
proton radial charge distribution 
from polarized electron scattering (JLAB)  	
  

Ref: The Frontiers of Nuclear Science – A Long Range Plan (2007), p.26 
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neutron radial charge distribution 
from polarized electron scattering (JLAB)  	
  

Ref: The Frontiers of Nuclear Science – A Long Range Plan (2007), p.26 
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Note	
  that	
  neutron	
  charge	
  
density	
  contains	
  regions	
  
of	
  both	
  posi?ve	
  and	
  
nega?ve	
  charge,	
  a	
  clear	
  
hint	
  for	
  sub-­‐structure.	
  

neutron	
  =	
  (	
  u	
  	
  d	
  	
  d)	
  

up	
  quark	
  has	
  q=+2/3,	
  
down	
  quark	
  has	
  q=-­‐1/3.	
  



Root mean square (rms) - radii for proton and neutron 

	
   3	
  	
   	
   	
   	
  

The mean square radius can be obtained from 
 the measured density distribution	
  	
  

 

r2 = r2ρ r( )d3r∫ = 4πr4ρ r( )dr∫

The root mean square (rms) radius is defined as  

 

Rrms = r2

For both proton and neutron one finds rms radii of about 0.8 fm 



Standard model of elementary particle physics 
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Quark sub-structure of nucleon and meson	
  
Ref: National Research Council Report, 1999 
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Nucleon-nucleon interaction in 
quark picture / baryon-meson picture	
  

Ref: National Research Council Report, 1999 
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Nucleon-nucleon interaction in 
baryon-meson picture and in quark picture 
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Feynman diagram of 
one-pion exchange 
(pointlike p, n, π). 
Baryon-meson quantum 
Field theory 
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Nucleon-nucleon interaction in potential picture 
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At low energies, the two nucleons “see” each other as structure-less 
point particles (large de Broglie – wavelength, see section 1.4). 
The N-N interaction can be adequately described by an interaction 
potential which depends on the positions, momenta, spins, and 
isospins of the two nucleons: 

The N-N interaction potential can de derived from quantum field 
theory of baryons interacting via virtual meson exchange; the 
potential is obtained from the T-matrix in the static limit. 
     Ref: Bjorken & Drell, Relativistic quantum mechanics 

  

 

VNN = VNN
 r 1,
 p 1,sz1,tz1;

 r 2,
 p 2,sz2,tz2( )



From quarks to nuclei 
Ref: RIA Physics White Paper 2000 
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