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Quasi-Free Scattering 3He(p,2p)pn, 3He(p,2p)d, 3He(p,pd)p

A.Bracco, Phys. Rev. Lett. 50, 1741 (1983)

M. B. Epstein, Phys. Rev. C32, 967 (1985)

Quasi-Free Scattering 2H(p,2p)n

V. Punjabi et al. Phys. Rev. C38, 2728 (1988)

M.B. Epstein et al. Phys. Rev. C42, 510 (1990)













Quasi-Elastic Scattering 3He(e,e’p)d and 3He(e,e’p)pn

• M.M. Rvachev et al. Phys.Rev.Lett. 94, 192302 (2005)

• F.Benmokhtar et al. Phys.Rev.Lett. 94, 082305 (2005)









The nucleon has a complex structure

the magnetic moments of the proton and neutron:

Otto Stern (1933) mp = 2.793 mN , mn = -1,913 mN   

Nobel Prize in 1943

electron scattering from atomic nuclei show the

structure of the nucleons

Robert Hofstadter (1956)

Nobel Prize in 1961  



deep inelastic scattering of electrons on protons and

bound neutrons gives the evidence for the quarks and 

gluons

Jerome I. Friedman, Henry W. Kendall, Richard E.Taylor

(early 1970’s)

Nobel Prize in 1990



• 1) The Structure of the Proton: electric and magnetic

form factors, generalized parton distributions

(quarks and gluons), longitudinal and transverse

momentum distributions, where resides the spin?

• 2) The 3He Wave Function: Faddeev equations, N-N

potentials, 3N potentials

In Quasi-Free Scattering : FSI, MEC, multiple

scattering



Angular momentum decomposition

Many questions/issues : • Frame dependence ?

• Gauge invariance ?

• Uniqueness ?

• Measurability ?

• …
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Fig. 26. Left: the 2D projected charge density rn
T

for a neutron polarized in the x-direction 

(to the right, in the figure). Dark areas represent negative charge, light areas, positive charge.

Right: the charge densities along the y-axis for a neutron polarized along the x-direction: r0n

is given by the dashed curve (blue), and rTn is given by the solid curve (red).



Figure 1.2:  The up and down quark density distortion in transverse-momentum space, obtained by studies 

of the Sivers function [22].



Figure 1.3:  The up and down quark density distortion in impact parameter space, obtained by studies of 

the Pauli form factor.



What is then the latest?

Deep inelastic scattering off the tritium and 

3He mirror nuclei at Jefferson Laboratory

The measurement of the ratios of the structure 

functions F2
n/F2

p and d/u : charge symmetry 

breaking of the d and u distributions

As next research tool: an electron-ion collider

It will get the highest priority for new facility 

construction by NSAC



• This is another flight in physics then what you have  

followed from what we will hear today.

• We are expressing our best wishes in any further 

endeavors you may be undertaking.


