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ABSTRAC

A scheme based on pure & wave QG inter-
actions is suggested for the classification of baryon
resonances., It yields only the states 56, (2,@)-":[
and E?O,(Q,Q-;—’i)“] of 8U(6)x0(3) symmetry, to-
gether with their radial (N) excitations which
increase in steps of unity. These states, together
with N excitations, are precisely those which
seem to be required in the latest Dalitz analysis
of the large number of resonances recently identi-
fied by Lovelace et al. The scheme thus avoids
certain representations like (20, 1%) or (70, o™)
which appear in a harmonic oscillator clessification

but which do not seem to be faveured experimentally
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Our knowledge of the structure of baryon res.unances during
the last few years has depended largely on the resulits of phase shift
analyses in T N scattering, especially by Lovelace et al. 1)9 on the
one hand, and periodical guark model assignments to these resonances,

2),3)

especially by Dalitz on the other. Very recently a new - N

phase shift analysis up to about 2000 MeV c.m. energy has been reported

by Lovelace et al. 4),5)

and this indicates a large number of new reso-
nances in this mass region. Simultaneously Dalitz 6), who has made a
fresh quark model analysis of haryon resonances, finds most of these
new resonances greatly welcome in terms of the "simple quark picture"

based on harmonic oscillator wave-functions of low excitations.
According to Dalitz,6>, the "simple quark picture’ which regards baryons
as merely 3Q states, giving only the 8SU(3%) multiplicities 1, 8 and
10, seems to have received {resh support from the recent data of

Abrams et Aal. 7) which indicate that the bump Z1(19OO) in K+p,
observed earlier by Cool et al. 8), is probably not a resonance,; but

an effect of interference between the amplitudes in several partial

wavesSe

The Dalitz classification 2)’3) which is based on the super-
multiplet representations like (56, 0%), (70, 17), (56, 2¥), etc., of
the group SU(6):<O(3) has already been quite successful in the assign-~
ment of most low-~lying negative parity resonances to (70, 17) and
several positive parity omes to (56, 2+)= With several more resonances

4)’5)9 Dalitz in his latest analysis has put some

now established
"dynamical content" in his earlier scheme, whereby he now makes essen-
tial use (ig of totally symmetric (S) functions first suggested by
Greenberg in connection with the use of parastatistics for quark
symmetries and (ii) the quantum number N of radial excitations which
arises naturally in the classification of 3Q states through harmonic
oscillator (HO) wave functions 1O)a One of the important uses which
Dalitz makes of the N quantum number is to assign the long-standing

N* resonance P11(147O) as well as the more recent A ¥ resonance
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P33(1688) to the super-multiplet (56, 07) with ¥ = 2, while the
more familiar baryons have N = O. Dalitz prefers this assignment to
other alternatives like (70, oY) or (20, 1%), on grounds of economy
as well as simple dynamics based on the availability of the maximum
number of symmetric QQ pairs. It should be pointed out, however,

that according to HO classifications, representations like (70, O+)

or (20, 17) which corrcepond to the same N excitation (N=2) are
predicted to have gignificant energy oveilaps with (56, O+) of N = 2.
Indeed, an earlier analysis in terms of p wave QQ interactions 11)’12)
had seemed to indicate the (20, 1+) state as fairly low in excitation,
so that a dynamical argument (at least in terms of such simple models)

may not appear very convincing. On the other hand, a less model~depcn~
dent argument based on the rate of production of (20, 1+) states in a
pp collision 3) seemns to rule out such states on experimental 'grounds.
The essential argumentv is thai (in the impulse approximation) the spatial
symmetry of the produced baryon resonance should obey the "symmetry se-

lection rule" [§(symm) = 1 13) which cannot be satisfied by the spa~

tially antisymmetric (£) function characterizing the (20, 1+) state.
requiring as it doesy two units of symmetry change from the spatial S
function of the incoming proton. On the other hand, the cross--sections
for the production of N*(1470) states in pp collisions are large
enough to indicate an apparent violation of this rule 14). Dalitz! new
assignment 6) through the N gquaentum number certainly represents a very

good way out of this difficulty.

Now while the HO classification represents a broad framework
in which to fit in the various resonances, the framework by itself appears
much too broad, cven for the new, enlarged, cataloguevbf’resonances.

Thus, Dalitz 6) finds that, of the large variety of states offered by
the HO classification, only the (56 3 0¥, 2%), (70, 17) and at most
(70, 3°) with appropriate N .excitations, seem to be realized by the
experimentally identified resonances, though from the point of view of
the HO theory, it would be extremely hard to rule out the other states

of equally low N excitations. Another disadvantage of the HO
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clasgification seems to be relatively big jumps (in units of iﬂg) in the
N excitations for the higher recurrences of "desirable!" states like,
cege, (56, 07). Por example, Dalitsz 6) finds that the state P11(1750)
must be assigned to as much as ¥ = 4, if its (56, O+) character has
to be maintained. Such junps are not encrgetically favoured by the HO
classification which does allow for lower N excitations associated
with oshor SU(6)x0(3) assignments. It would therefore be of interest
to see if alternative schemes could be devised which would automatically

rule out the "unwantcd" states.

We wish to point out the possibility of a more economical
scheme which brings out precisely the SU(6)><O(3) states required in
the DIII analysis and keeps out the unwanted HO states on dynamical
grounds. The scheme is based on a model which is characterized by the
assumption of an s wave QQ interaction 15) (ise., short-ranged,
compared with the HO potential), and yields 3Q super—multiplet states
of the types (56, IF) anda (70, LF), of which only the types

[56?(2@)+J and [70)(}Q+!j]) (jt:Oﬂ)%-~)7 (1)

have attractive three~body kernels, while all other types have repulsive

kernels. Even explicit approximate formulae for the energy levels of
the attractive states were derived on this model 15), though it would be
unrealistic to take the quantitative aspects of the energy levels lite-
rally. It is remarkable, however, that the SU(6)x 0(3) structures of
the 3Q states with attractive kernels, are precisely those which are
strongly favoured by the latest Dalitz analysis 6 of the resonances,
and that the "disfavoured" states like (70, 07) or (20, 1%) are
either absent or have repulsive kernels. Thus, in a way, this simple
model seems to provide a precise dynamical content to Dalitz! latest
raison d'@tre for the states of maximum symmetry alloWed within a 3Q

system.
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As for the existence of the N quantum number within the model,
this questior was not examined in Ref. 15). However, a closer study now
indicates that this feature is also present in the model in a particularly
simple fashion. To be specific, since the model, in its present form 15),
assumes a single separable term for the s wave QQ force, the 2Q
wave function has no radial nodes. However, a study of Egqs. (6) and (12)
of Ref. 15) shows that the "spectator function" ngl for the connected
three-body system satisfies an integral equation whose kernel is Predholm
and non~degenerate and hence has more than one eigenvalue 16 « Indeed,
for a given L +value, these successively higher eigenvalues correspond
just to the manifestations of the radial quantum number N_. For a qua-
litative idea of the three-~body model of Ref. 15), the eianvalue equa~-
tion for the binding energy parameter BL associated with the spectator
function FL(P), has the following approximate form (see Appendix of

Ref, 15 ) in certain units (which need not be specified)

0o ,
B, F(x) = J; Y otg, /LL(XJ) exp ‘%3?':] F(t >? (2)

where iL(x) is a (real) spherical Bessel function with imaginary

15), only the highes?t

eigenvalues, corresponding to Nr = 0, for each L value were consi-
dered, and the usual (56, O+), (70, 17) anda (56, 2+)

ciated with these respective eigenvalues for L = 0, 1, 2. In the usual

argument (e.ge, io(x) = sinh x/x). In Ref.
states asso~-

spectroscopic notation, these states would read as 1S, 1P and 1D.
However, it is now clear that, for each L value; Eq. (2) yields,
without further assumptions, states of successively higher radial
excitations in the notation (Nr+1)L. Thus in this scheme, the
N*(1470) and N¥*(1750) states would have the spectroscopic names

28 and 3S respectively, all with the (56, 0Y) representation of
SU(6) x0(3). Similarly the model would predict successive radial
excitations of the (56, 2¥) 1D state as 2D, 3D, etc. and of the
(70, 17) 1P state as 2P, 3P, etc. Note that unlike the HO clas-
sification, the successive Nr values associated with a given repre-

sentation of 8SU(6)x0(3) are consecutive, rather than alternate.
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It should perhaps be emphasized that while the result that only
3Q states of the type (1) are attractive was obtained through the expli-
cit use of a separable potential, the validity of this result is much
wider than what might be thought at first sight. Actually the main
ingredient that has gone into the result is not so much the separable
nature of the potential, as its s __wave structure. Thus, e.g.; one
would still obtain attractive three-body kernels for states of the type

(1) even if one used the s _wave part of a local (Yukawa) potential.

Indeed, it is the symmetry structure of the 3Q state generated by
attractive s wave QQ forces, that is playing the crucial role in
determining the sign of the three-body kernel. On the other hand, if
one usetd a complete local potential, the various other partial waves
present in it would vitiate this neat result, and any such simple con-
clusion on the sign of the kernel in relation to the SU(6) x 0(3)
symmetry of the 3Q states would in general not be possible. For
example, the various additional states like (70, ot) (20, 1*) charac-
teristic of an HO potential can be attributed to the presence of
higher partial waves present in it. Indeed, as had been found in an
earlier study 12), p wave QQ forces yield a great variety of
sU(6) x 0(3) representations, such as (70, oY) ana (20, 1%), in

common with HO potentials.

It would of course be unrealistic to suppose that the positions
of the actual resonances can be fitted quantitatively with such a simple
model as a rank-one separable potential, so this note is confined mainly
to the general aspects dealing with the spectroscopic classification
scheme for the resonances, which seems to work rather well. However,
it should be pointed out that it is possible to make the model more
realistic by merely increasing the rank of the input potential, though
the addition of further separable terms, as long as the criterion of
s wave forces is maintained. This requirement is especially important
in order that the spectroscopic pattern of the energy levels discussed
above may not be destroyed by the appearance of "unwanted" states. One
should perhaps also mention that a sum of several s wave separable
terms can be made to approximate closely to the s wave part of any
local potential.
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From a theoretical point of view, a short-range potential seems
to be preferable to an HO potential if one wants to give a unified
treatment for both bound and scattering states. For example, if one
ignores relativistic complications for the moment one expects short-
range repulsiop between two baryons to be a consequence of parastatistics
symmetry 2 « ©Since, on the other hand, such a system characteristically
involves both bound and scattfering states, a consistent quantum mecha-
nical description can be given only in terms of short-range forces.

Indeed it was shown recently 17)

that the same model of s wave QQ
interaction provides a formal understanding of short-range repulsion

between baryons through the use of parastatistics symmetry.

As to the experimental consequences of the scheme suggested
in this note, it is of course vital that the higher negative parity
baryons like G17(2200) must belong to the (70, 3~) representation.
In this respect the analysis in DIII looks encouraging, though many
more resonances need to be discovered before this representation is

definitely established.

It is a pleasure to acknowledge some valuable comments from
Professor M. Jacob. I am grateful to Professor L. Van Hove and
Professor J. Prentki for the hospitality of the Theoretical Study
Division at CERN.
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