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Nuclear Shell Model and Pseudoscalar Potential*)

by E. Merzbacher _
Department of Physics, University of North Carolina, Chapel Hill, N. C.
(17. VIIIL. 1957.)

BreurLer and Terreaux!) suggested in a recent article that it
might be profitable to examine the properties of a particle (nucleon)
obeying the Dirac equation in the field on an external (“‘classical”)
pseudoscalar potential. Their equation (9) 1s:
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This, as is well known, is one of the special forms which the gene-
ralized Dirac equation with the famous five interactions can assume.
It has been repeatedly proposed?) that one might substitute a pseu-
doscalar potential for either a scalar or a four-vector potential as
a possible source of an effective spin-orbit interaction which one
hoped would be large enough (and of the correct sign) for the re-
quirements of nuclear levels in the single particle shell model.

Such a proposal faces the handicap that the Dirac equation with
a pure pseudoscalar potential admats no bound states. The formal proof
of this assertion was given by Pekar3), and it was found indepen-
dently by the author. The proof is very simple and goes as follows:

V' must be imaginary if the Hamiltonian is to be Hermitian.
Hence V'* = — V’. For a stationary state the Dirac equation can
be written as o

(Byy,—meHy =@y -p + 7V p. (2)

The operator which acts on y on the left hand side of this equation
1s Hermitian, while the one on the right hand side is antihermitian.
Hence the expectation value of either operator in the stationary
state must vanish.

We conclude:
E(p, yy9) = mc2(y, ). (3)

¥4 1s unitary. Hence the Schwarz inequality gives
(> 729) < (¥ )
E > me2.

and consequently

*) This work was performed under an AEC research contract at Duke University.
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Thus there can be no bound states in the usual sense. For the
special case of a 1/r potential PiT1AU2) had already noted this fact.

One can see clearly what obstructs the formation of a bound state
here, if the iterated second-order equation for v is constructed. It
turns out to be:

E?— (mc®)?2y =[—c2R2P2— V2 +ihcBo -V V' ]y. (“
¥ ¥

The last term on the right hand side is in the nature of a spin-orbit
interaction, and its presence is usually considered as promising to
provide the splitting of energy levels needed for the j — j coupling
shell model. However, there 1s inevitably a repulsive — V’'2 term
which prevents binding. These features appear also in the non-
relativistic approximation4).

The inability of the pseudoscalar potential to bind does, of course,
not preclude its possible usefulness as an approximation in scatter-
ing problems?).

The preceding remarks were originally developed while the author
had the benefit of interesting conversations with Prof. E. Grev-
LING. A stimulating discussion with Dr. M. E. RosE is also grate-
fully acknowledged.
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