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Things I won´t speak about
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Liquid metal experiments on dynamo action and MRI

Gailitis et al., Rev. Mod. Phys. 74 (2002) 973; J. Plasma Phys. 84, 735840301 

(2018); Stefani et al., Geophys. Astrophys. Fluid Dyn. 113 (2019), 51
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Liquid metal experiments on dynamo action and MRI
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Liquid metal experiments on dynamo action and MRI
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Schwabe, Hale
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Appetizer: Evidence for phase-stable solar cycle in early Holocene

Phase diagrams for algae data from 

lake  Holzmaar und algae-produced 

Methanesulfonate (MSA) in Greenland 

ice core GISP2 show 11.04-years cycle 

with very similar band structures.

Bands are separated by apparent 5.5-

years-phase jumps, resulting from 

nonlinear transfer function (due to 

optimality condition of algae growth) 

Strong evidence for a 11.04-years-

cycle, that was phase-stable over 1000 

years!

Stefani et al., arxiv.org/abs/2004.10028 

Vos et al., in “Climate in Historical Times: 

Towards a Synthesis of Holocene Proxy Data 

and Climate Models”, GKSS School of 

Environmental Research, p. 293
Stefani, Beer, Giesecke et al., Astronomische

Nachrichten, doi:10.1002/asna.202013809
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Bollinger, Proc. Okla. Acad. Sci. 33 (1952), 307; Takahashi, Solar. Phys. 3 (1968), 598; 

Wood, Nature 240 (1972), 91; Wilson, Pattern Recogn. Phys. 1 (2013), 147; Okhlopkov, 

Mosc. U. Bull. Phys. B. 69 (2014), 257; Okhlopkov, Mosc. U. Bull. Phys. B. 71 (2016), 

444; Scafetta, Pattern Recogn. Phys. 2 (2014), 1

Planetary tides and the solar cycle: Venus-Earth-Jupiter alignments

Amazing synchronization of solar cycle with the 11.07 years alignment 

cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)
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Planetary tides and the solar cycle: Venus-Earth-Jupiter alignments

Bollinger, Proc. Okla. Acad. Sci. 33 (1952), 307; Takahashi, Solar. Phys. 3 (1968), 598; 

Wood, Nature 240 (1972), 91; Wilson, Pattern Recogn. Phys. 1 (2013), 147; Okhlopkov, 

Mosc. U. Bull. Phys. B. 69 (2014), 257; Okhlopkov, Mosc. U. Bull. Phys. B. 71 (2016), 

444; Scafetta, Pattern Recogn. Phys. 2 (2014), 1

Amazing synchronization of solar cycle with the 11.07 years alignment 

cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)

Sunspots

VEJ index
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Planetary tides and the solar cycle: Venus-Earth-Jupiter alignments    

Bollinger, Proc. Okla. Acad. Sci. 33 (1952), 307; Takahashi, Solar. Phys. 3 (1968), 598; 

Wood, Nature 240 (1972), 91; Wilson, Pattern Recogn. Phys. 1 (2013), 147; Okhlopkov, 

Mosc. U. Bull. Phys. B. 69 (2014), 257; Okhlopkov, Mosc. U. Bull. Phys. B. 71 (2016), 

444; Scafetta, Pattern Recogn. Phys. 2 (2014), 1

Amazing synchronization of solar cycle with the 11.07 years alignment 

cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)

Sunspots

VEJ index
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Planetary tides and the solar cycle: Venus-Earth-Jupiter alignments

Bollinger, Proc. Okla. Acad. Sci. 33 (1952), 307; Takahashi, Solar. Phys. 3 (1968), 598; 

Wood, Nature 240 (1972), 91; Wilson, Pattern Recogn. Phys. 1 (2013), 147; Okhlopkov, 

Mosc. U. Bull. Phys. B. 69 (2014), 257; Okhlopkov, Mosc. U. Bull. Phys. B. 71 (2016), 

444; Scafetta, Pattern Recogn. Phys. 2 (2014), 1

Amazing synchronization of solar cycle with the 11.07 years alignment 

cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)

Sunspots

VEJ index
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Planetary tides and the solar cycle: Venus-Earth-Jupiter alignments

Bollinger, Proc. Okla. Acad. Sci. 33 (1952), 307; Takahashi, Solar. Phys. 3 (1968), 598; 

Wood, Nature 240 (1972), 91; Wilson, Pattern Recogn. Phys. 1 (2013), 147; Okhlopkov, 

Mosc. U. Bull. Phys. B. 69 (2014), 257; Okhlopkov, Mosc. U. Bull. Phys. B. 71 (2016), 

444; Scafetta, Pattern Recogn. Phys. 2 (2014), 1

Amazing synchronization of solar cycle with the 11.07 years alignment 

cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)

Sunspots

VEJ index Coincidence, or

causation…?
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Planetary tides and the solar dynamo: The basic 22 years cycle

Schove, D.J.: J. Geophys. Res. 60 (1955), 127; Hathaway, D.H., Liv. Rev. Sol. Phys. 7 

(2010), 1; Okhlopkov, Mosc. U. Bull. Phys. B. 71 (2016), 444  

Amazing synchronization of solar cycle with the 11.07 years conjunction 

cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)

Stefani et al., Solar Physics 294 (2019), 60
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Schove´s maxima with and without  “lost cycles”

Residuals from 11.07-years-trend (O-C), 

without and with considering „lost cycles“

Stefani, Beer, Giesecke et al., Astronomische

Nachrichten, doi:10.1002/asna.202013809
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Schove´s maxima with and without  “lost cycles”

Residuals from 11.07-years-trend (O-C), 

without and with considering „lost cycles“

Usoskin et al., Geophys. 

Res. Lett. 29 (2002), 2183.

Link, Sol. Phys., 59 

(1978), 175

Stefani, Beer, Giesecke et al., Astronomische

Nachrichten, doi:10.1002/asna.202013809
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Comparison of 14C and 10Be Data with Schove’s maxima-Data

Stefani, Beer, Giesecke et al., Astronomische

Nachrichten, doi:10.1002/asna.202013809
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Schove´s, 14C, and 10Be maxima with and without  “lost cycles”

Residuals from 11.07-years-trend (O-C), 

without and with considering „lost cycles“

Stefani, Beer, Giesecke et al., Astronomische

Nachrichten, doi:10.1002/asna.202013809
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Planetary motion and the solar cycle: Dicke´s argument

Dicke, R.H., Nature 276 (1978), 676

Dicke (1978): „No support is found for the conventional view of the 

sunspot cycle, that there exists a large random walk in the phase of the 

cycle. Instead, both sunspots and the [D/H] solar/terrestrial weather 

indicator seem to be paced by an accurate clock inside the sun.“
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Dicke´s argument

Dicke, R.H., Nature 276 (1978), 676

Distinction between random walk

(RW) and clocked process (CP) for

the instants yn of sunspot maxima

(Dicke) or minima (here):

Residuals: dyn =yn-y0-p(n-1), 

with p being the mean cycle period

A telling measure for discriminating

between RW und CP is the RATIO 

between the mean square of dyn and

the mean square of (dyn – dyn-1 )

RATIO Limes N infinity

Random walk (N+1)(N2-1)/3(5N2+6N-3) N/15

Clocked process (N2-1)/2(N2+2N+3) 1/2
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Dicke´s ratio in dependence on number of cycles

Distinction between random walk

(RW) and clocked process (CP) for

the instants yn of sunspot maxima

(Dicke) or minima (here):

Residuals: dyn =yn-y0-p(n-1), 

with p being the mean cycle period

A telling measure for discriminating

between RW und CP is the RATIO 

between the mean square of dyn and

the mean square of (dyn – dyn-1 )

!!!

RATIO Limes N infinity

Random walk (N+1)(N2-1)/3(5N2+6N-3) N/15

Clocked process (N2-1)/2(N2+2N+3) 1/2
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Dicke´s ratio in dependence on number of cycles

Distinction between random walk

(RW) and clocked process (CP) for

the instants yn of sunspot maxima

(Dicke) or minima (here):

Residuals: dyn =yn-y0-p(n-1), 

with p being the mean cycle period

A telling measure for discriminating

between RW und CP is the RATIO 

between the mean square of dyn and

the mean square of (dyn – dyn-1 )

!!!

• After subtraction of Suess/de 

Vries cycle, Dicke‘s ratio fits 

nearly perfectly to a CP

RATIO Limes N infinity

Random walk (N+1)(N2-1)/3(5N2+6N-3) N/15

Clocked process (N2-1)/2(N2+2N+3) 1/2

Stefani et al., Solar Physics 294 (2019), 60
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Presse coverage: Newsweek of 4 June, 2019, Editor‘s pick 

Donald

Trump

Alexandria 

Ocasio-Cortez

„Arthur“Solar Physics 

294 (2019), 60 
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Solar dynamo models: Basics

Any solar dynamo needs:

• some W effect to regenerate toroidal field from poloidal field 

• some a effect to regenerate poloidal field from toroidal field 

W effect a effect

Parker, Astrophys J. 122, 293 (1955)
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Tayler-Spruit dynamo in the solar tachocline: The main problem

Spruit, Astron. Astrophys. 381 (2002) 923; 

Zahn et al., Astron. Astrophys. 474 (2007) 147 



Seite 25

Tayler-Spruit dynamo: Saturation of TI and helical symmetry breaking 
H

e
lic

it
y
 H

EHH
dt

dH

HEE
dt

dE





42

)(2)(22 2
*

2
*





Energy E

Simple Lagrangian leads to spontaneous chiral symmetry breaking 

and mutual inhibition of the two helicities (like in biology)

Bonanno, Brandenburg et al., Phys. Rev. E 86 (2012), 016313
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Any helical symmetry breaking at low Pm ?

At low Pm, neither the b effect nor the a effect are strong enough to 

change the magnetic base configuration. a effect  appears only in the 

exponential growth phase and disappears in the saturation regime.

u

u

Induced current at…

500 s 1800 s

Example: h/d=1.25, Ha=55

Weber et al., New J. Phys. 17 (2015), 113013 

a

b
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(Damped) helicity oscillations Ha =70

alphau

Weber et al., New J. Phys. 17 (2015), 113013 

Tayler instability: Saturation and helicity oscillations at Pm=10-6

Ha =100
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Character of the helicity oscillations

Weber et al., New J. Phys. 17 (2015), 113013 

Ha =100

Pm=10-6
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1:1 synchronization of the helicity of

the Tayler instability with tidal (m=2) 

perturbations (of the VEJ-system?)...

...yields a 22.14 years solar cycle!

Modelling the planetary synchronization of the solar dynamo  

Stefani et al, Solar Phys. 291 (2016), 2197
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A simple ODE model of a synchronized dynamo

Constant a term 

with quenching

Oscillating a term with 

resonant dependence 

on the field strength

(i.e., on the frequency 

of helicity oscillations)
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Stefani et al, Solar Phys. 291 (2016), 2197
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1D-Model (after Parker, but with periodic, synchronized a term):

Stefani et al., Solar Physics 294 (2019), 60

Loss parameter

Noise with strength D
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1D-Model (after Parker, but with periodic, synchronized a term):

Stefani et al., Solar Physics 294 (2019), 60Internally „stirred“

Externally

„shaken“
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1D-Model (after Parker, but with periodic, synchronized a term):

B(q,t)

A(q,t)

(q,t)

a(q,t)

0=10000, k=0.2, qa
p=0.2, a0

p=100
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Conventional alpha-Omega dynamo

yields random walk (RW)

Synchronized (hybrid) model yields

clocked process (CP)

1D-Model with Noise

(CP) (RW)
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Suess-de Vries

Gleissberg

Wilson gap



Seite 36

Planetary motion and long periods

Abreu et al., Astron. & Astrophys. 548 (2012), A88

Cameron and Schüssler, Astron. & Astrophys. 577 (2013), A83

Poluianov and Usoskin, Sol. Phys. 289 (2014), 2333 

…but notice various counter-arguments by… 
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Schove´s maxima data, 

with two different trends

subtracted…

…and wavelet analysis

Planetary motion and long periods

Stefani et al., Magnetohydrodynamics (in press), arxiv.org/abs/1910.10383 
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Detailed analysis with different underlying time intervals

Lomb-Scargle periodograms

based an different intervals

Fits with significant harmonics
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Detailed analysis with different underlying time intervals

Lomb-Scargle periodograms

based an different intervals

Fits with significant harmonics

New 

„Grand 

Minimum“ 

?????
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Is the Suess/de Vries cycle a beat period between 22.14 and 19.86 ?

Tidal forcing  22.14 years

Sun around barycenter  19.86 years

(with unclear physical 

effect on the dynamo)

-------------------------------------------------

Beat period:                             193 years

19.86 x 22.14/(22.14-19.86)

Wilson, Pattern Recogn. 

Phys. 1 (2013), 147; Solheim, 

Pattern. Recogn. Phys. 1 

(2013), 159

Sharp, Int J. Astron. 

Astrophys., vol. 3 (2013), 260



Seite 41

Warning: Spin-orbit coupling is not really understood…

Fairbridge, Shirley, Solar Phys. 110 (1987), 191; Charvatova, Surv. Geophys. 18 

(1997), 131; Palus et al, Int. J. Bifurc. Chaos Appl. Sci. Eng. 10 (2000), 2519; Jucket, 

Solar Phys. 191 (2000), 201; Shirley, Mon. Not. R. Astron. Soc. 368 (2006), 280; Wolff, 

Patrone, Solar Phys. 266 (2010), 227; Wilson, Pattern Recogn. Phys. 1 (2013), 147; 

Solheim, Pattern. Recogn. Phys. 1 (2013), 159; McCracken et al., Solar Phys. 289 

(2014), 3207; Makarov et al., MNRAS 456 (2016), 665

…despite a  huge body of work…

Sharp, Int J. Astron. Astrophys., vol. 3 (2013), p. 260.

Interesting…
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aW-dynamo without 

synchronization

aW-dynamo with tidal 

synchronization (11.07 

years)

aW-dynamo with tidal 

11.07-years 

synchronization + 

~19.86-year modulation

Stefani et al., Magnetohydrodynamics (in press), 

arxiv.org/abs/1910.10383 

year period

k(t) = 0.5 + 0.5 am(t)/ammax

Is the Suess/de Vries cycle a beat period between 22.14 and 19.86 ?

Perhaps yes…

Loss parameter
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aW-dynamo without 

synchronization

Consistent picture of Schwabe, Gleissberg, Suess/de Vries ?

aW-dynamo with 

tidal synchronization 

(11.07 years)

aW-dynamo with tidal 

11.07-years 

synchronization + 

~19.86-year modulation

aW-dynamo with tidal 

11.07-years-

synchronization + stronger

~19.86-year modulation

Stefani et al., Magnetohydrodynamics (in press), 

arxiv.org/abs/1910.10383 

year period

k(t) = 0.18 + 1.0 am(t)/ammax
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Consistent picture of Schwabe, Gleissberg, Suess/de Vries ?

periodyear
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Consistent picture of Schwabe, Gleissberg, Suess/de Vries ?

Stefani et al., Solar Physics (submitted); arxiv.org/abs/2006.08320 
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The Wilson gap: a consequence of synchronization+modulation?

Wilson, R.M.: J. Geophys. 

Res. 92 (1987), 10101

Bimodality of cycle length fits data 

much better than assumption of 

normal distribution

Resulting 

distributions of 

19.86Tc/(19.86-Tc)

Observed and 2 

synthetic 

distributions of 

cycle lengths Tc
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Conventional aW dynamo 

without  synchronization

Hybrid aW dynamo, 

synchronized to 

22.14 years period

Some spin-orbit coupling 

(poorly understood!) with 

dominant 19.86 years 

period affects field 

storage capacity in the 

tachocline (k-parameter)

Beat period 193 

years (Suess-de 

Vries?)

With stronger k-

variation, emergence 

of side bands around 

~19.86 and ~24.5 

years (in order to 

compensate the “too 

short” cycles)

Wilson gap and second 

(more irregular) beat 

period around 100 

years (Gleissberg?)

Summary of our model (so far)
11.07 years tidal forcing (m=2) 

synchronizes the oscillatory part of  

a related to some m=1 instability 

(Tayler instability, Rossby waves?)
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Bond

(Eddy, Hallstatt)
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Bond, …Beer, Muscheler…et al., Science 294, 2130 (2001)

Bond events

Bond events are North 

Atlantic ice rafting events 

that are tentatively linked to 

climate fluctuations in the 

Holocene. Eight such 

events have been 

identified. Bond events 

were previously believed to 

exhibit a roughly c. 1,500-

year cycle, but the primary 

period of variability is now 

put at ca. 1,000 years….

Wikipedia:

As of today, 1963 citations!
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Gerard Bond, Jürg

Beer et al., Science 

294, 2130 (2001)

Bond events and link to the solar dynamo (14C, 10Be)

“The results of this study demonstrate that Earth's 

climate system is highly sensitive to extremely weak 

perturbations in the Sun's energy output, not just on 

the decadal scales that have been investigated 

previously, but also on the centennial to millennial 

time scales documented here.”
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aW-dynamo without 

synchronization

aW-dynamo with 

tidal synchronization 

(11.07 years)

aW-dynamo with tidal 

11.07-years 

synchronization + 

~19.86-year modulation

aW-dynamo with tidal 

11.07-years-

synchronization + stronger

~19.86-year modulation

Stefani et al., Magnetohydrodynamics (accepted), 

arxiv.org/abs/1910.10383 

year period

k(t) = 0.18 + 1.0 am(t)/ammax

Previous results on Schwabe, Gleissberg, Suess/de Vries 
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aW-dynamo without 

synchronization

aW-dynamo with 

tidal synchronization 

(11.07 years)

aW-dynamo with tidal 

11.07-years 

synchronization + 

~19.86-year modulation

aW-dynamo with tidal 

11.07-years-

synchronization + stronger

~19.86-year modulation

Stefani et al., Magnetohydrodynamics (accepted), 

arxiv.org/abs/1910.10383 

year period

k(t) = 0.18 + 1.0 am(t)/ammax

North-South asymmetry

(+Gnevyshev-Ohl rule?)

193-yr modulation of

North-South asymmetry

Previous results on Schwabe, Gleissberg, Suess/de Vries 
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Gnevyshev-Ohl rule

Gnevishev, M. N.; Ohl, A. I. (1948). "On the 22-year cycle of solar activity". 

Astronomical Journal (in Russian). 25 (1): 18–20.

The Gnevyshev-Ohl rule is an empirical rule according to which the 

sum of Wolf’s sunspot numbers over an odd cycle exceeds that of the 

preceding even cycle. 

More recently: Evidence for a 200 years modulation of the G-O- rule

Tlatov, Adv. Space Res. 

55, 851 (2015)

„…the secular minima of the

solar activity occur in the

vicinity of the extreme points

of the 200-year cycles of the

GO rule“…
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aW-dynamo without 

synchronization

Previous results on Schwabe, Gleissberg, Suess/de Vries 

aW-dynamo with 

tidal synchronization 

(11.07 years)

aW-dynamo with tidal 

11.07-years 

synchronization + 

~19.86-year modulation

aW-dynamo with tidal 

11.07-years-

synchronization + stronger

~19.86-year modulation

Stefani et al., Magnetohydrodynamics (accepted), 

arxiv.org/abs/1910.10383 

year period

k(t) = 0.18 + 1.0 am(t)/ammax
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aW-dynamo without 

synchronization

aW-dynamo with 

tidal synchronization 

(11.07 years)

aW-dynamo with tidal 

11.07-years 

synchronization + 

~19.86-year modulation

aW-dynamo with tidal 

11.07-years-

synchronization + stronger

~19.86-year modulation

Stefani et al., Magnetohydrodynamics (accepted), 

arxiv.org/abs/1910.10383 

year period

k(t) = 0.18 + 1.0 am(t)/ammax

Irregular intervals

(Bond events)?

Previous results on Schwabe, Gleissberg, Suess/de Vries 
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Bond, Eddy, Hallstatt are not cycles, but a chaotic process!

Stefani, Stepanov, Weier, Solar Physics, 

submitted; arXiv:2006.08320 
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Bond, Eddy, Hallstatt are not cycles, but a chaotic process!

Chaotic transitions between

regular and irregular intervals

(supermodulation)

Slightly different 

wavelets in regular and

irregular intervals

Ma and Vaquero, 2020, New 

evidence of the Suess/de Vries

cycle existing in historical naked-

eye observations of sunspots. 

Open Astron. 29, 28

Weiss, N.O., Tobias, S.M: 2016, 

Supermodulation of the Sun’s 

magnetic activity: the effects of 

symmetry changes. Mon. Not. Roy. 

Astron. Soc. 456, 2654
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Summary
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1. Our model started from a 11.07-yr tidal forcing which synchronizes (via 

parametric resonance) the 22.14-yr Hale cycle. The 19.86-yr cycle of

angular momentum variation leads to a beat period of 193 years, which

is seen in the North-South asymmetry (and the Gnevyshev-Ohl rule). If

this asymmetry becomes too strong, we obtain irregular intervals, i.e. 

(series of) grand minima  Bond events.

2. Bond events are North Atlantic ice rafting events, linked to climate 

fluctuations in the Holocene, which are strongly correlated with 

significant 14C and 10B variations as proxies of solar activity. The little ice

age was, very likely, the latest Bond event.

3. In the best case, we delineated a more or less COMPLETE MODEL of

the TEMPORAL behaviour of the solar dynamo.

4. In the worst case (not to be ruled out yet) it´s COMPLETE RUBBISH…
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Remaining problems, 

next steps
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1. Confirmation of 11.07-yr cycle period and phase-stability in further 

intervals of the Holocene by radio-isotopes and algae data 

2. Is 193-yr really the Suess-de Vries cycle? (Ma, Vaquero: 195-yr 

between 800-1340!)

3. 2D model of standard Babcock-Leighton type, but with synchronized a-

component at the tachocline. Main question: How much a-oscillation is 

needed for synchronization (mm/s, m/s ???). Work in progress…

4. Better understanding of helicity synchronization of m=1 Tayler instability 

or m=1 magneto-Rossby waves (Zaqarashvili, Dikpati, Tobias…) by 

m=2 tidal forcing.

5. Better understanding of spin-orbit coupling urgently needed!

6. What about m=0 instabilities (Super-HMRI, Mamatsashvili 2019) and 

their sensitivity to any m=2 forcing?
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Thank you for your attention
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A pure Tayler-Spruit dynamo with periodic a forcing (it works!)

A
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Amplitude of periodic a term

Stefani et al., Solar Physics 294 (2019), 60


