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Nucleon substructure has 
been identified as one of 
the important frontiers by 
the Nuclear Science 
Advisory Committee - 
Long Range Plan, Dec 07

Nuclear/particle physics 
indistinguishable

Ongoing debate
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Rutherford - atoms have nuclei

Stern - μp = (1+κp)(e/2M)

Hofstadter - nuclei are not point-like, rather 
high density core and sparse surrounding

Mott - light point-like fermion off point-like 
heavy fermion;
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With structure:
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Dirac, Pauli Form Factors:

Sachs Form Factors:
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Charge distribution

Current distribution
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“At its simplest, the nucleon is 
nonperturbative three-body 
bound-state problem...”

One can argue proportionality, 
but calculating the FFs from 
theory is practically impossible.
Leave it to us.
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Historically (Rosenbluth separation): use Q² and 
θ to isolate and fit GE, GM, GMGE or GM/GE.

Turns out to be controversial.
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Turns out to be 
limited: hard to isolate 
FFs, thus,
systematics compound.

Results are 
inconsistent with each 
other, and later 
methods. 
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Prevailing scapegoat: 
the one-photon 
approximation

2 real FFs --> 3 
complex Fs. 

Or, switch methods.
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Modern method: polarize beam and/or target

Only need one Q² value per measurement, no 
need to know the beam polarization. Reduces 

systematics
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Modern method: polarize beam and/or target

For the right polarization angles, A ~ GE/GM
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Rosenbluth Separation vs 
Polarization Methods

*Both have trouble with neutrons
*Both suffer Breit frame modeling
*But, uncertainty due to two-photon 
processes impact both cross section 
and polarization, but the polarization 
methods rely on ratios. 
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