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The Dirac Hamiltonian



The Dirac Hamiltonian has an invariant SU(2) symmetry for two limits:

Spin Symmetry occurs in the spectrum of a:
1) meson with  one heavy quark (PRL 86, 204 (2001) )
2) anti-nucleon bound in a nucleus (Phys. Rep. 315, 231 (1999) )

Pseudospin Symmetry occurs in the spectrum of nuclei
                     PRL 78, 436 (1997)

          Vs – Vv = Cs           Spin Symmetry
         Vs + Vv = Cps   P-Spin Symmetry









Realistic Relativistic Mean Fields
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QCD SUM RULES

is the chiral symmetry breaking nucleon sigma term

is the average quark mass

     Uncannily close to the ratio of central values of
                              mean field potentials











































Quadrupole Operator in Pseudospin Basis
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The second term will be of order 1/A  because
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Effective Field Theory
In EFT expansion why aren’t pseudospin operators
on equal standing as spin operators?

For example
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Effective Field Theory

where p is the relative momentum

           For two nucleons:
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Spin-Spin Interaction

This is consistent with the study of the nucleon-nucleon
interaction in which it is shown that the pseudospin
transformation on two nucleons does not change the spin.
However, this does not mean they are equivalent because
the mixing angle between states of different pseudo-orbtial
angular momentum is different than the mixing angle
between states of different orbital angular momentum,
which come about through other terms involving the
pseudo-orbital angular momentum operator and the orbital
angular momentum operator.



4
6

Tensor Interaction

That is, the tensor interaction is symmetrical in pseudospin and spin
and it is an  interaction between the spin and pseudospin, which is an
interesting insight.



Spin - Orbit Interaction
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Antinucleon Spectrum

       Charge Conjugation
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V S(r r ) = ′ C VS (r r )C = VS(r r )

V V (r r ) = ′ C V V (r r )C = −V V (r r )

∴V S(r r ) ≈ V V(r r )

⇒ Spin Symmetry for Antinucleons
Spin polarization in antiproton scattering from Carbon is almost zero
supporting this prediction, but data set is limited (PLB 151, 473 (1985)). 

Perhaps additional antiproton scattering will be forthcoming at GSI
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  9) Spin and Tensor Interaction are equivalent
to P-Spin and P-Tensor interactions.

10) Spin-Orbital and P-Spin-P-Orbital
      interactions are not equivalent. In fact
      P-Spin-P-Orbital interaction produces a
      P- spin dynamical symmetry but violates
spin symmetry.

Summary
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 4) Effective Field Theory expansions with spin
and P-spin on same footing.

5) Rewriting the tensor interaction in terms of
the two body spin-orbit interaction and the two
body pseudo spin-orbit interaction and
determining the coefficients of each.

Future


