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Solar Neutrinos 

• Gravitationally stabilized solar 

fusion reactor 

• Produced in nuclear fusion 

reactions 

• Exit Sun in about 2 seconds  

• Weakly interact with matter 

    (neutrino oscillations) 

• Can be detected on Earth 

• Flux provides information about  

solar physics, nuclear physics, 

and neutrino physics 



Standard Solar Model  
• Begins with homogeneous 

composition 

• Solar core is modeled as an ideal 

fusion plasma 

• Hydrogen burning supplies 

luminosity and pressure to 

balance gravity  

• Energy is transported by photons 

• Chemical composition changes 

slowly with nuclear reactions 

• p-modes and g-modes? 

• Magnetic field? 



Nuclear Reactions 

• Proton- Proton Chain 

 - overall: 

 4p → 1He + 2e+ + 2ve + 25 MeV 

 - reactions produce heavier 

elements 

 - includes sub-chains involving 
7Be and 8B 

 - accounts for 99.6% of the Sun’s 

energy 

 

• CNO Cycle 

 - accounts for 0.4% of the Sun’s 

energy 

 - dominant in more massive stars 

http://www.answers.com/main/ntquery;jsessionid=ssq2pgi1mqmc?method=4&dsname=Wikipedia+Images&dekey=Wpdms+physics+proton+proton+chain+1.png&gwp=8&sbid=lc03a


Solar Neutrino Problem 

• Observed flux 

 1/3rd Predicted flux 

1. There is some other source 

of power in the Sun 

    

2. Scientists calculated the 

reaction rates inaccurately

   

3. Evidence that neutrinos can 

change “type” en route to 

Earth (neutrino oscillations) 



Maxwell-Boltzmann 
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Maxwell-Boltzmann Distribution 



 



Tsallis  

• Change velocity/energy distribution from  

    Maxwell-Boltzmann to Tsallis 

 

• Vary parameter empirically to match known data 
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Maxwell-Boltzmann  Tsallis 
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PP- Maxwell-Boltzmann vs. Tsallis 
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Neutrino Production as a function of Solar Radius 

Maxwell-Boltzmann 

Tsallis: δ=0.0005 

Tsallis: δ=0.0018 

R/R0 



Issues to Explore 

• Find flux for neutrinos from all reactions 
using Tsallis distribution 

• Vary parameter (δ) so that predicted data 
match observed data 

• Implies that the Sun’s core is not an ideal 
plasma 

• Magnetic field, g-modes 





SuperKamiokande I, II, (III) 

 



Time Series 

















 



 



DEA: delta=0.88 



SDA: H=0.66 



 



 



 

Shannon Entropy rather than Mean Squared Displacement! 

(DEA-pdf versus SDA-variance?) 

SK solar neutrino signal is not GAUSSian  

(TSALLIS, LÉVY, …?) 

SK solar neutrino signal shows periodic modulation  

(g-modes, magnetic field, …?) 

 

 

 

Thank you for your attention! 
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