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Abstract

Sun–Jupiter decade-scale magnetic entanglement emerges from Wilcox Solar Observatory 1975-2021 N–S [?]150 μT mean-field

data, as a global response of solar magnetic fields to the magnetar-type evolution of Jupiter ˜2001–onward global magnetoactivity

discovered recently in the 1–6 month (385.8–64.3 nHz) band of Rieger resonance. At extreme [?]20% field variance, the sudden

Jovian deviation is so high it forced solar magnetoactivity devolution into inverse-matching response, at effectively moderate

[?]1.5% mean-field variance. Thus as Jupiter magnetoactivity evolved sinusoidally, the Sun began mirror-compensating ˜2002

(the epoch of Abbe number drop), reducing its magnetoactivity in decreasingly sinusoidal fashion to solar cycle 24 extreme

minimum. For check, 2004-2021 WIND mission data revealed <0.5-var% (<5-dB) calm [?]50 nT interplanetary magnetic field

at L1, slightly undulated by the Jupiter evolution impulse, thus excluding solar wind and Sun as impulse sources (confirmed

by statistical fidelity waning down Jupiter–L1–Sun diffusion vector spaces, as 10ˆ7–10ˆ3–10ˆ2). Magnetic tangling of stars and

hot (<0.1 AU) Jupiters was blamed previously for observed star superflaring 10ˆ2–10ˆ7 times more energetic than the strongest

solar flare. Accordingly, the Sun ante-impulse locking is a shock-absorbing mechanism — routine shutter-response to Jupiter

recurrent phasing into the flare-brown-dwarf state — with which the Sun enters a grand minimum (sleep mode). As Jupiter

intermittently becomes an indirect driver of Earth’s climate, the Sun prepares to discharge stored energy as a non-extinction

˜10ˆ32-erg superflare (currently overdue). The mechanism, in which warm/cold Jupiters too trigger (mild) superflares, possibly

defends stars against incoming Jupiters.

1
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Abstract.  Sun–Jupiter decade-scale magnetic entanglement emerges from Wilcox Solar Observatory 1975-2021 N–S 
≲150 μT mean-field data, as a global response of solar magnetic fields to the magnetar-type evolution of Jupiter 
~2001–onward global magnetoactivity discovered recently in the 1–6 month (385.8–64.3 nHz) band of Rieger 
resonance. At extreme ≲20% field variance, the sudden Jovian deviation is so high it forced solar magnetoactivity 
devolution into inverse-matching response, at effectively moderate ≲1.5% mean-field variance. Thus as Jupiter 
magnetoactivity evolved sinusoidally, the Sun began mirror-compensating ~2002 (the epoch of Abbe number drop), 
reducing its magnetoactivity in decreasingly sinusoidal fashion to solar cycle 24 extreme minimum.  For check, 2004-
2021 WIND mission data revealed <0.5-var% (<5-dB) calm ≲50 nT interplanetary magnetic field at L1, slightly 
undulated by the Jupiter evolution impulse, thus excluding solar wind and Sun as impulse sources (confirmed by 
statistical fidelity waning down Jupiter–L1–Sun diffusion vector spaces, as 107–103–102).  Magnetic tangling of stars 
and hot (<0.1 AU) Jupiters was blamed previously for observed star superflaring 102–107 times more energetic than 
the strongest solar flare. Accordingly, the Sun ante-impulse locking is a shock-absorbing mechanism — routine 
shutter-response to Jupiter recurrent phasing into the flare-brown-dwarf state — with which the Sun enters a grand 
minimum (sleep mode). As Jupiter intermittently becomes an indirect driver of Earth’s climate, the Sun prepares to 
discharge stored energy as a non-extinction ~1032-erg superflare (currently overdue).  The mechanism, in which 
warm/cold Jupiters too trigger (mild) superflares, possibly defends stars against incoming Jupiters. 
 

Sun–Jupiter magnetic entanglement; solar superflares; pulsar Jupiter; brown dwarfs; Rieger resonance. 
 
 
 
 
1. Introduction 
 

While magnetic field interaction between stars and planets is likely complex, it has been established 
previously for Sun-like stars and their hot (orbiting the primary star at <0.1 AU) Jupiters that geodynamical 
properties of a planet are deducible from its detailed magnetic properties (Scharf, 2010). Thus after suspect-
ing Jovian increased magnetoactivity had caused Martian seismicity (Omerbashich, 2021b, 2021c), Omer-
bashich (2021d) demonstrated magnetar-type ~2002–onward evolution of Jupiter global magnetoactivity 
and compared this evolution to that of Saturn as the most similar gaseous giant. The Saturn magnetic field 
has turned out to be tranquil over the same interval, which left an increased Jupiter magnetoactivity as the 
source of not only seismicity and other geodynamic phenomena but pulsar-beam energy potentially dange-
rous to Earth as well. 
 

However, magnetic tangling of a Jupiter-like planet and its Sun-like primary via magnetic recon-
ecting perhaps could (pending confirmation from sky surveys) also result in significantly energetic events 
such as the star superflaring — observed emitting up to 1038 ergs or 102–107 times more energy than most 
energetic solar flares (Rubenstein and Schaefer, 2000), with 1033-erg (non-extinction) events occurring as 
often as every ~500-600 yr (Maehara et al., 2015). In contrast, while the geological record over the past 2k 
yr contains no evidence of superflaring (Schaefer et al., 2000), the Sun does seem to set off one 1032-erg 
such event every ~450 yr (Tsurutani et al., 2003). Since the Earth lacked global aurorae for the past ~500 
years as natural companion-events of such a superflare (Rubenstein and Schaefer, 2000), this type of super-
flaring on the Sun then seems overdue.  In addition, superflaring can emerge in a flare star (including sub-
giant dwarfs) due to magnetic energy stored in the atmosphere and possibly mass transfers (Pettersen, 
1989).  Kepler mission data confirmed that star flaring is a magnetism side effect by showing that super-
flares arise on stars with large starspots, but also observed no hot Jupiters around those stars, thus question-
ing the current models that predict that ~10% of such stars should have hot Jupiters (Maehara et al., 2012). 
Subsequent TESS mission data from a larger sample of stars (Tu et al., 2020) essentially confirmed the 
Kepler results.  The current models were suspected incorrect also because tidal locking would significantly 
weaken the magnetic fields of hot Jupiters (Griesmeier et al., 2004). 
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Therefore, to inspect if the detected Jovian evolution means just the phasing into a flare star (dwarf) 
itself as surmised by Omerbashich (2021d), or onset of a solar superflare, or both, I here compare the pulsar 
character of Jupiter to its companion star and examine if the two have magnetically tangled on decadal 
scales (and thereby entangled). Earlier, Jupiter magnetic field’s global dynamics were mapped temporally 
by the mean-annual effect of that field on the surrounding solar wind (therein used as a proxy) and computed 
as mean spectra of annual magnetospheric samplings in the 1–6 month (385.8–64.3 nHz) band of wind’s 
Rieger mechanical resonance — a regular yet nonlinear flapping of solar particle ejecta blanketing the eclip-
tic (Omerbashich, 2021d). Therefore, solar magnetoactivity is examined in the band of Rieger resonance in 
the present study as well. 
 
 
2. Data and methodology 
 

To study the evolution of overall solar magnetoactivity, I use the Sun’s (both hemispheres) diurnal ≲150 
μT Mean Magnetic Field (MMF) data from the Wilcox Solar Observatory (WSO) (Scherrer et al., 1977; 
ref. Acknowledgments). The background field dominates the MMF in a ~9:1 ratio to other magnetic feat-
ures including local fields, i.e., sunspots (Bose and Nagaraju, 2018).  Since primarily weather conditions 
controlled the ability to collect data, parts of the record during the summer months were complete, with the 
remaining portion nearly complete (>90%). Because the telescope operated with a reduced polarization sen-
sitivity due to lens contamination during the 16 December 2016–18 May 2017 interval so that the record 
did not reflect recalibrated MMF values and only approximate errors are available, possibly making the fi-
eld samplings nonlinearly noisy, I discard the data from that interval.  The analyzed data spanned the WSO 
record from the start, on 16 May 1975, through 3 August 2021 inclusively. 
 

To temporally map the hyperlow-frequency (<1μHz) dynamics of the solar wind, I spectrally analy-
ze ≲50 nT (≲20 nT most of the time) total-field magnetometer recordings collected between 1995–2021 
by the WIND mission (Lepping et al., 1995; ref. Acknowledgments). As in the Jupiter study (Omerbashich, 
2021d), the 1–6-month was again the spectral band of choice because it overall reflects the most energetic 
dynamics (interplanetary dynamics as normalized to the Earth case). After spending most of the initial oper-
ational time in a lunar orbit, the spacecraft has been sampling unperturbed IMF in a short fixed orbit at the 
Lagrangian point L1 continuously since May 2004. 
 

Spectral magnitudes in the present study were computed in both percentages of respective peak’s 
contribution to data variance (var%) and decibels (dB) using the rigorous Gauss–Vaníček (GV) method of 
spectral analysis (GVSA) by Vaníček (1969, 1971), and plotted against linear background noise levels. 
GVSA comes integrated with a complete statistical analysis in a scientific software package LSSA that pro-
vides periodicity estimates in the strictly least-squares sense, unlike the more popular Lomb-Scargle appro-
ximation that underperforms when analyzing noisy and complicated signals, such as those of solar activity 
(Carbonell et al., 1992; Danilović et al., 2005). Tests of GVSA, showing its superiority, have been perfor-
med, e.g., by Taylor (1972) and Omerbashich (2003).  Using GVSA has many benefits, including benefits 
over Fourier methods (Omerbashich, 2021a, 2007, 2006; Press et al., 2007; Pagiatakis, 1999; Wells et al., 
1985). By discarding non-recalibrated data in the record, I also take advantage of the blindness to data gaps 
as a feature exclusive to the least-squares class of spectral analysis techniques. 
 

The same as in the demonstration of increased Jupiter magnetoactivity (Omerbashich, 2021d), 
change in mean magnetic field activity of the Sun is discerned in the present study by using a spectral me-
thod for measuring field dynamics (Omerbashich, 2003, 2007, 2009). In that method, unlike with classically 
performed comparisons of ratios of Fourier spectral amplitudes to discern field dynamics, average GV vari-
ance-spectra over some band of interest, since already directly energy-stratified, represent field dynamics 
over an epoch of sampling.  The same as for Jupiter, the 30–180-days (common) spectral band of solar-
wind resonance is used in the present study to represent field magnetoactivity, while one Earth year is again 
the epoch of choice as before. 
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3. Results 
 

The solar mean magnetic field responded around ~2002 to the Jovian signal in the same but inverted mann-
er, Fig. 1. In essence, the Sun magnetism compensated by entering into a decreasingly sinusoidal mode, re-
vealing that the two magnetic fields had effectively entangled a very long time ago, so they tangle complex-
ly since. This ante-impulse signature reflects an influx of energy absorbed by an overall and thereby well-
tuned oscillatory system. Akin to a car shock absorber, the entanglement represents compensatory dynamics 
occurring on spatially global and temporally decadal scales. It is only natural then to deduce that this comp-
ensation also encompassed the observed lowering of solar activity that soon after ensued in solar cycle 24.  
However, due to (also natural) insufficient dampening under inherently chaotic overall dynamics of the 
Sun, incoming energy is never fully absorbed and has to be released somehow to maintain system stability. 
This state is observed as the ante-impulse decreasingly sinusoidal evolution, e.g., in pulsar 4U 0142+61 
(Gonzalez et al., 2010) as it prepared to release surplus magnetic energy in the form of a superburst. The 
same then can be expected of the Sun, so its response mechanism to Jupiter pulsation phase is at the same 
time the Sun’s superflaring mechanism.  Note that there are many other examples of decreasingly sinusoidal 
(increasingly pulsating) mode of energy diffusion, e.g., a most common such occurrence is in the prepara-
tion stage of explosive discharge imminent in compressively overloaded closed physical systems. 
 

As seen in more detail in Fig. 2, the Sun has compensated for the Jupiter impulse with the subse-
quent solar cycle (24) that began in 2009 (by 2012 fully), including the lowering of solar activity. Thus the 
Sun–Jupiter decade-scale magnetic entanglement provides a physical explanation for the observed record-
low solar activity of the last decade, starting with the 2014 maximum of the cycle 24 and the preceding 
minimum of 2009 (Fig. 2-a), both being among the weakest on proxy record (Basu, 2013) and weakest on 
instrumented record.  In a study of the long-term evolution of solar activity, a proxy dataset spanning the 
last 11.5 kyr has shown that a stochastic (therefore not necessarily internal) process drives the recurrence 
of solar grand minima/maxima. The same study also showed that these events cluster in time, with long 
event-free periods between the clusters — indicating that the Sun dynamo is controlled by processes related 
to accumulation and release of energy (Usoskin et al., 2007). That result supports the situation in which Ju-
piter phases in and out of its active states, every time pending sufficient accumulation of magnetic–rotatio-
nal energy to the point of criticality. Then the subsequent Jupiter–Sun magnetic reconnecting, occurring in 
a situation of increased Jovian magnetoactivity, makes the Sun compensate for reactivated pulsar Jupiter 
by lowering solar activity to the point of a grand minimum. 
 
 
 
 

 

Table 1.  Spectral values for the Wilcox Solar Observatory solar mean magnetic field, Fig. 1. 

 

Year    var%      dB Year    var%      dB Year    var%      dB

1975 0.9 -25.5 1991 0.5 -26.5 2007 0.4 -26.2
1976 0.8 -23.6 1992 1.6 -19.7 2008 0.4 -28.6
1977 1.0 -23.7 1993 0.5 -26.5 2009 0.5 -25.3
1978 0.9 -23.8 1994 0.8 -24.7 2010 0.9 -23.9
1979 0.6 -25.3 1995 0.7 -24.0 2011 0.8 -23.4
1980 0.8 -22.1 1996 1.0 -21.3 2012 0.6 -24.9
1981 0.9 -21.9 1997 1.7 -20.7 2013 1.0 -23.5
1982 0.7 -28.4 1998 0.4 -25.8 2014 1.3 -21.5
1983 0.4 -26.8 1999 0.7 -24.8 2015 0.6 -24.1
1984 0.5 -24.7 2000 0.6 -24.6 2016 0.6 -24.3
1985 1.3 -21.7 2001 1.2 -21.8 2017 1.5 -20.0
1986 0.5 -25.1 2002 0.9 -22.7 2018 0.5 -25.3
1987 1.2 -23.9 2003 0.7 -24.2 2019 0.7 -25.2
1988 1.7 -21.4 2004 0.5 -26.1 2020 1.8 -19.3
1989 2.2 -21.9 2005 1.0 -21.1 2021 1.8 -22.5
1990 2.4 -18.6 2006 0.7 -24.2
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Figure 1.  Sun overall magnetoactivity since 1975.  Panel a: Wilcox Solar Observatory mean magnetic field (MMF) diurnal variations (of B) in μT, 
depicting sudden and controlled sunwide dampening of field oscillations from ~2002 on, which coincided in time with the onset of ~2001–onward 
magnetar-type evolution of Jupiter global magnetoactivity (Omerbashich, 2021d).  Panel b: Sun overall magnetoactivity evolution as a change of 
mean-annual Gauss-Vaníček (GV) spectral magnitude in var% (solid line) and dB (gray) of field variations from panel (a), 30–180-days (385.8–
64.3 nHz) band. The depicted solar overall magnetoactivity shows the Sun’s response to a globally forced (extrasolar) event since ~2002, in the 
form of an ante-signal to the Jovian such evolution, revealing that Sun had to compensate for the sudden energy surplus by lowering its activity, to 
a record minimum already in solar cycle 24.  Panels c-d: an examination of signal strength and clarity, by moving the band’s lower end: (a) by 
shortening to 30–140-days to exclude the Rieger period and leave Rieger harmonics only, and (d) by expanding to 30–300-days (and data then to 
2-yr bins) to include the first mid-term Rieger reflection (Bai, 2003). The shortening affected signal clarity, so the ante-impulse can be recovered 
if considering the whole Rieger resonance only. The expansion has affected the signal by virtually extinguishing it, confirming that only the Rieger 
resonance band enables recovery of the ante-impulse. Thus the Rieger band is a natural band of the overall solar activity, with the Rieger period as 
the fundamental note.  Gray boxes: time interval of the Jupiter evolution impulse and Sun ante-impulse.  For the data source for panel (a), see 
Acknowledgments. Data for panels (a)–(c) are in Table 1. 
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Figure 2.  A blind-plots stack of MMF’s GV spectra in var% (dark lines) and dB (light lines), showing mixed-rate (highly turbulent) anisotropic 
peak splitting under Sun magnetoactivity since 1975.  The overwhelming influence of increased Jupiter magnetoactivity past ~2002 is seen as the 
extinguished lowest frequencies, i.e., the most energetic mean-field dynamics (gray boxes). In the absence of turbulent fields, the Jupiter case 
revealed no systematic (prolonged) extinguishing in the lowest frequencies; see Fig. 1–right panel by Omerbashich (2021d).  The Sun compensated 
the Jupiter impulse with the solar cycle 24 in 2009, fully by 2012, including the lowering of solar activity. Note that the 1982 case was due to a 
solar minimum. Amplitudes not to scale. Short-dashed line marks confidence at 67% and practically coincides with the abscissa in most panels, 
with the 99% level always nearby (shown long-dashed on the 1975 plot for illustration).  See Supplement for data. 
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As To statistically verify that the solar activity drop as seen on Fig. 1-b indeed was both sinusoidal 
and sudden, and to discern its timing, I compute the Abbe number, 𝒜𝒜, which quantifies signal smoothness 
(or roughness) by comparing mean square successive differences of a time series xi of n values and the 
mean x�, against variance (von Neumann, 1941, 1942): 
 

𝒜𝒜 =
𝑛𝑛

2(𝑛𝑛 − 1)
∑ (𝑥𝑥𝑖𝑖+1 − 𝑥𝑥𝑖𝑖)2𝑛𝑛−1
𝑖𝑖=1
∑ (𝑥𝑥𝑖𝑖 − �̅�𝑥)2𝑛𝑛
𝑖𝑖=1

.                                                           (1) 

 
The Abbe number decreases as signal smoothness increases.  As seen from Fig. 3, this verification turned 
out positive for both of the above-implied spatiotemporal manners in which the Sun magnetoactivity dev-
olved from 1975–2021. 

To physically verify the directionality of Jupiter–L1–Sun impulse propagation down the respective 
vector spaces, I compute the IMF magnetoactivity at the Lagrangian point L1, midway between the Sun 
and the Earth.  As it turned out, the IMF at L1 has also responded to the signal past 2004, albeit only slightly 
so, Fig. 4.  To statistically verify the result, for each estimated spectral peak, its fidelity values were used, 
and then those statistics from the three locations (Jupiter, Sun, L1) were compared; Fig. 5. 

As seen from Fig. 5, in the Jupiter case (Omerbashich, 2021d), statistical fidelity on spectral peaks 
estimates stayed well within a very high (Φ≫12) range, of 107–105 going from lowest- to highest-frequency 
spectral peaks, respectively (Omerbashich, 2021d), where Φ>12 is indicative of a physical process (Omer-
bashich, 2006). Thus, the imprint of Rieger-resonating solar-wind dynamics onto the Jovian magnetopause 
and below was both total and incessant for all practical purposes.  Note that the fidelity in Saturn spectra 
(not shown) was over half an order of magnitude below that in Jupiter spectra, in the 3.7·106–105 range, but 
still higher than for either the Sun or the IMF at L1 (both nearly the same distance from Jupiter), reflecting 
an added influence of Jovian magnetotail on Saturn magnetoactivity and vigor of Rieger resonance near 
Saturn. 

In the Sun case (WSO data), fidelity was between 44–14 on the lowest and 5–1 on the highest freq-
uencies, indicating that, within the band of interest, the Sun had emitted energy only in the lowest (strongest-
energy) frequencies, i.e., just about responded to an external process as the Sun was almost out of reach of 
the Jupiter impulse while the higher frequencies were sporadic and therefore uncharacteristic, Fig. 2.  There-
fore the imprint of the Jupiter impulse onto the solar magnetosphere was incomplete and incessant. 

In the IMF case (WIND data), fidelity was between 1100–360 on the lowest and 53–30 on the shor-
test frequencies, indicating that IMF at L1 was well within reach of the Jupiter very-long-period (decade-
scale-) magnetic impulse to respond to it magnetically as well, i.e., to allow it to slightly moderate IMF 
amplitudes, Fig. 4. 

Thus, statistical fidelity of the computed frequency spectra is seen as naturally (upstream the solar 
wind) diminishing down the impulse propagation vector spaces Jupiter–L1–Sun, as 107–103–102 respecti-
vely, confirming that the impulse is genuine while corroborating impulse general direction, as well as the 
physical interpretation of the result. 
 
 
 
 

 

Table 2.  Spectral values for WIND mission interplanetary magnetic field data, Fig. 4. 

Year    var%      dB Year    var%      dB Year    var%      dB

1975 0.3 -26.4 1984 0.7 -24.7 1993 0.4 -25.9
1976 0.3 -26.6 1985 0.4 -25.5 1994 0.9 -22.7
1977 0.3 -28.1 1986 0.4 -26.6 1995 0.4 -25.4
1978 0.2 -28.9 1987 0.2 -28.9 1996 0.2 -30.1
1979 0.3 -28.6 1988 0.1 -30.4 1997 0.2 -31.2
1980 0.3 -27.3 1989 0.3 -26.6 1998 0.2 -29.3
1981 0.4 -26.8 1990 0.6 -24.9 1999 0.3 -27.8
1982 0.6 -24.9 1991 0.5 -27.2 2000 0.3 -27.7
1983 0.4 -26.7 1992 0.5 -26.3 2001 0.4 -26.6
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Figure 3.  Plots of scaled Abbe numbers, 𝒜𝒜, for the time series from Table 1, of GV epoch-mean spectra of 1975–2021 Wilcox Solar Observatory 
mean magnetic field diurnal data. Drop epoch determined by shifting (shortening) the time series one epoch at the time, on through 2019: for mean 
variance-spectra — thin dark line with power trend as dark-dotted; for mean power-spectra — thin light line with power trend as light-dotted. Note 
that downward linear trend (not plotted) in the 𝒜𝒜 number from shifted time series is due to data shortening, and therefore not genuine (see callout 
for the real trend). Based on the drop epoch thus determined as ~2002, 𝒜𝒜MMF(t) numbers were computed for pre-drop (1975–2002 conclusive) and 
post-drop (2003–2021) portions of the time series, Eqn. (1) — thick step-line with the 𝒜𝒜(t) of the total time-series as thick dashed.  Comparison 
between the two thick lines and between the steps confirms that the drop was sudden and of ~5% mean-field variance, so the post-drop portion of 
the time series describes a relatively most smooth function, here sinusoidal.  Note that the final plunge in 𝒜𝒜 occurred in 2009, i.e., at the onset of 
solar cycle 24, further contributing to regular activity decrease. Gray box: time interval of the Sun ante-impulse to the Jupiter evolution impulse, 
Fig. 1-b.  Callout: plot of epochal 67% confidence levels from 1976–2016 (end-epochs with ≳1/2-yr data gaps omitted) in var%, showing the real 
(very long period-) power trend in the Sun internal energy dynamics as the thick gray curve, thanks to the GV linear background noise levels and 
thus variance-spectra directly measuring system energy levels (Omerbashich, 2003, 2007, 2009).  The trend probably extends to centennial scales 
and reflects known global solar variations down to millennial scales, such as the Hallstatt cycle, of ~2400 yr, at which solar grand minima and 
maxima cluster (Usoskin et al., 2016). 
 

 
Figure 4.  Panel a: 1995-2021 unperturbed ≲50 nT (<20 nT most of the time) IMF data from the WIND mission at the Lagrangian point L1 (in L1-
fixed orbit continuously since 2004). Panel b: GV spectra (as for Fig. 1-b–d) revealed a <0.5-var% (<5-dB) calm interplanetary magnetic field 
(IMF), as effectively slightly undulated by the Jupiter evolution impulse (observed visually since data size was insufficient for relative Abbe number 
computations as those in Fig. 3). This result excludes both the IMF and Sun as impulse sources: IMF — because L1 is closer to the Sun than Jupiter 
is yet considerably less affected by the impulse, and the Sun — because it is the source of the solar wind, which ought then to preserve (or, shape 
the IMF at L1 into) the signature of such Sun-originating impulses if any.  Lighter gray boxes: time interval of the Jupiter evolution impulse and 
Sun ante-impulse. Darker gray boxes: time interval of continuous coverage of IMF at L1 by WIND. 
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Since the Jupiter magnetic field is rotational in character, the Jovian magnetosphere and any associ-
ated pulsar energy emissions are moderated largely by incoming mass transfers (from solar wind primarily). 
Besides, variance spectra as such (naturally) are energy stratified. This situation justified taking the IMF 
variance, as represented by the Rieger resonance variance-spectra and its energy band, proportionate to the 
Jovian magnetic field variance. This logical extension forms the nature of the magnetic field's signature as 
impressed onto the solar wind — used then as a proxy of global magnetoactivity. On the other hand, since 
the character of Sun overall magnetic activity remains extremely complex to decipher and thus hard to 
model or predict, the uncertainty in relating mean-field variance to a narrowed-field-variance as described 
spectrally in the band of interest is non-obvious, but also of no concern here given the relatively lower effe-
ctive spectral response of the Sun.  As in the Jupiter study, while the 99%-significance level in all cases 
was very close to the 67% level, the latter was considered sufficient for validating widely reported physical 
period ensembles such as the Rieger periodicities. Such reasoning was justified subsequently by those levels 
revealing a centennial trend, Fig. 3-callout. 
 
 
 
 
 
 

 
 
 
Figure 5.  Plot of spatially changing maximum values (Φmax — square markers) and minimum values (Φmin — rhombus markers) of statistical 
fidelity, Φ, for frequency spectra of Rieger resonance 2000–2021.  Left column — at the Sun (Wilcox Solar Observatory telescope MMF data); 
Middle — at the Lagrangian point L1 in the interplanetary magnetic field (IMF) midway between the Earth and the Sun (WIND mission data since 
2004 – white marker and dotted lines); Right — at Jupiter (Galileo, Cassini, Juno missions data).  The drop reflects the natural dissipation of Jupiter 
magnetic energy so that only logarithmic representation (black lines and markers) maintains the range, while numerical representation (gray lines 
and markers) does not.  While IMF strength varies greatly and is independent of the distance from the Sun, the depicted exponential (naturally 
upstream the solar wind) waning of fidelity down the impulse diffusion vector space Jupiter–L1–Sun, as 107–103–102 respectively, highlights Jupiter 
as the source of the emission and thus eliminates both the solar wind and the Sun as impulse sources. 
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4. Discussion 
 

Rieger resonance arises due to the Sun’s internal processes or physics of planetary constellations acting as 
natural obstacles and consists of the PRg = ~154-day driver (Rieger et al., 1984) called Rieger period, and 
its 5/6 PRg, 2/3 PRg, 1/2 PRg, 1/3 PRg, 1/4 PRg. 1/5 PRg harmonics or ~128, ~102, ~78, ~51, ~38, ~30-day peri-
ods called Rieger-type periodicities (Dimitropoulou et al., 2008).  A periodically forced damped nonlinear 
oscillator that exhibits periodic and chaotic behavior can model this resonance (Bai and Cliver, 1990). Subs-
equently, PRg resonance was confirmed in the interplanetary magnetic field (IMF), including IMF near the 
Earth (Cane et al., 1998) and most heliophysics data types such as solar flares, photospheric magnetic flux, 
group sunspot numbers, and proton speed, and in different ranges depending on the 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 subbands, they share a band — of 30–180-days.  His-
torically, 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 (Zaqarashvili et al., 2021). 
Likewise, Rieger-type periodicities also correlate with solar cycle strength and are shorter during solar cyc-
les 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 mechanical 
resonance arises in the solar wind due to waves encountering physical obstacles along propagation paths. 
  

Since ~2001, Jupiter decade-scale global magnetoactivity evolution in the band of Rieger resonance 
took an increasingly sinusoidal form seen in magnetar 4U 0142+61 (Omerbashich, 2021d).  The mode of 
system tiredness in which a system dissipates energy in an increasingly sinusoidal manner is in astrophysics 
found not only in magnetars but in other bodies as well; for example, superhumps or superoutbursts (long 
outbursts) are seen in dwarf novae when a non-sinusoidal pulse shape becomes increasingly sinusoidal as 
the amplitude declines (Kuznetsova et al., 1999).  In geology, the above release regime is part of metaso-
matic metamorphism — a chemical transformation of rock due to fluid-induced reaction, e.g., Aulbach et 
al. (2018).  Thus, as cross-scale and cross-discipline, this type of system energy dissipation could be more 
common in nature than previously thought. 
 

 To verify the directionality of the Jupiter pulsation signal necessitated looking into the Sun magne-
toactivity in the same spectral band (or Rieger resonance) and over the same time interval. Because it lacks 
large-scale geometries and instead consists of complex ~10–104-km large and up to ~0.1·R⊙ high structures, 
solar magnetosphere commonly is pluralized as 'magnetic fields' — making computation of any response 
of the Sun in the band of interest piece-wise (field-by-field) difficult, so that the MMF was studied instead. 
While averaging a field does smooth out many intricacies, some still endure in the MMF even though the 
background field is dominant (Bose and Nagaraju, 2018). That problem was in the present study further 
addressed and resolved by applying a robust, rigorous, and gaps-insensitive spectral analysis method and 
approaches. 
 

Sun-like stars with planetary systems expectedly erupt with superflares (Schaefer et al., 2000). 
While Jupiter-like gaseous giants in close orbits about Sun-like stars could theoretically cause such events, 
Jupiter appears to be too remote from the Sun to cause a solar superflare via magnetic tangling under reco-
nnecting (Rubenstein and Schaefer, 2000). However, since the physics of such magnetic reconnections lar-
gely remains unknown (ibid.), a Jupiter-like gaseous giant with its own flaring mechanism (regardless if 
capable of flaring or not), especially if that mechanism were purely magnetic and rotational like Jupiter’s, 
could also entangle its primary star’s magnetic field on decadal scales without causing star rotational varia-
tions or extinction-level superflares. This scenario is particularly plausible as the geological record does not 
contain a link between mass extinctions and solar superflares (ibid.). 
 

A conventional but ad hoc criterion for regarding a planet to be a brown dwarf is that the planetary 
mass must exceed 13.6 MJupiter — while another criterion, defended by an important fraction of the astrono-
mical community, is based on the origins of the object’s formation instead (Chauvin et al., 2005). While 
the difference between a high-mass gaseous planet like Jupiter and a low-mass brown dwarf is still a matter 
of debate, it is rather unfortunate that neither of the above most vocal schools of thought (scale-based and 
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internal-physics-based criteria v. way-of-formation criteria) advocates external physics, i.e., current activity 
or lack of it, as the criterion. 
 

Just as gaseous giant planets often are termed failed stars for their inability to sufficiently amass 
and ignite a core early on in their history, Jupiter too is termed failed brown dwarf (Fukuhara, 2020). How-
ever, in reality, those objects have not failed in cases where their physical or chemical properties amount to 
star-like global activity sufficient to act on active (fusing) stars. As the present and to it preceding Jupiter 
studies have shown, low-mass magnetic stars like our Sun are affected globally by gaseous magnetic giants 
like Jupiter that are not orbiting as nearby as hot Jupiters. Based on its activity type and extent rather than 
purely scale-based (therefore arbitrary) conventional criteria like mass or distance from the primary star, 
Jupiter meets natural criteria to be re-classified as a pulsar — it behaves under its own rotation like any 
magnetar pulsar and affects its primary star just as a dwarf star in binary solar systems does. Importantly, 
planetary-mass brown dwarfs have been observed (Luhman et al., 2005). 
 

While it is difficult to locate its origin in time, it is easy to see through extrapolation — especially 
since the solar and thus the IMF strengths tended to increase freely after the last (Maunder) grand minimum 
(Lockwood et al., 1999) — that the Sun–Jupiter decade-scale magnetic entanglement had already commen-
ced during one of the previous grand minima. Such extrapolation paints a picture of an otherwise chaotic 
star that, if unchecked, could become far more dangerous than is presently the case, where magnetar dwarf 
Jupiter keeps it in check. Thus solar grand minima act as the Sun shutter-response to pulsar Jupiter recurring 
active phase, routinely making Jupiter an indirect but significant Earth climate driver, as deduced previously 
from orbital geometry, e.g., by Niroma (2009). In that sense, the well-known Schwabe–Wolf cycle of sun-
spots recurrence itself, of ~11 yr in duration, is the sunwide enforced Jupiter orbital period, of ~11.86 yr, 
where highly turbulent and mutually interacting solar magnetic fields result in that cycle’s quasiperiodic 
nature. 
 

Besides, there can be little doubt that the Sun had activated this protective mechanism a long before 
humans began observing solar sunspot (local magnetic) activity — probably while Jupiter was still migra-
ting to its current position inward (for a review of planetary migration models, see, e.g., Raymond and Mor-
bidelli, 2022).  As a defense mechanism of Sun-like stars, and therefore a defense mechanism of many nor-
mal stars too, the decade-scale magnetic entanglement could explain observations from the Kepler mission 
according to which only ~1% of gaseous giants orbiting Sun-like stars are hot Jupiters, whereas ~99% are 
warm/cold — orbiting at distances >0.5 AU like Jupiter (at ~4–6 AU). 
 

 Given the global and decadal nature of the superflare mechanism and its recurrence rate along cent-
ury or longer scales, one can speculate that this “star shield from incoming fire” explains why only <1% of 
all Jupiters are hot Jupiters. Namely, besides just lowering solar activity, the mechanism perhaps also keeps 
Jupiter a safe distance by hindering its abilities to attain a corrected orbit. This blocking could occur via 
atmospheric depletion (Lalitha et al., 2018) or Jupiter scattering more mass during grand minima (due to 
lower production of the solar wind) than it accrues (Adams, 2011), or by preventing Jupiter clenching onto 
the Sun magnetism, or in a combination of those. Both of these ways (gravitational and electromagnetic), 
if unchecked, enable Jupiter to climb its distance to the Sun.  If true, this solar last line of defense against 
migrating-in Jupiters is a universal stellar mechanism for preventing gaseous giants from ever leeching in, 
i.e., becoming hot Jupiters via penetrating primary star’s defenses and assuming a <0.1 AU orbit when the 
star’s and the existence of its planetary system could become jeopardized.  In turn, the forever-banished Ju-
piter, in most cases deprived of proximity to its binary companion, as such then lacks any potential for 
firing extinction-level superflares itself.  On the other hand, both solar and Jovian unevenly explosive bursts 
still can be expected but also constrained by a mutual balance. 
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5. Conclusions 
 

Even though it hosts several gaseous giants in its heliosphere, the Sun lacks extinction-level superflaring 
ability observed throughout the universe, largely thanks to its protective shutter-mechanism, akin to a car 
shock absorber but with the appearance of a camera lens cover, which signals the Sun to lower magnetic 
activity. Thus as soon as it recognizes the (astrophysical) signature of a sudden energy influx such as a 
superhump or here the Jupiter’s magnetar-type evolution impulse (regardless if Jupiter had in the meantime 
since the last time it locked magnetically with the Sun developed the actual superflaring potential or not), 
the Sun enters into a “sleep mode” (grand minimum). Each dramatic reduction in (magnetic) activity even-
tually must end in an energetic burst of the suppressed energy — a superflare. However, also thanks to that 
mechanism, the Sun effectively prevents any extinction-level such superflaring that could ensue if the Jupi-
ter magnetic impact were to go unchecked. 
 

While the Jupiter orbiting distance and the absence of superflare-related extinctions from 0–2-kyr 
BP geological record make cataclysmic solar and Jovian superflares less likely, the current global locking 
of the two most powerful magnetic fields in the solar system reflects Jupiter again re-phasing into the flare-
brown-dwarf state and our solar system into distantly–binary. Therefore, the ongoing episode of Sun-Jupiter 
magnetic entanglement could represent the onset of a 1032-erg (non-extinction) superflare, which appears 
to be overdue. 
 

Astrophysical models of star superflaring need to account for the here revealed ability of pulsar 
Jupiters at distances beyond 0.1 AU to trigger mild (non-extinction) superflares. 
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