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Abstract

The Sun reveals itself in the 386-2.439-nHz (1-mo-13-yr) band of polar (@sun>|70°|) fast (>700 km s"-1) solar wind’s decade-
scale dynamics as a globally completely vibrating/resonating magnetoalternator and not just a proverbial engine anymore. Thus
North—South separation of hourly-averaged, 1994-2008 Ulysses samplings of the <10 nT polar winds in ~"1.6%10"7 —2.5%10"9-
erg energies revealed spectral signatures of a [?]99%-significant Sun-borne global differential resonant activity, verified across
disparate data. Confirming the Alfven’s view on a Sun globally resonating under its Ps="11-yr Schwabe mode, this Alfven
(a-mode) resonance (AR) comprising Rossby-like r-modes and cavity-confined R-modes, is governed by Ps at a remarkable
“25% field variance northside, a “9-yr degeneration of Ps at "20% southside, and a ~10-yr degeneration of Ps under equatorial
mixing. While composing the PG[?]7(88-100-yr) Gleissberg cycle, the 9-10-11-yr sector coupling also co-triggers AR, Pi=Ps/i,
i=2...n, n [?] , imprinted in the fast winds at least to the order n=100. The overwhelming (anisotropy moderating) and
deterministic (with ®>>12 fidelity) AR is accompanied by a most useful symmetrical antiresonance, P(-), whose both N/S
tailing harmonics P(-)17 are the well-known 154-day Rieger period, from which the couplings-freed Rieger resonance sprouts as
wind’s own. Thus the Sun is a typical, “3-dB-attenuated ring system of differentially rotating and contrarily vibrating conveyor
belts and layers, with a continuous spectrum of modes, patterns complete in both parities, and resolution better than 81.3 nHz
(S) and 55.6 nHz (N) in lowermost frequencies ([?]2uHz in most modes). Unlike a resonating car engine that tries but fails to
separate its fixed casing, the resonating free Sun exhausts the wind in a shake-off alongside the rotational axis. AR advances
standard stellar models, agrees with laboratory experiments for enhanced studies of the Sun interior and heliosphere, and can
explain the million-degree corona and solar abundance.
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imprinted in the fast winds at least to the order n=100. The overwhelming (anisotropy moderating) and deterministic
(with ®>>12 fidelity) AR is accompanied by a most useful symmetrical antiresonance, P, whose both N/S tailing
harmonics P17 are the well-known 154-day Rieger period, from which the couplings-freed Rieger resonance sprouts
as wind’s own. Thus the Sun is a typical, ~3-dB-attenuated ring system of differentially rotating and contrarily
vibrating conveyor belts and layers, with a continuous spectrum of modes, patterns complete in both parities, and
resolution better than 81.3 nHz (S) and 55.6 nHz (N) in lowermost frequencies (S2uHz in most modes). Unlike a
resonating car engine that tries but fails to separate its fixed casing, the resonating free Sun exhausts the wind in a
shake-off alongside the rotational axis. AR advances standard stellar models, agrees with laboratory experiments for
enhanced studies of the Sun interior and heliosphere, and can explain the million-degree corona and solar abundance.
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1. Introduction

The Sun is a magnetic star commonly believed to owe its magnetism to dynamo — a process occurring in
the deep interior and in which kinetic energy (here of core motion, mostly primordial rotation) gets
converted into electric energy that naturally gives rise to magnetic fields maintained then by turbulence and
other complex motions (Solanki et al., 2006). The mechanism for solar magnetism could also be
convectional due to plasma/gas flows (Route, 2016) and hemispherical due to Sun’s characteristic
latitudinal variations (Grote and Busse, 2000). Indeed, one of the main results from Ulysses — the only
Space mission that flew above the Sun’s polar (¢su,>|70°|) regions — has revealed latitudinal differentiation
of our star’s magnetism, discovering significant variations in-between the poles as well as from that of the
rest of the Sun, which is dominated equatorially in a “streamer belt” regime. Ulysses also made the first in
situ observation of solar magnetic polarity reversals — occurring over several months of maximum
(magnetic) activity of the Sun, or once every ~11 yr, which confirmed earlier such indications by the Wilcox
Solar Observatory (WSO) (Jones and Balogh, 2003). This quasiperiodicity agrees with the
average Schwabe cycle, Ps€[9 yr, 13 yr], commonly noted since its discovery as a quasi-periodic variation
in the number of magnetism-absent (“dark”) surface regions — sunspots (Schwabe, 1844).

Given our star’s size and mass, it is reasonable to assume that this is no coincidence and that the
Ulysses result is extendable to mean that the Sun behaves as a magnetic alternator engine, known to
normally both vibrate and resonate, i.e., vibrate additionally after its fundamental mode of vibration
matched that of another physical system or its subsystem. Namely, when due to physical coupling with a
subsystem, the resonance is triggered internally (self-resonating system), and when it arises in decoupled
systems and systems, externally, e.g., orbitally. The Father of the widely used magnetohydrodynamics
(MHD) theory (Alfvén, 1942) held a view that the ~11(~22)-yr must be the global resonance period of
existing lines of force in the Sun interior (Alfvén, 1943). Thus the Alfvén waves are a type of compressional
magneto-acoustic waves in the Sun (Campos, 1977), which propagate along magnetic lines of force with a
velocity proportional to the magnetic field, and can become transverse or perpendicular to the wave motion



when they are called kinetic (Alfvén) waves, cf., Alfvén (1942, 1948). The concept of such Alfvén
resonance (AR) has been opposed, e.g., by Bellan (1994), as well as defended, e.g., by Goedbloed and
Lifschitz (1995). While Bellan (1996) found from theoretical considerations that AR is a feature of ideal
MHD only, and therefore cannot arise in reality, Grant et al. (2018) deduced from observations of a sunspot
that, under certain atmospheric conditions, magnetic field-lines flapping, i.e., the Alfvén waves, could form
resonantly driven shocks and dissipate into thermal energy. Modeling by Srivastava et al. (2017) suggested
that observed high-frequency (~12—-42 mHz) torsional oscillations in the quiet Sun are torsional Alfvén
waves and that they transfer ~10° W-m™ energy into the overlying corona, sufficient to heat it and facilitate
the creation of the solar wind. In addition, a linear scaling law has been observed independently from
Ulysses mission data, spanning more than two decades and holding across a wide range of scales extending
from few minutes up to 1-day and longer (inertial) scales (Sorriso-Valvo et al., 2007), indicating that the
Sun drives solar-wind turbulence itself (Bruno and Carbone, 2013). The unexpected existence of the scaling
law in anisotropic, weakly compressible, and inhomogeneous turbulence still needs to be fully understood
(Sorriso-Valvo et al., 2007). This linear scaling is the first large-scale evidence that solar-wind turbulence
could be describable using the MHD theory.

It is well established that the Sun and other stars are vibrating bodies (Deubner and Gough, 1984),
whose vibrations, magnetism, polarity, and AC (current), propagate via released magnetized plasma
(atmosphere’s thermally ionized gas; mostly H'—He*" charged particles). The released plasma is
named solar wind, and it propagates into the heliosphere, where the wind’s magnetization is then called
the interplanetary magnetic field (IMF). The Sun’s and heliosphere’s vibrations occupy various ranges: 4—
15-minute short-period and 2-hour—12-day intermediate long-period bands (Thomson et al., 1995), the ~7—
30-day long-period band dominated by the Sun’s ~27-day surface mean rotational phase (Choi and Lee,
2019), the ~30-day—1-yr long-period band dominated by the widely reported Prg = ~154-day Rieger period
(Rieger et al., 1984) and its %Prg, 73Prg, ¥2Prg, /3Prg, /5Prg harmonics, i.e., ~128, ~102, ~78, ~51, ~31-days
periods referred to as Rieger-type periodicities (Dimitropoulou et al., 2008), 1-2-yr intermediate very-long-
period ranges (Forgacs-Dajka and Borkovits, 2007), as well as occasionally reported longer-period bands
ranging from ~1-11 yr, e.g., Vecchio and Carbone (2009) and Deng et al. (2014).

The first known attempt at recovering the Sun global field-line resonance, as driven by Ps and first
proposed by Alfvén (1943), was by Stenflo and Vogel (1986) and Knaack and Stenflo (2005), from the Sun
data and using spherical harmonic decomposition modeling with Lomb-Scargle and wavelets spectral
techniques. However, their result was dubious as built on inapt techniques applied to regions of deviating
turbulence, e.g., Bruno and Carbone (2013), and represented by data of questionable quality so that their
alleged recovery turned out to be sparse (in one alleged parity only and without any reasonably discernable
patterns) and coarse (both inaccurate and imprecise). Also, there have been reports of solar-wind resonances
but in shorter-period ranges and mostly centered on the Sun rotational frequency, e.g., by Singh and
Badruddin (2019). One prominent case of a solar wind’s global systematic dynamic is the Rieger resonance
(RR), encompassing a train of the mentioned Rieger-type harmonics driven by Prg, and for which Bai and
Cliver (1990) suggested could be simulated with a damped, periodically forced nonlinear oscillator that
exhibits both periodic and chaotic behavior. Rieger-type periodicities could be explainable by Rossby-type
waves or another effect (Knaack and Stenflo, 2005). RR was reported in the IMF, including Earth vicinity
(Cane et al., 1998), and in different ranges depending on data, location, epoch, and methodology, as 155—
160 days, 160-165 days, 175-188 days, and 180-190 days (Gurgenashvili et al., 2017). Thus while Rieger
resonance occurs in various ranges, those share the 30-180-days band. Historically, the Rieger period has
decreased until the middle of the last century and then began to increase again towards the end of the
century, opposite to the activity magnitude trend (Zagarashvili et al., 2010). Likewise, Rieger-type
periodicities also correlate with solar cycle strength and are shorter during solar cycles with higher magnetic
activity (Gurgenashvili et al., 2016). This situation implies that Rieger resonance originates in the Sun
engine. However, possible upstream waves in the solar wind from termination shock on the order of a few
days and longer were implied from Voyager 2 mission samplings of the solar wind on entry into the
interstellar space, allowing for the classical explanation according to which a mechanical resonance can
arise due to waves encountering physical obstacles along propagation paths.



Unlike spectra of spheroidal p- (pressure-force-; compression-restored-) and g-mode (gravity-
force-; buoyancy-restored-) vibrations with >1 h periods and extracted often in the past, toroidal R-mode
(cavity-confined; electromagnetic-force-restored-) resonances (Dzhalilov et al., 2002) and geometrical 1-
mode (Rossby-waves-like; Coriolis force-restored) months-long periods remain elusive and rarely tackled
(Knaack and Stenflo, 2005). Crude estimates indicate that R-mode periods are in the range of years and
inexplicable by dynamo theory (Stenflo and Vogel, 1986). Since the latter two types of long-periodic
vibration occupy two adjacent portions of the subrotational frequencies (periods from ~30-day to ~11-yr),
i.e., the entire band of interest in the present study, they herein are considered together and so conjointly
termed the a-mode (globally-triggered-and-restored-) resonant vibrations or AR for Alfvén Resonance, with
periods “P="P U "P. In stars with a uniform rotation, very-low subrotational frequency vibrations (like the
a-mode vibration) are likely candidates for (global) resonance with the orbital motion (Papaloizou and
Pringle, 1978), which due to our Sun’s non-uniform rotation excludes external triggering of global
resonances. Furthermore, in cases of non-uniformly rotating stars like our Sun, we can expect to see a
continuous spectrum of modes that can undergo amplification and hence lead to enhanced dissipation
(ibid.).

Spacings and orientations of current sheets in the solar wind reveal that the magnetic structure of
the heliosphere is a network of braided magnetic-flux tubes of unknown origin (Borovsky, 2018). These
hypothetical tubes could arise as propagating modes experience resonances that generate coherent
structures in the solar wind, allowing for the solar origin of the convected component of interplanetary
MHD turbulence (Bruno and Carbone, 2013). Field-line resonance was invoked previously as the
mechanism behind two still unresolved problems of large-scale dynamics: solar abundance (Asplund et al.,
2009) and the million-degree corona (Davila, 1987). And while the internal heating of the solar wind on
release is due to small-scale ion-cyclotron resonance (Kasper et al., 2013), global overheating of the corona
and the peculiar intrinsic acceleration of the solar wind to distances of ~10Re or ~0.05 AU likely share the
same (unknown) underlying mechanism (Grail et al., 1996). Completing global knowledge of the Sun
would have very large implications for our understanding of stars and galaxies in general (Bergemann and
Serenelli, 2014). For example, such a breakthrough would cast light on how stars lose mass and angular
momentum to stellar winds, while r-modes, if measured, will become sensitive new probes of stellar physics
and structure (Wolff and Blizard, 1986).

The present study then aims at extracting a signature of the Sun’s global periodic information as
imprinted in the nearby solar wind using the apt methodology to analyze gapped data. Note the use of the
term vibrations for dynamical and oscillations for kinematical (“without mass”) macroscopic
considerations. Namely, when speaking of vibrations, one is prompted to think in terms of dynamics, i.e.,
mechanical waves physically discernable as they propagate through (all forms of) matter, which is most
useful for practical considerations. Referring to oscillations requires mostly abstract thinking, primarily in
terms of kinematics (like orbital), but also in terms of other geometric relations, and it is useful primarily
for theoretical considerations.

2. Data and methodology

To extract the Sun periodicities in the band of magnetic polarity flipping, I compute spectra of the only type
of globally emitted solar wind whose origin is undisputed - the fast (>700 kms™") wind, emitted mainly
from polar regions; sources of the slow wind (~400 km-s™") and their locations remain a matter of debate
(Brooks et al., 2015). Thus I regard the fast wind as ideal, i.e., matching the original physical conditions for
the release as closely as possible. The goal is to put the often-heard syntagm on the Sun internal engine to
a test by examining if how the Sun emits the wind corresponds in any way to a shake-off typical of many
engines trying to rid themselves of their casing while experiencing a mechanical resonance. The resonance
in such cases is due to irregularities in the engine structure and conditions or other factors that introduce
jolts into vibration. Here I tacitly assume that variations in the Sun's internal structure and composition can
produce such mechanical resonances and that the (equatorially dominated) rest of the Sun mainly hosts
sources of the slow wind.



I carry the examination first in the little-explored portion of <~11-yr solar vibrations: the 1-13-yr
very-long-period (31.71-2.439-nHz) range of the flipping itself, or in the ~0.01-0.13-ZeV (~1.6:10” —2-10°
erg) band of solar-wind extreme energies. Namely, if a systematic physical process could be identified
spectrally within the highest system energies, contrary to smooth spectra due to turbulence, then the process
is most likely caused by the Sun’s internal engine (Gough, 1995). Furthermore, if the mechanism can be
shown resonant in the band of interest, as established previously for other bands, then the Sun demonstrably
behaves like and maintains the state of a magnetic alternator engine. Then as such, the Sun can be expected
to resonate predictably, which is usable for probing the interior based on a simple premise of physical
sciences — that on a most general utility of any regular propagation of energetic waves that are within reach
of our instruments.

Secondly, I investigate if the heliosphere maintains solar a-mode vibrations, as transpired via the
solar wind, in the band of interest. If so, that would allow learning more about the inner workings of the
Sun and the energy budgets of the heliosphere (Brooks et al., 2015). Successful extraction of vibration
information here could allow learning from modal analysis of resonances (Deubner and Gough, 1984) and
to the degree that depends upon the regularity and strength of a resonant process. In addition, any detection
of a-modes would provide a substantial new probe of the Sun interior rotation and, eventually, a constraint
on convection theory (Wolff and Blizard, 1986). Note here that Fossat et al. (2017) have meanwhile claimed
the absolute value for the Sun core rotation of ~one week. To achieve the goal and extract the desired
information in an approach modernized both in terms of data and methodology, I use the four of, for global
studies arguably the best, data sets of solar and solar wind’s magnetic fields data. Thus to examine how
well the heliosphere maintains wind vibrations, I compare the spectra of the Sun global fields (mean
magnetic field (MMF) and polar fields (PF) from the WSO telescope (Scherrer et al., 1977), and polar
magnetic fields as reflected in the fast wind from Ulysses) against the spectra of IMF at L1 from WIND
mission. Here MMF is presumed dominated by background/equatorial fields in a ~9:1 ratio to other
magnetic features, including local fields, i.e., sunspots (Bose and Nagaraju, 2018), and reflected in the slow
wind. Since here the MMF and WIND data are taken to depict relatively slow vs. fast wind at its sources,
respectfully, their matching of the .1 dataset would mean that the heliosphere reflects solar vibrations in
the band of interest at planetary distances.

As mentioned earlier and based on previous studies of Ulysses measurements, while the Sun emits
the fast wind from polar regions, the slow wind emitted from lower heliographic latitudes gets slowed down
by rotation and thereby equatorially mixed to the streamer belt regime; see, e.g., Smith and Marsden (2003).
Then from the perspective of the Sun vibrating like a classical magnetically alternating motor as well, the
fast (polar) wind should reflect the Sun’s inner workings more faithfully than the slow (equatorially mixed)
wind ever could. Importantly, since the polar regions themselves emit the solar wind at significantly varying
rates given the southern region’s instability due to higher turbulence and wandering fields, resulting in
significant N—S asymmetry of solar wind speeds irrespectively of solar activity (Tokumaru et al., 2015), I
also separate the polar data into northern and southern fast solar winds. Finally, if the fast solar wind indeed
permeates the heliosphere in the band of polarity flipping, the Sun then should be expelling the wind at
those same resonance modes too. In summary, after the separation of resonance from heliophysical
background noise, the Sun structure, composition, and engine parameters could all be tackled from a new
perspective based on modal analyses. This new perspective could enable gaining a more detailed if not
complete insight into our star than previously attainable from using tools such as helioseismology,
spectroscopy, cosmochemistry, or gravity modes. Finally, such new fundamental knowledge on the Sun’s
inner workings would also improve our understanding of stars and star systems. Data used in the present
study are depicted in Fig. 1. The spectral resolution is 1000 points/lines throughout the present study.

To compute spectra, I use the rigorous Gauss—Vanicek (GV) method of spectral analysis (GVSA)
by Vanicek (1969, 1971), which represents spectral peaks against linear background noise levels. The
spectral peaks can be expressed in percentages of the respective peak’s contribution to data variance (var%),
as well as in decibels, dB (Pagiatakis, 1999). GVSA comes integrated with a complete statistical analysis
into a scientific software package LSSA that provides periodicity estimates in the strictly least-squares
sense, unlike the more popular Lomb-Scargle approximation that underperforms when analyzing noisy and
complicated signals such as those of solar activity (Carbonell et al., 1992; Danilovi¢ et al., 2005). Tests of
GVSA, showing its superiority, have been performed, e.g., by Taylor and Hamilton (1972) and



Omerbashich (2003). Using GVSA has many benefits and outperforms Fourier methods in numerous ways
and situations; for example, when analyzing long gapped records, i.e., most records of natural data
(Omerbashich, 2021a, 2007, 2006; Press et al., 2007; Pagiatakis, 1999; Wells et al., 1985). By discarding
unreliable data in the record, such as non-calibrated telescope observations, I also take advantage of the
blindness to data gaps as a feature exclusive to the least-squares class of spectral analysis techniques. This
property of GVSA becomes a crucial advantage in analyses of scarcely clustering intermittent observations,
like those of the solar wind above polar regions, which are intermittent because of the Ulysses mission
objective to target polar regions as rarely observed, Fig. 1-c. The minimum number of values GVSA can
estimate a spectrum from is three.

GVSA is rigorous because it both estimates a statistical significance in var% for the desired level,
say 95%, in a spectrum from a time series with p data values and q known constituents as 1-0.95%®4?
(Steeves, 1981) (Wells et al., 1985) and imposes the fidelity or “realism” (®) additional constraint to
determine the validity on each significant spectral peak individually. As known from advanced statistics,
fidelity is a general information measure based on the coordinate-independent cumulative distribution and
critical yet previously neglected symmetry considerations (Kinkhabwala, 2013). In communications theory,
fidelity measures how undesirable it is (according to some fidelity criterion we devise) to receive one
information as another piece of information is transmitted (Shannon, 1948). Fidelity is then defined in
GVSA, i.e., in the theory of spectral analysis, as a measure of how undesirable it is for two frequencies to
overlap at (occupy) the same frequency space of a sample. A fidelity value then is that time interval (in
units of the timescale) by which the period of a significant spectral peak must be elongated or shortened to
be m-phase-shiftable within the time-series length. @ then measures the unresolvedness between two
consecutive significant spectral peaks (that cannot be m-phase-shifted). Two adjacent peaks are resolvable
if their periods differ by more than the fidelity value of the former. This clustering tendency criterion reveals
whether a spectral peak can share a systematic nature with another spectral peak, e.g., be part of a batch, an
underlying dynamical process like resonance, antiresonance, reflection, overtone, undertone, etc. The
spectral peaks that meet this criterion are in the LSSA software output listed amongst insignificant, and the
rest amongst significant (hereafter: physically-statistically significant peaks or just (fully) significant
peaks for short). Subsequently, Omerbashich (2006) deduced empirically an additional criterion of
stringency: that GVSA fidelity in prominently periodic time series (with more than just a few periodicities)
to reasonable approximation satisfies a ®>12 common criterion for the individually genuine significance
of a systematic process and therefore most of its periodicities as well.

To prevent aliasing, the band's lower end, 13-yr, was selected as not too close to Ps and as out of
phase with the Ulysses orbital period, of 6.2 yr. Thanks to the ability of GVSA to handle spectral/energy
leakages methodologically, i.e., simply by slightly adjusting the band limits if needed, this band choice
should also prevent any leakages for that band. Also, unlike in the Fourier class of spectral analysis methods,
GVSA does not depend on the Nyquist frequency, and so can fit trigonometric functions even in, i.e., extract
significant periodicity from, data spanning intervals slightly (empirically: up to ~50%) shorter than twice
the period of interest.

3. Results

Spectra of the data from Fig. 1 were computed first in the little-explored 1-13-yr (31.710-2.439-nHz or
100.00-7.69-cycles per century) band or the ~1.6-:10” —2-10° erg band of solar-wind extreme energies and
plotted in Fig. 2 in five panels, respectively to the panels of Fig. 1 whose panel c also corresponds to Fig.
2—d & e after data separation into the southern and northern polar wind, respectively. As seen, notable
spectra-wide features in the revealed series of ordered frequency response functions are resonance (sharp
peaks) and to it symmetrical antiresonance (sharp troughs) trains, a ~3-dB attenuation typical of controlled
mechanically resonating structures like engines (Ewins, 1995), and a constantly high relative system energy
in the lead mode and all the harmonics, of ~25 var%. These features are typical of a classical motor and
reflect the previously little understood workings of the often invoked Sun internal engine. The extracted
solar-wind signature of a very-long-period resonance of solar magnetic fields contains several additional
fundamental properties of vibrating/resonating systems, which are addressed in terms of this result's
experimental validation later on. One property worth noting right away is the symmetry between the
resonance and antiresonance, which reveals a real engine at work.
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Figure 1. Plots of analyzed average strengths, B, of magnetic fields studied. Panel a: daily averages of the Sun’s BS150 uT mean magnetic field
(MMF) by the Wilcox Solar Observatory/ telescope (WSO) from 16 May 1975-03 August 2021. Panel b: daily averages of the B<50 nT, 2004—
2021 interplanetary magnetic field (IMF) by WIND at the L1 Lagrangian point from 01 June 2004—04 November 2021. Panel c: hourly averages
of the B<10 nT IMF from Ulysses over the Sun’s polar regions (¢su>|70°]) in three flybys above the southern (light gray): 26 June—05 November
1994, 6 September 2000—16 January 2001, 17 November 2006—03 April 2007, and the northern polar region (dark gray): 19 June-29 September
1995, 31 August—10 December 2001, 30 November 2007-15 March 2008. As can be seen already here in the time domain, the IMF both at L1,
panel b, and over the Sun’s polar regions, panel c, not only acts in unison with solar cycles of magnetic activity’s maxima and minima but also
closely resembles usual year-to-year activity. Thus the IMF largely preserves years-long systematic contents, thus prompting for decade-scale
spectral analyses of the data down to the solar cycle’s Schwabe period, Ps= ~11 yr. IMF observations by WIND in the lunar orbit, from 01 January
1995-31 May 2004, i.e., before assuming the mission target orbit at L1, were omitted from computations and the plot for clarity. Numbered arrows
mark the times of respective solar cycles that by convention always start at a minimum activity (shown as white arrows) and develop into a
maximum solar activity (as black arrows) around midway through the respective cycle. To compensate for a relatively lower data resolution in
polar data vs. other datasets, hourly averages of the Ulysses samplings, panel a, presumably richer in systematic information than daily averages,
were used. Data were plotted co-temporally amongst the panels for comparison, and are given in the Supplement.

The lead resonance period of the north wind in this condensed band was Ps=12.0 yr, panel e. Even
though this northern data spectrum somewhat outperformed the southern, panel d, due to relatively higher
levels of southern turbulence and the temporal proximity of solar cycles' activity extremes to the north
samples, Fig.1, all periods for both polar regions are >99% significant, and in terms of resonance and
antiresonance (due to coupling) trains were resolved. The 9-11-yrs periods difference itself, as a
consequence of polar asymmetry in the solar magnetic activity, can be expected to trigger a perfect (integer-
ordered) mechanical resonance in the wind's waving, here recovered in both polarities, as shown in Fig. 2



over the 1-13-yr (31.710-2.439-nHz) condensed spectral band. As opposed to turbulence that exhibits
smooth spectra, such a perfect resonance can only be dictated by the Sun internally; see, e.g., Gough (1995),
here especially so since characterized by sharp peaks and troughs, and very high fidelity — all indications
of a deterministic driving process. This result agrees with Knaack and Stenflo (2005), who claimed that
~1-yr and longer Sun periodicities align to solar cycles and are unlikely to arise randomly. Note here that
the Ulysses hourly data contained presumably more complete systematic information and have
outperformed the WIND and WSO data despite the latter two records featuring relatively higher
completeness rates and longer time spans. The significant variation between the spectral magnitudes of
resonance peaks in panels e vs. d of Fig. 2 reflects the N-S asymmetry in solar-wind IMF, found affecting
wind speeds and confirmed independently of Ulysses data, e.g., by Tokumaru et al. (2015).

For a more detailed insight into the AR and RR, and since AR is driven presumably by the Schwabe
cycle (Alfvén, 1943), the spectra of data from Fig. 1 were re-computed (“zoomed out”) in the 1-month—13-
yr (385.802-2.439-nHz or 1200.00-7.69-cycles per century) full band of subrotational frequencies, or in
the 0.01-1.60 ZeV (~1.6-10” —2.5-10° erg) full band of energies. This approach is further justified by Fig.
2—-d & e already matching experimental results, Fig. 7—a. The results are in Tables 1-3 and Fig. 3 on five
panels, again respective to the panels of Fig. 1 and the five panels of Fig. 2. As in Fig. 2, the MMF in Fig.
3, panel a, and the N-S combined data, panel c, reveal that spectra tend to flatness due to turbulence (Gough,
1995). However, despite a heavy turbulence suppression, equatorial instability never attenuates the (fast-
wind) resonance entirely, as seen in the partial and 0.1-var% faint extraction of RR at 67%+ significance,
panel a. (Here, well-known physical processes are regarded as significant if extracted with at least 67%
significance.) Furthermore, any radical disparity amongst the Ps global resonance modes, Fig. 2, is now
gone, Fig. 3, and those periods are now more congruent, as discussed later. Note an improvement in the
estimates of Ps and Pg, periods going from panels a—e here and from Fig. 2—e to Fig. 3—e, as well as in the
spectral resolution of the Rieger resonance (extraction-wise and magnitude-wise), seen as a relative increase
in the left-hand frame’s area with data separation. Also seen is a magnitude-of-order increase in spectral
magnitudes on panels c—e compared to a & b, i.e., in system-energy bands occupied by AR, meaning the
Prg from panel a (value grayed out), while 67%-significant, is still part of background noise and thus not
emitted equatorially. Panel b of Fig. 3 has revealed from WIND spacecraft measurements of the IMF at L.1
that the heliosphere maintains AR and RR at least to L1 distances, each as a whole. However, this pureness
of the signal breaks down temporally beyond/above the antiresonance train’s termination point at ~annual
periodicity (at which the global coupling ceases but without vibration relaxation), spatially beyond L1, thus
leaving RR open to external influences ranging from planetary constellations and gravitation to increased
activity of magnetic fields, all suggested in the past.

As seen from Figs. 2—e and 3-e, the couplings-free RR is a re-emitted (offshoot of) AR via the
tailing antiresonance mode P17, and primarily around the extremal phases, i.e., maxima and minima, when
conditions least favor turbulence (depicted in frequency space as anisotropic peak-splitting), making room
for a partial reorganization of the fields' activity into resonance and antiresonance trains. Note the original,
i.e., system value of Pgg as released by the Sun during the solar cycle 23 maximum, Fig. 1, of 156.5 days.
The fluctuation in Pgg throughout the heliosphere is constrained to no more than a few % of Prg and seen
formatted into the above-mentioned Rieger-type harmonics. Namely, this limited variability in RR is an
additional indicator of a possible impact of interplanetary constellations, including planetary gravitation
and magnetism (since those are geodynamically most significant, as experienced by the solar system
bodies), on Prg and the couplings-freed RR that thus gets reformatted into Rieger-type periodicities as
reported widely. Fidelity values stayed well below 12 on all peaks of RR (when RR is computed alone, i.e.,
in the 30-180-day band; not shown), revealing that RR as part of the Sun's AR signal is never a solitary,
i.e., uncoupled physical process. Thus as soon as it gets released from the Sun couplings, factors external
to the Sun, like the above-mentioned planetary constellations including planetary gravitation and
magnetism, take over in the role of additional actors in suppressing the fidelity on peaks down to ~annual
termination modes.
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Figure 2. GV spectra of magnetic fields’ strength variations from Fig. 1 reveal the Ps=~11-yr (Schwabe) mode-driven a-mode (Alfvén)
resonance (AR) in the 100.00-7.69 cycles per century (c.p.c.), i.e., 1-13-yr or 365-4745 days (31.710-2.439-nHz) band. Panel a — from WSO-
derived daily values of the MMF; panel b — from the WIND spacecraft’s quasi-stationary IMF samplings at L1; panel c — from Ulysses flybys
over the Sun’s polar regions; panel d — separately from Ulysses magnetometer data over the northern; and panel e — separately from Ulysses
magnetometer data over the southern polar region. Numbered triangles mark the fidelity values on respective spectral peaks along a third arbitrary
vertical axis (not shown). Fidelity on extracted spectral periodicities stayed well above 12, indicating a genuinely dynamical process (Omerbashich,
2006). Note the overall increase in statistical fidelity following the N-S data separation and the increase in system energy occupied by AR, from
~10 var%, panel c, to ~20 var%, panel d, and ~25 var%, panel e. In addition, the mutual resemblance of variance and power spectra, which virtually
coincide in shape, indicate that the process that the Fig. 2 spectra describe happens over far wider bands, which warrants re-computing spectra.
Indeed, the results of spectra recomputation, now in the Sun full long-period band (of rotational-to-Schwabe frequencies), were plotted in Fig. 3.
Note that the mode order in the present study is per separate extractions as shown in Tables 1 (marked as m), 2 (marked as k), and 3 (marked as n),
rather than imagining the symmetrical (parity-dependent) Sun in simple modeling such as spherical decomposition.



77 300 800 c.p.c. 1200
05 i +
-1
£ a)
2
0
#
g
1
"
£ (&S
5| Q c)
>
20
| |
: | [ |
RN S R | R R LY N | R | R
| |
0 ' oeirentn A MNhn o | o snincance)
40
=
>
20 - , - i
—-|Pi=154.4 days il
| | |
| [ RR
ﬂ |
0 99% significance Ulllf'l.l\_.\ ot AMMARATRRAAA A AR
40
=/ (=
§ 0 E)
AR ||| .
20 R
I e L
P;=154.4 days
TR
0 .
77 100 300 800 c.p.c. 1200

Figure 3. GV spectra of data, Fig. 1, in the 1200.00-7.69 c.p.c., i.e., 1-month—13 yr or 30-4745 days (385.802-2.439-nHz) band of Sun subrotational
frequencies, revealing complete AR in some cases, i.e., a continuous spectrum of modes. Panel a — AR absence from the MMF; panel b — AR
detection in the IMF at L1 from WIND; panel c — AR extraction from the northern- and southern polar wind data combined; panel d — AR
extraction from the northern polar wind data; panel e — AR extraction from the southern polar wind. The left-hand frame, labeled as AR (note the
AR proper includes within its 30-180-day subband the RR as well), partly seen in Fig. 2, delimits the main (0.5-13-yr) frequency subband of high-
est resonantly magnified energies in the Sun vibrations, as seen from intensive and systematic peak-splitting due to coupling but not turbulence ani-
sotropy, which thus turns out to have been moderated by AR. The right-hand frame delimits the 30—180 days frequency subband of the Rieger reso-
nance (RR) under the Prg=~154-day Rieger mode, widely reported in solar indices and which here turns out to be a subband of AR global resonance,
Fig. 2. Prg estimates recover best from the IMF at L1 (WIND), panel b, and northern-polar IMF, panel e, reflecting the known fact that primarily
the northern fast solar wind reaches the IMF at L1. Thanks to GVSA spectral magnitudes in var% being directly proportionate to system energy,
the resonances are extracted fully (with a continuous spectrum of modes and complete with antiresonances and patterns in both parities) so that fra-
mes scale also magnitude-wise, i.e., as energy bands. Fidelity (not shown) satisfied the ®>12 threshold for periods of up to ~1-yr, indicating that
the AR spectrum represents a genuine process, here up to the ~annual cycle(s), exposing RR as not a self-sustained physical process but a carrier
of the Sun’s resonance frequency (Ps global resonance mode) and its (by couplings superimposed) antiresonance harmonics. Thus the real (gravitati-
onally unperturbed) Prg is extracted as P'17= 154.4-day from both polar regions, panels d & e and Table 2. Note AR as always preceded by an antire-
sonance mode P, which also holds for P, when the band’s lower limit gets lowered even further, say to 5 c.p.y. (not shown). The period labels high-
lighted in gray mark a (67-99%]-confidence. Frame labels omitted for clarity where necessary, and frames dashed where resonance driver is absent.
Numerical values of the plotted AR modes are listed in Table 1 and of antiresonance modes in Table 2. Notably, the Sun vibrates at all times with
three global modes: the original Ps northwards plus two variations, a ~9-yr southwards and a ~10-yr equatorially, panels e/b, d, c/a, respectively.



The complete extraction of AR and RR explains why the Rieger period Pgg is so profoundly present
throughout our solar system. Namely, Pgg is the last >99%-significant antiresonance mode, of order k=17,
at whose frequency the internal global couplings cease, and this P"1; mode remains the shortest a-mode
produced by the Sun alone, allowing this mode, as the real, i.e., externally-gravitationally still unperturbed
Prg, to effectively escape the Sun’s inherent anisotropy and turbulence. Once set free (becoming exposed
to planetary fields, mainly gravitational but in case of gaseous giants magnetic, perturbations), dynamical
waves in the solar ejecta that propagate under the P71 mode create at least two reflection trains complete
with resonances but without antiresonances (the Sun internal couplings) anymore and up to the rotational
frequencies, Figs. 2—4. This composition reveals RR as an actor in the solar-system dynamics, in unison
with planetary gravitational and magnetic fields. The P"1; = 154.4 days, as one of only two a-modes obtained
from both the southern- and northern polar fast wind Ulysses data separately, Table 3, thus appears in
various types of heliophysical data as a prevailing driver that guides the from-that-point-on released wind’s
principal mechanism of propagation — the quasiperiodic flapping about the ecliptic. At the same time, Prg
becomes the carrier wave of the power from all the preceding (lower) frequencies below Ps, namely the AR
train. Thus Pgg is locked firmly in-between the two dominant global dynamical regimes (internally: that of
AR; externally: that of planetary constellations and fields), making it overall the most present resonance
mode in the heliosphere, which is already well known to be the case, see Introduction. As seen from Figs.
4 & 5, fidelity drops to ®<12 beyond the antiresonances termination, i.e., in sup-annual frequency bands,
allowing further for the possibility that RR becomes modulated by planetary constellations and fields; e.g.,
the Hale cycle too could be modulated by heliosphere’s magnetism (Thomas et al., 2014). This flexibility
means that from Pgrg on, fields couple freely with Prg waves as the otherwise final (antiresonances-
termination-) offshoot of AR. Here the AR’s power gets channeled in the heliosphere by a
gravitomagnetically modified RR (physical waves of solar ejecta) pushed outwards resonantly and thereby
sped up, which is known to occur at least until the wind reaches ~10Ro but lacked explanation until now
(Grail et al., 1996). Thus the Rieger period is simply a triple (tri-band) resonance response of the Sun to its
three significantly contrarian global vibrations (~11, ~10, ~9-yr) around the global mode: Prg=Ps/3/3/3.
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Figure 4. A compressed view of AR, highlighting waveform envelopes: in the southern polar fast wind from Fig. 3—d, panel a, and in the northern
polar fast wind from Fig. 3—e, panel b. Fig. 3—e.
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WSO MMF |WIND IMF/L1| UlyssesNS | UlyssesS | Ulysses N WSO MMF |WIND IMF/L1| UlyssesNS | UlyssesS | Ulysses N
m| Pm ®Pnl Pn Pn Pn Pn| Pn Pnl| P, D, m|{Pn ®Pn| Pn Pnl Pn On Pn & P, D,
0 | 3609.3] 390/ 4100.0/ 1300| 3609.3| 1300| 3223.6/ 1100  4100.0| 1800 66 44.1] 02| 552 03] 594| 04| 647] 05
126559 210 2912.3 670 2258.2| 510 1558.2] 260| 2258.2| 550 67 434 02| 539 03] 579 04 629 04
2 ]2100.9 130 1481.6 170 1643.1| 270 1349.1 200| 1844.0| 370 68 427 01| 530 03] 564 03] 613 04
3|1737.7/ 89 9936 78 1144.3| 130 9321 93| 1481.6| 240 69 421 01| 524/ 03] 550 03] 597 04
411349.1 54 7121 40 9042 82| 853.0/ 78 11025 130 70 415 01| s517] 03] 536/ 03] 582 04
5] 9321 26 5653 25 766.3] 59 766.3 63| 9936 110 71 409 ol BB o3| 523 03] 575 04
6| 747.4/ 17 4916 19 650.6| 42 6650 47| 877.9] 83 72 403 o01] 505 oS 03] 568 04
7| 6800 14 4168 14 5653| 32 623.7 42| 747.4| 60 73 398 01| 500 03 503/ 03] 561 03
8| 5653 10| 3575/ 10| 499.7| 25 5761 36| 6956/ 52 74 39.3| 0.1 494 02| 499 03] 554 03
9| 5448 9] 3231 8| 4545 21 5168 29| 6369 44 75 387 01| 488 02 493 03] 548 03
10| 476.0 7| 291.8 7| 411.2| 17 4615 23| 5653 34 76 38.2| 0.1 483] 02| 488/ 03] 541 03
11] 395.0 5| 263.7 6/ 380.1] 14 4168 19| 4916 26 77 37.8] 01| 475 02 482 03] 535 03
12| 3849 4| 2406 5| 3534/ 12 3849 16| 4478 22 78 37.3| 01 471] o2 478] 02 529 03
13| 3753 4| 2262 4| 306.6 9| 3534/ 13 4056 18 79 36.7| 01| 467 02| 472 02| 522 03
14| 349.3 4| 2075 3| 2836 8| 326.6 11| 3753 15 80 359 0.1 462 02 467 02 517 03
15| 1846 1| 1929 3| 2527 6| 303.6] 10| 3453 13 81 354 01| 453 o02] 462 02 0.3
16| 181.3 1| 1824 3| 2387 6| 286.3 9| 3231 11 82 342 0.1 446] 02| 457 02| 506 03
17 o] 171.0 2| 226.2 5| 268.4 8| 3005 10 83 33.0 0. 439] 02| 453 02| 5000 03
18] 328 0| 161.0 2| 2164 5| 254.8 7| 280.9 9 84 32.6| 0.1 431 02| 448] 02 495 03
19| 309 J 152.1] 2| 206.1 4| 2387 6/ 266.1 8 85 01| 423| 02| 445 02| 489 03
20| 308 0| 146.2 2| 196.7 4| 2296 6/ 250.6 7 86 30.3] 0.1 419 02 439 02 485 03
21| 306 o/ 1381 2| 1893 4| 216.4 5| 236.8 6 87 415 02| 431 02 479] 03
22| 305 0| 1315 1/ 1813 3| 2075 5/ 2245 5 88 411 02| 422 o2 475 02
23| 303 J 126.0] 1] 169.1 3| 198.0 4| 2149 5 89 405 02| 415] 02 470] 02
24| 302 0| 121.4 1/ 161.0 3| 1905 4| 2047 5 90 39.9] 02| 407 02 465 02
25| 301 0| 1163 i 1505] 2| 1824 4| 196.7 4 91 39.3] 0.2 400/ 02| 460 02
26 1111 1| 1462 2| 175.0 3| 1881 4 92 387| 02| 393] 02 456/ 02
27 108.0 1] 1414 2| 1682 3| 1813 4 93 38.1] 0.1 386/ 02| 451 02
28 | 103.9] 1| 1375 2| 1627 3| 1740 3 94 375 0.1 380 02| 447] 02
29 100.1 1| 1332 2| 156.8 3| 1682 3 95 370 0.1 374] 02| 443] 02
30 96.6 il 1298] 2 3| 161.0 3 96 36.7| 0.1 368 01| 439 02
31 93.9 1| 126.0 2| 146.9 2 3 97 36.4] 01| 362 01 435 02
32 90.7 1| 1200 1| 1414 2| 1505 2 98 36.1] 0.1 361 01| 430 02
33 87.8 1] 1172 1| 1375 2| 1462 2 99 358 01| 357 01 428] 02
34 85.6 1] 1141 1| 1332 2| 1414 2 100| 356 0.1 354 o1 422 02
35 83.0 1| 1107 1 2| 1375 2 101 352 01| 351 01 420] 02
36 80.6 1| 108.0 1| 1255 2| 1332 2 102 347 01| 349] o1 413] 02
37 BEEE o5 1053 1| 1219 2 2 103 343 01| 346 o1 406 02
38 76.7) 0.5 |REE 1/ 1190 2| 126.0 2 104 33.8] 0.1 343 01| 399 02
39 74.4| 0.4 100.8 1| 1154 1| 1229 2 105 335/ 01| 341 01| 394 02
40 72.4] 04| 981 1] 1128 1 1195 2 106 332 0.1 338/ 01 392 0.2
41 70.9] 04| 953 1| 1095 1] 1167 2 107, 327 01| 335/ 01| 388 02
42 69.3] 04| 933 1| 107.2 1| 1137 1 108| 322| 01| 333] 01 385 02
43 67.6| 0.4 913 1| 1046 1 1111 1 109| 317 o1 331] o1 382 02
44 659/ 0.3 89.4 1 1| 108.4 1 110| 31.4| 1.0 328/ 0.1 379 0.2
45 64.7| 03] 876 1| 99.8 1| 106.1 1 111 31.2| 10[ 326/ o1 375 02
46 63.2| 03 85.8 1 97.5 1| 1035 1 112 \ 1.0 323 01 373 0.2
47 61.8] 03] 842 1| 956 1 1 113 30.8| 09 321] o1 369 02
48 60.6| 0.3] 830 1 916 1 99.1 1 114 305 09| 319] 01| 366/ 01
49 59.3] 03] 808 1| 876 1l 972 1 115 30.1] 0.9 316/ 01| 364 01
50 s8.1] o3| EEH 1| 856 1/ 95.0 1 116 BEE o1 361 o1
51 569/ 03] 755 1] 842 1 933 1 117 308/ 01 358 01
52 56.0 03] 742 1| 826 1 913 1 118 303 01 353 01
53 548/ 02 731 1] 812 1 894 1 119 347 0.1
54 53.7| 02] 721 1 797 1/ 878 1 120 34.2| 0.1
55 529/ 02/ 701 o5|EEE 1 861 1 121 33.7| 0.1
56 520 02| 683] 05/ 769 1| 846 1 122, 33.2| 0.1
57 \ 0.2 66.5| 0.4 75.5 1 83.0 1 123] 327 01
58 50.0 0.2 647] 04| 744 1 817 1 124| 32.3] 0.1
59 493| 02| 629 04/ 731 1/ 801 1 125 31.8| 0.1
60 485 02| 613] 04/ 707 1 1 126 31.4| 0.1
61 475 02| 599 04| 686 1 750 1 127, 0.1
62 469/ 0.2 592 04/ 665 05 728 1 128| 308/ 0.
63 46.2| 02| 582 03] 647 05/ 706 1 129 30.6| 0.1
64 454 0.2 579/ 03] 628/ 04/ 685 1 130 30.4| 0.1
65 446 02| 56.7| 03] 611 04| 665 05 131 30.2| 0.1

Table 1 The Sun’s global-vibrational a-modes including Alfvén resonance (AR) in the raw form (anisotropic peak splitting inclusive), and the
original Rieger resonance (RR) (as just freed from Sun-internal couplings) of order m, as periods Pm of >99%-significant peaks in G-V spectra of
(columns from left to right): the Sun’s MMF (WSO), the IMF at L1 (WIND), the IMF above the Sun’s polar (¢su:>|70°|) regions combined (Ulysses
NS), and separately the IMF above the Sun’s southern (Ulysses S) and northern polar region (Ulysses N). The spectral peaks with values listed
compose complete AR trains in some cases, i.e., a continuous spectrum of modes, Fig. 3. Values of order m, corresponding to fidelities ®n>12
indicative of a genuine systematic process (Omerbashich, 2006), are highlighted gray. RR a-modes highlighted black. Note that the present study
succeeded in extracting AR to at least order m=131 from Ulysses samplings of the IMF in both-polar fast winds, Table 1, but even a resolution this
high might be improved on in the future as new data become available.
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The verification has thus turned out positive since both the lead period estimates and the relative
change in energy bands when going from southern to northern data were reproduced successfully. This
confirmation of the same result from two independent datasets of different origins and of significantly
varying resolution and time-span corroborates Gough (1995) on spectra/processes under turbulence tending
to flatness, so that the global, decade-scale AR is not a feature exclusive to the fast solar wind, but one that
originates in the Sun instead.

Ulysses IMF-S | Ulysses IMF-N
[days] [ [yr] |lvar%]| [days] [ [yr] |[var%]

=T

2|2258.2| 6.19| 7.44]|2440.9| 6.69|18.39
3]1102.5| 3.02| 4.47|1144.3| 3.14| 9.37
4| 747.4| 2.05[ 4.19]| 766.3| 2.10( 4.62
5| 554.9( 152 3.45| 576.1| 1.58| 3.37
6
7
8
9

447.8| 1.23| 3.94| 461.5( 1.26| 2.91
370.7] 1.02| 3.33| 384.9| 1.05| 2.68
316.3| 0.87| 3.81| 330.1| 0.90| 2.53
278.3| 0.76| 3.34| 289.0| 0.79| 2.40
10| 246.5[ 0.68| 3.43| 257.0( 0.70| 2.26
11] 222.8( 0.61| 3.28| 231.4| 0.63| 2.10
12| 201.9( 0.55| 3.04| 210.4| 0.58| 1.92
13] 194.1f 053] 2.35| 192.9| 053] 1.71
14| 179.1f 0.49| 1.61| 178.1| 0.49| 1.50
15| 171.0f 0.47| 2.47| 165.4| 0.45| 1.29
16| 165.4f 0.45| 0.82| 158.4| 0.43| 1.12
17 0.42 0.24M 042 1.11
18| 144.8( 0.40| 0.09| 138.8| 0.38] 0.14

99%@:| 0.10 99%@:| 0.13

Table 2. GVSA extraction of Sun global Alfvén antiresonance, Figs. 3 & 4, from Ulysses measurements of IMF over the southern polar (left-hand
side; Ulysses IMF-S) vs. northern polar (right-hand side; Ulysses IMF-N) regions of the Sun. All extracted periods are >99%-significant, with
antiresonance P’ modes accompanying (always preceding) Pm (i.e., AR), Table 1, up to the order k=18, at which point the significance drops below
99% (gray values in the last row). Note the original (as generated under the Sun couplings) Rieger period (highlighted black), P'17=154.4 days was
one of only two modes extracted with the same value from both polar data sets, i.e., the Ulysses samplings of polar regions separated into the
southern- and northern-polar time series. The Sun couplings give rise to the antiresonance, while such a strong signal at this mode is the reason
behind this antiresonance mode’s vast presence in solar indices and its confusion for a Sun’s resonance period.
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Figure 5. Change in significant fidelity, ®>12, with a computed spectral peak, up to the first 16 harmonics (highlighted gray in Table 1) plus an
additional value, going from the MMF (white bars), IMF at L1 (light gray bars), IMF at polar regions combined (gray bars), IMF at the southern
polar region (dark gray bars), to IMF above the Sun’s northern polar region (black bars). The last shown value #17 corresponds to ~annual harmo-
nic(s) in the analyzed data sets and marks the antiresonances’ (global-couplings) termination point in the frequency space. The plot reveals that the
northern fast wind preserved the resonance signature the best, i.e., 15 out of 16 first (lowest-frequency) a-modes. Note that the periods shown order-
ed were grouped for convenience only, so the clusters as depicted neither have physical meaning nor do they necessarily refer to the same harmo-
nics. Callout: consistency plot, in the matchings of the GVSA-extracted train of RR a-modes (Prg and Rieger-type periodicities), Table 1, revealing
Prg = ~51-day as the most consistently recovered (most stable) a-mode of RR, as 51.1-day, at 0.2% across all data sets (at >99%-significance
from the four polar-wind data sets). Most of the extracted RR a-modes were well within ~2% of respective Rieger modes; see Introduction for the
most commonly reported values of the Rieger train modes, here taken as reference values for computing the matchings (in %). All matchings were
for >99%-significant periods, except for the MMS WSO data, for which the RR train was extracted with [67%, 89%), [89%, 95%), [89%, 95%),
[95%, 99%), [95%, 99%), [89%, 95%), and [95%, 99%) significance going from Prg to its highest harmonic, respectively. The matchings reflect
the known fact that the equatorially mixed wind is overall slower than the polar (mostly fast) wind, and therefore unable to maintain the ever-dissi-
pating signature of the Sun resonance (as the manner of wind ejection) as the considerably faster polar wind can, Figs. 2—e and 3—e.
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S S S S S S N N N N N N
n Pmeas Plheor A n Pmea Ptheo A n Pmeas Ptheor A n Pmea Ptheo A

1]3223.6 51| 62.8] 63.2| 0.7% 1/4100.0 51| 80.1f 80.4| 0.3%
2|1558.2|11611.8| 3.3%] 53| 61.1] 60.8[-0.5% 2[2258.2(2050.0(-10.2%) 53| 77.5| 77.4]-0.1%
3| 932.1)11074.5| 13.3%] 54| 59.4| 59.7 0.4% 3/1481.6/1366.7| -8.4%| 55[ 75.0] 74.5|-0.6%
4| 766.3] 805.9| -5.9%] 56| 57.9] 57.6|-0.5% 4| 993.6|1025.0| 3.1%] 56| 72.8| 73.2| 0.6%
5| 665.0| 644.7| -3.1%] 57| 56.4| 56.6] 0.2% 5| 877.9] 820.0[ -7.1%] 58| 70.6] 70.7| 0.2%
6| 516.8| 537.3] 3.8%] 59| 55.0| 54.6[-0.7% 6| 695.6] 683.3] -1.8%] 60 68.5| 68.3]-0.2%)
7| 461.5| 460.5| -0.2%] 60| 53.6| 53.7[ 0.2% 7| 565.3] 585.7[ 3.5%] 62 66.5| 66.1]-0.6%)
8| 416.8| 402.9] -34%] 62| 52.3| 52.0(-0.6% 8| 491.6| 5125 4.1%] 64| 64.7| 64.1]-1.0%
9| 353.4| 3582 1.3%] 63| 51.1| 51.2f 0.2% 9| 447.8| 4556 1.7%] 65| 62.9| 63.1] 0.2%
10 326.6f 322.4[ -1.3%} 64| 50.3] 50.4] 0.1% 10| 405.6] 410.0] 1.1%] 67| 61.3| 61.2]-0.1%
11| 303.6f 293.1f -3.6%] 65| 49.9| 49.6[-0.6% 11| 375.3] 372.7| -0.7%] 69] 59.7| 59.4|-0.4%

12| 268.4] 268.6] 0.1%] 66| 49.3] 48.8|-0.8%
13| 254.8| 248.0 -2.8%) 67| 48.2| 48.1|-0.2%
14| 229.6] 2303 0.3%) 68| 47.8] 47.4/-0.8%
15 216.4] 2149 -0.7%] 69| 46.7| 46.7] 0.0%
16 198.0f 201.5( 1.7%} 70| 46.2] 46.1{-0.4%
17| 190.5| 189.6[ -0.4%] 71| 45.3| 45.4| 0.2%
18| 182.4 179.1 -1.8%) 72| 44.8| 44.8| 0.0%
19| 168.2| 169.7 0.9%) 73| 445| 44.2[-0.7%
20] 162.7) 161.2] -1.0%] 74| 43.9] 43.6/-0.7%
21| 151.3] 1535 1.4%] 75 43.1| 43.0|-0.2%
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28| 1154| 1151 -0.2%] 85| 38.0f 37.9]-0.1% 28| 146.2| 146.4| 0.2%| 86| 475| 47.7| 0.4%
29] 112.8] 111.2] -1.5%] 86| 37.4[ 37.5] 0.3% 29| 1414 1414| 0.0%] 87| 47.0] 47.1| 0.4%
30| 107.2) 107.5| 0.2%] 88| 36.8] 36.6/-0.4% 30| 137.5| 136.7| -0.6%] 88| 46.5| 46.6] 0.2%
31| 104.6f 104.0f -0.6%] 89| 36.2| 36.2| 0.0% 31| 133.2| 132.3| -0.7%] 89| 46.0] 46.1] 0.1%
32| 99.8] 100.7| 1.0%] 90| 36.1| 35.8[-0.7% 32| 129.8| 128.1| -1.3%] 90| 45.6| 45.6(-0.1%
33] 97.5] 97.7] 0.2%] 91] 35.7 35.4|-0.7% 33| 122.9| 1242] 1.1%] 91| 45.1] 45.1{-0.2%
34) 95.6) 94.8] -09%] 92| 35.1f 35.0{-0.3% 34| 119.5| 120.6| 0.9%] 92| 44.7| 44.6(-0.4%
35 91.6[ 92.1f 0.6%] 93| 34.6] 34.7| 0.3% 35| 116.7| 117.1] 0.3%] 93| 44.3] 44.1]|-0.4%
37| 87.6| 87.1] -05%] 94| 34.3| 34.3]-0.1% 36| 113.7| 113.9| 0.2%] 94| 435| 43.6] 0.3%
38| 856| 84.8| -09%] 95| 34.1| 33.9/-04% 37| 111.1] 110.8| -0.3%] 95| 43.0] 43.2| 0.4%
39] 82.6| 827 0.1%] 96| 33.5] 33.6] 0.1% 38| 108.4| 107.9| -0.4%] 96| 42.8] 42.7(-0.1%
401 81.2| 80.6] -0.8%) 97| 33.3] 33.2[-0.2% 39| 106.1] 105.1] -0.9%] 97| 42.0| 42.3]| 0.1%
41) 78.3] 78.6] 0.5%] 98] 32.8] 32.9| 0.3% 40| 101.4| 102.5] 1.0%] 98 42.0] 41.8|-0.5%
421 769 76.8| -0.2%] 99| 32.6| 32.6] 0.0% 41| 99.1| 100.0f 0.9%] 99| 41.3] 41.4| 0.3%
43| 744 75.0 0.7%}100] 32.3] 32.2{-0.4% 42| 97.2 97.6[ 0.4%]100{ 40.6] 41.0] 1.0%)
44| 731 733 0.2% 43[ 95.0( 95.3[ 0.3%
46] 70.7] 70.1] -0.9% 44| 93.3| 93.2| -0.1%
47| 68.6] 68.6] -0.1% 45 913 91.1f -0.2%
48| 66.5 67.2 0.9% 46 89.4( 89.1( -0.3%
50| 64.7] 64.5] -0.3% 47| 87.8[ 87.2[ -0.7%

48| 86.1f 85.4( -0.8%

49| 83.0/ 83.7] 0.8%

50| 81.7) 82.0| 0.4%

Table 3. Matchings of the measured >99%-significant Sun AR from the Ulysses southern-polar, SPmess, and northern-polar, MPmess, data, Table 1
and Figs. 3 & 4, against theoretical-resonance periods Pnea=P1/i, i=2...,n; n € X, per the P; estimate of Ps from each data set, up to the order n=100.
Matchings within <1% to respective theoretical resonance periods highlighted light gray, within <1%o dark gray. From southern polar data, 11
theoretical-resonance periods did not have a measured match in the >99%-significant spectra, and 24 of all >99%-significant spectral peaks were
not matched by theoretical-resonance periods, as due primarily to large-scale turbulence effects seen in spectra primarily as anisotropic peak
splitting. From northern-polar data, 8 and 12, respectively. For both cases (data sets), 6=0.019. All periods in Earth days.

As seen from Table 3, while both the northern and the southern polar data performed the same in
terms of perceived statistics and precision, the northern-polar data performed significantly better from the
physics point of view and in terms of accuracy, recovering the theoretical resonance in more detail, seen as
more successful matches by order n. Then the AR spectral signature in the northern-polar IMF appears to
resemble the Sun inner workings more faithfully than the same in the southern-polar IMF. That northern
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data preserved the signature of the Sun global resonance better is also seen from the symmetrical parity of
theoretical a-modes that were without respective matches in the spectra. Thus the only periods missing from
the northern theoretical resonance were of orders: 52, 54, then 57, 59, 61, 63, and then 66, 68 (i.e., even,
even — odd, odd, odd, odd — even, even). In the spectra of the southern polar data, 36, 45, 49, 52, 55, 58,
61, 77, 80, 84, 87, indicating that some large-scale stochastic effect was overwhelmingly destroying parity
in this region, most likely explained by the well-known relative instability and more extreme turbulence in
the south. Thus the continuous spectrum of modes, Figs. 3 & 4, is with patterns virtually complete in both
parities, to the resolution higher than 81.3 nHz (south) and 55.6 nHz (north) in the lowest frequencies and
~2pHz in most modes.
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Figure 6. Verification of the main result (as obtained from Ulysses hourly averages, Fig. 3) from ten-day means of the WSO telescope’s 31 May
1976-21 November 2021 polar field (PF) observations, panel a, in the same band of interest. Note that panel b depicts the same data as panel d and
panel c as panel e, where panels b and d are zoomed-in along the left vertical axis to make RR visible.
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As the main result of the present study, the discovery of AR and its RR offshoot from Ulysses data,
Fig. 3, was verified against 1976-2021, |B|<150 pT WSO polar magnetic fields (PF) data, Fig. 6, to discern
if perhaps the find was overstated or/and an artifact of data resolution or span, Fig.1. However, despite
orders-of-magnitude differences amongst data resolution and coverage, power ratios are maintained well
when going from southern to northern polar region, panels b & d vs. ¢ & e, respectively. Then this
verification is remarkable for improvement in both the detected resonances’ background levels and relative
energy estimates (as the area of AR and RR frames). In addition to the precision of estimates, their accuracy
maintained as well: the Ps lead (mode) period, seen as degenerated likely due to fields instability, is also in
remarkable agreement with (phase-shifted by —1-yr from) the same obtained for the polar regions from the
Ulysses data, Fig. 3—d & e. Note that RR dropped below the 67% significance level, thus emphasizing the
outcome from the Ulysses data on planetary constellations and fields as a possible cause of RR reformatting
to again non-formatted trains, Fig.4, and on to modified harmonics as widely observed. Note also that the
fidelity on AR is again very high (®>>12), which indicates a systematic physical process discernable
(although not in such high detail anymore) from the WSO telescope’s polar data as from the Ulysses IMF in
situ mission.

4. Experimental agreement

Commonly in structural and mechanical engineering, a structure's response to excitation is analyzed by
studying a response model which consists of a set of frequency response functions defined over the
applicable range of frequencies. Functions typically employed are the three pairs of mutual inverses:
accelerance as the ratio of acceleration and force, apparent mass as the ratio of force and acceleration,
mobility as the ratio of velocity and force, impedance as the ratio of force and velocity, dynamic stiffness
as the ratio of force and displacement, and receptance as the ratio of displacement and force; see, e.g.,
Robson et al. (1971). In physical sciences, the most common way of study is the exact opposite to the
engineering way above: from a description of the response properties, most commonly in the form of
measured frequency response functions, deduce modal and spatial properties of a physical system. Thus,
since the total response of a set of coupled components is expressible in terms of the mobility of individual
components, inverse comparisons apply as well (Ewins, 1995). As we saw from the present study, the Sun
is a physical system that vibrates additionally (resonates) under couplings among its latitudinally and depth-
wise stratified sectors of varying physical properties. Those sectors are geographically distinct regions that
exhibit significantly differential rotation rates, contrarian (out-of-phase) vibration modes and related
resonances, and different mass and point velocities. The resonant response of a physical system most
complete to such couplings is constructive—destructive, i.e., the one exhibiting both global resonances
(characterized by sharp peaks in the system spectra) and global antiresonances (sharp troughs), Figs. 2 & 3
vs. Fig. 7. Depending on the fundamental properties of the system of interest, antiresonances in a well-
behaved system either always immediately precede or always immediately follow resonances.

As expected for the gaseous Sun, a modal comparison of panels a and b in Fig. 7 against Figs. 2 &
3 reveals that here extracted antiresonance modes always precede corresponding very-long-period,
downwards-drifting resonance modes, as impressed onto the solar wind at its source, Fig. 7—a. This
experimental confirmation of the extraction result reflects the situation in which the solar wind is a mass-
driven phenomenon and not stiffness-driven, which characterizes rigid bodies. The solar wind maintains
the same downward drifting and the higher order of resonances than respective antiresonances in the
heliosphere as well, e.g., at the L1 point, Fig. 3-b. The data thus confirm by elimination that the here
revealed resonation is the way of distributing the solar wind along very low frequencies and that (global)
resonation is the natural state of that resonation, as due entirely to the Sun engine being a typical revolving-
field alternator. If our Sun was not a globally structured and therefore well-behaved magnetoalternator, i.e.,
a real and not just a proverbial engine anymore, and if that property was not fundamental in Sun-like stars,
no complete extraction of a-mode vibration could be possible from system dynamics such as the polar (fast)
solar wind used here for that purpose.
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Figure 7. Panels a & b: typical dB-scaled plots of mobility (ratio of velocity response to force input) in a resonating body: mass-dominated mobility
(panel a) that tends to drift downwards with antiresonances occurring immediately before resonances, and stiffness-dominated mobility (panel b)
that generally drifts upwards and has antiresonances always immediately above resonances (Ewins, 1995). Skeleton layers represent additionally
constructed ideal mass-lines and stiffness-lines, respectively, which are used in experimental studies to trace the frequency response function of
resonances vs. antiresonances to examine if they are symmetric, i.e., genuine. Panel c: an example of receptance in a typical (resonating) damped
multi-degree-of-freedom system, in dB (panel c) (He and Fu, 2001). Panels d & e: the impact type of transient excitations, from experiments with
(D) an attached shaker producing the rapid sine sweep (chirp), (II) an attached shaker producing a burst — a short section of signal (random or sine)
as a more general version of the rapid sine sweep, but in which the short-duration signal can take any form, and (III) a non-attached impactor such
as hammer, inflicting blows upon a test structure. The response data are collected using accelerometers attached to the test structure and processed
with an analyzer — a voltmeter-type instrument for sampling the system dynamics in volts (V) and computing a frequency response or spectrum
in dB (Ewins, 1995).
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Furthermore, the equal number of corresponding resonance (spectral peak-) and antiresonance
(spectral trough-) periods in Fig. 3 reveals point mobility (force and velocity are at the same point in spectral
space) rather than transfer mobility (at different points and thus characterized by more minima than
antiresonances) of the excitation source. Furthermore, the always matching sharpness of the spectral peak—
trough pairs reflects a high quality of data and analysis tools (Ewins, 1995), here the GVSA. Finally, panels
d & e in Fig. 7 reveal that the signature of the Sun global resonance in the fast polar wind, Fig. 3—d & e,
experimentally best matches the case II in Fig. 7—d & e. Therefore, the transient nature of solar resonances,
including Rieger’s, is due to the type of alternator our Sun is, of which a specific solar cycle’s maxima and
minima are then merely (apparent) stages.

5. Discussion

The traditionally favored model for the generation of Sun magnetism is that of the dynamo, a simple engine
for the conversion of kinetic into electric energy that naturally gives rise to magnetism (Solanki et al., 2006).
However, based on recent observations of brown dwarfs that lack a core but still exhibit the same magnetic
patterns as those seen in our Sun, the mechanism could also be purely convectional (Route, 2016). At the
same time, based on sunspot activity observed in the past as able to shut down entirely per hemisphere, the
generation mechanism could also be hemispherical (Grote and Busse, 2000). Ulysses mission, as the only
ever to have scanned the Sun’s hemispheric magnetic fields in flybys over the Sun’s polar regions, has
confirmed not only that magnetism in the two Sun poles differ significantly both from each other and from
the equatorial magnetism but has also observed the flipping of the solar magnetism polarity every ~11 yr.

Heliophysics today faces two still unresolved problems of large-scale dynamics. One is solar
abundance, i.e., a disagreement of standard stellar models (SSM) of evolution/interior for the Sun with the
latest helioseismology data from the early 2000s (Bergemann and Serenelli, 2014). This discrepancy is
likely due to some physical process not yet accounted for in standard solar models and could entail mixing
by mechanical waves below the convection zone and down into the radiative interior and the core (Asplund
et al., 2009). At the same time, although the current state of solar magnetic fields is the main indicator of
the Sun’s global activity, SSMs, unfortunately, do not account for internal magnetic fields at all (Bergemann
and Serenelli, 2014). The second problem is the million-degree corona, i.e., the overheating of the outer
envelope of the Sun, to >10° °C (as opposed to a relatively much cooler photospheric/surface temperature,
at 5.5-10° °C), involving millions of small-scale magnetic reconnection events of impulsive heating, called
nanoflares, of up to several thousand km in size and constantly firing everywhere on the Sun (Parker, 1988).

This immense heat surplus in the corona could in theory be explained as the dissipative energy
from a buildup of a large-amplitude resonance vibration of small-scale waves whenever the global wave
frequency equals the local Alfvén wave frequency through the process of resonance absorption (Davila,
1987). The essential feature of that theory of the Sun and other late-type stars — under which each magnetic
tube is a driven high-quality resonator — is the existence of the global mode and its subsequent coupling
to the small-scale dissipative waves (ibid.). While spectra of the Sun's p-mode (pressure-force-restoring-)
and g-mode (gravity-force-restoring-) vibrations with periods of the order of 1-h or longer have been
extracted entirely in heliophysics, the remaining a-mode (global; acoustically-and-magnetic-force-
restoring-) vibrations spectra have not. Crude estimates indicate its periods much longer than those of the
p or g modes, typically in the range of years and inexplicable by dynamo theory (Stenflo and Vogel, 1986).
In addition, since the acceleration of the (fast) solar wind and the heating of the solar corona occur in
essentially the same region, the underlying mechanisms of the two phenomena may be strongly linked
(Grail et al., 1996) and due to the damping of Alfvén waves (Markovskii et al., 2009). This parallel is
especially significant because the solar wind is a physical system characterized by multi-scale evolution;
see, e.g., Verscharen et al. (2019). Since all stellar models are calibrated on the Sun and are routinely used
to interpret any other star or stellar populations, completing our global knowledge of the Sun by explaining
the above problems would have very large implications for our understanding of stars and galaxies in
general (Bergemann and Serenelli, 2014).
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Fig. 3 revealed the signature of the Sun’s complete and incessant resonance in the 0.01-1.60 ZeV
(~1.6:10” —2.5-10° erg) band of the solar wind’s extreme (mechanical flapping) energies. This result was as
expected of a magneto-alternator engine at work, with the separation of the solar engine (left frame) from
the Rieger resonance offshoot subband (right frame) in which mostly macroscale phenomena of relevance
for planetary geodynamics occur. While the northern wind preserves the shaking modality the best,
exhibiting AR even at L1 as seen in the <50-nT 2004-2021 WIND data, the equatorially mixed (slow)
wind carries only a faint AR signature. Thus the northern polar fast wind reveals its Ps global driver the
most accurately and precisely, while the Rieger period in MMF turns out to be swamped by turbulence
down to the 67%-significance, making Pr, a feature of the northern fast wind primarily that then transmits
Prg into the heliosphere. Besides, AR becomes complete (all the time preceded by companion antiresonance
modes) only when the northern polar wind only is considered, Fig. 3—e. It can also be seen that the RR band
begins (AR band ends) at or around the antiresonances termination frequency, which in the Sun’s case turns
out to be around the annual periodicity. That frequency is when the resonating system becomes decoupled
but still not relaxed, and turbulences can give in to external planetary gravitation and magnetism so that,
already at the lowest-frequencies-RR, the globally prominent anisotropy (seen as spectral peak splitting)
yields as well. As a coupled system’s energy breakdown point, the Sun’s antiresonances termination at ~1-
yr and its ¥ harmonic are also sources of confusion, i.e., seasonal (annual and semiannual) periodicities
often seen inexplicably in various records of planetary including terrestrial data, which empirically is why
the 180—365-day subband is best ignored — an approach adopted in the present study as well.

As indicated in Fig. 2—d & e and confirmed in Fig. 3—d & e, AR modulates anisotropy instead of
the other way around. The modulation is across all AR harmonics, so the entire Sun (characterized by
anisotropy due to turbulence and overall instability of its magnetic fields) and not just some belts or layers
is kept under the AR regime. As vibration magnification occurs in such close and damped vibrating systems
naturally via frequency demultiplication that upsurges the energy injected resonantly into such a physical
system by 100s of times (Den Hartog, 1985), we can expect a tremendous increase in dissipated heat to
follow as well. For example, previously observed high-frequency (~12—42 mHz) torsional oscillations in
the quiet Sun were claimed based on modeling by Srivastava et al. (2017) to be torsional Alfvén waves that
transfer ~10° W-m™? energy into the overlying corona, thereby heating it and facilitating the creation of the
solar wind. However, those authors failed to provide an overlying mechanism for the global sustainment of
such localized energy transfers, as different kinds of modeling reveal that such local transfers are
insufficient to balance the Sun energy loss, e.g., by Soler et al. (2021). At the same time, the ~1.6-10"—
2.5-10° erg base energies of the global mechanism found herein can multiply ~10%-fold or more via the said
frequency demultiplication and thereby supply the minimum input energy required to balance the
chromosphere's and corona's losses to radiation and supersonic wind, of ~10°~10* W-m™ (Withbroe and
Noyes, 1977). All these characteristics of how resonance-antiresonance (constructive vs. destructive
waves) couplings dominate turbulence help discern the northern and southern fast wind as the original
(released as intended) winds, i.e., the most faithful representation of the Sun internal engine at work. The
polar (fast) winds thus overall reflect the operational regime of the Sun under which it emits them. Note
here that, amongst all characteristic data sets examined, statistical fidelity favors the northern polar fast
wind most of the time, Fig. 5.

The above-discussed moderation of anisotropy by AR is not the only reformatting on global scales.
Thus as seen in Fig. 3-b, besides signal purity breaking down temporally beyond/above the antiresonance
train’s termination point at ~1-yr periodicity when the global coupling ceases, the Sun vibration does not
relax either. It also breaks down spatially beyond L1, leaving RR open to external influences such as
planetary constellations and fields, gravitational and magnetic primarily. Such interplay has been suggested
previously, e.g., by Kurochkin (1998) and Abreu et al. (2012), who proposed such gravitational and orbital-
resonance effects on the Rieger process. Earlier, Pap et al. (1990) had offered an intuitive explanation that
the existence of a transient 154+13-day (Rieger) period was related to an emerging strong magnetic field.
As can be seen from Fig. 3, after decades of debates, Pgry turned out to be a genuine Sun period that
experiences modulations in the heliosphere, while most if not all Rieger-type and longer periodicities as
modified externally have been reported in various types of data in heliophysics; see, e.g., Forgacs-Dajka
and Borkovits (2007). The secret to the Rieger period’s strength as well as stability and presence in most
solar indices lies in it being globally (as sensed here in both the northern and southern polar winds) the
tailing >99%-significant harmonic of the Sun antiresonance twice (N and S simultaneously). While all those
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reports were demonstrably correct, Fig. 3 and Table 1, planetary fields can reformat the Rieger harmonics,
somewhat disturbing the widely reported values listed in Introduction, as seen from the steadiness of /sPgrg
as the one they do not, Fig. 5—callout. As mentioned, these disturbances primarily come from the most
dominant gravitational and magnetic fields in the solar system. Besides, global resonances in closed
spherical systems can arise externally and internally. However, in stars with a non-uniform rotation like our
Sun, no external triggering is possible, and a continuous spectrum of modes can be expected that can
undergo amplification when subjected to a disturbing force of the appropriate frequency, and hence lead to
enhanced dissipation (Papaloizou and Pringle, 1978). But even in the opposite case, the main external
factors would be closely related to variations in orbital parameters; however, the Sun’s most relevant such
parameters — precession and obliquity — are related practically entirely to Jupiter gravitational influence
and can be safely ruled out since creating a negligible effect which on the Sun amount to under 1 mm.

Thus the primary candidate for the AR triggering mechanism is couplings amongst the normal
modes of vibration of latitudinally varied belts of the Sun, here extracted as ~11-, ~10-, and ~9-yr; see, e.g.,
Cole (2008). More precisely, these varying but mutually superimposed global modes as found in the present
study are 9.9-yr for both MMF (by WSO) and N-S polar fields combined (by Ulysses), 11.2-yr both for the
IMF at L1 (by WIND) and the IMF above the northern region (by Ulysses), and 8.8-yr for the southern
field (by Ulysses), Fig. 3. The Sun—Heliosphere congruency in periods of the AR lead modes is as expected
from a global resonance propagated to L1 and beyond. These excellent matches from data sets that are
significantly disparate in length, density, field strength, and sampled epoch reflect the northern polar fast
wind dominance of the heliosphere as far as ~L1 distances. The matchings also reveal both clarity of the
signal and GVSA superiority over the Lomb-Scargle and wavelets spectral techniques as applied by Stenflo
and Vogel (1986) and Knaack and Stenflo (2005) for their claimed partial recovery of r- and R-mode
fragments of the continuous a-mode global resonance.

The discovery that the solar wind gets emitted in the form of a very-low-frequency mechanical
resonance, which is maintained as far as L1, is good news for the Earth since this find enables more
concentrated efforts at modeling the wind impact on Earth. In addition, as found for the solar cycles
examined herein, the isolating of the northern polar wind as the physically most vigorous pusher of solar
ejecta has important implications for modeling solar-terrestrial interactions and forecasting space weather.

The here-presented spectral study of the B<30 pT IMF in the solar wind at the wind's presumed
sources investigated the wind's global dynamics in the 1-mo-1-yr band. For this purpose, the wind was
separated in its slow, predominantly equatorial component, represented in the above band of global
resonance by MMF observations from the WSO telescope, and the fast component, emitted by the polar
fields and observed by the Ulysses spacecraft magnetometer and also represented by PF data from the WSO
telescope. Since decadal samplings of the near solar wind spanning around one Hale cycle or two Ps= ~11-
yr (Schwabe) cycles are now available for the same interplanetary sector, at L1, those magnetometer
measurements from the WIND mission also were used to verify the result. The multi-mission comparison
of solar wind and its components' sources revealed with >99% confidence that the Sun northern polar region
drives the fast wind at Ps, with the slow solar wind emitted or mixed equatorially, at the Ps degenerated
into a ~10-yr global mode, Fig. 3—a. The difference triggers a perfect (integer-ordered) 3D mechanical
resonance in the wind's waving at least up to degree m=131. Due to turbulent and wandering local fields,
the Sun southern polar region emits the solar wind along a Ps degenerated into a ~9-yr global mode and
under progressive anisotropy towards lower frequencies so that Ps harmonics get recovered completely.
Thus, of all known magnetism-related solar periods, the ~11-yr Schwabe cycle is the guide period, while
longer periodicities reflect the differentially triggered resonance so that the longest, ~88-yr Gleissberg, such
period is a superimposition reflection of the 11-10-9 coupling. Acting globally as an asymmetrically
vibrating (and therefore resonating) magnetic alternator, the Sun fully exerts control over the entire
heliosphere domain, i.e., of both solar wind's resonances (near winds) and turbulences (near and far winds).
This successful spectral separation of very-low-frequency (down to Ps) slow v. fast solar wind via extraction
of their unique but comparable spectral signatures paves the way for global and differential studies of
heliosphere using AR and generally for all future modeling of local stellar wind and planetary geodynamics.
Heliosphere's hypothetical magnetic structure, believed to be composed of random flux tubes, is herein
superseded by a centrally and virtually completely guided mechanical resonance of the alternating fast-
slow solar wind blanketing and flapping resonantly-quasiperiodically about the ecliptic.
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As found by Stenflo and Vogel (1986) in their partial recovery of AR from Sun data, the global
magnetic field has a patterned (modal) structure characterized by sharp global resonances decoupled from
each other for the modes of odd and even parity, thus indicating the existence of an underlying selection
rule. While failing to extract the complete AR information, including antiresonances and the Rieger
resonance, those authors concluded that this new emission-line spectrum of solar magnetic fields does not
seem to be explicable within the framework of current concepts such as dynamo theory but should contain
potentially powerful diagnostic information on the interior magnetic structure of the Sun and the origins of
solar activity. Their conclusion agrees with what was arrived at herein, Figs. 2-4 and Tables 1-3, after
various crosschecks including an agreement with experiment, Fig. 7, examination of resonance preservation
at L1, Fig. 3-b, and verification against WSO polar-field data, Fig. 6.

Thus as a star with a differentially rotating core (Fossat et al., 2017), the Sun as a whole is a
(globally) self-resonating ring-system of belts and layers that both contrarily vibrate and differentially
rotate, and in which therefore no particular layer or field (toroidal or spheroidal, i.e., poloidal), is singly
responsible for the a-mode global resonance. This mechanism, which is not strictly Alfvén resonance but
involves both the Alfvén waves and the shear mode, is easily extended to the normal stars class of our Sun.
On the other hand, the more massive stars beyond the Sun class were, based on theoretical modeling,
speculated previously to release their stellar wind due to radiation pressure on the stellar atmospheric dust,
e.g., by Mattsson et al. (2010). However, disentangling the various feedback mechanisms in massive stars,
including stellar wind, only becomes possible with observations spanning a significant range of
environments, as this allows to probe dependences on metallicity, size, stellar, and dust contents (McLeod
et al., 2019).

Based on the herein presented results in the dynamic energy ranges, the (northern) polar solar wind
appears to be the 'main’ or 'normal’ solar wind in the solar cycle examined in the present study. Heliosphere's
hypothetical magnetic structure imagined by some to be composed of turbulently random flux tubes or
ropes is superseded by a guided resonating flux of alternating fast-slow jets blanketing and flapping
quasiperiodically (locally transiently) about the ecliptic..

6. Conclusions

The inner workings of the Sun as a classical revolving-field magnetoalternator and not just proverbial
engine anymore were extracted herein for the first time and to an unprecedented (absolute) accuracy and
precision, from the Ulysses mission scans of the interplanetary magnetic field above the Sun northern and,
separately, southern polar regions. The virtually complete extraction means that the solar wind is being
generated at highly coherent, discrete wave modes in the Sun, which get effortlessly transported to distances
beyond L1. The rigorous Gauss—Vanicek spectral analysis method, based on strict least-squares fitting and
statistical and physical criteria for the significance of spectral contents, was used to extract the complete
and incessant global resonance of the Sun as imprinted in the polar (fast) solar winds. With its unique
statistical-physical rigor, this method has turned out to be superior by far to any Fourier, approximate least-
squares fitting like the Lomb-Scargle, or wavelets techniques used in the past to claim (partial) extractions
of Sun global resonances.

Spectral analysis of separated northern and southern polar (fast) solar wind, both taken to be the
original solar wind where the former recreates Sun resonances more faithfully, has thus revealed the
signature of a Sun as a real magnetic alternator engine that naturally both vibrates and resonates, resembling
the theoretical concept of Alfvén resonance. The data further showed that, as with any mechanical
resonance, the Sun global resonance too is far more complex, preceded by antiresonances, and does not
lend itself to theoretical simplifications, so empirical considerations were invoked, showing that the result
also agrees with experimental evidence in addition to an agreement with disparate data. The Sun engine is
a ring system of separately vibrating and rotating conveyor belts, with an added complexity of differentially
rotating, contrarily (out-of-phase) vibrating, and vertically stratified layers. Because of this, while working
in unison with solar cycles as the common-denominator pulsation driver that periodically emerges from all
the mutually struggling possibilities within the frequency space, the Sun then releases the solar wind as a
result of structural instability, in a shake-off similar to that of a motor engine trying to rid itself of its casing
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while experiencing a global mechanical resonance itself. The data further showed that gravitation could
couple spontaneously with the ~150-160-day Rieger period mode, known to dominate planetary
geodynamics, resulting in the well-known Rieger-type periodicities (Rieger resonance) whose existence
demonstrates the viability of gravitomagnetics on star-system scales. The Rieger period arises as the
offshoot of the global Alfvén resonance at the antiresonance-termination (couplings-cessation) point, whose
double-power (stemming from simultaneous emission from both northern and southern polar regions) gets
channeled through the heliosphere unobstructed and forms a gravitomagnetically modified Rieger
resonance — physical waves of flapping solar ejecta pushed outwards and thereby sped up. The Rieger
period gets its value of ~154 days from being the triple (tri-band) resonance response of the Sun to its three
significantly contrary (out-of-phase) global vibrations (~11, ~10, ~9-yr) around the global mode, i.e.,
Prg=Ps/3/3/3.

While the concept of a global magnetoalternator engine is readily extendable to normal-type stars
like our Sun, this concept of the solar wind as simply the Sun’s resonant shake-off is probably extendable
not only to the stellar wind as such but to planetary atmospheric winds and Earth mantle wind as well.
Thermally differentiated masses are stirred mechanically-resonantly in an attempt of the host body to
equilibrate by ridding itself as quickly as possible of the “weakest link” — the topmost least dense layer
alongside the contact interface with the next (~zero-density) layer radially outwards (above). Within its
energy budget that includes resonantly magnified energies, the same then mechanism allows for the solar
abundance and million-degree corona phenomena. This discovery, accompanied by the first complete
extraction of the global Alfvén resonance from in situ data and the deciphering of the origin of the Rieger
period and Rieger-type periodicities that play a crucial role throughout the Solar system’s dynamics, pave
the way for detailed studies of the Sun and heliosphere, as well as for a new fundamental understanding of
a myriad of other stars and stellar systems.
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