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Jupiter’s 1996 switch to decadal global magnetodynamics of active stars unveils a new pulsar class 
 

Jupiter's primordial beat of superoutbursting stars 
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The decadal global magnetoactivity evolution profile that precedes short-burst pulses in magnetar 4U 0142+61 
and superhumps (superoutbursts) in dwarf novae now also emerges from mean least-squares spectra of >12 
billion mission-integrated Galileo–Cassini–Juno 1996–2020 annual samplings of Jupiter ⪅8nT global magnetic 
field. For the first time in any planetary magnetosphere, the profile has revealed a ubiquitous primordial 
physical property: the presence of a high-power, pulsar-like global dynamic from temporally mapping 
hyperlow-frequency (<1μHz) systematic dynamics of Jovian magnetospheric signature in the solar wind 
(Rieger-resonance band of 385.8–64.3 nHz or ~0.3·109–3·109 erg energetic perturbations). The signature served 
as a proxy of Jovian magnetoactivity expressed in mean least-squares-spectral magnitudes as a novel method 
for measuring relative field dynamics. The magnetoactivity impressed thus and entirely into the solar wind, and 
it encompassed the well-known, solar system-permeating ~154-day Rieger period and its first six harmonics. 
Statistical fidelity of the spectral peaks remained within a very high (Φ≫12) range of 107–105, reflecting the 
signature’s completeness and incessantness. The magnetoactivity upsurge from spectral means that 
maintained a stunning ~20% field variance (total annual energy budget) began reformatting the signature 
around 1999, gradually transforming it into the anomalous state by 2002, as supported by an increased 
anisotropic splitting of spectral peaks. By contrast, a comparison against 2005–2016 Cassini global samplings 
revealed a calm Saturnian magnetoactivity at a low ⪅1% field variance except for every ~7.1 yrs when it is ⪅5%, 
possibly due to orbital–tidal forcing. While this discovery of planetary pulsars as a new pulsar class calls for 
redefining pulsars to include failed stars, a global pulsation profile of the magnetar–novae type in a failed-star-
turned-planet calls for beacon-orbiter missions to monitor Jupiter’s activity and its disruption capacity to solar 
system infrastructure. Shannon’s theory-based rigorous Gauss–Vaniček least-squares spectral analysis 
revolutionizes astrophysics by directly computing relative dynamics of global astrophysical fields and space 
physics by rigorously simulating completed orbits and fleet formations from a single spacecraft. 
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HIGHLIGHTS 
• First-ever mission-integrated study of Jovian global magnetic activity over decadal scales and using all in situ data at Jupiter & Saturn 
• Expanded on early claims on Jupiter resembling a (low-power) pulsar: it is a real (relatively high-power) pulsing planet and a failed star 
• Jupiters shown jumping the star and planet states, exposing planetary pulsars as a new class of pulsar, calling for reinterpretation of pulsars 
• The jump is moderated by a gradually varying sinusoidal energy dissipation regime observed in magnetars and dwarf novae 
• The regime represents a part of the confirmed superoutbursting sequence, calling for a permanent monitoring mission at Jupiter 
• First application of Shannon’s theory-based rigorous Gauss–Vaniček Spectral Analysis (GVSA) by least squares in global planetary physics 
• GVSA revolutionizes astrophysics by directly computing relative dynamics of global astrophysical fields 
• GVSA revolutionizes space physics by rigorously simulating completed orbits and fleet formations from a single spacecraft. 

 

1. INTRODUCTION 
Global macroscopic fields, including magnetic, electric, and 
gravitational–rotational, interact mutually in astronomical 
bodies to create dynamic systems with varying degrees of 
complexity. Then intricate random, chaotic, systematic (and 
notably periodic) dynamical systems engage in feedback 
activity individually with those fields.   For example, the inter- 
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action of planetary magnetic fields and planetary dynamics 
supposedly includes the dynamo mechanism of the core and 
fluids kineticelectricmagnetic energies conversions, over-
all core–surface processes, and the generation of atmospheric 
electric currents, including ionospheric ones; see, e.g., 
Matsushita (1967). 
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Jupiter’s intricacies stand out in many ways in our solar 
system. These include a magnetic field different from all other 
known planetary magnetic fields (Moore et al., 2018). Its inter-
action with the solar wind as the builder of planetary 
magnetospheres has been demonstrated, e.g., by Murakami et 
al. (2016) from the Hisaki satellite data, yet remains poorly 
understood (Masters, 2017). To refine our understanding of 
Jupiter’s large-scale dynamics, I employ this established inter-
action as a proxy of the Jovian magnetospheric global dynamics 
to try to identify any signatures of decade-scale changes in 
Jupiter’s magnetoactivity (relative dynamics of the total 
magnetic field) as they imprinted into the solar wind, and vice 
versa. Here, magnetoactivity is represented per epoch of choice 
(one Earth year) as the mean spectral magnitude of spacecraft 
magnetometer measurements taken over that epoch. Such 
representation reflects the known fact that due to turbulence and 
unknown reasons, global Jovian dynamics exhibit resonance at 
all energy scales, so much so that the Jupiter magnetosphere can 
be treated as an infinite set of independent resonators, each with 
its own natural frequency and so its own set of harmonics 
(Wright & Mann, 2013). Then a spectrally expressed magneto-
activity describes the overall magnetic excitation of an astro-
nomical object of study like Jupiter. Such average spectral 
magnitudes from Fourier spectra were used previously to 
measure decadal levels of magnetoactivity of a magnetar, e.g., 
by Gonzalez et al. (2010), the topleft panel of their Fig. 2. Here, 
effects of subannual planetary magnetic field variations and 
changing spacecraft orbits were ironed-out globally (maneuvers 
and moon flybys discarded). 

The Rieger resonance (RR) process is amongst the most 
vigorous systematic global solar wind dynamics. This process 
is characterized by the leading, transient, and well-known 
Rieger period (Chowdhury et al., 2009), PRg=~154-day (~150–
160-day). Rieger et al. (1984) discovered PRg, whose 5/6 PRg, 
2/3 PRg, 1/2 PRg, and 1/3 PRg harmonics, i.e., ~128, ~102, ~78, 
and ~51-day periods, were subsequently reported in numerous 
studies and from different kinds of data, and are called the 
Rieger-type periodicities (Dimitropoulou et al., 2008). PRg 
originates in the Sun and is the guiding period of the solar wind 
in the highest planetary energies, resulting in its power and 
prominence on macroscopic scales (Omerbashich, 2023a; 
2023b). PRg most of the time equates to 154 days, so 2PRg 
equates to the 1-yr window of the epoch of choice transiently 
rarely, if ever. PRg is characterized thus by its transient nature 
and the fact that it is not always the strongest or longest; instead, 
power gets shared amongst harmonics. These circumstances 
enable, i.e., do not prevent, using the entire RR band indiscri-
minately (or the average spectra in that band), to measure global 
magnetoactivity. Namely, since PRg most of the time is the most 
prominent period of RR, PRg relates to the epoch’s (one-year-
spanning) window most of the time by a factor of 2·154/365= 
0.8, a value commonly regarded as safe in terms of alleviating 
main problems including spectral leakages. In addition, the 
spectral analysis method used in the present study does not 
depend on the Nyquist frequency (Craymer, 1998). 

A damped, periodically forced nonlinear oscillator exhibit-
ing periodic and chaotic behavior simulates RR successfully 
(Bai & Cliver, 1990). The Rieger period was confirmed in solar 
flare rates (Kiplinger et al., 1984) and reported in the inter-
planetary magnetic field (IMF) (Cane et al., 1998) and most 

heliophysical data types: photosphere magnetic flux, group 
sunspot numbers, proton speed, and others; see, e.g., Carbonell 
& Ballester (1992) for a summary of such reports. Namely, we 
know that the Sun is a body whose vibrations, polarity, and 
alternate current (AC) propagate via emitted solar wind into the 
heliosphere (the zone of the Sun's macroscopic influence, up to 
~50–100 AU beyond Pluto orbit). As a composite of mechanic-
al carrier waves transporting those remnants and features, the 
wind's magnetism forms what we commonly refer to as IMF. 
While the Jovian magnetic field is internally generated 
(Manners & Masters, 2020), the solar wind dominantly shapes 
the magnetic fields of all magnetized bodies in the solar system 
into congruent bubbles of magnetism called magnetospheres. 
Therefore, the energy band of RR, where this main (most ener-
getic) planet–star action by the solar wind occurs, is the band of 
interest in the present study. The Rieger band (not just PRg) is 
an intermediary or the common grounds that enables me in what 
follows to draw a link between the two energy scales: hourly, 
of main (rotational) interactions, and decadal, encompassing 
decadal global dynamics of an entire astronomical body. 

To take advantage of the criticality of RR in deciphering 
Jovian magnetodynamics, I use all available data from space 
missions that orbited or flew by Jupiter for six months or more. 
I then temporally map the annual effects of the Jovian magneto-
sphere onto the surrounding solar wind as represented by the 
band of its inherent RR process. To measure the change in mag-
netoactivity, I employ a method for measuring field dynamics 
by Omerbashich (2009, 2007, 2003). As mentioned, to isolate 
any signatures of Jovian decade-scale global magnetoactivity in 
the solar wind—the RR band in particular—requires ignoring 
the effects of any Jovian satellites, flybys of which then get 
omitted from the analyses. This data removal is also justified 
from the computational standpoint because the analysis method 
employed in the present study is the only rigorous spectral 
analysis method unaffected by gaps in raw data. 
 

2. DATA AND METHODOLOGY 
 

To map hyperlow-frequency (<1μHz) dynamics in the solar 
wind near Jupiter temporally, I spectrally analyze in the 1–6-
month (30–180-day) band of RR the magnetometer recordings 
collected between 1996 and 2020 in Jupiter and, for a check, 
Saturn vicinity. Because the Sun-outward direction is critical to 
correctly mapping the dynamics of a solar systemwide process, 
and I study the two gaseous giants Jupiter and Saturn globally, 
a coordinate system independent of both planets is required. I 
therefore use the Sun RTN (Radial–Tangential–Normal) as the 
optimal Space coordinate frame for the present study. The RTN 
coordinate system, or the Spacecraft–Solar equatorial (SE) 
system, consists of a Normal component, BN, roughly normal 
to the solar equatorial plane, a Tangential component, BT, 
parallel to the solar equatorial plane, a Radial component BR, 
which points in the Sun–spacecraft direction outwards from the 
Sun, and Total (average) field, B, obtained from the field com-
ponents in the usual way. This choice preserves the relative 
orientation of the magnetopause–wind collision interface to 
always point toward the Sun. In that context, the Rieger mech-
anical resonant process RR in IMF is, for simplicity, taken as 
particles of solar ejecta that blanket the ecliptic and flap 
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resonantly about it. The Galileo data included full-year magnet-
ometer recordings at Jupiter from 1996–2002 inclusively; the 
Juno data included full-year recordings at Jupiter from 2017–
2020 inclusively; full-year Cassini recordings at Saturn spanned 
2005–2016 inclusively, while the 1 September 2000–31 April 
2001 recordings covered the October 2000–March 2001 Jupiter 
flyby by Cassini. Due to significant dissimilarities in their 
physical properties, chemical composition, and field strengths, 
only the existence and mode of change in Jupiter's vs. Saturn's 
global magnetoactivity over the same few decades are com-
parable here, but not those planetary dynamics individually for 
any given year. To expedite the computation, I decimate the 
data, i.e., take 100-minute averages of magnetometer record-
ings to represent the field with sufficient realism given the band 
of interest. 

The Galileo and Juno data were delivered to me as concate-
nated and rotated to the RTN (Sun) coordinate frame (see 
Acknowledgments). The Cassini data used were the updated 
and calibrated 1-minute averages v2 of Cassini magnetometer 
recordings spanning 2000–2017 (2000.01.20:18:28:30–2017. 
09.12:15:14:31), where the portion preceding 01 January 2001 
used an older calibration (Dougherty et al., 2006). 

For simplicity, I assume Jupiter's magnetosphere acted alone 
on the nearby solar wind and thus regard the solar wind as the 
sole systematic dynamic that impressed upon the magneto-
sphere. I tacitly adopt a stance that incidental processes, 
including substorm-like events caused by internal processes 
like mass loading of iogenic plasma (Ge et al., 2007) (Tsuchiya 
et al., 2018), have little relevance for the present study as one 
concerned with systematic periodic global dynamics primarily. 
At the same time, and owing to Jupiter's size, yearlong data 
sampling makes the variation in spacecraft distance to observed 
field features like central plasma sheet presumably irrelevant. 
Furthermore, effects from all fields, including magnetospheric 
components and background noise, can be expected to cancel 
out under planetary rotation, e.g., Gaulme et al. (2011). This 
scenario is plausible also because only the highest inter-
planetary solar-wind energies (~0.2–2 ZeV or ~0.3·109–3·109 
erg) are of interest here, making the sampled magnetoactivity 
variation virtually radial. This scenario is also the optimal way 
to properly account for variability features in the Jupiter 
predominantly radial field; see Moore et al. (2018). Besides, I 
discard maneuvers and flybys of other celestial bodies to 
constrain the maximum used field strengths to the ~4 to ~8 nT 
interval as the Jupiter natural range of highest field strengths. 
For instance, since the field-component observations taken 
when Juno was relatively far from the central plasma sheet were 
~8 nT vs. ~1 to 4 nT (Yao et al., 2021), and the magnetosphere–
IMF interaction at Jupiter is poorly understood, I use the middle 
field and so iron out any effects of spacecraft varying orbit on 
the measurements of field strength. This approach added rigor 
to the analysis. 

The magnetometer data show occasional inexplicable 
swellings (Steven Joy, personal communication, 2021; ref. 
Acknowledgments) that exceed the declared data precision in 
the product-delivered total magnetic field observations obtain-
ed from theoretical  vs.  complete observed component values. 
 
 
 

I confirmed the same on random samples supplied to me (see 
Acknowledgments) for 2009, 2011, and 2014. Therefore, to 
retain strictness and uniformity in an analysis that relies on a 
mission integration, I compute commonly used theoretical 
(average) total magnetic field strength values from the product 
field com-ponents throughout and for all missions in the usual 
way, as 𝐵𝐵 =  �𝐵𝐵𝑅𝑅2 + 𝐵𝐵𝑇𝑇2 + 𝐵𝐵𝑁𝑁2 for each magnetometer 
measurement of the three components (R, T, N) of the magnetic 
field. 
 
 
 

As seen from Fig. 2, panels a–c, although unstable due to 
their transient nature, the Rieger period, PRg, and its harmonics 
(Rieger-type periodicities, Dimitropoulou et al., 2008), are 
nonetheless present in the overall data, Fig. 1. Thus the 100-
minute-decimating preserved data quality while not introducing 
any artificial systematic processes. Looking at the Galileo and 
Juno samplings of Jupiter (going from panels a to b via d), the 
Jovian magnetic field progressively impeded RR in the solar 
wind by first allowing lower Sun harmonics like the 176-day to 
take up the power (Galileo, panel a). Then, by the time of Juno 
mission samplings of Jupiter, panel b, the field has entirely 
squashed the RR process in the lowermost-frequencies (highest 
energies) part. Finally, the Saturn magnetic field did not affect 
RR significantly, panel c. In addition, the above conclusions are 
not affected by solar cycle maxima that enhance PRg. Namely, 
Galileo samplings of Jupiter, panel a, and Cassini samplings of 
Saturn, panel c, were taken during one solar cycle maximum 
each and towards the end of the sampling time interval—the  
 
 
 

 

 
 
Figure 1.  Plots of analyzed 100-minute-decimated averages of the Jupiter and Saturn 
magnetic field data. Top panel—Jupiter magnetometer data after removing maneuvers 
and flybys of natural satellites and other planets, from Galileo mission between 29 March 
1996–11 November 2002 (left-hand side), and from Juno mission between 07 July 2016–
09 September 2020 (right-hand side). Bottom panel—Saturn magnetometer data after 
removing maneuvers and flybys of natural satellites and other planets except for 03 
October 2000–31 March 2001 Jupiter flyby data (left-hand side), from Cassini mission 
between 01 January 2005–31 December 2016 (right-hand side). Used datasets are 
continuous gapped time series that, in all cases, comprised at least half-a-year-spanning 
samples on data sets’ ends and whole-year-spanning samples from each Earth calendar 
year in which any of the three missions flew by either Jupiter or Saturn. Note the Cassini 
orbit insertion at Saturn, of 01 July 2004. The data are in the Supplement; see statements. 
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solar cycles 23 and 24, respectively. The relatively brief, 6-
month flyby of Jupiter by Cassini, panel d, was perhaps also 
impeded by Jupiter's magnetoactivity increase (of sinusoidal 
dissipation), seen as the resonance power shuffling into a single 
mid-spectral peak as all the higher harmonics got extinguished. 
However, the relatively minimal duration of the flyby has also 
prevented PRg and lower Sun harmonics from appearing. 

Spectra were computed in var% and dB against linear back-
ground noise levels using the rigorous Gauss–Vaníček method 
of spectral analysis (GVSA) by Vaníček (1969, 1971). GVSA 
is easily programmable, which enables full integration of spec-
tral computation algorithms with complete statistical analysis 
and testing abilities into a scientific software package. The easy 
-to-use package LSSA (Least Squares Spectral Analysis) provi-
des periodicity estimates in the strictly least-squares sense, unli-
ke the more popular Lomb–Scargle approximation of GVSA. 

Zhou & Sornette (2002) exposed the ineptness of the Fourier 
and Lomb–Scargle techniques for extracting periodicities in 
turbulent or generally colored data and for attaching a signi-
ficance level to such periodicities when the nature of the noise 
is unknown. GVSA, on the other hand, with its statistical-
physical (absolute) significance level regime, alleviates these 
problems, enabling the separation of real from spurious 
harmonics generally (Omerbashich, 2023c) and not just when a 
resonance process is expected, like in the present study. GVSA 
has many benefits and advantages over Fourier methods 
(Omerbashich, 2021, 2007, 2006; Press et al., 2007; Pagiatakis, 
1999; Wells et al., 1985; Taylor & Hamilton, 1972). Besides, 
the conventional Fourier transform and spectrum are just 
special cases of a more general least-squares formulation 
(Craymer, 1998). GVSA revolutionizes physics by enabling 
direct computations of nonlinear dynamics, rendering classical 
approaches such as spherical approximation obsolete 
(Omerbashich, 2023a). 

To arrive at the main result, I use spectral analysis results 
not in the classical sense, i.e., as periods and frequencies, but 
primarily as mean spectral magnitudes. The means are taken 
over the spectral band of interest and obtained from annual 
subsets of all the available data needed for the present study, 
where one Earth year is selected as the epoch of choice. (Again, 
GVSA is the only rigorous spectral analysis method impervious 
to data incompleteness and the Nyquist frequency phenomenon 
when analyzing unevenly spaced data.) In classical approaches, 
ratios of Fourier spectral amplitudes of some dynamic are 
compared in between to learn about a field's relative activity. 
However, Omerbashich (2009, 2007, 2003) has developed a 
method for measuring relative field dynamics directly. In that 
novel method, the mean variance-spectrum (average variance-
spectral magnitude) over the spectral band of interest represents 
the field dynamics, i.e., a change in system energy dissipation 
levels over the corresponding data span (epoch of interest). This 
representation is enabled mainly by GVSA's ability to express 
background spectral noise linearly and already from raw data. 

In its simplest form, i.e., when there is no a priori knowledge 
on data constituents such as datum offsets, linear trends, and 
instrumental drifts, a GVSA spectrum s is computed for n=1000 
corresponding periods Tj or frequencies ωj and output with 
spectral magnitudes Mj, as (Omerbashich, 2004): 

 
 

𝑠𝑠𝑗𝑗�𝑇𝑇𝑗𝑗 ,𝑀𝑀𝑗𝑗� = 𝒔𝒔�𝜔𝜔𝑗𝑗 ,𝑀𝑀𝑗𝑗� = 𝒍𝒍 T·𝒑𝒑�𝜔𝜔𝑗𝑗�
𝒍𝒍 T·𝒍𝒍

, 𝑗𝑗 = 1 …𝑛𝑛 ∧ 𝑗𝑗 ∈ ℤ ∧ 𝑛𝑛 ∈ ℵ ,       (1)  

obtained after two orthogonal projections. First, of the vector of 
m observations, l, onto the manifold Z (Ψ) spanned by different 
base functions (columns of A matrix) at a time instant t, 𝚿𝚿 =
[cos𝜔𝜔𝜔𝜔, sin𝜔𝜔𝜔𝜔], to obtain the best fitting approximant 𝒑𝒑 =
∑ �̂�𝑐𝑖𝑖 𝚿𝚿𝑖𝑖
𝑚𝑚
𝑖𝑖=1  to l such that the residuals 𝒗𝒗� = 𝒍𝒍 − 𝒑𝒑 are minimized 

in the least-squares sense for 𝒄𝒄� = (𝚿𝚿T𝐂𝐂𝑙𝑙−1𝚿𝚿)−1 · 𝚿𝚿T𝐂𝐂𝑙𝑙−1𝒍𝒍. The 
second projection, of p onto l, enables us to obtain the spectral 
value, Eq. (1). Vectors 𝒖𝒖𝑗𝑗 = 𝚿𝚿T 𝚿𝚿NK+1 and 𝒗𝒗𝑗𝑗 = 𝚿𝚿T 𝚿𝚿NK+2, 
j=1, 2…. NK∈א, compose columns of the matrix 𝐀𝐀NK,NK =
𝚿𝚿T 𝚿𝚿. Note here that the vectors of known constituents 
compose matrix 𝐀𝐀�m,m = 𝚿𝚿� T 𝚿𝚿� , in which case the base funct-
ions that span the manifold Z(Ψ) get expanded by known-
constituent base functions, 𝚿𝚿� , to 𝚿𝚿 = �𝚿𝚿� , cos𝜔𝜔𝜔𝜔, sin𝜔𝜔𝜔𝜔�. For 

 

 
 
Figure 2.  Plots of power spectral density (PSD), in nT2/Hz, for Galileo recordings of the 
Jupiter magnetic field, 1996–2002 (panel a), Juno recordings of the Jupiter magnetic field, 
2016–2020 (b), Cassini recordings of the Saturn magnetic field, 2005–2016 (c), and 
Cassini recordings of the Jupiter magnetic field, 2000–2001 (d). Labels on spectral peaks 
show periods in days. The frequency spectral band of 65–385 nHz corresponds to the 
Rieger process’s 30–180-day band (the band of interest in the present study). 
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a detailed treatment of GVSA with known data constituents, 
see, e.g., Wells et al. (1985). Subsequently, the method was 
simplified into non-rigorous (strictly non-least-squares) for-
mats, such as the Lomb–Scargle technique mentioned above, 
created to lower the computational burden of the Vaníček’s 
pioneering development, but which no longer is an issue. 

GVSA is strict in that, besides estimating a uniform 
spectrum-wide statistical significance in var% for the desired 
level, say 95%, in a spectrum from a time series with m data 
values and q known constituents as 1–0.952/(m–q–2) (Steeves, 
1981) (Wells et al., 1985), it also imposes an additional 
constraint for determining the validity of each significant peak 
individually—the fidelity or realism, Φ. In 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 piece of information when another is transmitted 
(Shannon, 1948). In GVSA, fidelity thus is defined in terms of 
the theory of spectral analysis as a measure of how undesirable 
it is for two frequencies to coincide (occupy the same frequency 
space of a sample). A value of GVSA fidelity is obtained then 
as that time interval (in units of the timescale of the time series 
analyzed) by which the period of a significant spectral peak 
must get elongated or shortened to be π-phase-shiftable within 
the length of that time series. As such, Φ measures the unre-
solvedness between two consecutive significant spectral peaks 
(those that cannot be π-phase-shifted). When periods of such 
spectral peaks differ by more than the fidelity value of the 
former, those peaks are resolvable. As the degree of spectral 
peaks interdependence (by a peak's tendency to cluster), this 
criterion reveals whether a spectral peak can share a systematic 
nature with another spectral peak, e.g., be part of a batch or be 
an underlying dynamical process like resonance or reflection. 
Spectral peaks that meet this criterion are in the LSSA software 
output listed amongst insignificant, and the rest amongst signi-
ficant (hereafter: physically-statistically significant spectral 
peaks or just (fully) significant peaks for short). 

Omerbashich (2006) then empirically deduced 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 Φ>12 common criterion 
for the individually genuine significance of a systematic 
process and therefore most of its periodicities as well. Thus, 
spectral peaks with a declared fidelity value below this 
threshold are readily dismissible as noise (except for re-emitted 
systematic processes like resonance overtones and undertones). 
Consequently, in a prominently periodic time series, an 
abundance of spectral peaks with a stated fidelity value 
indicates a systematic process with mutually dependent spectral 
constituents if most of the computed or theoretical (say, all or 
most of the supposed harmonic) spectral peaks of interest meet 
the threshold. Inversely, predominant independence of spectral 
peaks (when Φ<12 mostly holds) is encountered rarely in time 
series describing real dynamical and quasiperiodic processes in 
physical sciences and generally naturally repetitive (systematic) 
processes in abstract disciplines. However, for time series that 
have spectral peaks with both Φ>12 and Φ<12 to a roughly 
equal measure, periods mostly are independent or dynamics-

unrelated (the “noise” when suspecting a systematic process) 
regardless of those periods’ statistical significance. Particularly 
so at a low statistical significance level (67% in absolute terms, 
unless constrained by additional criteria or data dependencies). 
So a prominently periodic time series characterized by Φ≫12 
describes a systematic process practically certainly, and in cases 
of detecting widely reported physical processes such as natural 
resonances, certainly. The above-listed abilities make GVSA a 
desired technique for detecting systematic (harmonic) and 
quasiperiodic events and system processes like resonances, 
antiresonances, and reflections. 

In addition, Omerbashich (2021, 2020) computationally 
empirically established a relative fidelity criterion, according to 
which spectral peaks with fidelity within ~order-of-magnitude 
away from the resonance mode (driver) period’s fidelity usually 
share (or not) physical relevancy with the driver and can in this 
way as well be identified as belonging to a systematic process 
(or not). This order-of-magnitude internal dependency amongst 
spectral peaks with declared fidelity (“supersignificant peaks”) 
is mainly due to the above-mentioned linear background repre-
sentation of spectral magnitudes from raw data already and 
related quality of a GVSA spectrum as a variance-based (and 
therefore a most natural) descriptor of relative field dynamics, 
i.e., energy subbands and budgets (Omerbashich, 2003, 2007, 
2009). Here, the overall sensitivity of GVSA fidelity to energy-
band variations within a physical system is not analysis-driven. 
So when some resonance process features mostly Φ≫12 peaks, 
spectral peaks of its overtone process could attain some mostly 
Φ≪12 range and still be physically meaningful by belonging to 
some Φ≫12 process (or processes). Generally, GVSA fidelity 
values in a prominently periodic time series of physical data 
respond congruently to physical (here dynamical) situations 
varying in statistical and physical parameters. This sturdiness 
reveals a genuinely separate meaning to the GVSA fidelity as a 
unified (physical–statistical) parameter that approximates reali-
ty qualitatively better than any distribution-confined statistical 
parameter(s). For example, the above-noted riddance (of the 
tendency of spectral peaks to cluster for any reason other than 
mostly physical) makes alone the GVSA a preferred method for 
detecting and modeling peak-splitting anisotropy in data, which 
is the primary reason for using Φ criteria in the present study. 
Essentially, the Φ>12 is an empirical (ad hoc) physical criterion 
but one that is remarkably natural. 

As mentioned above, by discarding variations that space-
craft maneuvering and flyby events left 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. This 
advantage-taking can be extended further after data purification 
—to separate data into portions when the spacecraft sampled a 
specified body or field of interest alone. Such data segments 
pertinent to the same astronomical body can be all patched 
together as though the spacecraft was constantly scanning the 
astronomical object of interest, i.e., from the starting timestamp 
of the first segment to the ending timestamp of the last segment. 
Moreover, combined statistical-physical significance regimes 
in GVSA enable a realistic piecewise treatment of spacecraft 
orbits. Thus the discarding of data collected during unwanted 
flybys, maneuvers like orbit insertion, and time intervals in 
which the spacecraft was not operational makes it possible for 
remaining segments of the record to describe orbital traversals 
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perfectly—as though achieved constantly without interruption, 
thereby effectively simulating multiple simultaneously ope-
rating spacecraft of identical performance. 

Magnetoactivity, magnet.Λ, of an astronomical body in the 
present study is the instantaneous signature (reduced to an 
epoch value) of that body’s magnetic field strength impressed 
into the solar wind in the 30–180-day band of the wind’s most 
vigorous dynamics (at and around RR) during an epoch of 
choice, here one Earth year. Then change of magnetoactivity 
with time (the magnetoactivity profile; the profile) is represent-
ed by a discrete temporal function magnet.Λ containing epoch–to–
epoch-consecutive values of the mean spectral magnitude from 
the spectrum of spacecraft’s magnetometer recordings taken 
over the respective epoch, up to k=24 epochs in total. Of those 
24 epochs, 13 were during the Galileo and Juno orbiting stages 
at Jupiter (including one overlapping instance, by Cassini) and 
12 during the Cassini orbiting stage at Saturn, Fig. 1. The 
(simple) averaging is done over all spectral frequencies in a 
GVSA spectrum s with resolution set at n=1000 spectral points 
or frequencies and obtained using Eq. (1): 
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Since spectral magnitudes in var% are proportional to energy 
levels in dynamical systems, magnetoactivity as a descriptor of 
change in field dynamics and expressed in var% takes values 
proportionate to energy fluctuations that arise due to resonant 
absorption or magnification. Since, due to missing years, the 
degree to which the energy dissipation is sinusoidal (or not) 
cannot be represented mathematically, say with the Abbe 
number 𝒜𝒜 (von Neumann, 1941), I rely on visual inspection. 
The higher the value of a spectral magnitude in var%, the higher 
the sinusoidal global dynamics profile in dominantly rotating 
bodies, including gaseous giants, such as Jupiter and Saturn, or 
pulsating stars like magnetars. Inversely: any significant 
decade-level divergence from/into the sinusoidal form of a 
body’s dynamics profile indicates the system’s overall (global) 
instability. When a global (here intrinsic) magnetic field turns 
out to be tracing the said profile, Eq. (4), as in the present study, 
such divergence could reveal the controlling mechanism that 
drives that system between its extreme states. In such cases, the 
driving can be either external, as due to other bodies, or internal, 
due to the cumulative effect of resonance magnification in one 
or more internal field dynamics. 
 

3. RESULTS 
That the Jupiter magnetosphere was in the above way indeed 
sampled largely radially, and data treatment and processing 
approach were correct, can be seen by comparing Fig. 3(a) 
(radial field component) vs. Fig. 3(d)–(e) (total-field) that 

yielded practically the same result. This conclusion also follows 
from the statistical fidelity Φ that, as estimated by the LSSA 
package, stayed well within a very high (Φ≫12) range of 107–
105 going from lowest- to highest-frequency spectral peaks, 
respectively. Thus, the here exposed recurring interaction be-
tween the Jupiter magnetosphere (as its semi-annual-to-decadal 
dynamics impressed onto the solar wind) and the solar wind (as 
its monthly-to-semi-annual RR-dynamic was imprinting via the 
solar wind into the magnetopause and perhaps downward) was 
incessant and likely represents the Jupiter–solar wind interplay 
completely for all practical purposes. Note, while the 99%-
significance level in all cases was very close to the 67%-level, 
the latter is considered sufficient for validating widely reported 
physical period ensembles, as is the case here. Fidelity in the 
Saturn field spectra was over half an order of magnitude below 
the Jupiter field spectra, in the 3.7·106–105 range. Since the 
present study does not rely on any period or frequency extract-
ion, and all the noise effects expectedly cancel out over decades 
under rotation and radial stratification, the mean-field variance 
values have no assigned uncertainties other than the generic 
±5%. As mentioned, the magnitude space of field variances (as 
a measure of field relative dynamics/system energy dissipation 
change) is the space of interest here, rather than the frequency 
space used classically in spectral analysis studies. Therefore, 
the here strictly established statistical–physical significance, 
positively identifying the presence of RR, suffices for establish-
ing the credibility of (mean) field variance values. (Or in terms 
of statistics, the statistical significance of an extracted yet 
previously known physical process is 100%). 

As seen in Fig. 3(e), decadal variation in the upsurge’s 
mean-spectral amplitude from annual-epoch magnetometer 
records is becoming more sinusoidal with time. This mode of 
system energy dissipation resembles the evolution of magneto-
activity before short-burst pulses in 4U 0142+61 magnetar, 
whose decadelong profile of magnetoactivity from the highest-
resolution data available (top-left panel of Fig. 2 by Gonzalez 
et al., 2010) is comparable to that of Jupiter. This dissipation 
mode was also previously reported in dwarf novae before super-
outbursting (Kuznetsova et al., 1999). Note that incomplete 
(closer to half-year) epochs for the Cassini-2001/2002 and 
Juno-2016 data, while sufficient for estimating average 
magnetoactivity per epoch, Eqs. (3)–(4) still lacked information 
for a detailed depiction of anisotropy. Ironing out the field by 
discarding measurements taken during maneuvers and flybys of 
other celestial bodies has resulted in band-wide-mean variance-
spectral magnitudes exposing the relative magnetoactivity more 
successfully in terms of detailed features than can be achieved 
classically, e.g., by looking into the inherently coarse variation 
in the anisotropically split spectral peaks. The overall attained 
levels in the Jupiter decadal global magnetoactivity from the 
mean spectra, of a staggering ~20% field variance, indicate that 
an external systematic (lone) signal dominated the band of 
interest, justified in turn initial assumptions on the solar wind 
being the sole actor in the Jovian ~0.3·109–3·109 erg domain. 
The main result, namely the demonstrated increase (of sinusoid-
al dissipation) in Jupiter magnetoactivity Fig. 3, is comparable 
to that seen in Fig. 2(a, b, d), where plots of power spectral den-
sity (PSD) in the RR band revealed impediment of this highly 
energetic dynamic of the solar wind by Jupiter magnetoactivity. 
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Figure 3.  Left composite: Decade-scale relative change of Jupiter magnetosphere activity with time as imprinted in the solar wind (interplanetary magnetic field – IMF), as the change 
in mean GVSA spectral magnitudes in var% (solid black line) and dB (dotted gray) of annual Jovian ⪅8nT global magnetic field in the 30–180-day band of the most energetic (Rieger) 
dynamic of the solar wind. Per field component (panels a–c) and the total field (panel d and the same but smoothed in panel e). Note that results from the radial-field (panel a) and 
total-field components (panels d & e) are virtually the same, as expected due to a lack of significant density variations in Jupiter, and the heads-on (Sun-outward vs. Jupiter-outward) 
collision between the planetary magnetic field and the solar wind in the RTN coordinate system. One epoch spans one Earth year as an arbitrary and convenient field sampling size, 
except for the Cassini (“C–“ label) case where the data extended over an eight-month interval, including an extra month respectively prepended and appended to the October 2000–
March 2001 flyby and spanning 1 September 2000–30 April 2001 for that case.  Right composite: a blind-plot stack of spectral-peak splitting due to anisotropy under magnetoactivity 
upsurge since 1996. Amplitudes not to scale. Note the 2001/2002 Cassini flyby case, where average spectra are seen as dominated by a single Rieger period due to a remote tangent-
ial flyby and its duration of half a year, so locking to one preferential frequency, which gave the impression of power absorption, was to be expected. The same preferential locking is 
in Juno (“J–”) vs. Galileo (“G–”) spectra due to Juno’s highly varying altitude, including regular crossings of the magnetopause. Cassini data included an extra month to the October 
2000–March 2001 flyby and thus spanned 1 September 2000–30 April 2001. The dashed line marks the 67%-significance level, with the 99%-level always near to within a few var% 
(the long-dashed line on radial-component plots for illustration). The Galileo and Juno data were magnetometer recordings provided by the UCLA–NASA data team in batches as 
concatenated and rotated to the RTN (Sun) coordinate frame; see Acknowledgments and statements for information on the complete decimated data sets. Note that the frequency–
magnitude blind spectral plots on the right-hand side are not intended for any rigorous considerations and are for illustration purposes only (of resolving the general level of anisotropy 
change per the same unit of time used to track changes in magnetoactivity, i.e., via changes in the annual mean spectral magnitude). The overall uncertainty is ±5% (on all values). 
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Figure 4.  Left composite: Decade-scale relative change of Saturn magnetosphere activity with time as imprinted in the solar wind (IMF), as the change in mean GVSA spectral 
magnitudes in var% (solid black line) and dB (dotted gray) of annual Saturnian ⪅8nT global magnetic field in the 30–180-day band of the most energetic (Rieger) dynamic of the solar 
wind. Per field component (panels a–c) and the total field (panel d and the same but smoothed in panel e). As in the Jupiter case (Fig. 3), results from the radial-field (panel a) and 
total-field components (panels d & e) are virtually the same, as expected due to a lack of significant density variations in Saturn, and the heads-on (Sun-outward vs. Saturn-outward) 
collision between the planetary magnetic field and the solar wind in the RTN coordinate system. Here Saturn global magnetic field is seen as perhaps forced by a ~7.1-yr period, 
possibly its ¼Torbit, Torbit≈29.4 years, orbital tide as transpired via the solar wind. One epoch spans one Earth year as an arbitrary and convenient field sampling size.  Right composite: 
a blind-plot stack of spectral-peak splitting due to anisotropy. Unlike Jupiter, anisotropy in the Saturn magnetosphere shows no clear temporal trending overall, revealing random and 
very weak upsurges as seen from the number of split peaks per blind plot rarely exceeding eight (a degree of freedom beyond the set of seven Rieger periodicities). Amplitudes not 
to scale. The dashed line marks the 67%-significance level and practically coincides with the abscissa in all panels, with the 99%-level always near to within a few var% (the long-
dashed line on radial-component plots for illustration). The data used were the 2005–2016 Cassini magnetometer recordings (Dougherty et al., 2006). See statements for information 
on the complete decimated data set. The purpose of frequency–magnitude blind spectral plots (right-hand side) is as in Fig. 3. The overall uncertainty is ±5% (on all values). 
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For independent astrophysical verification of the Jupiter 
result from Fig. 3, I perform the same type of analysis for Saturn 
using the 2005–2016 Cassini samplings of the Saturnian ⪅8nT 
global magnetic field. Comparison of the Saturn results from 
Fig. 4. vs. Fig. 3 reveals that, by contrast to the Jovian magneto-
activity increase, Saturn exhibited no activity above relatively 
very low (weak) ~1% field variance, other than on two 
occasions 7.1 years apart when Saturnian magnetoactivity clim-
bed to a low ~5% field variance, possibly due to the Saturn’s 
orbital-tidal forcing, of ~7.3 years or ¼Torbit, where Torbit≈29.4 
years. This result is equivalent to that in Fig. 2(c), where a PSD 
plot in the RR band indicated that this highest-energies dynamic 
in the solar wind was probably not affected significantly by any 
other processes within the same spectral band. 
 

4. DISCUSSION 
Jupiter’s magnetoactivity is internally- and solar-wind-driven 
(Vogt et al., 2019). Because interaction between the solar 
wind’s highly variable external conditions and the (solar wind-
shaped) magnetospheres is essential for understanding energy 
flow within a planetary system, the nature of the solar wind–
Jupiter magnetosphere interaction has been widely debated but 
remains poorly understood (Masters, 2017). However, as men-
tioned, we know that such an interaction has been established 
even between the solar wind and Jupiter's inner magnetosphere 
based on the Hisaki satellite observations (Murakami et al., 
2016). Also, the solar wind can produce compressional mode 
waves in the magnetosphere (Cho et al., 2017), and Jupiter is 
sufficiently far away from the Sun to make the effect of the solar 
wind less serious (Fan et al., 1982). Therefore, and since the 
Jupiter magnetosphere is the most powerful planetary particle 
accelerator in our solar system (Saur et al., 2017), making the 
signatures of the solar wind in the magnetospheres too faint— 
the present study attempts to fill the void by extracting the 
opposite effect. Thus, I set out to detect spectral-magnitude sig-
natures of Jupiter’s magnetospheric activity in the solar wind 
instead by looking for such interaction for the highest-energies 
wind dynamics on annual or decadal time scales. Such inter-
action is indeed shown in the present study to apply in the 
frequency space (by way of the spectral magnitude space, just 
on a time scale beyond that of the frequency space). Therefore, 
dominant interacting periodicities likely drive numerous un-
explained (but probably resonant) periodicities in Jupiter’s and 
Saturn’s global dynamics, from subdiurnal to those several days 
in duration. Namely, a ~26-day solar periodicity is seen clearly 
in the Cassini data (Stallard et al., 2019), while the solar wind-
induced periodicities in the magnetosphere are ∼13 or ∼26 days 
(Roussos et al., 2018) as well as the Rieger-type and longer 
periodicities (Lou et al., 2003). In addition, Chancia et al. 
(2019) have noticed certain resonant features in the Saturn 
magnetosphere, with expected pattern speeds much slower than 
the magnetospheric periodicities. 

Since ~2001, the evolution of Jupiter's decade-scale global 
magnetoactivity in the RR band took an increasingly sinusoidal 
form, Fig. 2, as well as Fig. 3 vs. Fig. 4, seen in magnetar 4U 
0142+61. Although rare, this mode of global tiredness in which 
a system dissipates energy in an increasingly sinusoidal manner 
is in astrophysics found not only in magnetars but in other types 
of astronomical 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 rare metasomatic metamor-
phism—a chemical transformation of rock due to fluid-induced 
reaction, e.g., Aulbach et al. (2018). Thus as cross-scale and 
cross-discipline, this mode of system energy dissipation via 
gradually increasing divergence from/into the sinusoidal form 
could be more common than previously thought. 

As a rigorous spectral analysis method, GVSA was used 
herein to extract resonance and turbulence processes, including 
anisotropic peak splitting, with a satisfying relative resolution, 
Figs. 3 & 4. Note that fidelity, as a GVSA tool for such extract-
ions of wave packets, could not be used in the context of the 
main result (increasingly sinusoidal energy dissipation mode 
from mean spectra) also because Φ is a property of a single 
spectral peak, determined in relation to an adjacent spectral 
peak so that a "Φ of an average peak" has no physical meaning. 
Note also that noise was not modeled in the present study. For 
red noise to be present and detrimental, it would have to escape 
the PRg mismatch of the epoch window, noted before to be on 
the safe side by a factor of 0.2 at least. Secondly, for red noise 
effects to become detrimental, PRg would have to be the only 
and always the strongest Rieger periodicity despite the power 
constantly shifting amongst Rieger harmonics due to the 
transient nature of the whole process, i.e., not just PRg. But even 
in the unlikely scenario of both of the above circumstances 
occurring most of the time, red noise would still be adding some 
relatively small systematics also systematically—to the epoch 
values of mean spectral magnitude, Fig. 3, i.e., so that the ever-
increasing sinusoidal dissipation of system energy, Fig. 3(d)–
(e), would be seen as somewhat offset but preserved. As for 
geophysical/background noise, its effects can be handled 
methodologically for pulsars, as seen in Dib et al. (2007) vis-à-
vis Woods et al. (2004). 

The demonstration of Jupiter's nature as a real (relatively 
high-power) pulsar is even more credible since it successfully 
extracted a well-known (albeit poorly understood) natural mode 
of system energy dissipation from 12+ billion combined-
mission, in situ measurements spanning a quarter of a century. 
The demonstration included a comparison against in situ 
measurements at Saturn, the only similar body within our reach, 
taken within the same few decades. As Saturn is the most 
similar object to Jupiter in our solar system, this similarity 
suffices for comparing the change in their global dynamics over 
the same few decades, yet not so for direct comparisons of their 
behavior from the same or different epoch (year). In addition, 
energy levels in Jupiter are stratified under rotation virtually 
radially so that one can expect all effects from all types of noises 
—statistical of all colors and physical/local, including back-
ground, contamination, whistler, and mixing—to cancel out 
over several months and vanish entirely over decades as in this 
case. Besides, dynamics at the highest energies of a physical 
system are magnitudes of order above energy levels of any 
noise, even various noise types combined, so a mathematically 
rigorous treatment of noise here can be safely left out. Finally, 
since such noise treatments are redundant in pulsars, then by 
extension, those treatments would be expectedly irrelevant for 
the Jupiter case. Drawing this parallel is appropriate not only 
due to the aforementioned guiding role of rotation and the 
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related cancelation of all noise effects over decades but also 
because of Jupiter's minute size/energy output relative to 
pulsars; see, e.g., Dowden (1968) for a physical model-
comparison of those energy emission levels from pulsar vs. 
Jovian bursting. 

However, in many ways, Jupiter behaves like a pulsar 
(Dowden, 1968) (Fan et al., 1982), so Jupiter is a very weak 
pulsar itself since Jupiter's both magnetic moment and angular 
momentum are only slightly less than in pulsars (Michel, 1982). 
Moreover, as indicators of planetary magnetoactivity, ion 
aurorae share common mechanisms across planetary systems, 
despite temporal, spatial, and energetic scales varying by orders 
of magnitude (Yao et al., 2021). We can thus take all macro-
scale (especially astrophysical) magnetic fields by extension to 
behave in such ways regardless of scale. If so, the above 
conclusions also hold for magnetars—young isolated neutron 
stars characterized by exceptionally high X-ray luminosity. 
Magnetars are extremely rare, as only about 20 active such 
objects are known currently in the observable universe. They 
are discovered by analyzing their steady X-ray emission or by 
detection in outburst events. Still, in both cases, they supply the 
most energy from the decay and instabilities of very intense 
magnetic fields of ≳1014 G (Pizzocaro et al., 2019). As such, 
magnetars act overwhelmingly on all other forces in their 
vicinity, making them natural laboratories for observing and 
learning about general processes and mechanisms of astro-
physical magnetic fields under the most extreme conditions that 
can create nearly perfect isolation. 

To study high-energy bursts from magnetars as remote 
astronomical objects for which detailed magnetic field 
measurements are thus unavailable, astronomers rely not only 
on observations of proxies such as X-ray emissions but also on 
changes in persistent emissions, as well as spectra of surface or 
internal processes and instabilities. On the other hand, the 
Jupiter magnetosphere is within our reach and has been sampled 
directly in nearly a dozen Space missions. So the main result of 
the present study—the evolution profile of the decade-scale 
global planetary magnetoactivity shown in Fig. 3—has been 
obtained from all available ≥6 monthslong in situ measure-
ments of the Jovian magnetic field. Given that the energy scales 
involved are the highest possible for that planet, the result 
conclusively showed that Jupiter’s magnetoactivity is the 
highest possible presently and that much of this activity gets 
naturally relayed via reconnecting to the surrounding environ-
ment. For example, 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, apparently Jupiter is too 
remote from the Sun to be capable of causing solar superflares 
via magnetic tangling under reconnecting (Rubenstein & 
Schaefer, 2000). However, the physics of such magnetic 
reconnecting is mainly unknown (ibid.). Therefore, a Jupiter-
like giant with its own flaring mechanism (even if incapable of 
flaring palpably), especially in cases of purely magnetic and 
rotational mechanisms like Jupiter’s, could also entangle its 
host star’s magnetism on decadal scales without causing 
observable rotational variations in the star or extinction-level 
superflares that already were shown unrelated to mass extinct-
ions in the geological record (ibid.). However, the Jupiter–Sun 
magnetic entangling can be demonstrated for global decadal 

scales as it creates a feedback mechanism that brings solar 
activity to virtually a shutdown (Omerbashich, 2024). 

A conventional but ad hoc criterion for defining a planet as 
a brown dwarf is that the planetary mass must exceed 13.6 
MJupiter. Another criterion that an important fraction of the 
astronomical community supports is based on the origins of the 
object’s formation instead (Chauvin et al., 2005). While the 
difference between a relatively 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 internal-physics-based cri-
teria vs. way-of-formation criteria) advocates external physics, 
i.e., current activity or lack of it, as the criterion. Just as gaseous 
giant planets often get termed failed stars for their inability to 
sufficiently amass and ignite a core early on in their history, 
Jupiter too has been termed a failed brown dwarf (Fukuhara, 
2020). However, those objects have not entirely failed if their 
physical or chemical properties amount to star-like global 
activity sufficient to act on active (fusing) stars. So based on its 
activity type and extent rather than purely scale-based (there-
fore arbitrary) conventional criteria like mass or distance from 
the primary star, Jupiter meets natural criteria to be reclassified 
to a pulsar. Namely, as shown in the present study, it behaves 
under its rotation like any magnetar pulsar; and whether it could 
affect its primary star just like a dwarf star in binary stellar 
systems does is an open question. Importantly, planetary-mass 
brown dwarfs have been observed (Luhman et al., 2005). 

The Rieger process involves the heliosphere proper (and 
thus the IMF) with planets—of which gaseous giants are 
probably most significant due to vast magnetospheres. Because 
Jupiters in other stellar systems are seen to affect host stars 
dynamically, e.g., by causing stars to pulsate harmonically at 
multiples of the planet’s orbital frequency (de Witt et al., 2017), 
Jupiter could hypothetically also affect the Sun in the frequency 
space. Moreover, given that (only) the Jovian magnetosphere 
extends to other planets, then by extension, Jupiter could affect 
other planets in between as well, like Mars and Earth. In 
addition, as implied by the Juno mission (Moore et al., 2018), 
the Jovian magnetic field is currently undergoing a polarity 
reversal (Grote & Busse, 2000) or a transition between different 
dynamo states (Duarte et al., 2018). Even before the Juno 
mission became operational, Pap et al. (1990) offered an 
intuitive yet analogous explanation, proposing that the exist-
ence of the transient 154±13-day Rieger period was related to 
an emerging strong magnetic field. 

While the planetary spin is Jupiter's primary magnetospheric 
power source, the present study has confirmed that a spinning 
planetary magnetic field interacts with plasma in solar wind's 
lowermost frequencies (here: the most significant alternative 
plasma source to the Jovian moon Io). This interaction and 
others could provide energy for global (dipoleside) bursts by 
creating a torque that slows the Jupiter rotation, thus providing 
power for an entire variety of magnetospheric phenomena to 
occur (Dessler, 1987). Then a global outburst of dipolar beam 
(jet) ejecta of pulsar type is one such plausible event. 

Let us now consider if avalanche (sandpile) models of mag-
netospheric dynamics, e.g., as measured by auroral electrojet 
index (Chapman et al., 1998), constrain the possibility of a 
bursting event. Proponents of those models claim that a direct 
physical consequence of such models is that the appearance of 
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a power law signature of self-organized criticality in data does 
not alone distinguish the nature of the detailed mechanism(s) 
required for instability. Then according to such views, the 
system may be exhibiting criticality features due to its size and 
the rate of inflow of energy, i.e., not necessarily a criticality as 
such. However, those models (mostly of geomagnetism) apply 
to time intervals very short compared to the decadal timescale 
looked into in the present study. Besides, they do not solve the 
equations describing the underlying plasma physics—and so 
can themselves only provide an analog for the system (short-
period, most commonly subdiurnal) evolution. 

On the other hand, the annual mean-variance spectra from 
GVSA used in the present study to measure the decadal 
magnetospheric dynamics reached a staggering ~20% of 
Jupiter's total annual energy budget. Importantly, this situation 
is in dire contrast to Saturn, which is virtually the same size as 
Jupiter (and at a high ~1/3 the mass). In addition, Saturn gets 
exposed to practically the same rate of inflow energy (virtually 
solely: solar-wind-supplied energy) as Jupiter does. However, 
the discrepancy in global magnetoactivity is incomparable here 
since it is not even expressible as a ratio because, at ~1%, the 
activity stands practically negligible at Saturn. Finally, the 
decadal evolution mode, revealed here for Jupiter, has matched 
that of entirely disparate astronomical objects that outburst 
along those timescales—magnetars and dwarf novae—and 
using yet different (also disparate from the mean GVSA and 
each other) metrics to quantify respective decadal evolution for 
those objects. To the best of this author's knowledge, avalanche 
models used neither of those three or more mutually 
independent metrics; besides, those models do not include 
physically similar systems (like here Saturn) as a reality 
constraint, thus remaining primarily theoretical/mathematical 
rather than physical models. So basically, here we have one 
body entirely impervious to the solar wind as the necessary 
ingredient for the sandbox argument to hold, and the other 
similar body exposed to that same solar wind but to the extent 
that is totally out of the ordinary and resembles known pre-
bursting evolution observed in other astronomical objects. 

Therefore, all arguments here lead one to conclude that the 
dissipation mode detected in the present study also indicates a 
genuine likelihood for Jupiter's outbursting similar to the two 
astronomical objects used here as the standard. Jupiter is a 
rotationally induced, sufficiently high-mass and thus relatively 
high-power, failed star-turned-pulsating planet. That Jupiter is 
indeed a failed star (and thereby possibly an incoming planet 
subsequently captured by an active star) is also indicated by the 
fact that, despite being somewhat larger of the two and on an 
adjacent orbit, it hosts ~30% fewer irregular moons than Saturn 
does, or 87 vs. 122 (Sheppard et al., 2023), which probably 
means that Saturn has been a companion of the Sun consider-
ably longer. Since a new set of pulsars whose properties are 
distinct from the others conceptually constitutes a new class of 
pulsars (García & Torres, 2023), this result makes Jupiters a 
whole new class—separate from the three previously known 
classes (rotation-powered stars, accretion-powered stars, and 
magnetar stars)—which I here then term Jovian pulsars as part 
of the family of planetary pulsars, a whole new pulsar class. In 
doing so, I note that future research could, regardless of how 
highly unlikely that is, never detect another Jupiter-like (or 

Neptune-like) pulsing planet, thus making Jupiter an oddly 
lonesome beating planet in the entire observable universe. 

Insomuch as Jupiter is a star that merely appears failed in 
the feeble minds of us humans while instead being interwoven 
in some as yet unknown fundamental-universal action, the pre-
sent total-data-based study was indeed successful in extracting 
global pulsar-like dynamics of Jupiter on decadal scales. If so, 
these results are unlikely to lend themselves to any magneto-
hydrodynamics (MHD) theory (Alfvén, 1942) considerations 
because MHD is an approximation theory inapplicable to 
magnetospheres of pulsars (Spruit, 2017). Thus (stellar) global 
properties employed in the present study, such as the suggested 
magnetic tangling, are not necessarily the same processes or 
tangling as understood or speculated classically within the 
framework of MHD. 

5. CONCLUSIONS 
The present study conclusively-computationally and for the 
first time confirmed the long-suspected pulsar nature of Jupiter 
that, however, turned out to be not just a low-power pulsar 
analog at the spin period of the planet as believed previously—
but a real (relatively high-power) primordially pulsating planet 
with the pulsation regime of magnetar–novae type. Also, 
Jupiters (and possibly other gaseous planet types) were dem-
onstrated to be failed stars. Specifically, the magnetoactivity 
evolution profile of the 4U 0142+61 magnetar, preceding its 
short-burst high-energy pulsations, and whose decadal-scale 
preparation phase had been extracted previously from highest-
resolution data, is comparable to the magnetoactivity evolution 
profile of Jupiter and possible (as-of-yet unobserved) high-
energy global outbursts of pulsar type. Then the Jupiter 
magnetoactivity increase—revealed here by the decadal-scale 
global activity such profile from mean spectra of annual 
magnetometer records obtained by integrating Galileo, Cassini, 
and Juno data—is the highest possible in a planetary magneto-
sphere in our solar system. While this multi-mission and multi-
planetary study has demonstrated that Jupiter currently exhibits 
magnetar- and dwarf novae-type pre-bursting pulsating beha-
vior on decadal scales, also shared by some physicochemical 
systems in nature, the level of danger this behavior poses is 
presently unknown. However, the uniqueness of the approach 
—which has utilized 12+ billion (all available) in situ data—
makes this outcome the best we can do presently. Moreover, 
this undeniable demonstration of Jupiter as a sub-brown dwarf 
planet of pulsar type (i.e., pulsating in a regime of an active 
pulsar star while exhibiting a global behavior observed in dispa-
rate objects that burst out regularly on decadal scales) has 
implications for studying and modeling star creation and 
collapse. In addition, GVSA variance-spectral magnitudes of 
the planetary magnetosphere–solar wind interaction rates, 
controlled in highest planetary energies by the well-known (but 
little studied) Rieger resonant process of the wind’s macro-
scopic dynamics, turned out to be a novel and practical proxy-
gauge of global relative dynamics of astronomical bodies. 

In summary, the present reproducible computational study 
based on all available (billions of) data from all three space 
missions that collected magnetometer measurements at Jupiter 
for six months or more has revealed a previously reported cross-
scale, gradually varying sinusoidal mode of systematic global 
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decadal planetary dynamics that reached and maintained a 
staggering 20%+ field variance level. Generally, this gradual 
global energy fluctuation mode describes how Jupiters jump be-
tween the star and planet states. Not only does a discovery under 
such a set of most important (concerning highest energy levels 
in a studied astronomical body) circumstances alone confirm 
the associated computations as correct, but the result subsequ-
ently got confirmed in absolute terms as well—against global 
decade-scale magnetodynamics of Saturn as the only other 
similar planet with also in situ data. Any study in the energy 
band of global planetary (closed-physical-system) dynamics 
that reproduces a previously reported regular dynamic is 
beyond doubt correct ("by definition") and overrides, redefines, 
and completes all considerations at lower energy levels at once, 
including those in disagreement with the result. By extension, 
questions about not utilizing the competing spectral analysis 
methodology for comparison or about averaging multi-mission 
data without considering possible orbital modulation effects 
become moot points. The remarkable result of the present study 
calls for reinterpreting the pulsars as a phenomenon and rede-
fining them by expanding the term from just active stars to 
include also failed stars and pulsing planets. 

The present study has exposed the critical possibility of 
Jupiter’s outbursting capacity. Such an outcome demands the 
broadest efforts to learn more about the threats from Jovian glo-
bal high-energy outbursts. Such all-bursts, found here capable 
of dissipating up to ~20% of the total planetary magnetic field 
energy, could take on the form of magnetopolar beams along-
side the dipole under the 10º tilt (up to 13º to the ecliptic with 
obliquity). Those energetic beams would pose an immediate 
danger, primarily to solar-system space missions and communi-
cations infrastructure, planetary power grids, and installations. 
This scenario then calls for the deployment of permanent multi-
vessel missions for real-time monitoring of the magnetoactivity 
of pulsar Jupiter. 
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