbXpE9R03fkw6Fzk8U5V0FXjQIycdM2PlrTHwIrGnJIOmKHfMr2Y3oJEHvqKcSNmwrVC1YiIUoxySdDOSEBI6ID1oaOoTD2QrHh+Y4GOtdLEbCP18hcfq7ERMPCmHnqM7R8vKeW8k/uc1IuWet2Lmh5ECn04+ciOOVYBHaeEuE0AVH2pCqGB6V0z7RBCqdKZpHYI9f/IiqZ7mbStv35xliqVpHCl0iI5QFtmogIroGpVRBVH0hF7QG3o3no1X48P4nLQuGdOZA/QHxs8vIW6jgw==</latexit><latexit sha1_base64="US0k0K29LysSSW5mTVkkGFa7yfM=">AAACIHicbVDJSgNBEO1xjXEb9eilMQgRQpgRIR5jPOgxglkgGz2dmqRJz2J3jxqG+RQv/ooXD4roTb/GznKIiQ8aXr1XRVc9J+RMKsv6NpaWV1bX1lMb6c2t7Z1dc2+/KoNIUKjQgAei7hAJnPlQUUxxqIcCiOdwqDmDy5FfuwchWeDfqmEILY/0fOYySpSWOmah+cC60CcqvkracZi7a0OSbXpE9R03fkw6Fzk8U5V0FXjQIycdM2PlrTHwIrGnJIOmKHfMr2Y3oJEHvqKcSNmwrVC1YiIUoxySdDOSEBI6ID1oaOoTD2QrHh+Y4GOtdLEbCP18hcfq7ERMPCmHnqM7R8vKeW8k/uc1IuWet2Lmh5ECn04+ciOOVYBHaeEuE0AVH2pCqGB6V0z7RBCqdKZpHYI9f/IiqZ7mbStv35xliqVpHCl0iI5QFtmogIroGpVRBVH0hF7QG3o3no1X48P4nLQuGdOZA/QHxs8vIW6jgw==</latexit><latexit sha1_base64="US0k0K29LysSSW5mTVkkGFa7yfM=">AAACIHicbVDJSgNBEO1xjXEb9eilMQgRQpgRIR5jPOgxglkgGz2dmqRJz2J3jxqG+RQv/ooXD4roTb/GznKIiQ8aXr1XRVc9J+RMKsv6NpaWV1bX1lMb6c2t7Z1dc2+/KoNIUKjQgAei7hAJnPlQUUxxqIcCiOdwqDmDy5FfuwchWeDfqmEILY/0fOYySpSWOmah+cC60CcqvkracZi7a0OSbXpE9R03fkw6Fzk8U5V0FXjQIycdM2PlrTHwIrGnJIOmKHfMr2Y3oJEHvqKcSNmwrVC1YiIUoxySdDOSEBI6ID1oaOoTD2QrHh+Y4GOtdLEbCP18hcfq7ERMPCmHnqM7R8vKeW8k/uc1IuWet2Lmh5ECn04+ciOOVYBHaeEuE0AVH2pCqGB6V0z7RBCqdKZpHYI9f/IiqZ7mbStv35xliqVpHCl0iI5QFtmogIroGpVRBVH0hF7QG3o3no1X48P4nLQuGdOZA/QHxs8vIW6jgw==</latexit><latexit sha1_base64="US0k0K29LysSSW5mTVkkGFa7yfM=">AAACIHicbVDJSgNBEO1xjXEb9eilMQgRQpgRIR5jPOgxglkgGz2dmqRJz2J3jxqG+RQv/ooXD4roTb/GznKIiQ8aXr1XRVc9J+RMKsv6NpaWV1bX1lMb6c2t7Z1dc2+/KoNIUKjQgAei7hAJnPlQUUxxqIcCiOdwqDmDy5FfuwchWeDfqmEILY/0fOYySpSWOmah+cC60CcqvkracZi7a0OSbXpE9R03fkw6Fzk8U5V0FXjQIycdM2PlrTHwIrGnJIOmKHfMr2Y3oJEHvqKcSNmwrVC1YiIUoxySdDOSEBI6ID1oaOoTD2QrHh+Y4GOtdLEbCP18hcfq7ERMPCmHnqM7R8vKeW8k/uc1IuWet2Lmh5ECn04+ciOOVYBHaeEuE0AVH2pCqGB6V0z7RBCqdKZpHYI9f/IiqZ7mbStv35xliqVpHCl0iI5QFtmogIroGpVRBVH0hF7QG3o3no1X48P4nLQuGdOZA/QHxs8vIW6jgw==</latexit>

bGp,q(xA,x, !)
<latexit sha1_base64="mdtgG3FqUm6WFswt4HyrasIuIWQ="></latexit><latexit sha1_base64="mdtgG3FqUm6WFswt4HyrasIuIWQ="></latexit><latexit sha1_base64="mdtgG3FqUm6WFswt4HyrasIuIWQ="></latexit><latexit sha1_base64="mdtgG3FqUm6WFswt4HyrasIuIWQ="></latexit>

bGp,f
i (xA,x, !)

<latexit sha1_base64="4a8USlcHfMhIaUsLG685XyNNRJc=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1ZdaHLCvYBnTpk0jttaOZBklHLMJ/jxl9xI6JIt36J6QPU1hMCJ+fcS+49bsSZVKY5NDILi0vLK9nV3Nr6xuZWfnunLsNYUKjRkIei6RIJnAVQU0xxaEYCiO9yaLj9y5HfuAchWRjcqkEEbZ90A+YxSpSWnPyZ/cA60CMquUrvkqjkpU5ilyaHpUXbJ6rneslj6pyX8M9L89CHLjl08gWzbI6B54k1JQU0RdXJv9mdkMY+BIpyImXLMiPVTohQjHJIc3YsISK0T7rQ0jQgPsh2Ml40xQda6WAvFPoGCo/V3x0J8aUc+K6uHI0qZ72R+J/XipV32k5YEMUKAjr5yIs5ViEepYY7TABVfKAJoYLpWTHtEUGo0tnmdAjW7MrzpH5UtsyydXNcqFxM48iiPbSPishCJ6iCrlEV1RBFT+gFvaMP49l4NT6N4aQ0Y0x7dtEfGF/fmimmRA==</latexit><latexit sha1_base64="4a8USlcHfMhIaUsLG685XyNNRJc=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1ZdaHLCvYBnTpk0jttaOZBklHLMJ/jxl9xI6JIt36J6QPU1hMCJ+fcS+49bsSZVKY5NDILi0vLK9nV3Nr6xuZWfnunLsNYUKjRkIei6RIJnAVQU0xxaEYCiO9yaLj9y5HfuAchWRjcqkEEbZ90A+YxSpSWnPyZ/cA60CMquUrvkqjkpU5ilyaHpUXbJ6rneslj6pyX8M9L89CHLjl08gWzbI6B54k1JQU0RdXJv9mdkMY+BIpyImXLMiPVTohQjHJIc3YsISK0T7rQ0jQgPsh2Ml40xQda6WAvFPoGCo/V3x0J8aUc+K6uHI0qZ72R+J/XipV32k5YEMUKAjr5yIs5ViEepYY7TABVfKAJoYLpWTHtEUGo0tnmdAjW7MrzpH5UtsyydXNcqFxM48iiPbSPishCJ6iCrlEV1RBFT+gFvaMP49l4NT6N4aQ0Y0x7dtEfGF/fmimmRA==</latexit><latexit sha1_base64="4a8USlcHfMhIaUsLG685XyNNRJc=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1ZdaHLCvYBnTpk0jttaOZBklHLMJ/jxl9xI6JIt36J6QPU1hMCJ+fcS+49bsSZVKY5NDILi0vLK9nV3Nr6xuZWfnunLsNYUKjRkIei6RIJnAVQU0xxaEYCiO9yaLj9y5HfuAchWRjcqkEEbZ90A+YxSpSWnPyZ/cA60CMquUrvkqjkpU5ilyaHpUXbJ6rneslj6pyX8M9L89CHLjl08gWzbI6B54k1JQU0RdXJv9mdkMY+BIpyImXLMiPVTohQjHJIc3YsISK0T7rQ0jQgPsh2Ml40xQda6WAvFPoGCo/V3x0J8aUc+K6uHI0qZ72R+J/XipV32k5YEMUKAjr5yIs5ViEepYY7TABVfKAJoYLpWTHtEUGo0tnmdAjW7MrzpH5UtsyydXNcqFxM48iiPbSPishCJ6iCrlEV1RBFT+gFvaMP49l4NT6N4aQ0Y0x7dtEfGF/fmimmRA==</latexit><latexit sha1_base64="4a8USlcHfMhIaUsLG685XyNNRJc=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUKGVGBN1ZdaHLCvYBnTpk0jttaOZBklHLMJ/jxl9xI6JIt36J6QPU1hMCJ+fcS+49bsSZVKY5NDILi0vLK9nV3Nr6xuZWfnunLsNYUKjRkIei6RIJnAVQU0xxaEYCiO9yaLj9y5HfuAchWRjcqkEEbZ90A+YxSpSWnPyZ/cA60CMquUrvkqjkpU5ilyaHpUXbJ6rneslj6pyX8M9L89CHLjl08gWzbI6B54k1JQU0RdXJv9mdkMY+BIpyImXLMiPVTohQjHJIc3YsISK0T7rQ0jQgPsh2Ml40xQda6WAvFPoGCo/V3x0J8aUc+K6uHI0qZ72R+J/XipV32k5YEMUKAjr5yIs5ViEepYY7TABVfKAJoYLpWTHtEUGo0tnmdAjW7MrzpH5UtsyydXNcqFxM48iiPbSPishCJ6iCrlEV1RBFT+gFvaMP49l4NT6N4aQ0Y0x7dtEfGF/fmimmRA==</latexit>

bGp,h
ij(xA,x, !)

<latexit sha1_base64="V/ZgQXSSg6mC2vXRJVF/i4T1cmo=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF1WXeiygn1Apw6Z9E4bm3mQZNQyzO+48VfcKCjq1h8xfYDaekLg5Jx7yb3HjTiTyjQ/jMzc/MLiUnY5t7K6tr6R39yqyzAWFGo05KFoukQCZwHUFFMcmpEA4rscGm7/bOg3bkFIFgZXahBB2yfdgHmMEqUlJ1+x71gHekQl5+l1EpV6qZPYpfFhN2nR9onquV5ynzonJfzz0jz0oUv2nXzBLJsj4FliTUgBTVB18i92J6SxD4GinEjZssxItRMiFKMc0pwdS4gI7ZMutDQNiA+ynYw2TfGeVjrYC4W+gcIj9XdHQnwpB76rK4ejymlvKP7ntWLlHbcTFkSxgoCOP/JijlWIh7HhDhNAFR9oQqhgelZMe0QQqnS4OR2CNb3yLKkflC2zbF0eFiqnkziyaAftoiKy0BGqoAtURTVE0QN6Qq/ozXg0no1343NcmjEmPdvoD4yvb3yBpro=</latexit><latexit sha1_base64="V/ZgQXSSg6mC2vXRJVF/i4T1cmo=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF1WXeiygn1Apw6Z9E4bm3mQZNQyzO+48VfcKCjq1h8xfYDaekLg5Jx7yb3HjTiTyjQ/jMzc/MLiUnY5t7K6tr6R39yqyzAWFGo05KFoukQCZwHUFFMcmpEA4rscGm7/bOg3bkFIFgZXahBB2yfdgHmMEqUlJ1+x71gHekQl5+l1EpV6qZPYpfFhN2nR9onquV5ynzonJfzz0jz0oUv2nXzBLJsj4FliTUgBTVB18i92J6SxD4GinEjZssxItRMiFKMc0pwdS4gI7ZMutDQNiA+ynYw2TfGeVjrYC4W+gcIj9XdHQnwpB76rK4ejymlvKP7ntWLlHbcTFkSxgoCOP/JijlWIh7HhDhNAFR9oQqhgelZMe0QQqnS4OR2CNb3yLKkflC2zbF0eFiqnkziyaAftoiKy0BGqoAtURTVE0QN6Qq/ozXg0no1343NcmjEmPdvoD4yvb3yBpro=</latexit><latexit sha1_base64="V/ZgQXSSg6mC2vXRJVF/i4T1cmo=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF1WXeiygn1Apw6Z9E4bm3mQZNQyzO+48VfcKCjq1h8xfYDaekLg5Jx7yb3HjTiTyjQ/jMzc/MLiUnY5t7K6tr6R39yqyzAWFGo05KFoukQCZwHUFFMcmpEA4rscGm7/bOg3bkFIFgZXahBB2yfdgHmMEqUlJ1+x71gHekQl5+l1EpV6qZPYpfFhN2nR9onquV5ynzonJfzz0jz0oUv2nXzBLJsj4FliTUgBTVB18i92J6SxD4GinEjZssxItRMiFKMc0pwdS4gI7ZMutDQNiA+ynYw2TfGeVjrYC4W+gcIj9XdHQnwpB76rK4ejymlvKP7ntWLlHbcTFkSxgoCOP/JijlWIh7HhDhNAFR9oQqhgelZMe0QQqnS4OR2CNb3yLKkflC2zbF0eFiqnkziyaAftoiKy0BGqoAtURTVE0QN6Qq/ozXg0no1343NcmjEmPdvoD4yvb3yBpro=</latexit><latexit sha1_base64="V/ZgQXSSg6mC2vXRJVF/i4T1cmo=">AAACKXicbVDLSgMxFM3UV62vqks3wSJUKGVGBF1WXeiygn1Apw6Z9E4bm3mQZNQyzO+48VfcKCjq1h8xfYDaekLg5Jx7yb3HjTiTyjQ/jMzc/MLiUnY5t7K6tr6R39yqyzAWFGo05KFoukQCZwHUFFMcmpEA4rscGm7/bOg3bkFIFgZXahBB2yfdgHmMEqUlJ1+x71gHekQl5+l1EpV6qZPYpfFhN2nR9onquV5ynzonJfzz0jz0oUv2nXzBLJsj4FliTUgBTVB18i92J6SxD4GinEjZssxItRMiFKMc0pwdS4gI7ZMutDQNiA+ynYw2TfGeVjrYC4W+gcIj9XdHQnwpB76rK4ejymlvKP7ntWLlHbcTFkSxgoCOP/JijlWIh7HhDhNAFR9oQqhgelZMe0QQqnS4OR2CNb3yLKkflC2zbF0eFiqnkziyaAftoiKy0BGqoAtURTVE0QN6Qq/ozXg0no1343NcmjEmPdvoD4yvb3yBpro=</latexit>

Figure 5. Pressure-type Green’s function representation through interferometry when one receiver is in V
a

and other in V
e. According to equation 60, the Green’s function Ĝ

p,qe

(xA,xB , ω) can be obtained by cross-

correlating the observations at xA and xB , and integrating along the source coordinate x at εV
a and εV

e.

The wavefields observed at xA and xB , along with the corresponding sources required at x on εV
a and εV

e

for Green’s function Ĝ
p,qe

(xA,xB , ω) retrieval, are shown. Note that the rays in this figure represent the full

responses between the source and receiver points, including primary and multiple scattering, as well as mode

conversion due to inhomogeneities inside and outside the region εV
a ↑ εV

e.

corresponding composite source q
e definitions at point xB yields,357

2↗
{

Ĝ
p,qe(xA,xB, ω)

}

=

∮

ωV a

→1

ϑωϱa(x)

(
Ĝ

p,q↔(xA,x, ω) εiĜ
pe,q(xB,x, ω) → εiĜ

p,q↔(xA,x, ω) Ĝ
pe,q(xB,x, ω)

)
n
a
i d2x

→
∮

ωV e

(
Ĝ

p,f↔
i (xA,x, ω) Ĝ

pe,h
ij(xB,x, ω) + Ĝ

p,h↔
ij (xA,x, ω) ≃ Ĝ

pe,f
i (xB,x, ω)

)
n
e
j d2x.

(60)

Figure 5 illustrates the Green’s functions of the above equation observed at xA and xB , along with the358

corresponding sources required at x on εV
a and εV

e to obtain the Green’s function Ĝ
p,qe(xA,xB, ω).359

This expression is analogous to equation 38, except that p̂
e and q̂

e at point xB are defined for the360

elastodynamic state. An expression similar to equation 50 can be written to approximate this Green’s361

function, as was done in the previous section.362
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x1
<latexit sha1_base64="GOw0Cts6mPG/vELHwU8GszbBxP0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8mKoMeiF48VTFtoQ9lsN+3SzSbsbsQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG8/7dipr6xubW9Vtd2d3b/+gdnjU1kmmKPNpIhLVDYlmgkvmG24E66aKkTgUrBNObgu/88iU5ol8MNOUBTEZSR5xSoyV/KcBdt1Bre41vDnQKsElqUOJ1qD21R8mNIuZNFQQrXvYS02QE2U4FWzm9jPNUkInZMR6lkoSMx3k82Nn6MwqQxQlypY0aK7+nshJrPU0Dm1nTMxYL3uF+J/Xy0x0HeRcpplhki4WRZlAJkHF52jIFaNGTC0hVHF7K6Jjogg1Np8iBLz88ippXzSw18D3l/XmTRlHFU7gFM4BwxU04Q5a4AMFDs/wCm+OdF6cd+dj0Vpxyplj+APn8wd17I3I</latexit><latexit sha1_base64="GOw0Cts6mPG/vELHwU8GszbBxP0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8mKoMeiF48VTFtoQ9lsN+3SzSbsbsQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG8/7dipr6xubW9Vtd2d3b/+gdnjU1kmmKPNpIhLVDYlmgkvmG24E66aKkTgUrBNObgu/88iU5ol8MNOUBTEZSR5xSoyV/KcBdt1Bre41vDnQKsElqUOJ1qD21R8mNIuZNFQQrXvYS02QE2U4FWzm9jPNUkInZMR6lkoSMx3k82Nn6MwqQxQlypY0aK7+nshJrPU0Dm1nTMxYL3uF+J/Xy0x0HeRcpplhki4WRZlAJkHF52jIFaNGTC0hVHF7K6Jjogg1Np8iBLz88ippXzSw18D3l/XmTRlHFU7gFM4BwxU04Q5a4AMFDs/wCm+OdF6cd+dj0Vpxyplj+APn8wd17I3I</latexit><latexit sha1_base64="GOw0Cts6mPG/vELHwU8GszbBxP0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8mKoMeiF48VTFtoQ9lsN+3SzSbsbsQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG8/7dipr6xubW9Vtd2d3b/+gdnjU1kmmKPNpIhLVDYlmgkvmG24E66aKkTgUrBNObgu/88iU5ol8MNOUBTEZSR5xSoyV/KcBdt1Bre41vDnQKsElqUOJ1qD21R8mNIuZNFQQrXvYS02QE2U4FWzm9jPNUkInZMR6lkoSMx3k82Nn6MwqQxQlypY0aK7+nshJrPU0Dm1nTMxYL3uF+J/Xy0x0HeRcpplhki4WRZlAJkHF52jIFaNGTC0hVHF7K6Jjogg1Np8iBLz88ippXzSw18D3l/XmTRlHFU7gFM4BwxU04Q5a4AMFDs/wCm+OdF6cd+dj0Vpxyplj+APn8wd17I3I</latexit><latexit sha1_base64="GOw0Cts6mPG/vELHwU8GszbBxP0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8mKoMeiF48VTFtoQ9lsN+3SzSbsbsQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG8/7dipr6xubW9Vtd2d3b/+gdnjU1kmmKPNpIhLVDYlmgkvmG24E66aKkTgUrBNObgu/88iU5ol8MNOUBTEZSR5xSoyV/KcBdt1Bre41vDnQKsElqUOJ1qD21R8mNIuZNFQQrXvYS02QE2U4FWzm9jPNUkInZMR6lkoSMx3k82Nn6MwqQxQlypY0aK7+nshJrPU0Dm1nTMxYL3uF+J/Xy0x0HeRcpplhki4WRZlAJkHF52jIFaNGTC0hVHF7K6Jjogg1Np8iBLz88ippXzSw18D3l/XmTRlHFU7gFM4BwxU04Q5a4AMFDs/wCm+OdF6cd+dj0Vpxyplj+APn8wd17I3I</latexit>

x2
<latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit><latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit><latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit><latexit sha1_base64="Or2hH8K0bZXTpA88YW5d6gpBqzM=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxWMF0xbaUDbbTbt0swm7G7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDKleSIfzDRlQUxGkkecEmMl/2nQcJxBtebW3TnwKvFKUoMSrUH1qz9MaBYzaaggWvc8NzVBTpThVLCZ0880SwmdkBHrWSpJzHSQz4+d4XOrDHGUKFvS4Ln6eyInsdbTOLSdMTFjvewV4n9eLzPRdZBzmWaGSbpYFGUCmwQXn+MhV4waMbWEUMXtrZiOiSLU2HyKELzll1dJu1H33Lp3f1lr3pRxVOAUzuACPLiCJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wd3co3J</latexit>

x3
<latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit><latexit sha1_base64="ob2hQPc45Q+XnAW3x3leFZ9z2kE=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lU0GPRi8cKphbaUDbbTbt0sxt2N2IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZelHKmjed9O5WV1bX1jeqmu7W9s7tX2z9oa5kpQgMiuVSdCGvKmaCBYYbTTqooTiJOH6LxTeE/PFKlmRT3ZpLSMMFDwWJGsLFS8NQ/d91+re41vBnQMvFLUocSrX7tqzeQJEuoMIRjrbu+l5owx8owwunU7WWappiM8ZB2LRU4oTrMZ8dO0YlVBiiWypYwaKb+nshxovUkiWxngs1IL3qF+J/XzUx8FeZMpJmhgswXxRlHRqLiczRgihLDJ5Zgopi9FZERVpgYm08Rgr/48jJpnzV8r+HfXdSb12UcVTiCYzgFHy6hCbfQggAIMHiGV3hzhPPivDsf89aKU84cwh84nz94+I3K</latexit>

x
<latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit><latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit><latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit><latexit sha1_base64="Wq6psR3gF+H9zqG53UlJIfZD6HU=">AAACHnicbVBLS8NAGNzUV42vqEcvwSJ4kJCkT29FLx4r2AckoWy2m3bp5sHuRiwhv8SLf8WLB0UET/pvTNoctHVgYZiZb/fbcSNKuND1b6m0tr6xuVXelnd29/YPlMOjHg9jhnAXhTRkAxdyTEmAu4IIigcRw9B3Ke670+vc799jxkkY3IlZhB0fjgPiEQRFJg2VemLPL7HY2HUSXbtsNcy6eaFrut40q42cmM2aWU1tH4qJ6yUPaSrLQ6WSJ3Koq8QoSAUU6AyVT3sUotjHgUAUcm4ZeiScBDJBEMWpbMccRxBN4RhbGQ2gj7mTzDdL1bNMGaleyLITCHWu/p5IoM/5zHezZL4kX/Zy8T/PioXXchISRLHAAVo85MVUFaGad6WOCMNI0FlGIGIk21VFE8ggElmjeQnG8pdXSc/UDF0zbmuV9lVRRxmcgFNwDgzQBG1wAzqgCxB4BM/gFbxJT9KL9C59LKIlqZg5Bn8gff0AxK+egw==</latexit>

x
<latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit><latexit sha1_base64="SQjo0ahKYMiRqT0oiloZ0atreI0=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8xBL6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlRxpnSnvftVNbWNza3qtvuzu7e/kHt8KijUiMJbZOUp7IXYUU5E7Stmea0l0mKk4jTbjS5LfzuI5WKpeJBTzMaJngkWMwI1lYKggTrcRTnTzPXHdTqXsObA60SvyR1KNEa1L6CYUpMQoUmHCvV971MhzmWmhFOZ25gFM0wmeAR7VsqcEJVmM8zz9CZVYYoTqV9QqO5+nsjx4lS0ySyk0VGtewV4n9e3+j4OsyZyIymgiwOxYYjnaKiADRkkhLNp5ZgIpnNisgYS0y0rakowV/+8irpXDR8r+HfX9abN2UdVTiBUzgHH66gCXfQgjYQyOAZXuHNMc6L8+58LEYrTrlzDH/gfP4AbgyRRA==</latexit>

xA
<latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="yRyDYypwd6Zd55NvVv1Xb5lih+U=">AAAB6XicbVBNSwMxFHzrZ61Vq1cvwSJ4Krte9Kh48VjBfkC7lGz6tg1NsmuSLZalv8OLB0X8Q978N2bbHrR1IDDMvMebTJQKbqzvf3sbm1vbO7ulvfJ+5eDwqHpcaZkk0wybLBGJ7kTUoOAKm5ZbgZ1UI5WRwHY0viv89gS14Yl6tNMUQ0mHisecUeuksCepHUVx/jzr35b71Zpf9+cg6yRYkhos0ehXv3qDhGUSlWWCGtMN/NSGOdWWM4Gzci8zmFI2pkPsOqqoRBPm89Azcu6UAYkT7Z6yZK7+3sipNGYqIzdZhDSrXiH+53UzG1+HOVdpZlGxxaE4E8QmpGiADLhGZsXUEco0d1kJG1FNmXU9FSUEq19eJ63LeuDXgwcfSnAKZ3ABAVzBDdxDA5rA4Ale4A3evYn36n0s6trwlr2dwB94nz8zKpCF</latexit><latexit sha1_base64="yRyDYypwd6Zd55NvVv1Xb5lih+U=">AAAB6XicbVBNSwMxFHzrZ61Vq1cvwSJ4Krte9Kh48VjBfkC7lGz6tg1NsmuSLZalv8OLB0X8Q978N2bbHrR1IDDMvMebTJQKbqzvf3sbm1vbO7ulvfJ+5eDwqHpcaZkk0wybLBGJ7kTUoOAKm5ZbgZ1UI5WRwHY0viv89gS14Yl6tNMUQ0mHisecUeuksCepHUVx/jzr35b71Zpf9+cg6yRYkhos0ehXv3qDhGUSlWWCGtMN/NSGOdWWM4Gzci8zmFI2pkPsOqqoRBPm89Azcu6UAYkT7Z6yZK7+3sipNGYqIzdZhDSrXiH+53UzG1+HOVdpZlGxxaE4E8QmpGiADLhGZsXUEco0d1kJG1FNmXU9FSUEq19eJ63LeuDXgwcfSnAKZ3ABAVzBDdxDA5rA4Ale4A3evYn36n0s6trwlr2dwB94nz8zKpCF</latexit><latexit sha1_base64="DXy83K1q4jdx5R/UnoX1jJNIHkU=">AAAB9HicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYCywMBaJPqQ2qhz3prXqOMF2Kqqo38HCAEKsfAwbf4PTdoCWI1k6Oude3eMTJIJr47rfTmFtfWNzq7hd2tnd2z8oHx41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6zf3WGJXmsXwwkwT9iA4kDzmjxkp+N6JmGITZ07R3XeqVK27VnYGsEm9BKrBAvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIRHWDHUkkj1H42Cz0lZ1bpkzBW9klDZurvjYxGWk+iwE7mIfWyl4v/eZ3UhFd+xmWSGpRsfihMBTExyRsgfa6QGTGxhDLFbVbChlRRZmxPeQne8pdXSfOi6rlV796t1G4WdRThBE7hHDy4hBrcQR0awOARnuEV3pyx8+K8Ox/z0YKz2DmGP3A+fwB6YJHg</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit><latexit sha1_base64="LeOusKLxTP5zc4Jfa0EVpt8xwt4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl147KCfUA7lEx6pw3NZMYkUyxDv8ONC0Xc+jHu/BszbRfaeiBwOOde7skJEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8zf3mCJXmsXww4wT9iPYlDzmjxkp+J6JmEITZ06R7XeyWym7FnYIsE29OyjBHrVv66vRilkYoDRNU67bnJsbPqDKcCZwUO6nGhLIh7WPbUkkj1H42DT0hp1bpkTBW9klDpurvjYxGWo+jwE7mIfWil4v/ee3UhFd+xmWSGpRsdihMBTExyRsgPa6QGTG2hDLFbVbCBlRRZmxPeQne4peXSeO84rkV7/6iXL2Z11GAYziBM/DgEqpwBzWoA4NHeIZXeHNGzovz7nzMRlec+c4R/IHz+QN7oJHk</latexit>

xB
<latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit><latexit sha1_base64="d6upMVx73eqTLVmyL09hsUeMMMM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjMi6LLUjcsK9gHtWDJppg1NMkOSUcvQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+SECWfaeN63s7K6tr6xWdpyt3d29/bLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPxde63H6jSLJZ3ZpLQQOChZBEj2FjpviewGYVR9jTt1123X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiat86rvVf3bi0qtXtRRgmM4gTPw4RJqcAMNaAIBBc/wCm/Oo/PivDsf89EVp9g5gj9wPn8AtjKR+Q==</latexit>

@V
e

<latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit>

V
e

<latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit>

V
a

<latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit>

@V
a

<latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit><latexit sha1_base64="GlRUdexyzlcdFn731g4QjyMmPZU=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Za27orunFZwT6gHUsmzbShmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65N7n3+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98VXmtydUKhaJWz2NqRfioWABI1gbyYO9GEvNMIetO9wvFJF9Uau45y5ENkJVt1TJiFstuyXoGCVDESzR6Bfee4OIJCEVmnCsVNdBsfbS7EXC6SzfSxSNMRnjIe0aKnBIlZfOl57BU6MMYBBJU0LDufp9IsWhUtPQN50h1iP128vEv7xuooOalzIRJ5oKsvgoSDjUEcwSgAMmKdF8aggmkpldIRlhiYk2OeVNCF+Xwv9Jy7UdZDs35WL9chlHDhyDE3AGHFAFdXANGqAJCLgHD+AJPFsT69F6sV4XrSvWcuYI/ID19glp45He</latexit>

na
<latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit>

ne
<latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit><latexit sha1_base64="i0EcmvIQO0ve8u8tXhfruqhf49A=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSO21oJjMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoNvdbY1Sax/LBTBL0IzqQPOSMGiv5pBtRMwzCTE4fsVeuuFV3BrJKvAWpwAL1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9ks9JScWaVPwljZJw2Zqb83MhppPYkCO5ln1MteLv7ndVITXvsZl0lqULL5oTAVxMQkb4D0uUJmxMQSyhS3WQkbUkWZsT2VbAne8pdXSfOi6rlV7/6yUrtZ1FGEEziFc/DgCmpwB3VoAIMneIZXeHPGzovz7nzMRwvOYucY/sD5/AG/X5IT</latexit>

bG
v,f

k,l
(xA,xB,!)

<latexit sha1_base64="9QGwkrwTljmGJPFsxZN0xldDXVc="></latexit><latexit sha1_base64="9QGwkrwTljmGJPFsxZN0xldDXVc="></latexit><latexit sha1_base64="9QGwkrwTljmGJPFsxZN0xldDXVc="></latexit><latexit sha1_base64="9QGwkrwTljmGJPFsxZN0xldDXVc="></latexit>

bGv,q
k (xA,x, !)

<latexit sha1_base64="tqY4ZCJPbbDrE6faRz4OvwHAcFE="></latexit><latexit sha1_base64="tqY4ZCJPbbDrE6faRz4OvwHAcFE="></latexit><latexit sha1_base64="tqY4ZCJPbbDrE6faRz4OvwHAcFE="></latexit><latexit sha1_base64="tqY4ZCJPbbDrE6faRz4OvwHAcFE="></latexit>

bGv,f
k,i (xA,x, !)

<latexit sha1_base64="4dJ7gSNEKAoaN6CLnnNQPXMpZQA=">AAACI3icbVDLSgMxFM34rPVVdekmWIQKpcyIoLiqutBlBfuAtg6Z9E4bmnmQZKplmH9x46+4caEUNy78F9N2QG09EDg5517uvccJOZPKND+NhcWl5ZXVzFp2fWNzazu3s1uTQSQoVGnAA9FwiATOfKgqpjg0QgHEczjUnf7V2K8PQEgW+HdqGELbI12fuYwSpSU7d956YB3oERVfJ/fxoOgmdtwvsqTQ8ojqOW78mNgXRfzz0zzwoEuOsJ3LmyVzAjxPrJTkUYqKnRu1OgGNPPAV5UTKpmWGqh0ToRjlkGRbkYSQ0D7pQlNTn3gg2/HkxgQfaqWD3UDo5ys8UX93xMSTcug5unK8q5z1xuJ/XjNS7lk7Zn4YKfDpdJAbcawCPA4Md5gAqvhQE0IF07ti2iOCUKVjzeoQrNmT50ntuGSZJev2JF++TOPIoH10gArIQqeojG5QBVURRU/oBb2hd+PZeDVGxse0dMFIe/bQHxhf325apK8=</latexit><latexit sha1_base64="4dJ7gSNEKAoaN6CLnnNQPXMpZQA=">AAACI3icbVDLSgMxFM34rPVVdekmWIQKpcyIoLiqutBlBfuAtg6Z9E4bmnmQZKplmH9x46+4caEUNy78F9N2QG09EDg5517uvccJOZPKND+NhcWl5ZXVzFp2fWNzazu3s1uTQSQoVGnAA9FwiATOfKgqpjg0QgHEczjUnf7V2K8PQEgW+HdqGELbI12fuYwSpSU7d956YB3oERVfJ/fxoOgmdtwvsqTQ8ojqOW78mNgXRfzz0zzwoEuOsJ3LmyVzAjxPrJTkUYqKnRu1OgGNPPAV5UTKpmWGqh0ToRjlkGRbkYSQ0D7pQlNTn3gg2/HkxgQfaqWD3UDo5ys8UX93xMSTcug5unK8q5z1xuJ/XjNS7lk7Zn4YKfDpdJAbcawCPA4Md5gAqvhQE0IF07ti2iOCUKVjzeoQrNmT50ntuGSZJev2JF++TOPIoH10gArIQqeojG5QBVURRU/oBb2hd+PZeDVGxse0dMFIe/bQHxhf325apK8=</latexit><latexit sha1_base64="4dJ7gSNEKAoaN6CLnnNQPXMpZQA=">AAACI3icbVDLSgMxFM34rPVVdekmWIQKpcyIoLiqutBlBfuAtg6Z9E4bmnmQZKplmH9x46+4caEUNy78F9N2QG09EDg5517uvccJOZPKND+NhcWl5ZXVzFp2fWNzazu3s1uTQSQoVGnAA9FwiATOfKgqpjg0QgHEczjUnf7V2K8PQEgW+HdqGELbI12fuYwSpSU7d956YB3oERVfJ/fxoOgmdtwvsqTQ8ojqOW78mNgXRfzz0zzwoEuOsJ3LmyVzAjxPrJTkUYqKnRu1OgGNPPAV5UTKpmWGqh0ToRjlkGRbkYSQ0D7pQlNTn3gg2/HkxgQfaqWD3UDo5ys8UX93xMSTcug5unK8q5z1xuJ/XjNS7lk7Zn4YKfDpdJAbcawCPA4Md5gAqvhQE0IF07ti2iOCUKVjzeoQrNmT50ntuGSZJev2JF++TOPIoH10gArIQqeojG5QBVURRU/oBb2hd+PZeDVGxse0dMFIe/bQHxhf325apK8=</latexit><latexit sha1_base64="4dJ7gSNEKAoaN6CLnnNQPXMpZQA=">AAACI3icbVDLSgMxFM34rPVVdekmWIQKpcyIoLiqutBlBfuAtg6Z9E4bmnmQZKplmH9x46+4caEUNy78F9N2QG09EDg5517uvccJOZPKND+NhcWl5ZXVzFp2fWNzazu3s1uTQSQoVGnAA9FwiATOfKgqpjg0QgHEczjUnf7V2K8PQEgW+HdqGELbI12fuYwSpSU7d956YB3oERVfJ/fxoOgmdtwvsqTQ8ojqOW78mNgXRfzz0zzwoEuOsJ3LmyVzAjxPrJTkUYqKnRu1OgGNPPAV5UTKpmWGqh0ToRjlkGRbkYSQ0D7pQlNTn3gg2/HkxgQfaqWD3UDo5ys8UX93xMSTcug5unK8q5z1xuJ/XjNS7lk7Zn4YKfDpdJAbcawCPA4Md5gAqvhQE0IF07ti2iOCUKVjzeoQrNmT50ntuGSZJev2JF++TOPIoH10gArIQqeojG5QBVURRU/oBb2hd+PZeDVGxse0dMFIe/bQHxhf325apK8=</latexit>

bGv,f
l,i (xB ,x, !)

<latexit sha1_base64="H934tylxyM6MrXd2lfPNvTAHWZs=">AAACI3icbVDLSgMxFM34rPVVdekmWIQKpcyIoLgqdaHLCvYBbR0y6Z02NPMgyVTLMP/ixl9x40Ipblz4L6btgNp6IHByzr3ce48TciaVaX4aS8srq2vrmY3s5tb2zm5ub78ug0hQqNGAB6LpEAmc+VBTTHFohgKI53BoOIOrid8YgpAs8O/UKISOR3o+cxklSkt27rL9wLrQJyq+Tu7jYdFN7JgXWVJoe0T1HTd+TOxKEf/8NA886JETbOfyZsmcAi8SKyV5lKJq58btbkAjD3xFOZGyZZmh6sREKEY5JNl2JCEkdEB60NLUJx7ITjy9McHHWuliNxD6+QpP1d8dMfGkHHmOrpzsKue9ifif14qUe9GJmR9GCnw6G+RGHKsATwLDXSaAKj7ShFDB9K6Y9okgVOlYszoEa/7kRVI/LVlmybo9y5craRwZdIiOUAFZ6ByV0Q2qohqi6Am9oDf0bjwbr8bY+JiVLhlpzwH6A+PrG3GepLE=</latexit><latexit sha1_base64="H934tylxyM6MrXd2lfPNvTAHWZs=">AAACI3icbVDLSgMxFM34rPVVdekmWIQKpcyIoLgqdaHLCvYBbR0y6Z02NPMgyVTLMP/ixl9x40Ipblz4L6btgNp6IHByzr3ce48TciaVaX4aS8srq2vrmY3s5tb2zm5ub78ug0hQqNGAB6LpEAmc+VBTTHFohgKI53BoOIOrid8YgpAs8O/UKISOR3o+cxklSkt27rL9wLrQJyq+Tu7jYdFN7JgXWVJoe0T1HTd+TOxKEf/8NA886JETbOfyZsmcAi8SKyV5lKJq58btbkAjD3xFOZGyZZmh6sREKEY5JNl2JCEkdEB60NLUJx7ITjy9McHHWuliNxD6+QpP1d8dMfGkHHmOrpzsKue9ifif14qUe9GJmR9GCnw6G+RGHKsATwLDXSaAKj7ShFDB9K6Y9okgVOlYszoEa/7kRVI/LVlmybo9y5craRwZdIiOUAFZ6ByV0Q2qohqi6Am9oDf0bjwbr8bY+JiVLhlpzwH6A+PrG3GepLE=</latexit><latexit sha1_base64="H934tylxyM6MrXd2lfPNvTAHWZs=">AAACI3icbVDLSgMxFM34rPVVdekmWIQKpcyIoLgqdaHLCvYBbR0y6Z02NPMgyVTLMP/ixl9x40Ipblz4L6btgNp6IHByzr3ce48TciaVaX4aS8srq2vrmY3s5tb2zm5ub78ug0hQqNGAB6LpEAmc+VBTTHFohgKI53BoOIOrid8YgpAs8O/UKISOR3o+cxklSkt27rL9wLrQJyq+Tu7jYdFN7JgXWVJoe0T1HTd+TOxKEf/8NA886JETbOfyZsmcAi8SKyV5lKJq58btbkAjD3xFOZGyZZmh6sREKEY5JNl2JCEkdEB60NLUJx7ITjy9McHHWuliNxD6+QpP1d8dMfGkHHmOrpzsKue9ifif14qUe9GJmR9GCnw6G+RGHKsATwLDXSaAKj7ShFDB9K6Y9okgVOlYszoEa/7kRVI/LVlmybo9y5craRwZdIiOUAFZ6ByV0Q2qohqi6Am9oDf0bjwbr8bY+JiVLhlpzwH6A+PrG3GepLE=</latexit><latexit sha1_base64="H934tylxyM6MrXd2lfPNvTAHWZs=">AAACI3icbVDLSgMxFM34rPVVdekmWIQKpcyIoLgqdaHLCvYBbR0y6Z02NPMgyVTLMP/ixl9x40Ipblz4L6btgNp6IHByzr3ce48TciaVaX4aS8srq2vrmY3s5tb2zm5ub78ug0hQqNGAB6LpEAmc+VBTTHFohgKI53BoOIOrid8YgpAs8O/UKISOR3o+cxklSkt27rL9wLrQJyq+Tu7jYdFN7JgXWVJoe0T1HTd+TOxKEf/8NA886JETbOfyZsmcAi8SKyV5lKJq58btbkAjD3xFOZGyZZmh6sREKEY5JNl2JCEkdEB60NLUJx7ITjy9McHHWuliNxD6+QpP1d8dMfGkHHmOrpzsKue9ifif14qUe9GJmR9GCnw6G+RGHKsATwLDXSaAKj7ShFDB9K6Y9okgVOlYszoEa/7kRVI/LVlmybo9y5craRwZdIiOUAFZ6ByV0Q2qohqi6Am9oDf0bjwbr8bY+JiVLhlpzwH6A+PrG3GepLE=</latexit>

bGv,h
k,ij(xA,x, !)

<latexit sha1_base64="hh18tDpKycYcez76cZimy/psJoE="></latexit><latexit sha1_base64="hh18tDpKycYcez76cZimy/psJoE="></latexit><latexit sha1_base64="hh18tDpKycYcez76cZimy/psJoE="></latexit><latexit sha1_base64="hh18tDpKycYcez76cZimy/psJoE="></latexit>

bGv,h
l,ij(xB ,x, !)

<latexit sha1_base64="5sX751JOYrzGOg633oEgY1YGRw8="></latexit><latexit sha1_base64="5sX751JOYrzGOg633oEgY1YGRw8="></latexit><latexit sha1_base64="5sX751JOYrzGOg633oEgY1YGRw8="></latexit><latexit sha1_base64="5sX751JOYrzGOg633oEgY1YGRw8="></latexit>
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Figure 6. Illustration of interferometry by cross-correlation for the velocity Green’s function representation

when receivers are in V
e. According to equation 62, the Green’s function Ĝ

v,f
k,l (xA,xB , ω) can be obtained by

cross-correlating the observations at xA and xB , and integrating along the source coordinate x at εV
a and εV

e.

The wavefields observed at xA and xB , along with the corresponding sources required at x on εV
a and εV

e

for velocity Green’s function retrieval, are shown. Note that the rays in this figure represent the full responses

between the source and receiver points, including primary and multiple scattering, as well as mode conversion

due to inhomogeneities inside and outside the region εV
a ↑ εV

e.

3.3 Velocity Green’s Function expression for seismic interferometry in coupled363

acoustic-elastic domain364

To derive particle velocity Green’s function expressions appropriate for SI, we keep points xA and365

xB in solid V
e (see Figure 6) and choose impulsive point force sources f̂(x, ω) at both points; all366

other sources in V
e and V

a are set to zero. Table 5 summarizes the choice of sources along with the367

wavefields they generate in V
a and V

e for both states. Substituting parameters from Table 5 into the368

convolution-type reciprocity relation (equation 14) yields369

Ĝ
v,f↔
l,k (xB,xA, ω) + Ĝ

v,f
k,l (xA,xB, ω)

=

∮

ωV a

→1

ϑωϱa(x)

(
Ĝ

p,f↔
k (x,xA, ω)εiĜ

p,f
l (x,xB, ω) → εiĜ

p,f↔
k (x,xA, ω)Ĝp,f

l (x,xB, ω)
)

n
a
i d2x

→
∮

ωV e

(
Ĝ

v,f↔
i,k (x,xA, ω)Ĝε,f

ij,l(x,xB, ω) + Ĝ
ε,f↔
ij,k (x,xA, ω)Ĝv,f

i,l (x,xB, ω)
)

n
e
j d2x.

(61)

Applying source-receiver reciprocity of equations 21, 28 and 29 yields370
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Table 5. Choice of sources and wavefields in V
a and V

e for states A and B, when xA and xB are in V
e, to

be used in the coupled convolution-type reciprocity theorem to derive velocity Green’s function expression.

Domain Parameter State A State B

in V
a

q̂(x, ω) 0 0

f̂i(x, ω) 0 0

p̂(x, ω) Ĝ
p,f
k (x,xA, ω) Ĝ

p,f
l (x,xB , ω)

v̂i(x, ω) ω
εϑa(x)εiĜ

p,f
k (x,xA, ω) ω

εϑa(x)εiĜ
p,f
l (x,xB , ω)

in V
e

ĥij(x, ω) 0 0

f̂i(x, ω) φ (x → xA) φik φ (x → xB) φil

ϖ̂ij(x, ω) Ĝ
ϖ,f
ij,k(x,xA, ω) Ĝ

ϖ,f
ij,l(x,xB , ω)

v̂i(x, ω) Ĝ
v,f
i,k (x,xA, ω) Ĝ

v,f
i,l (x,xB , ω)

2↗
{

Ĝ
v,f
k,l (xA,xB, ω)

}

=

∮

ωV a

→1

ϑωϱa(x)

(
Ĝ

v,q↔
k (xA,x, ω)εiĜ

v,q
l (xB,x, ω) → εiĜ

v,q↔
k (xA,x, ω)Ĝv,q

l (xB,x, ω)
)

n
a
i d2x

→
∮

ωV e

(
Ĝ

v,f↔
k,i (xA,x, ω)Ĝv,h

l,ij(xB,x, ω) + Ĝ
v,h↔
k,ij (xA,x, ω)Ĝv,f

l,i (xB,x, ω)
)

n
e
j d2x.

(62)

Figure 6 illustrates the Green’s functions of the above equation observed at xA and xB , along with the371

corresponding sources required at x on εV
a and εV

e to obtain the Green’s function Ĝ
v,f
k,l (xA,xB, ω).372

The above expression provides an exact representation of the elastodynamic Green’s function in a373

coupled system. However, similar to the case of the pressure Green’s function, it is not particularly374

useful in its current form due to the superposition of two correlation products under both integrals,375

as well as the need for different source types on the boundary. To address this, we again approximate376

the acoustic and elastic boundary integrals by adopting a similar approach and assumptions as in377

the simplification of the pressure Green’s function in Section 3.2.1. Assuming homogeneous material378

properties at and outside of boundaries εV
a and εV

e leads to the following result:379

↗
{

Ĝ
v,f
k,l (xA,xB, ω)

}
↘ 1

ϱaca

∮

ωV a
Ĝ

v,q↔
k (xA,x, ω)Ĝv,q

l (xB,x, ω) d2x

+
1

ϱecK

∮

ωV e
Ĝ

v,ϖ↔
k,K (xA,x, ω) Ĝ

v,ϖ
l,K (xB,x, ω) d2x.

(63)

The above approximation is again highly accurate when εV
a and εV

e are portions of a sphere with a380

sufficiently large radius, such that all rays are normal to εV
a and εV

e. In other cases, the approxima-381

tion primarily introduces amplitude errors but correctly retrieves the phases of all arrivals. However, it382
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@V
e

<latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit><latexit sha1_base64="YVii+ymfS5d1dpScUigqyTS94uQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWDbbSbt0kyy7G6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/N7M68UAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1mmmGLZYKlLVDalGwRNsGW4EdqVCGocCO+H4Nvc7T6g0T5MHM5EYxHSY8Igzaqzk+5Iqw6kg7UfsV2tu3Z2DrBKvIDUo0OxXv/xByrIYE8ME1brnudIE0/xFJnBW8TONkrIxHWLP0oTGqIPpfOcZObPKgESpspUYMld/T0xprPUkDm1nTM1IL3u5+J/Xy0x0HUx5IjODCVt8FGWCmJTkAZABV8iMmFhCmeJ2V8JGVFFmbEwVG4K3fPIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMJDwDK/w5mTOi/PufCxaS04xcwx/4Hz+ALYBkXQ=</latexit>

V
e

<latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit><latexit sha1_base64="TlmbTxz/M5SRpXeWXczTV6r4/Xk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlwi7UccVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8AXr3jds=</latexit>

V
a

<latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit><latexit sha1_base64="abIU0Iuh9GTY7bybDWUJPOt+Ff0=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgaclua1tvRS8eK9hWaNeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWtyHWlDNJW4YZTm8TRbEIOe2E48vM79xTpVksb8wkoYHAQ8kiRrDJJNi+w/1iCbnn9ap/5kPkIlTzy9WM+LWKX4aeVTKUwBLNfvG9N4hJKqg0hGOtux5KTDDFyjDC6azQSzVNMBnjIe1aKrGgOpjOb53BE6sMYBQrW9LAufp9YoqF1hMR2k6BzUj/9jLxL6+bmqgeTJlMUkMlWSyKUg5NDLPH4YApSgyfWIKJYvZWSEZYYWJsPAUbwten8H/S9l0Pud51pdS4WMaRB0fgGJwCD9RAA1yBJmgBAkbgATyBZ0c4j86L87pozTnLmUPwA87bJ9fQjhs=</latexit>

@V
a0

<latexit sha1_base64="KzU4/RDv7P+7RA/r9d3wt0CAkfI=">AAAB+XicdVDLSgMxFM34rPU16tJNsIiuhsy0tnVXdOOygn1AO5ZMmrahmcyQZApl6J+4caGIW//EnX9jpq2gogcuHM65N7n3BDFnSiP0Ya2srq1vbOa28ts7u3v79sFhU0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB+DrzWxMqFYvEnZ7G1A/xULABI1gbqWfbsBtjqRnmsHmf4rNZzy4g57Ja9i48iByEKl6xnBGvUvKK0DVKhgJYot6z37v9iCQhFZpwrFTHRbH20+xRwuks300UjTEZ4yHtGCpwSJWfzjefwVOj9OEgkqaEhnP1+0SKQ6WmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsjio0HCoY5gFgPsM0mJ5lNDMJHM7ArJCEtMtAkrb0L4uhT+T5qe4yLHvS0ValfLOHLgGJyAc+CCCqiBG1AHDUDABDyAJ/Bspdaj9WK9LlpXrOXMEfgB6+0TEuuTTA==</latexit><latexit sha1_base64="KzU4/RDv7P+7RA/r9d3wt0CAkfI=">AAAB+XicdVDLSgMxFM34rPU16tJNsIiuhsy0tnVXdOOygn1AO5ZMmrahmcyQZApl6J+4caGIW//EnX9jpq2gogcuHM65N7n3BDFnSiP0Ya2srq1vbOa28ts7u3v79sFhU0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB+DrzWxMqFYvEnZ7G1A/xULABI1gbqWfbsBtjqRnmsHmf4rNZzy4g57Ja9i48iByEKl6xnBGvUvKK0DVKhgJYot6z37v9iCQhFZpwrFTHRbH20+xRwuks300UjTEZ4yHtGCpwSJWfzjefwVOj9OEgkqaEhnP1+0SKQ6WmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsjio0HCoY5gFgPsM0mJ5lNDMJHM7ArJCEtMtAkrb0L4uhT+T5qe4yLHvS0ValfLOHLgGJyAc+CCCqiBG1AHDUDABDyAJ/Bspdaj9WK9LlpXrOXMEfgB6+0TEuuTTA==</latexit><latexit sha1_base64="KzU4/RDv7P+7RA/r9d3wt0CAkfI=">AAAB+XicdVDLSgMxFM34rPU16tJNsIiuhsy0tnVXdOOygn1AO5ZMmrahmcyQZApl6J+4caGIW//EnX9jpq2gogcuHM65N7n3BDFnSiP0Ya2srq1vbOa28ts7u3v79sFhU0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB+DrzWxMqFYvEnZ7G1A/xULABI1gbqWfbsBtjqRnmsHmf4rNZzy4g57Ja9i48iByEKl6xnBGvUvKK0DVKhgJYot6z37v9iCQhFZpwrFTHRbH20+xRwuks300UjTEZ4yHtGCpwSJWfzjefwVOj9OEgkqaEhnP1+0SKQ6WmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsjio0HCoY5gFgPsM0mJ5lNDMJHM7ArJCEtMtAkrb0L4uhT+T5qe4yLHvS0ValfLOHLgGJyAc+CCCqiBG1AHDUDABDyAJ/Bspdaj9WK9LlpXrOXMEfgB6+0TEuuTTA==</latexit><latexit sha1_base64="KzU4/RDv7P+7RA/r9d3wt0CAkfI=">AAAB+XicdVDLSgMxFM34rPU16tJNsIiuhsy0tnVXdOOygn1AO5ZMmrahmcyQZApl6J+4caGIW//EnX9jpq2gogcuHM65N7n3BDFnSiP0Ya2srq1vbOa28ts7u3v79sFhU0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB+DrzWxMqFYvEnZ7G1A/xULABI1gbqWfbsBtjqRnmsHmf4rNZzy4g57Ja9i48iByEKl6xnBGvUvKK0DVKhgJYot6z37v9iCQhFZpwrFTHRbH20+xRwuks300UjTEZ4yHtGCpwSJWfzjefwVOj9OEgkqaEhnP1+0SKQ6WmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsjio0HCoY5gFgPsM0mJ5lNDMJHM7ArJCEtMtAkrb0L4uhT+T5qe4yLHvS0ValfLOHLgGJyAc+CCCqiBG1AHDUDABDyAJ/Bspdaj9WK9LlpXrOXMEfgB6+0TEuuTTA==</latexit>

na
<latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit><latexit sha1_base64="MZGZ0RuX5N3KmWVKASfex5g09Mo=">AAAB9HicdVDNTgIxGOziH+If6tFLIzHxtOkuCHgjevGIiQgJrKRbutDQ7a5tl4RseA4vHjTGqw/jzbexC5io0UmaTGa+L990/JgzpRH6sHIrq2vrG/nNwtb2zu5ecf/gVkWJJLRFIh7Jjo8V5UzQlmaa004sKQ59Ttv++DLz2xMqFYvEjZ7G1AvxULCAEayN5MFeiPXID1Ixu8P9YgnZ5/Wqe+ZCZCNUc8vVjLi1iluGjlEylMASzX7xvTeISBJSoQnHSnUdFGsvxVIzwums0EsUjTEZ4yHtGipwSJWXzkPP4IlRBjCIpHlCw7n6fSPFoVLT0DeTWUb128vEv7xuooO6lzIRJ5oKsjgUJBzqCGYNwAGTlGg+NQQTyUxWSEZYYqJNTwVTwtdP4f/k1rUdZDvXlVLjYllHHhyBY3AKHFADDXAFmqAFCLgHD+AJPFsT69F6sV4XozlruXMIfsB6+wQcR5JT</latexit>

ne
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Figure 7. Modified configuration with a free surface εV
free.

may also lead to artifacts due to incomplete destructive interference of events, which would otherwise383

be fully cancelled when using the exact form in equation 62.384

3.4 Configuration with a free surface385

We consider a modified configuration (Figure 7) in which the closed surface is defined as εV =386

εV
a↑ ↑ εV

free ↑ εV
e. Here, εV

free represents a portion of the Earth’s free surface, εV
a↑ is an ar-387

bitrarily shaped surface enclosing part of the closed surface within the acoustic medium, and εV
e

388

bounds the elastic solid part of the closed surface (see Figure 7). εV
a↑ and εV

e do not necessarily389

coincide with a physical boundary. The observation points xA and xB are located within the volume390

enclosed by εV
a↑ ↑ εV

free ↑ εV
e. For this configuration, the results derived in the previous sec-391

tions for the pressure and velocity Green’s functions can be directly applied. Because the acoustic392

pressure p(x, ω) vanishes on εV
free, the integral

∮
ωV a appearing in equations above need only only393

be evaluated over εV
a↑ . Consequently, Green’s functions Ĝ

p,q(xA,xB, ω) and Ĝ
v,f
k,l (xA,xB, ω) can394

be obtained by cross-correlating and integrating the responses of sources located solely on εV
a↑ and395

εV
e; no sources are needed on the free-surface boundary εV

free.396

4 UNCORRELATED AMBIENT SOURCES397

4.1 Green’s function through uncorrelated ambient sources398

The previous sections assumed that the sources on the boundaries εV
a and εV

e are impulsive point399

sources. However, many ocean-bottom SI studies (de Ridder & Dellinger 2011; Girard et al. 2023,400
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2024) rely on ambient sources. Therefore, in this section, we consider mutually uncorrelated ambient401

sources (Weaver & Lobkis 2001; Snieder 2004; Wapenaar 2004; Shapiro et al. 2005; Wapenaar &402

Fokkema 2006) acting on these boundaries.403

We assume that ambient sources are acting on a closed surface εV
a ↑ εV

e (see Figure 1) with404

pressure-type sources on εV
a and P- and S-wave source type on εV

a. When all ambient sources act405

simultaneously, the observed particle velocity wavefield v̂
obs
k at xA and xB can be expressed as406

v̂
obs
k (xA, ω) =

∫

ωV a
Ĝ

v,q
k (xA,x, ω)N̂ q(x, ω) d2x +

∫

ωV e
Ĝ

v,ϖ
k,K(xA,x, ω)N̂K(x, ω) d2x (64)

and407

v̂
obs
l (xB, ω) =

∫

ωV a
Ĝ

v,q
l (xB,x↗

, ω)N̂ q(x↗
, ω) d2x↗ +

∫

ωV e
Ĝ

v,ϖ
l,L (xB,x↗

, ω)N̂L(x↗
, ω) d2x↗

, (65)

where N̂
q(x, ω) and N̂

q(x↗
, ω) are the pressure-type not s at the boundary εV

a and N̂K(x, ω),408

N̂L(x↗
, ω) are the ambient signal at the boundary εV

e, with K, L = 0 for a P-wave source and409

K, L = 1, 2, 3 for a S-wave source with different polarizations.410

The continuous cross-correlation functions (CCFs), denoted as Ĉ v,v
k,l , of the ambient wavefield411

recordings v̂
obs
k (xA, ω) and v̂

obs
l (xB, ω) can be written as412

Ĉ v,v
k,l (xA,xB, ω) = v̂

obs↔
k (xA, ω)v̂ obs

l (xB, ω). (66)

Here, the notation Ĉ,v,v
k,l specifies the physical quantities being cross-correlated in the superscripts and413

their components in the subscripts. Substituting equations 64 and 65 into above yields414

Ĉ v,v
k,l (xA,xB, ω) =

∫

ωV a

∫

ωV a
Ĝ

v,q↔
k (xA,x, ω) Ĝ

v,q
l (xB,x↗

, ω) N̂
q↔(x, ω) N̂

q(x↗
, ω) d2x d2x↗

+

∫

ωV a

∫

ωV e
Ĝ

v,q↔
k (xA,x, ω) Ĝ

v,ϖ
l,L (xB,x↗

, ω) N̂
q↔(x, ω) N̂L(x↗

, ω) d2x d2x↗

+

∫

ωV e

∫

ωV a
Ĝ

v,ϖ↔
k,K (xA,x, ω) Ĝ

v,q
l (xB,x↗

, ω) N̂
↔
K(x, ω) N̂

q(x↗
, ω) d2x d2x↗

+

∫

ωV e

∫

ωV e
Ĝ

v,ϖ
k,K↔(xA,x, ω) Ĝ

v,ϖ
l,L (xB,x↗

, ω) N̂
↔
K(x, ω) N̂L(x↗

, ω) d2x d2x↗
.

(67)

We assume that two ambient sources are mutually uncorrelated so that they obey415

⇐N̂ q↔(x, ω) N̂L(x↗
, ω)⇒ = ⇐N̂↔

K(x, ω) N̂
q(x↗

, ω)⇒ = 0. (68)

However, same ambient-source types result in416

⇐N̂ q↔(x, ω) N̂
q(x↗

, ω)⇒ =
1

ϱaca
φ(x → x↗)Ŝ(ω) (69)

and417

⇐N̂↔
K(x, ω) N̂L(x↗

, ω)⇒ =
1

ϱecK
φKL φ(x → x↗)Ŝ(ω), (70)
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where ⇐·⇒ denotes an ensemble average; and Ŝ(ω) is the ambient source power spectrum. All sources418

are assumed to have the same power spectra for all x but different power normalization factors,419

2/(ϱaca) for x at εV
a and 2/(ϱecK) for x at εV

e, respectively. Taking the ensemble average of420

equation 67 and accounting for equations 68-70, equation 67 yields the ensemble cross correlation421

⇐Ĉ v,v
k,l (xA,xB, ω)⇒ =

1

ϱaca

∫

ωV a
Ĝ

v,q↔
k (xA,x, ω) Ĝ

v,q
l (xB,x, ω) Ŝ(ω) d2x

+
1

ϱecK

∫

ωV e
Ĝ

v,ϖ↔
k,K (xA,x, ω) Ĝ

v,ϖ
l,K(xB,x, ω) Ŝ(ω) d2x.

(71)

Combining this with equation 63 (considering the case when xA and xB lie within V
e) obtains422

↗{Ĝv,f
k,l (xA,xB, ω)}S(ω) ↘ ⇐Ĉ v,v

k,l (xA,xB, ω)⇒. (72)

This relation suggests that the velocity CCFs due to uncorrelated ambient sources can be approxi-423

mated by the Green’s function multiplied with the power spectra of the ambient sources, Ĝ
v,f
k,l under424

the following conditions: the medium at and outside εV
a and εV

e is homogeneous; uniform pres-425

sure sources with strength
√

1/(ϱaca) are present at the boundary εV
a; and uniform P- and S-wave426

ambient sources with strength
√

1/(ϱecK) are available at the boundary εV
e.427

For the case where the CCF pertains to pressure, a similar convergence to the pressure Green’s428

function can be derived429

↗{Ĝp,q(xA,xB, ω)}S(ω) ↘ ⇐Ĉ p,p(xA,xB, ω)⇒. (73)

Although equations 72 and 73 demonstrate the recovery of interstation Green’s functions through430

ambient cross correlations, their applicability to practical marine SI problems is limited due to hetero-431

geneous source distribution and the unavailability of sources of different types and at depths.432

4.2 Modelling low-frequency ambient cross-correlation functions for ocean-bottom sensors433

In practical marine scenarios, the conditions required for Green’s function retrieval through cross-434

correlation functions (CCFs) are rarely satisfied primarily due to the absence of an ideal ambient435

source distribution. Ambient sources in oceanic regions predominantly originate from pressure fluctu-436

ations at the Earth’s surface that are driven by interactions between wind-generated ocean storms and437

ocean-wave breaking, which induce pressure variations at the seafloor capable of generating seismic438

waves in the Earth. It is well known that these sources are often spatially non-uniform. Notably, there439

are no microseism sources within the solid Earth’s volume itself. As a result, ambient sources caused440

by ocean-wave interactions at the surface, known as secondary microseisms, are typically modelled as441

non-zero pressure source distributions at the ocean surface and sources arising from the interaction of442

long-wavelength ocean waves with local bathymetry, referred to as primary microseisms, are approx-443
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imated as point force sources acting at the local bathymetry (Hasselmann 1963; Ardhuin & Herbers444

2013; Ardhuin et al. 2015; Nakata et al. 2019).445

We first derive the cross-correlation function (CCF) expression for ambient sources modelled as446

point force sources acting on the ocean bottom. However, as mentioned above, these sources also can447

be of a pressure-type acting at the ocean surface. Below, we also develop expressions for pressure-type448

ambient sources. We refer this approach herein as cross-correlation modelling (CCM).449

We may write the observed wavefield v̂
obs
k (x, ω) due to ambient sources as450

v̂
obs
k (x, ω) =

∫

ωD
Ĝ

v,f
k,n(x, ω, ω)N̂n(ω, ω) dω, (74)

where N̂n(ω, ω) denotes the nth component of the ambient force source; and εD is the region where451

these sources are present, which in this case is the ocean bottom. Substituting equation 74 into equa-452

tion 66 for observed wavefield recorded at xA and xB from ambient sources at ω1 and ω2, respectively,453

results in the CCF expression454

Ĉ v,v
k,l (xA,xB, ω) =

∫∫

ωD
Ĝ

v,f↔
k,n (xA, ω1, ω) Ĝ

v,f
l,m(xB, ω2, ω) N̂

↔
n(ω1, ω) N̂m(ω2, ω) dω1 dω2. (75)

Usually, large numbers of windowed cross-correlations of continuous ambient wavefield recordings455

are stacked to enhance coherent signals and downweight incoherent noise. We take the ensemble CCF456

and assume that the ambient sources are uncorrelated as457

⇐N̂↔
n(ω1, ω)N̂m(ω2, ω)⇒ = Ŝ(ω1, ω)φnm φ(ω1 → ω2) (76)

to simplify equation 75 to ensemble CCF458

⇐Ĉ v,v
k,l (xA,xB, ω)⇒ =

∫

ωD
Ĝ

v,f↔
k,n (xA, ω, ω)Ĝv,f

l,n (xB, ω, ω)Ŝ(ω, ω)dω, (77)

where Ŝ(ω, ω) denotes the power-spectral density of the ambient source (Tromp et al. 2010). For a459

narrow frequency band (e.g., 0.05-1.0 Hz), S(ω, ω) can be partitioned into its spatial and frequency460

dependencies as461

Ŝ(ω, ω) = S(ω)Ŝ(ω), (78)

where the relative spatial distribution of ambient wavefield energy is defined such that S(ω) = 0 and462

S(ω) = 1 represent effective sources with zero and the highest energy at location ω, respectively; and463

Ŝ(ω) is the power spectrum of ambient wavefield sources. With these definitions, the CCF becomes464

⇐Ĉ v,v
k,l (xA,xB, ω)⇒ =

∫

ωD
Ĝ

v,f↔
k,n (xA, ω, ω) Ĝ

v,f
l,n (xB, ω, ω)S(ω)Ŝ(ω)dω, (79)

or rearranging after using source-receiver reciprocity (equation 28):465

⇐Ĉ v,v
k,l (xA,xB, ω)⇒ =

∫

ωD
Ĝ

v,f
l,n (xB, ω, ω)

{(
Ĝ

v,f↔
n,k (ω,xA, ω)S(ω)

)
Ŝ(ω)

}
dω. (80)
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Comparing the above with equation 74 and setting xA = x allows us to interpret the above expression466

as a correlation wavefield generated by the driving source,467

f̂n(ω,xA, ω) = Ĝ
v,f↔
n,k (ω,xA, ω)S(ω)Ŝ(ω), (81)

also known as the ‘generating wavefield’ (Tromp et al. 2010). Because complex conjugation in the468

frequency domain is time-reversal in time domain, the ‘generating wavefield’ is simply the ambi-469

ent source-energy-weighted time-reversed wavefield recorded at ambient energy locations ω due to a470

source at the virtual shot point locations xA with power spectrum S(ω). In the time domain, the above471

equation can be represented as472

⇐Cv,v
k,l (xA,xB, ϖ)⇒ =

∫

ωD
G

v,f
l,n (xB, ω, t) ≃

{(
G

v,f
n,k(ω,xA,→t)S(ω)

)
≃ S(t)

}
(ϖ) dω, (82)

where ≃ denote the convolution operator; S(t) is ambient-source autocorrelation time function and ϖ473

is the temporal cross-correlation lag. Note the summation convention in the above equation, implying474

that the term on the right-hand side must be computed for n = 1, 2, 3, accounting for all the force475

components, to evaluate ⇐Cv,v
k,l ⇒, i.e.,476

⇐Cv,v
k,l (xA,xB, ϖ)⇒ =

∫

ωD
G

v,f
l,1 (xB, ω, t) ≃

{(
G

v,f
1,k(ω,xA,→t)S(ω)

)
≃ S(t)

}
(ϖ) dω

+

∫

ωD
G

v,f
l,2 (xB, ω, t) ≃

{(
G

v,f
2,k(ω,xA,→t)S(ω)

)
≃ S(t)

}
(ϖ) dω

+

∫

ωD
G

v,f
l,3 (xB, ω, t) ≃

{(
G

v,f
3,k(ω,xA,→t)S(ω)

)
≃ S(t)

}
(ϖ) dω.

(83)

For ambient-energy sources acting on ocean surface as distributed pressure sources, denoted by q, we477

may write equation 79 as478

⇐Ĉ v,v
k,l (xA,xB, ω)⇒ =

∫

ωD
Ĝ

v,q↔
k (xA, ω, ω)Ĝv,q

l (xB, ω, ω)S(ω)Ŝ(ω)dω. (84)

Using source-reciprocity relation (equation 21) and arranging the above equation gives479

⇐Ĉ v,v
k,l (xA,xB, ω)⇒ = →

∫

ωD
Ĝ

v,q
l (xB, ω, ω)

{(
Ĝ

p,f↔
k (ω,xA, ω)S(ω)

)
Ŝ(ω)

}
dω, (85)

or equivalently in the time domain480

⇐Cv,v
k,l (xA,xB, ϖ)⇒ = →

∫

ωD
G

v,q
l (xB, ω, t) ≃

{(
G

p,f
k (ω,xA,→t))S(ω)

)
≃ S(t)

}
(ϖ) dω. (86)

For pressure CCFs when both receivers xA and xB are in water, similar time-domain equations481

can be written for ambient force sources482

⇐Cp,p(xA,xB, ϖ)⇒ = →
∫

ωD
G

p,f
n (xB, ω, t) ≃ {(Gv,q

n (ω,xA,→t)S(ω)) ≃ S(t)} (ϖ) dω, (87)
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Table 6. Velocity model parameters for numerical example.

P-wave velocity S-wave velocity Density cp gradient cs gradient

Domain cP (m/s) cS (m/s) ϱ (kg/m3) (km/s per km) (km/s per km)

Water 1500 0 1000 - -

Solid 1800 600 2100 0.40 0.23

and for ambient pressure sources483

⇐Cp,p(xA,xB, ϖ)⇒ =

∫

ωD
G

p,q(xB, ω, t) ≃ {(Gp,q(ω,xA,→t)S(ω)) ≃ S(t)} (ϖ) dω. (88)

Equations 82 and 86-88 enable the forward modelling of all (velocity and pressure) CCFs for dense484

OBN arrays for different ambient source types, locations and configurations.485

4.2.1 Numerical Example486

We simulate the low-frequency vertical-velocity and pressure component cross-correlation wavefields,487

⇐Cv,v
3,3 ⇒ and ⇐Cp,p⇒, respectively, recorded on OBNs due to ambient sources acting on the ocean surface,488

using their corresponding CCM modelling equations (equations 86 and 88, respectively). A detailed489

workflow for implementing the CCM modelling equations (equations 82, and 86-88) in the time do-490

main is described in Pandey et al. (2025). The synthetic ocean model is 176 km ⇑ 76 km ⇑ 14.6 km491

!! (K
m)

!" (Km)

! #
(m

)

Figure 8. Ambient sources, OBNs and virtual shot point location for results in Figure 9 and 10.
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Figure 9. Vertical-component velocity: (a) VSG ⇐Cv,v
3,3 ⇒ and (b) Green’s function, G

v,f
3,3 , for the model shown

in Figure 8. The relative amplitudes between shot gathers are not preserved. (c) Normalized traces from the

location indicated by the red lines in (a) and (b). (d) Traces from (c), low-pass filtered to 0.35 Hz with ⇐Cv,v
3,3 ⇒

uniformly phase-shifted by ⇀/2.

(x1 ⇑ x2 ⇑ x3) with a regular grid spacing of 0.4 km ⇑ 0.4 km ⇑ 0.2 km (dx1 ⇑ dx2 ⇑ dx3). We492

assume a flat seafloor with 0.8 km water depth and 1-D cP (x3) and cS(x3) velocity profiles beneath493

the ocean bottom. Table 6 presents the model properties where the cP , cS and ϱ in the solid medium494

are defined at the ocean bottom and increase with depth according to the aforementioned gradients.495

The ambient source-time autocorrelation function S(t) is a zero-phase Ricker wavelet with a 0.35 Hz496

central frequency. The time step for the simulation is 3.5 ms, with a 170 s total duration. With these497

parameters, the computational domain resolves a maximum frequency of 1.2 Hz. Figure 8 shows the498

geometry of ambient sources, OBNs and the virtual shot point location. The ambient sources are uni-499

formly distributed at each grid point across the ocean surface as pressure-type sources. The OBNs are500

located 10 m below the ocean bottom for ⇐Cv,v
3,3 ⇒ and 10 m above the ocean bottom for ⇐Cp,p⇒ along the501

x1-axis. The virtual shot point, indicated by a star, is located at [x1, x2, x3]A = [48.0, 38.0, 0.81] km502
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for ⇐Cv,v
3,3 ⇒ and at [x1, x2, x3]A = [48.0, 38.0, 0.79] km for ⇐Cp,p⇒. We use a free-surface top boundary503

with all other sides modelled as absorbing boundaries. We simulate forward wave propagation using504

SPECFEM3D Cartesian 4.1.0 (Komatitsch & Tromp 2002a,b; Komatitsch et al. 2023) published under505

the GPL3 license. The open-source software implements the 3-D spectral element method (Komatitsch506

et al. 2000) for wave propagation modelling.507

Figure 9a presents the causal part of the simulated ⇐Cv,v
3,3 ⇒ VSG. Two distinct wave modes are508

evident: (1) the fundamental Scholte S
0
c wave mode (black arrow) along with higher-order overtones509

(blue arrows); and (2) guided P waves (yellow arrows). These wave modes are consistent with field510

data VSG observations from the Gulf of Mexico, as reported in Girard et al. (2023, 2024). The S
0
c511

wave mode exhibits significantly higher energy compared to its higher-order modes and the guided P512

waves.513

Figure 9b depicts the causal part of the vertical-component velocity Green’s function, G
v,f
3,3 , com-514

puted by injecting a vertical point force source at the virtual shot point location. In this case, the515

guided P waves are notably weaker than the Sc waves, and its higher-order modes are absent. Further-516

more, the fundamental and higher-order Scholte wave modes display a broader frequency bandwidth517

in comparison to those observed in ⇐Cv,v
3,3 ⇒.518

Figure 9c provides a trace comparison at the location marked by the red line at an offset of 24519

km in Figures 9a and 9b. The amplitudes of both traces are normalized to unity. The comparison520

shows a phase discrepancy, as the main peaks exhibit misalignment between the Green’s function and521

the ⇐Cv,v
3,3 ⇒ trace. Figure 9d shows the traces after low-pass filtering to 0.35 Hz, with ⇐Cv,v

3,3 ⇒ uniformly522

phase-shifted by ⇀/2. Following this phase adjustment, the phases of the main peaks are better aligned.523

Figure 10a shows the causal part of the pressure VSG ⇐Cp,p⇒. In this figure, the S
0
c wave and524

its higher-order overtones (blue arrows) are weakly visible, while the guided P waves appear strong.525

Again, this observation is consistent with field-data ⇐Cp,p⇒ VSG examples from the Thunderhorse field526

OBN array in the Gulf of Mexico, where the ocean bottom, as seen by low frequency S
0
c waves, is527

soft with average near-seafloor shear velocities of approximately 0.5–0.6 km/s (Girard et al. 2023). In528

contrast, the pressure Green’s function, Gp,q, shown in Figure 10b, exhibits a clearly visible and strong529

S
0
c mode along with higher-order modes. The red arrow in Figure 10a indicates spurious cross-mode530

events.531

Figure 10c provides a trace comparison between ⇐Cp,p⇒ and G
p,q at the location marked by the red532

lines in Figures 10a and 10b. Both traces are again normalized to unity. Similar to the observations533

above, S
0
c and its higher-order mode are barely noticeable in the full frequency band and the main534

peaks of the guided P modes also show a misalignment between ⇐Cp,p⇒ and G
p,q. Figure 10d shows535

the traces after applying a 0.6 Hz low-pass filter, with ⇐Cp,p⇒ uniformly phase-shifted by →⇀/2. At this536
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Figure 10. Pressure-component: (a) VSG, ⇐Cp,p⇒ and (b) Green’s function, G
p,q , for the model shown in Fig-

ure 8. The relative amplitudes between shot gathers are not preserved. (c) Normalized traces from the location

indicated by the red line in (a) and (b). (d) Traces from (c), low-passed to 0.6 Hz, with ⇐Cp,p⇒ uniformly phase-

shifted by →⇀/2. (e) Traces from (d), further low-passed to 0.35 Hz.

stage, the phases of the main peaks of the guided P modes are better aligned; however, Scholte waves537

are still not visible at these frequencies. To further suppress the guided P modes, we again low-pass538

filter the traces to 0.35 Hz (Figure 10e). At this point, S
0
c and its higher-order modes become more539

visible, and their main peaks align with G
p,q. However, more spurious events are observed due to540

cross-mode correlations and imperfect absorbing boundaries.541

This example clearly illustrates: (1) the non-convergence of the cross-correlations to Green’s func-542
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tions; and (2) the differential sensitivity of various components CCFs to different wave modes, using543

a simple velocity model with flat bathymetry and uniform ambient sources on ocean surface. The re-544

sults highlight the importance of modelling cross-correlations as self-consistent observations, rather545

than as (exact or approximate) Green’s functions, when the conditions required for SI Green’s func-546

tion retrieval are unmet. Significant phase differences are observed between various wave modes in547

VSGs and the Green’s function across different components. If not accurately accounting for these548

differences, they could introduce significant errors in velocity model building through FWI using549

cross-correlation gathers. Moreover, other key first-order control factors – such as the ambient energy550

source mechanism and location, velocity heterogeneity (e.g., the presence of salt bodies), bathymetric551

variations, and non-uniform ambient source distributions – also can significantly affect wave-mode552

excitation and partitioning, further emphasizing the complexity of the problem and need for accurate553

SI wavefield modelling solutions.554

5 CONCLUSIONS555

We derived reciprocity relations for coupled acoustic-elastic media using the constitutive equations556

governing the coupling at the acoustic-elastic interface, as well as acoustic and elastodynamic reci-557

procity theorems. From these derivations, we established source-receiver reciprocity expressions for558

the coupled acoustic-elastic system. Subsequently, we provided an overview of the pressure and veloc-559

ity Green’s function representations in such systems, expressed in terms of wavefield cross correlations560

at two observation points within arbitrarily heterogeneous lossless media. Both open and free-surface561

configurations were considered. For the former, the wavefields are assumed to originate as sources562

distributed along arbitrarily shaped boundaries enclosing the observation points. For the latter, it is563

sufficient for sources to exist on an open surface that, together with the free surface, form a boundary564

enclosing the observation points.565

The pressure and velocity Green’s function representations are exact but are not directly suitable566

for SI applications. Specifically, this is because the integrand of these representations comprises a su-567

perposition of four correlation products, two arising from the acoustic boundary integral and two from568

the elastic boundary integral, that must be evaluated separately. The methodology also assumes the569

availability of specific types of sources at all positions along the enclosing boundary: scalar monopole570

and dipole sources on the acoustic boundary, and vector force and deformation sources on the elastic571

boundary. Moreover, these sources are assumed to be impulsive point sources, which often do not572

align with practical scenarios.573

To address these challenges, we adopted a series of approximations to simplify the integrand into574

two correlation product involving fewer source types. Specifically, monopole sources are used for both575
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states on the acoustic boundary, and monopole P- and S-wave sources were used for both states on the576

elastic boundary. We also discussed modifications for scenarios involving uncorrelated noise sources.577

In such cases, the representation integral reduces to a direct crosscorrelation of the recorded wavefields578

at two observation points. Finally, recognizing that ideal ambient source distributions rarely exist in579

practical scenarios, we develop modelling cross-correlation functions as self-consistent observations.580

This approach, referred to as cross-correlation modelling (CCM), only requires assuming uncorrelated581

ambient sources. It enables more realistic representations of cross correlations in field data from am-582

bient wavefield studies. We present a synthetic example that simulates a vertical-velocity and pressure583

component cross-correlation wavefield using CCM, generated by ambient sources distributed across584

the ocean surface, and compare them with their corresponding Green’s functions. Scholte waves are585

more prominent in the velocity VSGs, while in the pressure VSGs they are barely noticeable across586

the full frequency band. Additionally, there are significant phase differences between different wave587

modes identified in VSGs and Green’s functions across different components, underscoring the im-588

portance of not treating cross-correlated data as Green’s functions in the absence of the assumptions589

required for SI-based Green’s function retrieval.590
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