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Talk Summary: 

q  Solar activity derived from cosmogenic radionuclides 
q  Solar activity and the planetary hypothesis.  

q  Some basics  about solar structure 
q  The model  

q  Results 
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Cosmogenic radionuclides: 14C and 10Be
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a)  Solar activity for the last 10,000 years, Φ determined  using 10Be and 14C 
b)  Wavelet  analysis. Red high power.  

208-y 
de Vries  
cycle 
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q  Tidal acceleration is the only physically relevant interaction 
q  Proportional to M/d3 

q  The planetary Tides on the Sun are ~ 10-12  surface gravity  
      (for comparison on the Earth gmoon/gearth ~ 10-7)  

q  Tide height (equilibrium tide) on the Sun does not exceed 1 mm! 

q  Mean daily work of tides is ~10 28 J (Trellis, 1966) 
q  Comparable to the magnetic energy of the solar cycle: 

 
 

 

For a field at the base of convection zone 1 T and 10 T => Emag~1028 J and 1029 J   

d�

dt
= 51013 Wb/day

Emag =
R

µ
�B

(Galloway & Weiss 1981) 

(Ferriz-Mas & Steiner 2007) 
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q  Previous estimations show that the planets cannot be the cause of the 11 
years solar cycle. (this would produce large changes in the orbital 
parameters....) 

q  ...however it could perturb the action of the solar dynamo. 
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Solar Structure
Solar Interior 

1.  Core 
2.  Radiative Interior 
3.  (Tachocline) 
4.  Convection Zone 
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As a compressible self-
gravitating gas, the Sun 
can oscillate  around its 
equillibrium state. 

Helioseismology: Solar rotation 
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q  The tachocline may play a fundamental role in the generation and storage of 
the toroidal magnetic flux that eventually gives rise to solar active regions 

q  Charbonneau et al. (1999) inferred a prolate  geometry,  with an  ellipticity a 
factor 103 larger than the solar ellipticity  at photospheric level (which is 4 
times larger than the Earth's ellipticity.)  
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where Ai = (3/5) G ⇢mi, G being the gravitational constant, ⇢ the density

of the matter in the tachocline, while V1 = (4/3)⇡a b c and V2 = (4/3)⇡d e f
are the volumes of the internal and external ellipsoids, respectively

spherical geometry for the inner  
boundary, i.e. a=b=c 
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3 cases:
1.   e = f   => Nx vanishes 
2.   f = d   => Ny vanishes 
3.  d = e   => Nz vanishes 
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 Red high power. The black contours shows the 5% significance regions 
c) Band-pass filtered  of the annually averaged torque (green curve) along with 
  Φ (blue curve - inverted scale-) around the  cycle  of 208 y (de Vries)  
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b) Wavelet coherence (WTC) between Φ and torque corresponding to case 2. 
 Red high power. The black contours shows the 5% significance regions 
c) Band-pass filtered  of the annually averaged torque (green curve) along with 
  Φ (blue curve - inverted scale-) around the  cycle  of 208 y (de Vries)  

case 2 
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b) Wavelet coherence (WTC) between Φ and torque corresponding to case 3. 
 Red high power. The black contours shows the 5% significance regions 
c) Band-pass filtered  of the annually averaged torque (green curve) along with 
  Φ (blue curve - inverted scale-) around the  cycle  of 208 y (de Vries)  

case 3 
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Ø  The strong coherence for the 208 y band, with a constant phase of  
180° (arrows pointing to the left) shows that solar activity and the planetary 
 torque are phase locked. 
 
Ø  Time intervals of high coherence correspond to periods when the amplitude  
of the 208 y cycle is large, followed by periods of no coherence when there is  
no 208 y cycle, which is consistent with the clustering of Grand Minima. 
 
Ø  The difference between cases (1,2) and (3) points to a surprising result: a non 
 vanishing Nz component provides the best agreement between torque 
 and solar activity. This would imply the  existence of  a torque component  
parallel to the solar spin => the geometry of the tachocline would 
 be a triaxial ellipsoid (either oblate or prolate). 
 
Ø   Our results point to a modulation of solar activity by the planets. 
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Helioseismology: Solar rotation 
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The next point we address now is the question whether the good agreement between 10Be and 14C with 
 the torque can occur just by chance. We use a random generator and produce artificial time series  
of the same length (7000 years). Then we calculate the Fourier spectrum,  
select the periods between 40 and 1200 years and test whether one or several of the 20 strongest 
 lines fall within one or several windows defined for the 5 selected spectral lines in table 1.  
 
The results of the analysis of one million random time series are summarized in table 2. The second  
column shows how many of the simulated time series had lines falling into the defined windows. 
 The third column shows the corresponding probability  
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Wavelet  analysis corresponding to planetary torque for the case 1. 
Periodicities centered at 88, 208 and 500 years. 
Note however that the amplitudes are is very small. 
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The planetary hypothesis  
q  Jose’s results points to Spin-Orbit coupling 
q  Tidal acceleration is the only coupling interaction 

q  Proportional to M/d3.  

q  The planetary Tides on the Sun are ~ 10-12  surface gravity  

      (for comparison on the Earth gmoon/gearth ~ 10-7)  
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The next point we address now is the question whether the good agreement between 10Be and 14C with 
 the torque can occur just by chance. We use a random generator and produce artificial time series  
of the same length (7000 years). Then we calculate the Fourier spectrum,  
select the periods between 40 and 1200 years and test whether one or several of the 20 strongest 
 lines fall within one or several windows defined for the 5 selected spectral lines in table 1.  
 
The results of the analysis of one million random time series are summarized in table 2. The second  
column shows how many of the simulated time series had lines falling into the defined windows. 
 The third column shows the corresponding probability  
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Kernreaktionen 

€ 

14N +n⇒ 10Be +3p +2n
14N +p⇒ 10Be +4p +1n
16O +n⇒ 10Be +4p +3n
16O +p⇒ 10Be +5p +2n
14N +n⇒ 14C +p
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GRIP Eisbohrkern  

€ 

Eine 55 cm Probe Eis ≈ 900 g
1 Atome Be   →  1018    Moleküle
Carrier 9Be pro Probe ≈  0.3 mg

Typische Verhältnisse 
10Be

9Be ≈10-12 -  10-14  (Messung)

D.h.
In 900 g → 10Be ≈104  Atome pro Probe
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Beispiel aus 14C 

€ 

14 C/12 C(t =1950) ≈10-12

1 gr Kohle ≈  6 1010 14 C Atome

rc14 =
14
60s

≈ 0.2 counts pro Sekunde. 48 Stunden um 0.5%

rbms ≈100 counts pro Sekunde. 10 Minuten um 0.5%
dafür reicht mg Material
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Transport of  cosmic rays in the Heliosphere 
                  (Parker, 1965) 

f : cosmic ray distribution function 

p : particle momentum 

Q : local production 

: solar wind speed 

: diffusion tensor 

€ 

ˆ k 

€ 

V

@f

@t
= � (V ·r)f � div (̂grad f) +

1

3
divV

@ f

@ ln p
+Q ,
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Force Field Approximation
(Gleeson and Axford, 1968) 

(1) Q=0 

(2) Steady state:  

€ 

∂f
∂t

= 0

(3) Adiabatic energy loss rate: 

€ 

pV
3 f

grad f = 0

- Spherical symmetry: 

€ 

ˆ k = k ˆ I 

€ 

k= k 1(r)P, (P ≡ pc
q
rigidity)- 
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Transport of  cosmic rays in the Heliosphere 

€ 

∂f
∂t

+
V
3k1

∂f
∂P

= 0

The effect of solar wind on cosmic rays can be  
described by an electric potential! 
=> φ parameterize the level of solar activity  

-  Formally equal to collisionless Boltzmann eq. 
 with an electric field:   

€ 

E(r) ≡ V (r)
3k1(r)

- Electric  potential: 

€ 

φ(r) ≡ E(x)
r

rb

∫ =
V (x)
3k1(x)r

rb

∫
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f : cosmic ray distribution function
P: particle momentum
V: solar wind 
k1: diffusion  
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        Significance of the spectral agreement 
 
 
     We address now i the question whether the good agreement between 10Be and  
      14C with the torque can occur by chance.  
 
•  We use a random generator and produce artificial time series of the same  
     length (1,000,000 test runs) 
 
•  We calculate the Fourier spectrum, select the periods between 40 and 1200 y 
    and test whether one or several of the 20 strongest  lines fall within the windows  
    defined for 5 selected spectral lines in table 1.  
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q  The solar activity parameterized by the so-called solar modulation 
potential φ   => solar activity =  solar modulation potential φ  

q   Cosmogenic radionuclides as function of  φ  &  geomagnetic field 
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Talk Summary: 

q  Solar activity derived from cosmogenic radionuclides 
q  Solar activity and the planetary hypothesis.  

q  Some basics  about solar structure 
q  The model  

q  Results 

q  Conclusions  
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The planetary hypothesis  
q  Several researches found correlations between solar activity (sunspots, 

flares, CMEs): 

     - Jose (1965), Wood & Wood (1965), Brigg(1967), Blizard(1969), Wood 
(1975), Hung (2007) 

     - Blizard(1969) and Hung (2007) are NASA reports.  

  
 

 

Jose (1965) 
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The planetary hypothesis  
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The planetary hypothesis  
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q  Jose’s results points to Spin-Orbit coupling 
q  Tidal acceleration is the only physically relevant interaction 

q  Proportional to M/d3.  

q  The planetary Tides on the Sun are ~ 10-12  surface gravity  

      (for comparison on the Earth gmoon/gearth ~ 10-7)  

q  Tide height (equilibrium tide) on the Sun does not exceed 1 mm! 
q  Mean daily work of tides is ~10 28 J (Trellis, 1966) 

q  Comparable to energy release of  the most important flares ~10 26 J  
q  Comparable to the magnetic energy of the solar cycle: 

 

 
 

For a field at the base of convection zone 1 T and 10 T => Emag~1028 J and 1029 J   

d�

dt
= 51013 Wb/day

Emag =
R

µ
�B

(Galloway & Weiss 1981) 

(Ferriz-Mas & Steiner 2007) 
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Solar activity & the planetary hypothesis  

q  Wolf (1848) devised a way of quantifying  
 sunspot activity, the Wolf sunspot number and 

 calculated a period for the cycle of 11.1 years 
  He noted the coincidence with Jupiter’s orbital 

period of 11.8 years 
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Solar activity & the planetary hypothesis  

q  Schwabe (1843) suggested the existence of an 
11 y cycle in sunspots. 

q  Wolf (1848) devised a way of quantifying  
 sunspot activity, the Wolf sunspot number and 

 calculated a period for the cycle of 11.1 years 

  He noted the coincidence with Jupiter’s orbital 
period of 11.8 years 
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The planetary hypothesis  

6/14/13 52 

q  Previous estimations show that the planets cannot be the cause of the 11 
years solar cycle. (this would produce large changes in the orbital 
parameters....) 

q  ...however it could perturb the action of the solar dynamo. 

q  Planetary hypothesis usually rejected on the basis that tidal accelerations are 
too weak 

 
 

 

But:  
Ø  Neglects possible resonance between natural oscillation of the solar interior 
 and tides which may amplify the tidal deformation (Cowling, 1941).  
 
 
Ø  Neglects the possibility that some internal layers –relevant for dynamo action– 
may already be distorted 

Lunar tide 10 -7 gEarth  => ~ 50 cm 
Milankovitch theory of glaciations:  small forcing => large climate changes. 
 

                                         => torques  
At the interface between the convection zone and the radiative interior there is a  
thin shear layer known as tachocline. Which is inferred to depart 
significantly from the spherical symmetry (Charbonneau et al., 1999) 
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What can cosmogenic radionulides tell us about  
the possible link? 
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- Sunspots - Modulation potential 

             Solar activity and φ
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a)  Solar activity for the last 10,000 years, Φ determined  using 10Be and 14C 
b)  Wavelet  analysis. Red high power.  

208-y 
de Vries  
cycle 
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q  The tachocline may play a fundamental role in the generation and storage of 
the toroidal magnetic flux that eventually gives rise to solar active regions 

q  The relative position between these  two boundary layers –one mechanical 
and one thermal– determines the degree of subadiabaticity of the tachocline 
and therefore its capability to store magnetic flux tubes 

q  The base of the convection zone, as determined from helioseismology, shows 
no perceptible deviation from sphericity. The tachocline, however, is inferred 
to depart significantly from the spherical symmetry 

q  Charbonneau et al. (1999) inferred a prolate  geometry,  with an  ellipticity a 
factor 103 larger than the solar ellipticity  at photospheric level (which is 4 
times larger than the Earth's ellipticity.)  

 

 
 

 

The tachocline and the overshoot layer 
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q  The tachocline may play a fundamental role in the generation and storage of 
the toroidal magnetic flux that eventually gives rise to solar active regions 

q  The relative position between these  two boundary layers –one mechanical 
and one thermal– determines the degree of subadiabaticity of the tachocline 
and therefore its capability to store magnetic flux tubes 

q  The base of the convection zone, as determined from helioseismology, shows 
no perceptible deviation from sphericity. The tachocline, however, is inferred 
to depart significantly from the spherical symmetry 

q  Charbonneau et al. (1999) inferred a prolate  geometry,  with an  ellipticity a 
factor 103 larger than the solar ellipticity  at photospheric level (which is 4 
times larger than the Earth's ellipticity.)  

 

 
 

 

The tachocline and the overshoot layer 
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