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Nuclear energy production 

Electron screening   

- repulsive Coulomb force is important for estimating       .  

- free e- have influence on Coulomb force, i.e. ECB. 

- approaching particle will “feel” neutral conglomerate of target nucleus & 

  surrounding e- - cloud. 

- e- are attracted from nucleus of charge +Ze      e- have slightly    ne near nucleus, 

  and ions are repelled, i.e. ni                  clustering of e- . 

Static screening (Salpeter 1954; Austr. J. Phys 7, 373) 

Nuclear energy production 

- particle density n with charge ‘q’ is modified in the presence of an 

   electrostatic potential     according to 

# density for    = 0 

… derived from 

    Debye-Hückel theory 

    (see e.g. Jackson 1975) 

- Typically                         approximation:  

Which shows directly the decrease of ion density and increase of e- density. 

Electron screening   
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Nuclear energy production 

- total (electrical) charge density     for all types of ions (ni)    

(neutral gas) i.e.: 

    : 

- Combine last two terms to obtain 

where are 

Electron screening   

Nuclear energy production 

Electron screening   

The Debye-radius 

(in some sense  

the radius of e- cloud; 

rD=10-8…10-9 cm.) 



11/7/2016 

3 

Nuclear energy production 

For ‘normal stars’  

unshielded 

 potential 

classical particle distant at  

Gamov peak 

Electron screening   

Nuclear energy production 

- Accordingly the Coulomb barrier ECB is reduced by Debye energy ED 

Debye energy ED 

Thereby increasing the probability with which particles can tunnel 

through the Coulomb barrier, leading to an increase of  

Coulomb 

barrier 

M-B tail 

of thermal 

energy 

screening 

factor 
“f” 

Increase by “f”:  

“ f ” 

Electron screening   

. 

. 
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Nuclear energy production 

- weak screening: 

For solar case, p + p:  

Electron screening   

Nuclear energy production 

Screening factor      important for large r  & low T  

Consider shielded reaction rate 

In the neighbourhood of r0 and T0 : 

Electron screening   

- strong screening: 
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slope = -1, where  

Nuclear energy production 

In the neighbourhood of r0 and T0 : 

for r >> and T << 

and not  

“pycnonuclear reactions” 

Electron screening   

Nuclear energy production 

Electron screening   

Is the static picture correct? 
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Nuclear energy production 

Electron screening   

Dynamic screening: Mussack & Däppen 2011; ApJ 729, 96 

Have extremely small cross section 

Neutrinos in MeV range have mean free path (m=1) 

Normal stellar matter :                     :  

collapsing stellar core: reabsorbed within star. 

Also important for cooling cores of stars. 

Neutrino energy losses 
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Nuclear energy production 

Hydrogen burning (energy loss due to escaping neutrinos): 

With ~ 4x10-5 erg/cycle Sun produces ~ 2x1038 (electron) neutrinos every second! 

Flux of ~ 1011 solar neutrinos per cm2 and second at Earth!  

Neutrino energy losses 

Urca process at extreme densities (no nuclear reactions necessary): 

e- capture: 

Nucleus with charge Z  

and atomic weight A degenerate 

Neutrino losses 

Involving nuclear processes 

Example: 
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Neutrino energy losses 
other processes without nuclear reactions 

once in 1019 times 

Inelastic scattering  

of e- on nucleus 

EM wave couples with e- 

Dispersion relation 

 


