Non-linear waveform and delay time analysis of triplicated core phases
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ning a single prominent seismic phase is relatively simple, seismo-
logists often face complex records where different seismic phases
interfere. To demonstrate that the same approach can also be used
on such records, we have generalized the algorithm to the case of
interfering waves. We focus on the analysis of seismograms in the
distance range of the PKP triplication. On these kind of records,
interference is particularly strong. We invert for the reference wa-
veform recorded by all the stations, and describe the other body
waves as the attenuated and time shifted versions of this reference
waveform. This approach therefore incorporates some a priori in-
formation in the inversion process.

The arrival times of body waves are the primary source of infor-
mation exploited in the seismological records. Large data sets have
been created which allowed tomographic studies at both regional
and global scales. The growth of data recorded by seismic networks
during the past decade has motivated the search for new methods
to measure routinely body wave arrival times. Classically, these
methods are based on cross correlations between the different re-
cords of a network. Chevrot (20C2) has described a non linear al-
gorithm that permits the estimation of the optimal waveform re-
corded by all the stations of a seimological network, and its time
delays at each station. While the analysis of seismograms contai-

on the seismograms or when additional depth
phases are present. The PKP differential travel
times reveal the presence of large amplitude and
small scale heterogeneities along the PKP(AB)
ray paths, and favour an inner core model with
0.8% velocity perturbation in its top 150 km
and small velocity perturbations below. The es-
timate of PKP differential attenuation puts a
lower bound of 200 on the inner core quality fac-
tor in the top 30C km of the inner core.

We introduce a new method to measure dif-
ferential travel times and attenuation of seis-
mic body waves. The problem is formulated as
a non linear inverse problem which is solved
by simulated annealing. Using this technique,
we have analysed triplicated PKP waves recor-
ded by the temporary EIFEL array in central
Europe. These examples demonstrate the po-
tential of the technique, which is able to de-
termine differential traveltimes and waveforms
of the core phases, even when they interfere
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Synthetic PKP phases are computed following the for-
mula : S (t) PKP(DF)(t) + PKP(BC)(t) + PKP(AB)(2)
where S;(t) is seismogram number 2, W (t) is the waveform of the

PKP(BC) phase taken as reference, A(t;) is a differential attenuation
operator, H is the Hilbert transtorm operator, Rpr and Rap are
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— exponential cooling schedule T'(k) = ~*T(0) with v = 0.9 and
N=300 1terations.
— perturbation of the parameters with Cauchy probability parametri-
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— reannealing procedure to solve cycle skipping ambiguities.
— statistical study of 20 inversion results to estimate a posteriori co-

variance.
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From left to right, BC-
DF differential attenuation parame-
ters t* (s) as a function of epicen-
tral distance (°), histogram of BC-
DF differential attenuation parame-
ters t*, and inner core attenuation
through the parameter q=10C0C/Q
as a function of PKP(DF) turning
point depth in the inner core (km).

seismograms (red temperature step (k) des-
lines). c) arrival times of cribing the cooling sche-

thetic seismograms (red
lines). c) arrival times of
the three PKP phases re-
lative to PKP(BC), and to
AK135 Earth model (da-
shed lines).

lines) c¢) waveforms obtai-
ned after inversions for

PKP(DF), PKP(BC) and
PKP(AB) phases. Notice
the two energy arrivals
associated to direct and
depth phases.

Advantages and limitations

Advantages of the method :

— the method is simple and can be
used routinely and automati-
cally.

— the search for a global minimum is
successful even on noisy data.

— the non-linear inversion algorithm
allows to estimate waveforms
and differential +travel +times
even when the three phases
interfere on the seismograms.

— the waveform W (t) can be used to
estimate the source time function.

The limitations come from the ap-

proximations used : simple source ra-

diation and small waveform distor-
tions produced by scattering.

Conclusions

The parametrized inversion descri-
bed is very efficient to estimate rela-
tive arrival times and attenuations of
seismic body waves, even when they
interfere or when depth phases are
present in the records. This approach
opens new possibilities to study the
fine structure of the inner core, the
D” layer and the mantle discontinui-
ties through the investigation of PKP
and P triplications.

The BC-DF differential attenuations
put a lower bound of 200 on the ave-
rage quality factor in the top 3CC km
of the inner core for this region, and

for frequencies between (0.3 and 1.5
Hz.



