Tracking the origin
of the seismic noise

MLAC-PHL 5-10s d=290 Km

January
)MM February
Juwm March
MW . April
AMN May
. AMNL “ June
"W . July
NMWJ‘I ) August
) /MN" September
WW ) October
\WWM November
AA% December
-500 -400 -300 -200 -100 100 200 300 400

0
Time [S]

500

MLAC-PHL 10-20s d=290 Km

MWWW/WMW\WWM
F

ebruary

WMMMWWM
MWAMWNM\/\/\A/\MNWMW\/WV\MWWWW

pril

W_NWMW\WW\AMWW/@

May

WMNWW\AMWW

S| IN—

June

ey
MMMWWW\/VMWMNM__.A___.

ugust

eptember

WMMMWWV\/\/W\/\/WW

O

ctober

WM

e

cember

MWWNMNAMWWW/WmWM

-500

-400

-300

-200

-100

0 1
Time [S]

00

200

300

400

500



Tracking the origin
of the seismic noise

Isotropic distribution of sources:
symmetric cross-correlation
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Anisotropic distrib

ution of sources:

asymmetric cross-correlation
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Tracking the origin of the seismic noise

MLAC-PHL 5-10s d=290 Km MLAC-PHL 10-20s d=290 Km
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Apparent origin of the noise
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cross-corelation of the background noise
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Importance of scattering:

a simple laboratory experiment with a few sources
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1 H@(kr) .
THE 2D SCALAR CASE G =~ | H® (kr)=J (kr) — iY,(kr)

P . 1 H(@-r/B)
G 9 at = L G LI ) td =
»(X,Y,7) 2”:[0 » (X, Y, ) exp(iot)dw D m

lllumination by plane waves xgw
4

Azimuthal average over y leads to

. 1 2w )
Wy, o (x,0)) = F) o [exp(ikrcosy - 6])dy =F (@) Jokr)  SPAC method 9 k & C
0

<V(y9w)"* (x,a))> = Eg,Jo(kr) = -4uE, Im[Gzz (X, Yaa))]



A isotropic distribution of plane waves in an homogeneous body : the local approach
THE 2D SCALAR CASE

SH waves in a homogeneous elastic medium

Propagation takes place in the x,-x; plane. Therefore, the antiplane (out-of-plane) displacement v(x,t) fulfils the wave

equation _
9%y N 9%y B L 9%y
oxt  ox; B o’

where 8 = shear wave velocity and t = time.
A typical harmonic, homogeneous plane wave can be written as

v(X,w,t) = F(w,zp)exp(—icl;)xjnj)exp(ia)t)

where, F(w, @) = complex waveform, w=circular frequency, x' = (x,, x;) = Cartesian coordinates

Keiiti Aki

x1 =rcos@ =, x3=rsinB =, with r, 8 = polar coordinates

nj = direction cosines (n1=cos w,n3=siny)

Consider the auto-correlation of the motion, evaluated at positions x and y, respectively. For simplicity assume y at the origin:
X3
X

Wy, o) (X,0) = F(w,9)F (w,y)exp(ikrcos[yy —0])




Cross-correlations of seismic noise: ANMO - CCM

(from Shapiro and Campillo, GRL, 2004)
30 days of vertical motion
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Causality
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