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Harmonic-Oscillator Model for Baryons
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A detailed analysis is presented of all positive-parity resonances predicted by the harmonic-oscillator model
to lie in the 1500—2000-MeV mass region, particular attention being focused on their likelihood of experi-
mental discovery. Some further comments on the model are also added.

' 'N our paper' on the harmonic-oscillator model for
~ ~ baryons, expressions were given for the Ãx decay
rates for all of the resonances occurring in the 6rst
excited odd-parity band (rt=1), but only for some of
those in the first excited even-parity band (n =2). The
latter corresponded to E~~, P33, F~q, Ffv, and F37 reso-
nances. However, other positive-parity resonances are
known' to exist in the same energy region. We therefore
present, in Table I, the E+ decay rates for all of the
states in the m=2 band.

If it is assumed that there is only a small amount of
mixing between the con6gurations, one can immediately
deduce several like) y features about the expected baryon
spectrum in this region. In the first place, it is easy to
see why quite a few of the predicted states may have
gone without detection, should they correspond to
resonances with masses less than 2 GeV, the region
covered by the phase-shift analyses to date. The Sx
widths of the 70,2+ states Pss, Fss, Pit('D), Fis(4D) and
of the 20,1+ states I'~f, Pf3 would all be less than 10
MeV. These are therefore presumably broad inelastic
resonances, and it is highly unlikely that they would
have been detected in the usual type of analysis which
is based on elastic pion-nucleon scattering. (They might
be observable if their masses are indeed greater than
2 ("eV.) The 70,2+ states Pii, Fir and the 70,0+ states
Pfs, Paf are borderline cases with Em widths 10—20 MeV
if their masses lie in the present phase-shift range (the
Fir has possibly been seen' at 1983 MeV). However, we
would expect all the other 11 states to be observed. . It is
encouraging that there are already indications of at
least eight of them, namely, P»(1470), P»(1750),
Pre(1860), Psi(1930), P„(1690),Fis(1690), Fee(1910),
and Fsr(1950), leaving only three states (a Pie, Pss, and
Fis) outstanding. ' As regards all of the resonances, one
cannot of course conclude as yet that each definitely
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belongs to only one configuration; it is more likely (and
our explicit Xsr width calculations indicate this) that
they should be treated as mixtures, thus modifying the
above remarks to some extent.

The mass region 1400-1500 MeV is of particular
interest to many physicists at the present time. There
seems to be no unanimous agreement about what is
really happening here. On the one hand, the CERN
phase-shift group' have a single Pff resonance in this
region with a mass 1470 MeV, total width 210 MeV,
and Xx width 136 MeV. On the other, experimentalists'
frequently observe a mass enhancement in this region
in harp, Ep, and pp inelastic scattering. This enhance-
ment is found to occur, however, at positions ranging
from 1385 to 1505 MeV, with total and Ex widths from
40 to 200 MeV.

In the harmonic oscillator model, we see from Table I
that the state which has the most significant Xx contri-
bution in this mass range is indeed a Pii(56,0+).
Numerically, however, it amounts to only 37 MeV (the
8 factor is small since the 6nal-state momentum k is
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TAsr.z I. The ETI decay rates for the unmixed con6gurations
in the first excited band (n=2) of positive-parity states Here.
& = (1/2885) (f'/4 u') (&'/ ') Lexp( —)t'/8~')3(EN/2I*)
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small) for amass of 1470 MeV; which is much less than
the CERN estimate but not too far from some of the
experimental measurements. Before a dednite com-
parison can be made, the discrepancies between the
phase shifts and direct experimental observation will

have to be cleared up. Certainly, none of the present
estimates should be regarded as final. In particular, it
is interesting to note that in both the Saclay5 and
Berkeley' phase shifts which are obtained by an energy-
independent method, the 8~3 wave shows a marked
unstable behavior (not yet interpretable as a resonance)
in this region. The possibility of there being more than
one resonance in the 1400—1500-MeV region cannot
therefore be excluded at present, and may in fact o6er
a resolution of some of the experimental observations.
A detailed analysis on the experimental Anal-state
distributions, which at the moment are only "consistent
with" E~j, would obviously be very helpful in determin-
ing the content of the enhancements.

Some further comments on the harmonic-oscillator
model itself also seem to be in order at this point in view
of various remarks in the literature7 concerning the
importance of recoil. It is important to remember what
the basic tools of the model are, namely, an ortho-
normal set of wave functions which seem to be in one-
to-one correspondence with the observed baryon
resonances, and a phenomenological decay Hamiltonian.
The interpretation' of the wave functions is of special
interest. They are, of course, not necessarily eigen-
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functions of only the Schrodinger equation. As an
illustration of this point, consider a one-oscillator
system. The appropriate eigenvaIue equation is

( V'+—M'co'y')O' =M'

The eigenfunctions are precisely of the kind we have
been using, with eigenvalues X =2Mco(N+a2). If X is
interpreted as the quantity 2ME, the above equation
is just the Schrodinger equation. The experimental
spacing of the energy levels then determines co, which,
when taken with the value of n'=Afro as found by com-

paring the computed and experimental decay rates,
gives the quark mass M. As shown in Ref. 1, such an
argument leads to 3f 400 MeV. If the quark were
really so light, the model as such becomes highly sus-

pect. It would then be very puzzling indeed why the
observed baryon spectrum resembles so closely the
energy level spectrum of the nonrelativistic shell model,
and why our computed decay rates yield numbers of
reasonable magnitude over such a wide energy range.

However, one can interpret ) in many other ways.
For example, taking X=X'—M' leads to the equation

(g2 P2 ~2)Q —~2co2y2+

which is a Klein-Gordon type of equation with a poten-
tial term. The wave functions are just the same as in the
Schrodinger case, but now the energy spectrum deter-
mines not ~ but 3fco. Thus 3f is undetermined in such a
theory.

Of course, we do not know what the correct equation
is to describe the motion of quarks, but if the non-
relativistic type of calculation in Ref. 1 is to have any
validity, it seems that the quarks should be heavy and
therefore that recoil sects would be of secondary
importance.
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