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Experiments	
  Exhibiting	
  Variable	
  Decay	
  Rates	
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To	
  date,	
  23	
  reports	
  of	
  experiments	
  	
  
involving	
  16	
  nuclides,	
  
/inding	
  oscillations	
  at	
  1	
  year-­‐1,	
  	
  
about	
  2	
  year-­‐1,	
  	
  
and	
  in	
  the	
  range	
  12	
  –	
  13.5	
  year-­‐1.	
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BNL	
  Decay	
  Data	
  (1998)	
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Amplitude	
  of	
  Oscillation	
  approximately	
  0.1%	
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PTB	
  Decay	
  Data	
  (1998)	
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Amplitude	
  of	
  Oscillation	
  approximately	
  0.1%	
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Power spectrum formed from the  
ratio of the Si and Cl count rates. 
There are strong peaks at 1.0, 11.2, 
and 13.1 year-1. 

Histogram of the results of 10,000 
shuffles of the Si/Cl data, for frequencies 
in the range 10 - 15 year-1. 
None produces a power as large as the 
actual power (20.8).  
A logarithmic display indicates that there 
is only one chance in 106 of finding that 
big a peak in that band by chance. 



BNL (magenta) and PTB (blue) running-mean 
power spectra. Peaks at 11.24 and 11.27 yr-1 
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Decs10ZA29a PTB10 

The Joint Power Statistic (JPS) is a 
function of the product of the powers. If 
each power has an exponential 
distribution, the JPS has an exponential 
distribution  

For  just two  powers, as a function of 

the JPS is given approximately 
by 

! 

J =
1.943Y 2

0.650 +Y

! 

Y = S1 * S2( )1 2

Joint power spectrum formed from BNL 
and PTB running-mean power spectra. 

Peak at 11.23 yr-1 
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Histogram of peak value of joint 
power statistic formed from 10,000 
shuffle simulations of peak power in 

the search band 10 – 15 year-1 

of BNL and PTB running-mean power 
spectra.  8 

Logarithmic plot of peak value of joint 
power statistic. The probability of 
getting 10.65 or more is less than 10-17. 
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R-MODE OSCILLATIONS 

These are fluid-dynamical  oscillation (related to “Rossby waves”). 
For a sidereal rotation frequency  
and for spherical harmonic indices l, m, the frequency is given by 

€ 

ν l,m( ) =
2mνR

l l +1( )
€ 

νR

S1207A18 

A “tachocline” is a thin region where there is a sharp gradient in 
rotation rate. 

A tachocline separates the radiative zone from the convection zone.  

The rotation rate there is 14.2  year-1.  
For l = 3, m = 1, nu = 2.37 year-1 (a period  of 154 days). 

This is known oscillation in solar physics as the “Rieger” Oscillation. 
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SEARCH FOR AN r-MODE (RIEGER-TYPE) OSCILLATION 

Our analyses have led to estimates 11.0 – 12.8 year-1 for the 
synodic rotation frequency (as seen from Earth). 

This corresponds to a sidereal frequency of 12.0 – 13.8 year-1. 

Suppose this refers to a second (inner) tachocline separating the 
core from the radiative zone (at about 0.25 R). 

Then, for l = 3, m = 1, we arrive at a predicted r-mode frequency 
in the range 2.0 to 2.3 year-1. 

We therefore examine BNL and PTB power spectra to see  if there 
are any peaks in this frequency range. 
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BNL	
  power	
  spectrum	
  
Search	
  band	
  2.0	
  –	
  2.3	
  year-­‐1	
  

Peak	
  at	
  2.11	
  yr-­‐1	
  	
  
with	
  power	
  S	
  =	
  10.1	
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Decs10Y02a Rieger01 S1207A20 

PTB	
  power	
  spectrum	
  
Search	
  band	
  2.0	
  –	
  2.3	
  year-­‐1	
  

Peak	
  at	
  2.11	
  yr-­‐1	
  	
  
with	
  power	
  S	
  =	
  25.8	
  

Joint	
  Power	
  Statistic	
  
formed	
  from	
  BNL	
  and	
  PTB	
  
power	
  spectra	
  
Search	
  band	
  2.0	
  –	
  2.3	
  year-­‐1	
  
Peak	
  at	
  2.11	
  yr-­‐1	
  	
  
with	
  power	
  J	
  =	
  30.6	
  



Histogram	
  formed	
  from	
  10,000	
  
shuf/le	
  simulations	
  of	
  the	
  joint	
  

power	
  statistic	
  formed	
  from	
  the	
  BNL	
  
and	
  PTB	
  power	
  spectra	
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Logarithmic	
  plot.	
  
Probability	
  of	
  getting	
  30.6	
  or	
  

more	
  is	
  about	
  10-­‐12.	
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Spectrograms	
  formed	
  from	
  Decay	
  Data	
  and	
  from	
  Solar	
  
Neutrino	
  Data	
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Spectrogram	
  
formed	
  from	
  
BNL	
  36Cl	
  Data	
  

Spectrogram	
  
formed	
  from	
  
BNL	
  32Si	
  Data	
  

Spectrogram	
  
formed	
  from	
  
Super-­‐Kamiokande	
  
Solar	
  Neutrino	
  Data	
  

Note	
  the	
  common	
  modulation	
  at	
  about	
  12.5	
  year-­‐1,	
  
And	
  the	
  weaker	
  modulation	
  at	
  about	
  11	
  year-­‐1.	
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€ 

GF 2 Ne − Nn( ) =
Δ m2( )
2E

€ 

GF =10−37.03 eV cm3

RSFP	
  	
  -­‐	
  Resonant	
  Spin	
  Flavor	
  Precession	
  

Fermi	
  Constant	
  

Ne	
  =	
  electron	
  density,	
  Nn	
  =	
  neutron	
  density	
  

Resonance	
  Condition	
  

Super-­‐Kamiokande	
  data	
  shows	
  evidence	
  of	
  r-­‐mode	
  oscillations	
  
	
  in	
  the	
  Outer	
  Tachocline	
  (r	
  =	
  0.7R)	
  	
  

Inner	
  Tachocline	
  (r	
  =	
  0.25R):	
  For	
  this	
  values	
  of	
  DEL(m2)	
  
We	
  Cind	
  that	
  E	
  =	
  104.9	
  eV	
  =	
  80	
  keV	
  

This	
  is	
  an	
  estimate	
  of	
  the	
  energy	
  of	
  neutrinos	
  
that	
  inCluence	
  decay	
  rates.	
  

Adopting	
  E	
  =	
  5	
  MeV,	
  we	
  /ind	
  that	
  	
  

€ 

Δ m2( ) =10−6.9 eV 2
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RSFP	
  	
  -­‐	
  Resonant	
  Spin	
  Flavor	
  Precession	
  

Bohr	
  magneton	
  

Ne	
  =	
  electron	
  density,	
  Nn	
  =	
  neutron	
  density,	
  H	
  =	
  scale	
  height	
  

Adiabaticity	
  Condition	
  

Outer	
  Tachocline,	
  If	
  B	
  =	
  104.9	
  G,	
  then	
  

€ 

µ µB( )B >10−11.51 Ne − Nn( )1 2H −1 2

€ 

µB =10−7.23 eV G−1

€ 

µ µB =10−10If	
  

€ 

µ µB =10−9.3

then	
   B	
  =	
  105.6	
  G	
  =	
  400	
  kG	
  

Inner	
  Tachocline,	
  if	
  	
   B	
  =	
  106.1	
  G	
  =	
  1.3	
  MG	
  

€ 

µ µB =10−10

€ 

µ µB =10−9.3 B	
  =	
  105.4	
  G	
  =	
  250	
  kG	
  If	
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then	
  

then	
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A	
  Force	
  Diagnostic	
  Concerning	
  a	
  Possible	
  InCluence	
  	
  
of	
  Solar	
  Neutrinos	
  on	
  Nuclear	
  Decay	
  Rates 

An	
  energy	
  transfer	
  per	
  event	
  to	
  the	
  nucleus	
  of	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (in	
  electron	
  volts),	
  leads	
  to	
  	
  
a	
  transfer	
  of	
  momentum	
  (in	
  g	
  cm	
  s-­‐1,	
  anti-­‐solar	
  direction)	
  of	
  

If	
  Tyr	
  (in	
  years)	
  is	
  the	
  half-­‐life,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  the	
  fraction	
  of	
  the	
  decay	
  rate	
  that	
  is	
  due	
  to	
  the	
  Sun,	
  	
  
M	
  (g)	
  is	
  the	
  mass	
  of	
  the	
  sample,	
  and	
  	
  
A	
  is	
  the	
  atomic	
  weight,	
  then	
  the	
  total	
  force	
  (in	
  dynes)	
  is	
  given	
  by	
  

For	
  54Mn,	
  A	
  =	
  54.9	
  and	
  Ty	
  =	
  0.81.	
  Adopting	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

we	
  /ind	
  	
  	
  	
  

For	
  instance,	
  if	
  

Then	
  	
  	
  	
  F	
  =	
  10-­‐9.9	
  	
  (dynes)	
  

€ 

Δp = c −110−11.80ΔEev =10−22.28ΔEev

€ 

€ 

F =10−9.9ΔEevM

€ 

ΔEeV =106 1MeV( )andM =10−6 1microgram( )
€ 

F =10−6.16ΓA−1Tyr
−1ΔEevM

€ 

ΔEeV

€ 

Γ = 0.01

€ 

Γ
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A Torque Diagnostic Concerning a Possible Influence of 

Solar Neutrinos on Nuclear Decay Rates 
!
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