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Real-data spectra seen outperforming random-data spectra in matching the 72h period-forced superharmonic resonance's 72 theoretical subperiods, by 350% (as measured by the ratio of respective weighted averages of the matches). The mismatching (differencing) discrete function ∆f strongly favors the random-data spectra.

Absolute outperformance of real-data (M w seismic magnitudes) spectra over random-data spectra in matching the 72h period-forced superharmonic resonance's 72 theoretical subperiods. Polynomial trendlines overlaid.
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Introduction

Earlier, I postulated the georesonator hypothesis -thus challenging the currently favored heat-transfer hypothesis. Under the georesonator hypothesis, the Earth is a mechanical oscillator whose oscillations get magnified due to the stirring of masses induced by rotating Earth's one or two simultaneous conjunctions within our Solar system's plane and lasting for 3 or more days dynamically. Subsequently, oscillator equations, which describe forced vibrations with nonlinear damping, were applied for usual Earth parameters including viscosity to the Earth-Moon gravitational system as our planet's initiating interface with the band of extreme astrophysical energies. The well-known maximum displacement on Earth, of ⁓10 m, as well as the said conjunctional phase (natural period of Earth's mechanical resonances under external forcing by the Moon as the largest forcer), of φ = 3 days, are solutions of those equations. [START_REF] Omerbashich | Magnification of mantle resonance as a cause of tectonics[END_REF] To give a proof-in-principle of the correctness of the above approach, I then derived an absolute mathematical generalization of such a local setup by extending it from our Solar system on to the infinite number of universes. The generalization, which constitutes the basis of the corresponding hyperresonance theory, has resulted in the only known analytical expression for the Newtonian proportionality G (and thus for the Newtonian gravity too) via speed of light, while relating the Earth's mass oscillations with our Moon's orbital period at both macroscopic and quantum scales [START_REF] Omerbashich | Springtide-induced magnification of Earth mantle's resonance causes tectonics and conceals universality of physics at all scales[END_REF]. Basically, by expanding on Tesla's work in mechanical-vibration-induced geophysics [START_REF] Tesla | The magnifying transmitter[END_REF], I was able to corroborate a relationship between gravity and speed of light, as proposed for our Solar system by Einstein in his rare work in geophysics [START_REF] Schröder | Einstein and geophysics: Valuable contributions warrant a second look[END_REF].

Because I regard the total-mass Earth as related to the entire Solar system and since varying distributions forbid reliable statistical tests and analyses, I subsequently gave a methodological proof -a pattern in the M w 5.6+ earthquake occurrences [START_REF] Omerbashich | Astrophysical cause of tectonics[END_REF]. The pattern depicts a real phenomenon, as seen from the fact that the pattern resolves better with the lithosphere's response to M w 6.2+ earthquake sequences of three or more, Figure 1. Omerbashich -Earth body resonance .

2 Figure 1. A pattern as found in M w 5.6+ seismicity during Earth's conjunctions to heavenly bodies in our Solar system's plane that last for the duration of Earth's 3-day phase or longer. The physics behind the pattern is real because of resolution increase with the Earth's response to three or more M w 6.2+ natural events in a row. [START_REF] Omerbashich | Astrophysical cause of tectonics[END_REF] Here I report a reliable detection of the full range of the said 3-day Earth phase's all 72 superharmonic resonance periods ( 72 / 72 h, 72 / 71 h,... 72 / 1 h) in 866 occurrences of M w 5.6+ between 2015-2019. The spectra were computed in the 55'-15 days band (0.303 mHz-0.771605 μHz), and analyzed with respect to the estimated 99% confidence level (7 superharmonic resonance periods), 95% confidence level ( 17), 89% confidence level (25), or 67% confidence level (23). To the best of author's knowledge, after the subject of mechanical-vibration-induced seismotectonics was abandoned early on, there has been no revisiting it in modern times. Additionally, various studies since the 1950s found no periodicity in earthquakes occurrences [START_REF] Omerbashich | Earth-model discrimination method[END_REF].

Signal

Unlike in linear systems where we are concerned with the forcing period T ∈ ℜ alone, in modeling the resonant response of a nonlinear system such as the Earth, besides the forcer, we must also consider additional vibration

𝑛 𝑚 • 1 𝑇 ; 𝑛 ∈ ℵ (1)
called subharmonic oscillation when:

0 < 𝑛 𝑚 < 1; 𝑛 > 1 ∧ 𝑛 ∈ ℵ , (2) 
or superharmonic oscillation when:

𝑛 𝑚 > 1; 𝑛 𝑚 ∈ ℜ . (3) 
.
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As seen from Eqns.

(1)-(3), n > 1 is always a positive integer number and n / m > 1 a positive number but not necessarily an integer. The matching of the natural period of a solid body to the natural period of an overwhelming body or to shorter or longer fractional multiple periods is called resonance. Thus, matching can be harmonic and it is called simply mechanical resonance when natural periods of two bodies match, a subharmonic resonance when one body's natural period matches another body's subharmonic period or its fractional multiple, Eqns. ( 1) and (2), and a superharmonic resonance when one body's natural period matches another body's superharmonic period or a fractional multiple, Eqns. ( 1) and (3).

Subharmonic and superharmonic resonances can arise in discrete regions of a physical system. As with all solids, tectonic plates and upper mantle's brittle regions are the vibrating parts of the Earth. As based on resonance research from mechanical and electrical engineering, while the former type of resonance mostly occurs at periods shorter than (usually: fractions of) the long-periodic excitation, the latter type mostly occurs at periods that are longer than (usually: integer multiples of) the long-periodic excitation. Most nonlinear systems and nonlinearity models exhibit only the simplest n / T superharmonic periods as the special case m = 1. Also, it can be shown that a linear-system resonator is just a special case of a subharmonic resonator. [START_REF] Yang | Vibrational subharmonic and superharmonic resonances[END_REF] Past spectral analyses of earthquake data searching for a resonance signal under the assumptions of the Earth's linearity or simple nonlinearity bore no fruit. Therefore, of interest here is a strictly nonlinear, subharmonic and superharmonic signal T Rsup , as the only unexplored path. This necessitates looking into the long-periodic band, which then here starts at the Earth's natural period, encompasses the phase forcer, and ends at the lunar-synodic half-month period. Note lunar forcing is a rather crucial part of signal instead of noise as claimed classically.

To that end, I consider the Earth under nonlinear forcing, as prescribed by the georesonator hypothesis. Note that, for nonlinear components of the resonance to occur, it does not matter where this nonlinearity originates -in the source mechanism, in the damping, or in both (Den [START_REF] Hartog | Mechanical Vibrations[END_REF]. Importantly then for an approach to modeling the Earth as a fully nonlinear forced system (when one could expect anything): a single excitation always induces superharmonic resonances only. [START_REF] Yang | Vibrational subharmonic and superharmonic resonances[END_REF]. No mathematical solution for predicting superharmonic resonance in a nonlinear system exists, so one is confined to data analysis in the trial-and-error approach. Studying of superharmonic resonance and vibrational resonance in nonlinear physical systems, in general, has only started picking up the pace in recent decades.

Data analysis

The analyzed data represented the Earth's strong seismicity sampled at 1Hz rate, in moment magnitudes M w as the most realistic (physics-based) representation of seismicity [START_REF] Kanamori | The energy release in great earthquakes[END_REF] [START_REF] Dziewonski | Determination of earthquake source parameters from waveform data for studies of global and regional seismicity[END_REF]. The data consisted of occurrences of all q = 866 earthquakes of M w 5.6+ to within 10 -1 , spanning ∆ t = 1211 days from 01 October 2015-02 February 2019; see Table 1. The robust (outliers M ** discarded) means from the USGS, EMSC, and GFZ moment magnitudes were spectrally analyzed, as: Here I tacitly assume that any events in excess to what the above hypothesis prescribes to be sufficient for a valid description of the proposed mechanism of resonance seismotectonics, in fact, overrepresent rather than enrich the data. Hence to prepare data, I eliminated redundancy by excluding 21 events that had occurred within minutes and location of another, stronger event that I have kept; see Table 4. Another tacitly made assumption was that all spectral estimates at different confidence levels are physically meaningful if at least 67% reliable. Then spectral values were analyzed together regardless of the associated confidence level. Parts of the herein reported analyses justify such an approach, e.g., detection of the known physical processes such as the clustering of Earth natural mode's period estimates that never fall below 89% confidence, thus indicating a physical process.

𝑀 𝚤 ��� | 𝑖=1 𝑞 = 1 3 �𝑀 𝑖 𝑈𝑆𝐺𝑆 + 𝑀 𝑖 𝐸𝑀𝑆𝐶 + 𝑀 𝑖 𝐺𝐹𝑍 �; 𝑖 ∈ ℵ ∧ 𝑀 𝚤 ��� | 𝑖=1 𝑞 ⇔ 𝑀 𝑖 ≠ 𝑀 * * , (4) 
The spectra were computed using the Gauss-Vaníček spectral analysis (GVSA) technique [START_REF] Vaníček | Approximate Spectral Analysis by Least-Squares Fit[END_REF] [START_REF] Vaníček | Further Development and Properties of the Spectral Analysis by Least-Squares Fit[END_REF], with k = 1000 spectral resolution:

𝑠 𝒋 𝐺𝑉𝑆𝐴 �𝑇 𝑗 , 𝑀 𝑗 𝐺𝑉𝑆𝐴 �; 𝑗 = 1 … 𝑘 ∧ 𝑘 ∈ ℵ . ( 5 
)
The GVSA falls in the Least Squares Spectral Analysis class of spectral methods which fit data with trigonometric functions. The GVSA offers numerous advantages over the Fourier class of spectral analysis methods (FSA), particularly in analyzing raw records of unevenly spaced real data [START_REF] Press | Numerical Recipes: The Art of Scientific Computing[END_REF]. Application of GVSA is undemanding, with little to no data preprocessing and no postprocessing required. Since variance-based, GVSA provides a straightforward statistical analysis with a generally linear depiction of background noise levels, of accuracy generally unattainable with FSA due to the way data are treated from the outset and in their entirety. The significantly complete modeling of noise makes GVSA more reliable than FSA, as the latter merely unveils periodicity in data that are presumed fit and undistorted. [START_REF] Omerbashich | Earth-model discrimination method[END_REF]) [START_REF] Omerbashich | Gauss-Vanícek Spectral Analysis of the Sepkoski Compendium: No New Life Cycles[END_REF]. GVSA is one of the most accurate methods of numerical analysis [START_REF] Omerbashich | On solar origin of alleged mass-extinction periods in records of natural data[END_REF].

As desired, the data preparation, Table 3, has boosted the magnitude of the absolutely highest spectral peak (that of the 1h period), from 2.2 to 2.3 var%. At the same time, the removal did not affect estimates of spectral periods, while causing an average change in spectral magnitudes, of Δs < 0.04 var% (with just two outliers reaching +-0.2 var%), but this change is well below the spectral magnitude precision of 10 -1 and therefore of no concern either. In addition, the removal has somewhat boosted 491 spectral peaks but also somewhat reduced 509, out of the total spectral resolution of k = 1000 peaks, regardless of significance regime. Most importantly, the removal has increased estimates of confidence levels as well, but only up to ½ of the declared spectral magnitudes precision, of 0.1 var%. This, as follows: from 1.06 to 1.09 var% for 99%, from 0.69 to 0.71 var% for 95%, and from 0.47 to 0.52 var% for 89%, while the 69% confidence-level estimates (which normally make majority in all of the spectra) remained the same, at 0.26 var%. The tradeoff of the removal in terms of disturbed confidence (i.e., the number of spectral peaks either lost or gained with respect to a specific confidence level) was around: 2% gain for 67% level, 12% loss for 89%, 4% loss for 95%, and 7% loss for 99%. The absolute end-result of this post-removal shuffling of significance levels has driven only 12 of all 219 periods with 67%-confidence to drop below significance, out of the total of 385 (across 4000 spectral points of computing the spectrum; in all four significance regimes: 107 at 89%, 46 at 95%, 13 at 99%) that were significant before the removal. (Note here that most of the 67%-confident peaks clustered.) Significance levels: 67% (dotted line), 89% (dashed line), 95% (em-dashed line), and 99% (solid line). Spectral magnitudes are in percentage variance (var%). Corresponding spectral values are in Tables 2 &4. Omitted events listed in Table 3. Labels non-arbitrary. The highlighted label marks the proposed period of self-excited oscillation of the Earth; see Discussion section. A * marks a value obtained as a simple average of two neighboring doublets of a split period (mode doublet). For example, the 18 h period, Table 2, was obtained as 17.99954 h, or a simple average of the 99%significant periods of 66702.31181 s (with very high fidelity, of Φ = 21) and 62894.39540 s (with a very fidelity, of Φ = 19). In statistics, an estimated value with Φ ≥ 12 usually is considered significant of its own and as system-based (here: as having a physical meaning). The 0.30mHz cutoff was selected as the free-to-forced oscillation natural boundary.

Therefore, based on the analyses, the removal was overall beneficial. It enhanced the absolutely highest peak's estimate while not affecting computations of periods or estimates of significances. The 4% boost in the magnitude of the absolutely highest spectral peak after the data removal was not alone; in fact, the second-and third-highest peaks also got considerably boosted, up to 4%; see Table 5. All spectral computations and confidence-level estimates reflect this benefit that justifies the removal procedure as physically meaningful, even for datasets unsusceptible to a 2% refinement as done here.

Suppose the starting physical hypothesis on resonance tectonics correct tacitly, and therefore the removal procedure justified from a physical point of view in general and not just for the herein analyzed data. It then follows from the above that the data indeed possess a high degree of internal consistency and robustness as well as ambiguity -just as one would expect from data which describe a constantly but inconsistently driven physical process. The data indeed described a genuine even though nonlinear behavior of a physical system, as could be grasped already from Figure 5. While faithfully representing the hypothesized physical mechanism, robustness and consistency of the data also justify the choice of M w 5.6 as the cutoff magnitude and a good approximation of the lower defining boundary of the mechanism's contribution to the Earth's energy budget.
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Neither linear detrending nor enforcing (removal of) the lunar-synodic or solar periods proved beneficial, owing to the relatively short data span and external forcing being part of the signal, respectively. Table 5. The response of the three strongest spectral peaks to the 2% removal of overrepresenting data. The spectral peak magnitude estimates are at 99% confidence level, both before and after the data removal. 2 and Figure 2. The plot indicates a genuine response of a physical system to external forcing at long periods (longer than the system's natural period, estimated by many for the Earth as 57' [START_REF] Omerbashich | Earth-model discrimination method[END_REF])), because physical data lack detail for theoretical (perfect) data resolution and to secure 99% confidence all the time. Shown are the linear response (dark line) and logarithmic response (light line), in numbers of superharmonic resonance periods per confidence level, Table 2. .

12 Finally, to examine if a random process dominated detection of the sequence of resonance's subperiods (the signal; here the driver phase's fractions), I next compute 𝑠 𝒋 𝐺𝑉𝑆𝐴 of the data with generic seismic magnitudes assigned at random. To make the test rigorous, I specialize the random set to the record's interval of seismic magnitudes M w ∈ (5.5, 8.2), thus simulating a comparable real-world situation as closely as possible. Then if strong seismic rupturing is a globally random process (where no global physics influences the extent of structural collapse in solids as measured by emission levels of seismic energies or magnitudes), such a random-data spectrum will also match the theoretical sequence randomly. Otherwise, the so verified non-random process is the driver of the strong seismicity.

Test results, in the form of a matching discrete function ∆f, are shown in Figure 8. As can be seen, matches of the T = 72 h theoretical resonance subperiods with nearest most significant spectral peaks from real data dominate the first 30 subperiods of the resonance sequence in the 25:5 (83% v. 17%) ratio, thus -since belonging in the strongest-energies part of the band -sufficiently qualifying as the signal driver and hence defining the signal itself. On the other hand, the success of matching beyond the 30 th subperiod varies.

However, the 30/42 trade-off seems as such only statistically, but it is not a trade-off in terms of physics since the first 30 subperiods refer to more than 99% of the signal's energy and therefore they are the signal for all physical considerations. Hence the real-data spectra outperform the random-data spectra. As for noise, the seeming trade-off arises since a record rich in geophysical contents including tides as part of the signal (so the record could not be detided), reveals limited information only. Thus the positive detection of the signal's first 30 subperiods, in the absence of any forbidding constraints on the remaining 42 subperiods of signal's noise signature, means a positive detection of the entire sequence of 72 subperiods of the Earth body T = 72 h superharmonic resonance.

The weighted average of real-data spectral matching is 2.5% v. random-data matching 8.7% -a 350% outperformance; see Figure 9. shown is discrete function ∆ fmismatching , as a moving average of absolute differences between each theoretical-resonance subperiod and its respective nearest most significant spectral peaks from real-data seismic magnitudes (top half) v. random-data seismic magnitudes (bottom half), in percentages to the respective theoretical resonance subperiods. Also shown are the declared precision for this research, of |5%|, as well as the matching precision for noise, of 2.5% (the precision of detecting the signal's imprint in noise; however, here any signature is only inferred but unrecoverable for the time being). Data are given in Table 6.

Figure 9. Matches from Table 6 and Figure 8, of real-data (left side) v. random-data (right side) most significant spectral peaks to the nearest theoretical resonance periods, TRsup, in percents to the theoretical value. With 6 th order polynomial trends (black curves).
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T R ' [h] T R [h] T R * [h] ∆T R [%]
∆T R * 

T R ' [h] T R [h] T R * [h] ∆T R [%]
∆T R * Figure 10. Random-data pseudoquality, as quantified by data responsiveness to estimating significance levels of the detected (range of all) 72 superharmonic resonance periods of the Earth's 3-day phase, from random-data spectra, Table 6 and Figure 8. The plot indicates no genuine response of a physical system to external forcing at long periods, unlike what is seen in Figure 5 from real-data spectra. Shown is the linear response in numbers nT* of pseudo-matches to superharmonic resonance periods per confidence level, Table 6.

Discussion

The reliable extraction of a complete batch of p = 72 superharmonic resonance periods, Table 2, revealed that, in addition to the short-periodic resonant vibration response known as the Schumann resonances (extremely long-periodic in the electromagnetic spectrum), the Earth is a mechanical forced oscillator with own fundamental discrete function of the global resonant vibration response in the long-periodic band as well:

𝑇 Rsup ∈ � 72 72 , 72 71 … 72 2 , 72 1 � (6)
or, more generally:

𝑇 Rsup (𝑥) ∶ � 𝑇 𝑇 + 1 -𝑥 � ∀ 𝑥 = 1 … 𝑝 ∧ 𝑇 ∈ ℵ ∧ 𝑥 ∈ ℵ | 1 𝑇 , ( 7 
)
where T = 72 h is the resonance-guiding period, x is an independent discrete variable in hours and within its domain of existence [1 h, 72 h], while p = 72 is the resonance range. Note that validity of Eqn. ( 7) could not be verified for x > 73 because, as mentioned in Data Analysis, the 2s-55' band is overburdened with geophysical noise. However, the x > p case is of no concern here, and continuity of Eqn. ( 7) can be freely assumed on an interval, even an open x → ∞ (with some caution).

Thus the discrete function extracted from the data as Eqn. ( 6), and given more generally by Eqn. ( 7), can be imagined continuous within its domain of existence [1 h, 72 h], and hence written in an analytical form, as:

𝑇 Rsup (𝑥) = 𝑇 𝑇 + 1 -𝑥 ∀ 𝑥 ∈ ℜ | 1 𝑇 (8)
which, for T = 72 h, becomes a dimensionless

𝑇 Rsup (𝑥) = 72 73 -𝑥 ∀ 𝑥 ∈ ℜ | 1 72 . ( 9 
)
The above Eqn. ( 9) reflects the sum-up, or enveloping, process of the Earth as a seismogenic coupled resonator, and is as such useful for multidimensional modeling of the Earth as a nonlinear oscillatory system. For that purpose, we can also expand the latter into a Taylor series for a real variable x ∈ [1h, 72h]:

𝑇 Rsup (𝑥) = 72 73 + 72 5329 • 𝑥 + 72 389017 • 𝑥 2 + ⋯ = 72 73 • �1 + 𝑥 73 + � 𝑥 73 � 2 + ⋯ � = = 72 73 • � � 𝑥 73 � 𝑢 𝑣 𝑢=0 ; 𝑣 ∈ ℵ ∧ 𝑣 ≳ 𝑝 , ( 10 
)
where v is not much greater than the resonance range p but is large enough for Eqn. ( 10) to converge to the desired precision.

The T = 72 h phase dominates the strong earthquakes. This also follows from the detection of its many fractional multiples: 3 / 2 , 14 / 5 , 5 / 12 , 5 / 36 , etc. This is the first report of any periodicities in tectonic earthquakes occurrences, let alone of a complete range of superharmonic resonance periods including a batch of the Earth's natural mode of oscillation.

The discovery of the overwhelming response of the occurrences of strong earthquakes to the 3day phase is the evidence of harmonically induced seismotectonics. Besides, the detected superharmonic resonance of the Earth is of n = T 2 type, where

𝑛 𝑚 ≫ 1 ⇒ 𝑛 ≫ 𝑚 , (11) 
characterizes the inducing process.

According to what little is known from mechanical and electrical engineering on subharmonic and superharmonic mechanical resonances in terms of real-life examples, the extracted resonance range, Eqn. ( 6), is the result of the Earth's phase scaling (acting on) the subharmonic resonance of the Earth as a single externally coupled oscillator:

𝑇 Rsup = 𝑇 • 𝑇 Rsub , (12) 
so that:

𝑇 Rsup ∈ 72 • � 1 2 , 1 3 … 1 71 , 1 72 � . (13) 
Alternatively, one could say that the solid Earth acts as both subharmonic and superharmonic mechanical resonator. However, subharmonic and superharmonic resonances are very seldom in Nature or engineering. [START_REF] Hartog | Mechanical Vibrations[END_REF]. Besides, the solid Earth's resonance was entirely unknown until now. Furthermore, as already mentioned, only one excitation is required to induce a superharmonic resonance [START_REF] Yang | Vibrational subharmonic and superharmonic resonances[END_REF], and the excitation of the Earth's resonance by the Moon has been demonstrated as the absolutely largest and driving the Earth forcer phase [START_REF] Omerbashich | Magnification of mantle resonance as a cause of tectonics[END_REF]. Then the Earth resonance as reported herein makes, to the best of author's knowledge, a new class of superharmonic resonance, Eqn. (11). Then this paper warrants a closer look into general superharmonic properties of the Earth as a strictly nonlinear system.

As seen in Figure 6, the difference between theoretical v. computed spectra that have revealed the Earth's superharmonic resonance, Figure 3, is most likely due to data resolution, Figure 5. Specifically, although the longest three periods in Table 2 seem like outliers, the longest estimate's fidelity was Φ Rsup >> 12, whereas a Φ > 12 indicates a physically meaningful result [START_REF] Omerbashich | Gauss-Vanícek Spectral Analysis of the Sepkoski Compendium: No New Life Cycles[END_REF]. Note also the gradual deterioration rather than an uneven change in the three longest periods' divergence from respective theoretical values. At first sight, the difference seems best modeled by a (mother) halfwavelet function. But because of a fixed precision of the spectral analysis and finiteness of the resonance range (discreteness of the resonating masses), the difference could, in reality, reflect the overall system's response in the form of a fast-converging Bessel function of 2 nd kind called the Weber function:

𝑌 𝑒 (𝑥) = lim 𝑙→𝑒 𝐽 𝑙 (𝑥) cos 𝑙𝜋-𝐽 -𝑙 (𝑥) sin 𝑙𝜋 ; 𝑙 ∈ ℵ ∧ 𝑒 ∈ ℵ , (14) 
where

𝐽 𝑙 (𝑥) = � (-1) 𝑧 � 𝑥 2 � 𝑙+2𝑧 𝑧! Γ(𝑙 + 𝑧 + 1) ∞ 𝑧=0 . ( 15 
)
This outcome is largely due to the linear representation of background noise-levels in GVSA spectra, and would not be so readily discernible from power spectra, i.e., Fourier class of spectral methods. Since the Weber function is a type of the Bessel (parabolic cylindrical) functions, this approximation reflects the known tendency of global seismicity to cluster in location towards low latitudes, as well as the origin of the known North-South preferential orientation of Earth tectonics. That, in turn, points at a unique nature of the M w 6.2+ strong seismicity as a global process, while realistically reflecting the fact that that seismicity tends to arise on a parabolic cylinder enveloping the Earth in the equator, as the strong earthquakes cluster towards the equator while avoiding frigid zones. Since this conclusion was reached solely by studying a global M w 6.2+ seismicity time-series, global seismicity and tectonics are one and inseparable process in the realm of the georesonator hypothesis as well as in reality.

Importantly, the Earth's natural or characteristic mode of oscillation, T E , is also strongly present in the computed spectra of earthquake occurrences: as a 55-64' cluster at the 99-67% confidence levels, see Figure 4 and Table 4. Assuming signal split in the shortest part of the band, due to the Earth largely -though never entirely -damping its vibration because of its internal viscosity (Den [START_REF] Hartog | Mechanical Vibrations[END_REF], it is physically justifiable to average that spread. This gives the mean of 1.0025 h, see Table 4. Remarkably, the absolutely strongest resonance period detected was 0.9984 h at 2.3 var%, which was at the same time centered on the Earth natural mode's cluster; see Figure 2 andTable 2. The mean between the measured normal period and its cluster-averaged value is 01 h 00' 01.62" or 1 h exactly to within twice the 1Hz sampling rate. This remarkable precision, due largely to the GVSA [START_REF] Omerbashich | Magnification of mantle resonance as a cause of tectonics[END_REF], strongly suggests that the here discovered superharmonic resonance is the modulator of the Earth's natural mode via synchronization, which is usually defined as the ability of coupled oscillators to lock to a common period [START_REF] Pikovsky | Synchronization: A Universal Concept in Nonlinear Sciences[END_REF] [START_REF] Thévenin | Resonance Assisted Synchronization of Coupled Oscillators: Frequency Locking without Phase Locking[END_REF]. Then the most probable value of the Earth's natural mode is 1 h. Resonance-assisted synchronization of coupled oscillators via frequency locking but not necessarily phase locking has been demonstrated for nonlinear physical systems [START_REF] Thévenin | Resonance Assisted Synchronization of Coupled Oscillators: Frequency Locking without Phase Locking[END_REF] -such as the Earth under conjunctions at which an additional nonlinearity is introduced via gravitational vector's disturbing ("stirring") of Earth masses aperiodically though repeatedly.

The Earth is a nonlinear oscillating system damped due to viscosity -but incompletely so due to external forcing. It makes sense then to examine if such a system is also self-excited -in addition to being both freely and forcedly excited -and thereby nonlinear in a most complex way possible [START_REF] Hartog | Mechanical Vibrations[END_REF]. Here, such a demonstration follows directly from the computed spectra which reveal an anomalous (inside the Earth normal mode's cluster) yet virtually 99%-significant period of 55.67' at a high 1.1 var%, Figure 2. The anomalous period is well defined though slightly shorter than the damped Earth's natural period discerned as 1.00 h. Since damping lengthens the self-excited system's natural period somewhat with respect to the period of self-excited vibration (Den [START_REF] Hartog | Mechanical Vibrations[END_REF], the 55.67', Figure 2, seems to be the period of self-excited vibration. If true, this proposed period confirms the key role of Earth's self-vibration as well as free and forced oscillations.

Remarkably, the anomalous period is globally (laterally and depth-wise as the data not discriminate in the sense of depth stratification) so stable/key that the said 2% data-removal affected neither the period itself nor its variance-based spectral magnitude estimates. While it can be shown that seismic strong motion generally belongs in locally stationary random processes [START_REF] Elghadamsi | Time-dependent power spectral density of earthquake ground motion[END_REF], stability of the anomalous peak's variance-based magnitude with quasi-temporal change indicates a quasirandom and therefore quasi-deterministic (having asymptotic probabilities) stationary process as well, for the entire time-series -meaning both spatially-and temporally-globally. So due also to the spatiotemporal nature of the analyzed time-series, the earthquakes responsible for the anomalous period did not arise on a fault due to the fault's causal determinism and thermal-chemical conditions, but mechanically-regionally instead -as part of the regional structural collapse due to a self-vibrating resonance of plates and regions. (Here, a self-induced resonance of the total-mass Earth is excluded from considerations for obvious reasons.) Add the intrinsic nonlinearity of the external forcing, and one is led to conclude that the Earth is, in fact, an oscillating system (a system critically composed of many independently and dependently oscillating bodies of mass -oscillators), which is at the same time overwhelmed with a most complex nonlinearity. Such a high level of complexity makes testing of the analyzed time-series for stationarity very difficult, or at least until the complexity has been successfully decomposed so that the self-vibrating resonance peaks are separated, extracted, and analyzed. The signal's stability, along with its demonstrated clarity cf. staying above a confidence level over the entire resonance range, and strength as seen by the band's highest peak being strongest in the natural period's own bundle as welldemonstrated beyond doubt that virtually all of M w 6.2+ seismicity arises due to long-periodic resonance.

In order to describe Earth's multi-oscillatory dynamics, simple classical second-order differential equations stemming from the Newtonian mechanics, such as

𝑋 ̈(𝜏) = 𝐹�𝑋(𝜏)�; 𝐹�𝑋(𝜏)� ⫫ 𝑋 ̇ , (16) 
while sufficing for many types of nonlinear problems in geophysics, astrophysics, and astronomy, will not be adequate here. Advantages of algebraic, namely tensorial, representations of the multidimensionality aspect of the Earth's multi-oscillatory dynamics, ought to be used as well.

Based on the preceding discussion, Table 2 and Figure 2 show that the Earth is a many-oscillator system in which the number of oscillators is somewhat less or equal the number of tectonic plates and mantle's semi-rigid regions combined. Presently, at least 159 tectonic major, minor, and microplates have been identified or proposed, while their dynamics has been a subject of speculation [START_REF] Harrison | The present-day number of tectonic plates[END_REF]. The number and dynamics of brittle regions in the upper mantle are unknown. With whatever structural information on each oscillator at our disposal, approximations such as the Kuramoto method and its many variations, which describe the behavior of a large number of coupled oscillators on a circle [START_REF] Kuramoto | Self-entrainment of a population of coupled non-linear oscillators[END_REF], could be applied for different latitudes. To complicate things even more though, the 100s of Earth's own oscillators are most likely only weakly coupled, so that their own normal modes poorly synchronize with each other as well as with the Earth's 3-day phase. Other complications include time-dependent vibration disorder and delayed coupling due to the moving of the plates and mantle, and so on. However, much can be gained from data in order to recover the governing equations of the Earth as a sparsely identified nonlinear dynamical system [START_REF] References Brunton | Discovering governing equations from data by sparse identification of nonlinear dynamical systems[END_REF].

Since this is the first report ever of any periodicities bundle in earthquakes occurrences, let alone of a complete range of superharmonic periods including the Earth's natural oscillation period, seismotectonics on our planet arises via resonant response of different lithosphere chunks and mantle's brittle regions. Each of those mass subsystems features its own natural period at which such a body of mass experiences a resonant rupture (an earthquake) when their natural period matches a here detected superharmonic resonance period or its fractional subperiod, becoming the resonant period. Foreshocks or aftershocks are experienced during synchronization or quieting of a resonating body of mass relative to an Earth's resonant frequency, respectively. Note that what is reported in here represents detection of only one external forcer; however, that is sufficient to induce resonance in a nonlinear system such as the Earth under irregularly repetitive conjunctions acting as the forcing disturbance.

Because the data were prepared so to fit a previously postulated hypothesis, the here reported result represents a solid proof of that hypothesis's validity, and an evidence of the extraterrestrial cause of seismotectonics via frequency demultiplication as one of the rarest mechanical phenomena in Nature, known for its ability to magnify the energy injected at the fundamental disturbing frequency by 100s of times (Den [START_REF] Hartog | Mechanical Vibrations[END_REF].

While this study has succeeded in extracting some of the information most valuable for earthquake prediction to date, it should be noted that any modeling of subharmonic and especially superharmonic resonance is difficult. Nevertheless, direct earthquake prediction in terms of timing, strength, and location of the rupturing should follow from this discovery in a more-less straightforward manner. In the meantime, numerical approximations and stochastic approaches such as seismic forecasting remain of enormous value.

This report brings an immediate and important advancement in predictive abilities of seismology, as the primary task of any science: it enables highly reliable anti-forecasting for M6.2+ seismicity, months ahead and anywhere on Earth. Thus, while a positive forecast states a chance of an earthquake, a negative or anti-forecast states a chance of no earthquake [START_REF] Harris | The Loma Prieta, California, Earthquake of October 17, 1989 -Forecasts[END_REF]. Then in light of the herein unveiled physical mechanism of global resonance seismotectonics, anti-forecasting can also be understood as a direct prediction of seismic quiescence. For it has been too often asserted that a successful seismic prediction is only the one that can predict earthquake's location, time, and size (magnitude); see, for example [START_REF] Wyss | Earthquake prediction -state of the art[END_REF]. Trying to satisfy this all-or-none approach has turned out futile, and insisting on the absolute direct prediction has been impractical. Such, a most stringent, requireement, is found in no other science. The anti-forecasting as proposed here is accomplished directly by identifying the times without conjunctional external forcing.

Note that, although the mathematical generalization of the here reported discovery's background hypothesis has also revealed a relationship between the Earth's normal mode of oscillation and the Moon's orbital period at both macroscopic and quantum scales, this discovery is not about matching of orbital periods (gravitational or orbital resonance). It is about the magnification of mechanically resonating masses oscillation that arises due to conjunctions indirectly. Specifically, the primary gravitational effect or the pull (push, in some modern approaches in physics) is insufficient as the seismicity modulator. Instead, during conjunction, the resonance balance (between viscously induced damping and celestially induced excitation) -observed as a permanent seismic hum in the geophysical band [START_REF] Nishida | Source spectra of seismic hum[END_REF] and maintained thanks to all possible gravitational vectors acting on the Earth interior simultaneously -gets disturbed. Specifically, the only way for the Earth to behave like such an undamped oscillator is if the energy gets supplied to the system externally. At the same time, no momentum or force has been added in the classical sense, so all additions only mean more hum (mum, in fact). Conjunctions merely take away from that mum. Thus, a secondary gravitational effect is at work, which arises . 20 due to the gravitational vectors' stirring of the Earth masses as its body rotates. And that is the main external contributor to the nonlinearity of the Earth as a physical system. Mechanical magnifying oscillators were explored by many in the past, notably Maxwell and Tesla.

When discussing complex mechanical oscillators it is impossible to avoid the subjects of electricity and magnetism. It has been long speculated in geophysics that co-seismic phenomena observed in the electromagnetic domain as seismic precursors mean that seismicity is fundamentally an electromagnetic phenomenon. However, that electromagnetic precursors to ⁓M6+ strong seismicity do not mean an electromagnetic seismogenesis -but are instead a byproduct of key seismogenic mechanical interactions -is seen from the fact that, while neither Mars nor Venus possesses bodily magnetic fields [START_REF] Stevenson | Planetary Magnetic Fields: Achievements and Prospects[END_REF], Mars, unlike Venus, however does not partake in forming of strong seismicity on Earth as described by the pattern, Figure 1 [START_REF] Omerbashich | Astrophysical cause of tectonics[END_REF]. In addition, while electromagnetic phenomena indeed precede some strong earthquakes, in most earthquakes that does not happen. Thus electromagnetic seismic precursors suggest an occasional reaction of the medium to the seismicity-generating mechanism instead. Electromagnetism in seismology is a useful but non-essential phenomenon.

As demonstrated in this paper: while electromagnetic precursors occur at random, the strong seismicity is a global quasi-deterministic physical process caused by the dynamics of the rotating Earth as an externally forced nonlinear mechanical oscillator whose moving parts act like weakly coupled oscillators themselves, and whose own natural frequencies occasionally match one of the Earth's superharmonic resonance frequencies or its fraction, resulting in an M6.2+ earthquake. Seismicity is not caused by electromagnetism but by the progenitor mechanical vibrations, as magnetic fields and electromagnetic forces arise naturally in a magnifying mass-oscillator at work such as the Earth (Den [START_REF] Hartog | Mechanical Vibrations[END_REF] [START_REF] Omerbashich | Magnification of mantle resonance as a cause of tectonics[END_REF].

Conclusions

I have demonstrated that the Earth's seismotectonics arises in a harmonic response of tectonic plates and upper-mantle regions to the Earth's domicile range of 72 resonance periods, shown completely recoverable from USGS, EMSC, and GFZ catalogs of 𝑀 𝑤 5.6 + ����������� occurrences. The discovery is real since the signal represents a dominant carrier resonance (on which the seismicity "rides" as it occurs), rather than a physical process that was inserted seismically into some intermediary data. The detection of an entire resonance range in the band commonly referred to as "long-periodic noise" (but which was here shown abundantly rich in useful information) means that the resonance is unceasing and that all tectonic plates and regions respond actively to some of the resonance periods as those activate. Both internal and external factors induce the Earth's body resonance. The Earth acts as a multi-mechanical oscillator under a constantly albeit unevenly supplied and externally induced forcing that, along with selfvibration, makes our planet a quasi-deterministic nonlinear system with a 3-day phase and ⁓10 m maximum displacement.

When analyzed with spectral techniques impervious to uneven spacing of a time-series, the catalogs are also shown rich with spectral clusters such as a fully recoverable signal of the Earth's natural period of 1 h arising due to the Earth's synchronization to the celestial forcing and for other reasons. The discovery has two important consequences. Immediately, it enables reliable M w 6.2+ antiforecasting (seismic quiescence prediction). In the long run, it points earthquake research in a new direction -of studying subharmonic and especially superharmonic properties of the Earth as a forced, many-oscillator system with dynamically changing nonlinearity. The identification of the system's governing equations from the earthquake and other data should result in successful conceptualizations of Earth-tailored physically-based earthquake prediction.

This discovery nullifies the heat-transfer hypothesis, which should radically diminish the significance of geochemistry and other applications of chemistry in geosciences.
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 2 Figure 2. The spectrum of significant periods in 845 occurrences of Mw5.6+ earthquakes between 1 October 2015 and 2 February 2019, Eqn. (4).Significance levels: 67% (dotted line), 89% (dashed line), 95% (em-dashed line), and 99% (solid line). Spectral magnitudes are in percentage variance (var%). Corresponding spectral values are in Tables2 & 4. Omitted events listed in Table3. Labels non-arbitrary. The highlighted label marks the proposed period of self-excited oscillation of the Earth; see Discussion section. A * marks a value obtained as a simple average of two neighboring doublets of a split period (mode doublet). For example, the 18 h period, Table2, was obtained as 17.99954 h, or a simple average of the 99%significant periods of 66702.31181 s (with very high fidelity, of Φ = 21) and 62894.39540 s (with a very fidelity, of Φ = 19). In statistics, an estimated value with Φ ≥ 12 usually is considered significant of its own and as system-based (here: as having a physical meaning). The 0.30mHz cutoff was selected as the free-to-forced oscillation natural boundary.
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 3 Figure3. A full range (all 72) of the 3-day phase's theoretical superharmonic-resonance periods: (72/72) h, (72/71) h,… (72/1) h (panel a, dashed line, offset-stacked for legibility against logarithmically-scaled ordinate), v. the corresponding range of the 3-day phase's all 72 significant superharmonic-resonance periods (panel a, solid line). The detected range reveals extreme long-periodic resonance, as a characteristic response of discrete regions of a physical system, in case of the Earth lithosphere chunks and mantle regions. Same in a callout with non-stacked plots, against linearly-scaled ordinate (panel b).
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 4115 Figure 4. The full range (all 72) of the 3-day phase's theoretical superharmonic-resonance periods: (72/72) h, (72/71) h,… (72/1) h, Figure 3, (solid line), v. the full range of the complementing theoretical subharmonic resonance periods: (72/72) h, (71/72) h,… (1/72) h (dashed line). Abscissa values in reverse-order for legibility.
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 6 Figure6. Difference ΔTRsup in hours (dark line; panel a) between the theoretical v. computed resonance periods from the earthquake occurrence spectra that have revealed the Earth's superharmonic resonance, Table2 and Figure 3. At first sight, the difference seems best modeled by a mother half-wavelet function. But due to the fixed precision of spectral analyses to 10 -4 or better than 4 s at 1Hz data sampling rate, as well as finiteness of the resonance range and discreteness of the resonating masses, the standard deviation divergence δσ, Table2, at first changes considerably with lowering the number of differences taken into account, only to stabilize asymptotically rather quickly (panel b). So the difference could, in reality, reflect the overall system's response to superharmonic resonance in the form of the Bessel equation (light line; panel a), specifically an asymptotically fast-converging Weber function Y(x), Eqn. (14). Since the Weber function is a type of the Bessel (parabolic cylindrical) functions, this approximation reflects the clustering tendency of global seismicity towards low latitudes, as well as the origin of the North-South preferential orientation of tectonics.

Figure 7 .

 7 Figure 7. Shown is the change of spectral magnitude in var% (light line) of significant periods clustering at the short end of the 55'-15 days longperiodic Earth band, Table4, against the change of confidence level (dark line) of the corresponding periods' estimates. Note confidence levels on the estimates never drop below 89% across the entire bundle of 12 peaks (an anomalous peak is not shown; see Discussion), which probably indicates that the cluster is physically meaningful.
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 8 Figure 8. Performance comparison of 𝑠 𝒋 𝐺𝑉𝑆𝐴 from real seismic magnitudes (top half of the plot) v. 𝑠 𝒋 𝐺𝑉𝑆𝐴 from random seismic magnitudes (bottom half of the plot) in representing Earth body resonance faithfully. Zero-value of subperiod means the outperforming of the opposite type of matching along that subperiod. Closer-to-zero-value means a lesser absolute deviation of computed spectra from the theoretical resonance, in percents to the respective resonance subperiod. Detailed description:shown is discrete function ∆ fmismatching , as a moving average of absolute differences between each theoretical-resonance subperiod and its respective nearest most significant spectral peaks from real-data seismic magnitudes (top half) v. random-data seismic magnitudes (bottom half), in percentages to the respective theoretical resonance subperiods. Also shown are the declared precision for this research, of |5%|, as well as the matching precision for noise, of 2.5% (the precision of detecting the signal's imprint in noise; however, here any signature is only inferred but unrecoverable for the time being). Data are given in Table6.

  

  

  

TABLE 1

 1 

	845 OCCURRENCES OF Mw5.6+ EVENTS FROM 1 OCT 2015 UNTIL 2 FEB 2019. OMITTED EVENTS IN TABLE 3.

*) the value obtained as a simple average of two detected doublets of a split period (mode doublet).

Table
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. Detected superharmonic resonance; deviation divergence (Figure
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); and confidence.
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