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Mesoscopic criterionMesoscopic criterion
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Mesoscopic regimeMesoscopic regime :: max,φLL <<l
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Seismic Coda

What is it and what does it tell us?
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Is seismic Coda mesoscopic ?        Complex medium!



Global
Oscillations

0.001 Hz5000 km

Surface
Waves 0.1 Hz50 km

Seismic
Coda 1 Hz 5 km

Deep 
Reflection 20 Hz250 m
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Numerical simulation of Seismic Coda

Margerin, Campillo, Van Tiggelen, Geophys. J. 134, 596 (1998)
Lacombe, Margerin, Trégourès, Campillo, Paul, Van Tiggelen, 2002

crust

mantle
Moho

H = 30 km

Internal reflection! Mismatch = 1.3 
Mantle = homogeneous



Acoustic Monte-Carlo

Elastic Monte Carlo

Quasi 2D
approximation

Elastic Diffusion 
approximation
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Equipartition of seismic waves

Multiple Multiple ScatteringScattering

Uniform Micture Uniform Micture of modes {i}of modes {i}
at given at given frequencyfrequency
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Equipartition of seismic waves

ButBut thethe real modes, …real modes, … …… have dispersion….have dispersion….
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Equipartition of seismic waves

Seismic watchersSeismic watchers
expensiveexpensive!! A smart A smart collaboratorcollaborator
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EquipartitionEquipartition CorrelationCorrelation = Green = Green functionfunction
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receiverreceiver

sourcesource Free surfaceFree surface

ExplosionEarth quake
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Seismic Seismic Coda Coda 
in Mexicoin Mexico

Campillo Campillo &  Paul&  Paul
Science, Janvier 2003Science, Janvier 2003



Elastic waves Elastic waves in in 
granite

A. Malcolm, J. A. Malcolm, J. Scales Scales & B. van& B. van
TiggelenTiggelen

2004granite 2004

135 mm135 mm

54 mm54 mm

Mean Mean free time = 3 µsfree time = 3 µs
Mean Mean free free path path = 10 mm= 10 mm mm40≈Dt

energyenergy

fluxflux

noisenoisemesoscopicmesoscopicballisticballistic



Elastic waves Elastic waves in in 
granitegranite

Mean Mean free time = 3 µsfree time = 3 µs
Mean Mean free free path path = 10 mm= 10 mm

TimeTime--correlationcorrelation
of of elastic elastic motionmotion

Coda timeCoda time
t < 20 µst < 20 µs
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Eric LaroseEric Larose, Ludovic , Ludovic MargerinMargerin, Michel , Michel Campillo Campillo et Bart van et Bart van TiggelenTiggelen , 2004, 2004
Seismic waves Seismic waves in in the the French AuvergneFrench Auvergne

Background noiseBackground noise

Operator Operator noisenoise

MesoscopicMesoscopic
signalsignal



Coherent BackscatteringCoherent Backscattering in in the the French AuvergneFrench Auvergne
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Mesoscopic physics at kilo scale

explosion nucléaire russe (1972) 
enrégistrée aux US



Relation Relation with with TimeTime--Reversal Reversal and and 
Coherent backscatteringCoherent backscattering

Time reversal Time reversal 
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Comparison to Codas observed in Mexico

argerin, Campillo, Shapiro, Van Tiggelen, Geophys. J. Int. 138, 343 (1999)
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