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* This represents “the” characterization of
the radiometer analysis as far as I’m
concerned

e Not sure how much farther we can go
characterizing our ability to this
method for our the array

e There are a few more things on the that
aren’t presented/are 1in process that
I’LL mention

patrick meyers



e On the right 1s process we
do for solving radiometer

e M = “model resolution Y =95true
matrix” S de] = (fYT )—LYTY
A~
e Ideally would be identity ©Omodel =7 Y
Smodel — /V_I_W/Strue

e Depends upon how we
create pseudo-inverse M =~yTr
matrix
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P-wave model resolution matrix

Model resolution matrix: ’7+ Y Column 300 of Model Resolution Matrix
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e Take singular value decomposition of gamma

e cut off at some minimum value

e create pseudo-

1inverse

e Get model parameters

e Small minimum
covariance

e Large minimum
covariance
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=> better resolution, higher

=> worse resolution, lower



0.01-

Singular values

10-10-

patrick meyers

Singular values of 7

—__

0.0001 -

mm Proposed s,

11

10

Number



Resolution, s =1.00 x 107

oo Covariance
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e Create 1njected map: single
pixel with amplitude = 1,
all others 0

* Get recovered map using C___%(“4134$*-342341)
S_min

V(MM (MM
e take map coherence

® maximize map coherence over
S_min
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e In theory, maximization needs to be
re-run for different injection types
and different recovery types (1.e. 1f
we want to recovery P, S, or R-waves
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Regularization optimization
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Model Resolution Matrix

0.20
0.15

0.10

:’-‘—o
e
S
—
—
—
—
——
p—"
—y
—
-
-
LA

Al
. p—

0.05

0.00

0
0 100 200 300 100 o00 600 700

Pixel number

11



S,~-wave injection, R-recovery

Sp-wave injection, R-recovery

P-wave injection, R-recovery

/\/\\/\/\/\N\—’\/\—\/\//\,

R-wave injection, R-recovery
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Sp-wave injection, P recovery

P-wave injection, P recovery
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e Things tend to be fairly independent
using our array.

e In the end, I ran into some 1ssues
with covariance being large when
trying to recover injections of

three different types at once,
though
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e Angular resolution vs. wavelength for each mode

e For each mode and for each wavelength,
maximize map coherence for East-pointing
1njection over s_min

e Take angular spot size from MRM column plot

e Plot spot size vs. lambda

e Plot column rank of pseudo-inverse vs. lambda
as well (Cnhumber of singular values larger
than s_min)
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e Top: Phase
difference
between vertical
and east channel

e Bottom: Histogram
over time
segments

e NOTE: This source
1sn’t really seen
1n the North
channel at all
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e Band-pass filter
from 1.4 - 1.6 Hz,
look at time
series

e See 1t turn off at
00:00 - 00:30 and
12:00 12:30 UTC
*every day* for
some reason

patrick meyers

—

||

Wil
'l

|}

e ROSS:HHE

] ROSS:HHN

H | |‘ 4 [ ‘ | Al
TSIV I8N LY
\ ! B | ' H bl i | | M ’l’ ’

1
,q !H
d ¢

| | |
!l (e . (] I

: « ‘ iH{‘si"‘* a
(. a1k It
LIl lll | ‘Mﬂwi5“‘¢ A
1R | || \ [ arn ! '
| ‘i] ‘ {i l 1’1 ; 1 :
'l } .I |
‘ L ‘ | | ‘,'
' !
10 20 30 40 50 60 70 80 %0 100 110 120
Time [minutes] from 2015-10-02 11:00:00 UTC (1127818817)
e ROSS:HHE
ROSS:HHN
20 40 60 80 100 120 140 160 180

Time [minutes] from 2015-10-02 00:00:00 UTC (1127779217)



e Use only phase delay between stations
to estimate direction and velocity

e Assume coming 1n along surface

e Basically this 1s a “surface plane-
wave” hypothesis that uses no
polarization information
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e Use a student’s t-distribution over
1hter-site phases

e 1 = pairs of channels at different
selsmometers, m_1 = number of phase
measurements for that pair

) - T(m;/2—1) (& om fQ - AL
p({9} [0, v) = zpore U2 2 1) 92y 21T
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e Run radiometer on same time-frame

e Only use surface stations (don’t have
a completely reliable eigenfunction
yet to go to depth, plus 1t’s not
obviously seen at depth)

e Recover with many velocities within
range of possible values, take average
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a0 r=wave recovery, 1.5 Hz source [§=90°]
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T - | - r g ! [} - . 8 ) i _lT
[otal power in contour: 5.40e-16 m” / Hz, map: 5.82e-16 - / Hz x10

Spearfish?
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Total power in contour: 1.34e-15 m* / Hz, map: 1.41e-15 m- | Hz
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e No clue! It’s propagating in the East

direction (that’s not source direction..)

e => It’s coming almost directly from the west.

e Terry Peak 1s roughly 1n the correct
direction!

e Might violate plane-wave assumption, though

* G1llette, Wyoming 1s 1n roughly the correct
direction as well.
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e Timing analysis check of whether we’re
getting propagation direction or

source direction using one of Gary’s
even -t S Propagation Directif)”.? [Red is more likely]

120

0° .
== Gary Direction

idence interval

patrick meyers

27



e Calculate Newtonian noise from these
maps

e Try to use R-wave eigenfunction so
that we can 1nclude stations at
several depths..although we won’t have
a measurement at this frequency

e Maybe try to measure R-wave
ertgenfunction using this as well?
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