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Abstract: During the last 55 years, there have been many unsuccessful attempts to measure the
three frequencies of the 1S1 self-resonance, the vibration of the Earth's core. One reason for this
failure could be the insufficient reduction of the background noise, caused by the earthquakes. This
is just another attempt to solve the ancient mystery. This time, perhaps with more success ;-)

Introduction
Very strong earthquakes can probably move the inner, solid core, which is surrounded by the liquid
outer core. With the known data, one can calculate that a full linear oscillation around its rest position should take about five hours. The existence of this eigenresonance was postulated 55 years ago
by Slichter[1], but could never be confirmed by measurements despite intensive search[2].
One can specify multiple causes for this failure. Obviously, the signals from the Earth's core have
very low amplitude and can hardly be detected in the noise of the frequent earthquakes. Additionally, the (three) expected frequencies of 1S1 are in the same range as the very strong tides, which
deform the surface of the earth. The friction of the sea water on solid ground leads to nonlinearities, which produce several disturbing intermodulation products in the same frequency range.
In this noisy environment, it is not easy to identify oscillations when you do not even know their
frequencies. If the putative oscillation deep inside the earth can be triggered by changes on the
surface, the search should focus on the period after a strong earthquake. The strongest event since
the invention of the Superconducting gravimeter was on 2004-12-26.

The Preparation of the data records
The 2004/2005 CORMIN records of all available SG stations were linked to long data chains. A
barometric admittance of 3.8 nm/(s² hPa) decreases the influence of atmosphere pressure variation
on the gravity data. Previous studies have shown that this "magic number" minimizes the noise
level around 70 µHz. Then, the data reduction is carried out through a series of filters. Their order
greatly affects the signal-to-noise ratio of the weak signals.
First, a triple narrow-band notch filter at 0.8 μHz, 11 μHz and 22 μHz reduces the amplitude of the
strongest spectral lines (calculated with quadruple precision) and a windowed-sinc filter limits the
bandwidth of the recorded data to the range 33 µHz – 600 µHz. After increasing the sampling time
to 10 minutes, a second windowed-sinc filter narrows the bandwidth to the range 35 µHz – 160
µHz, creating the final data string for every SG station.

The reduction of the noise
Extremely weak signals require that any unnecessary noise is removed by narrowband filters. A
reduction of the bandwidth to zero is technically impossible and would mean that the amplitude
remains fixed for all time. As the bandwidth increases, the noise increases and the signals gets more
and more unreadable. A careful analysis of the frequencies in question showed that at up to a distance of ± 0.1 µHz, weak sidebands might belong to the signal and they should not be neglected.
Such a narrow bandwidth is possible only at a very low frequencies. Therefore, the signals from the
Earth's core are mixed down to 9 µHz and the sampling period is extended to 100 minutes. With
these values, it is possible to construct a filter with a passband from 8.84 µHz to 9.16 µHz. All other
frequencies are regarded as undesirable noise and are suppressed.
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Criteria to be fulfilled
Between 35 µHz and 80 µHz, the spectrum of every station shows several hundred anomalies and it
means endless work to detect coincidences between different stations. Is there an easier way to find
candidates for the Slichter Triplet?
The following method indicates which frequencies should be examined more closely: The addition
or multiplication of different spectra reinforces matching spectral lines and levels out random
coincidences. The following figure shows the product spectrum of nine neighboring stations with
particularly low background noise.

At least six prominent peaks in the frequency range of interest can not be assigned to known
causes[3] and were investigated in detail. But the identification of unusual frequencies with striking
good SNR is not sufficient, there are additional constraints to convince with the result.
The movement of the Earth's core in the 1S1 eigenmode probably corresponds to a damped oscillation, that disappears in the noise after several hours. In contrast, the amplitude of the tides and
their combination frequencies should be nearly constant over a sufficiently long period. If a time
analysis shows the typical amplitude decay of a spectral line, we may have found a member of the
Slichter triplet.
Another criterion is decisive: The gravimeters of some stations contain two superconducting spheres
and both should measure identical amplitudes and phases. In fact, the following pictures (based on
the Wettzell records) show that the envelope of the sum (red) is always greater than either of the
individual curves. This requires that the phases of the two oscillations are (almost) identical. In
phase opposition, the individual oscillations would compensate and their sum would approach zero.
This issue is addressed in more detail below.

Just three of the six "suspicious" frequencies meet all the requirements and could be members of the
long-sought Slichter triplet. None of the three examples above shows a typical damped oscillation
with a monotonically decreasing amplitude, dropping to half its value after about 4000 hours. There
is an additional almost-periodicity. If the oscillations are generated by the Earth's core, the frequent
but irregular poles might help to describe its shape and motion.
Strangely enough, the oscillation amplitudes reach their maximum value about 400 hours after the
earthquake. There are at least two causes for that delay: The earthquake overrides the gravimeters
and there is a data gap of several days. Secondly, all filters calculate the average of a certain time

window and abruptly onset signals are displayed with a finite rise time. The sinc filters used herein
have an extremely low bandwidth (BW ≈ 0.33 µHz), to raise the signal-to-noise ratio to an acceptable level. This leads inevitably to a particularly large rise time of about tr ≈ 290 hours.
The only way to shorten the rise time is an enlargement of the filter bandwidth, since both values
are linked by the formula BW⋅t r≈0.34 . But then the desired signals are likely to disappear in the
noise because the barn door is open too far. Searching the weak signals using a broadband instrument like FFT without any selectivity is probably not very successful. The narrow bandwidth of the
signal processing means that all modulation frequencies above BW/2 are cut off. As a consequence,
no signal changes can be observed that take place in less than 70 days.

Checking the phase coherence
In Central Europe, there is a dense net of superconducting gravimeters. The following figures show
the gradual increase of the amplitude when the records of eight European stations are summed
before the time analysis, proving the phase coherence at least during the first 1500 hours.

The measurement of the phase relationship is an indispensable tool to
determine the direction to a vibration source. If the distances of all the
receiver stations from the transmitter are identical, all received oscillations
are in phase. Conversely, the following applies: If the recorded oscillations
are in phase, the distance between source and all gravimeters is equal.
When the recorded vibrations are caused by noise, there are no fixed phase
relationships. Then the sum of all oscillations should more or less
compensate and yield zero. But that obviously is not true. There is a
common source of the oscillation, far away and perpendicular to the plane
that is determined by the gravimeters. Is it the core?
The narrowband filtering of the data delays the signals by about 500
hours. This time is most appropriate to measure the phase of the
recorded vibrations. The presentation into a compass rose shows that
the phases measured by the eight European stations are not random,
they point into roughly the same direction. The sum of the eight
vectors results in a substantial overall length – not zero! This proves
that here indeed a noisy signal is measured.
The overlay above also shows how difficult it is to estimate the Q
factor. Does the vibration disappear 3000 hours after the earthquake,
followed by noise? Or it is excited again? Probably, this question can
be resolved only after a much stronger excitation of 1S1 eigenmode. The following figures show that
the SNR of the other two frequencies 67.73 µHz and 38.14 µHz is noticeably worse.

Frequencies, Q-Factors and Phases
The following table shows the frequencies and Q values of all analyzed stations. Despite the very
weak signals, there were no problems to identify the spectral lines. Negative Q values indicate that
the amplitude increases over time – against all expectations.

The means were calculated with the jackknife method.
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