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It is noted that if two mesons are allowed by the quark model to

resonate, they do so for p* £ poMM 350 MeV/c. The corresponding

value for meson-baryon systems is pOMB = 250 MeV/c, suggesting (in an

optical picture) that the baryon is indeed bigger than the meson.

Crucial tests of the rule are provided by exotic baryon-antibaryon systems,

for which one expects poBB = 200 MeV/c, and by other specific two-body

modes which are predicted to resonate not far above threshold.
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A dynamical theory of elementary particle resonances does not yet

'ekist.> Various models (bootstraps, linear Regge trajectories, harmonic
osci1Tator quark model) havé given some partial insights into the spectrum,.
but attempts to force them to be quantitat{ve have so faf met‘wfth

1imi ted Sucéess. Rather, these models are most usefu1'as guides to a
~,correcf theory and to further relevant experiments.

In this spirit we should Tike to point out an qgg:gélggggigggylg(igxs
in the way tWQ/’iEL&'L%]L;'lESEEE}'ILgPirﬁc_]Ei,.i?ltf!'__tesgngac,eé:-;k Tests of
this reqularity ére easily made.

Introduce the following ru]es:])
(a) Mesons are made of a quark and an antiquark, and baryons of
three quarks.z)

(b) Two particles may resonate when any antiquark in one can
annihilate a quark in the other.

The remarkable fact is that when two particles may resonate according

“to rules (a) and (b), they do so at least once between threshold and a

low momentum‘p0 in the center of mass. For meson-meson systems Py is around
350 MeV/c while for meson-baryon systems it is around 250 MeV/c. The case
of baryon-antibaryon systems will be discussed presently.

Using the resonance tables of Ref. 3) we have combi]ed Fig. 1, which
shows the center of mass momenta p* for which various ﬁeson-meéon and meson-
“baryon pairs form their first resonance above threshold. Each isospin is
counted as a separate channel. Both distributions show a remarkable
peaking and a rather sharp cutoff above this peak.

As shown by the partial-wave label S, P, D, ..., in the upper right

corner of each box, the first resonance above threshold is generally
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formed in a rather low relative orbital angu]ar momentum state. The

number of waves and P waves is rouqh]y equa]

The peaking in Figs. 1(a) and 1(b) undoUbtgd]y arises in part from
the reqgular spacing of hadron 1eve1s»as bredﬁctéd by various models. On
the. other hand, it has a simple opt1ca1 1nterpretat1on as well: Iﬂg

part1c1es A and B begin forming resonances with one another at a certain

Awe]]-def1ned relative distance. Set

M (R, +RY) =T S (1)

g)
' ' * : :

where poAB is the value of p at which the distributions in Fig. 1 peak,

Ri is the "radius" of particle i, and 2 is some average orbital angular

momentum (around 1, here) for which resonance formation beqins Then,

MB -

fh meson;baryon systems, Po = 250 MeV corresponds to RA + R -=20.8f, a

value in rough agreement with that obtained by opt1ca1 analyses of. two- .

body elastic and quasielastic scattering.4) '

MB -~

Comparing POMM = 350 MeV and P = 250 MeV, and assuming % is the same -

for both cases, one obtains

Ry/Rg = 5/9 ‘ (2)
or
oT(BB)/oT(MB) =. 1.6,

also reasonable values. We thus interpret the shi?t in peaks in Fig. 1
as saying that the baryon is larger than the meson. |
It has been conjectured that various two-body amplitudes possess an

imaginary part. (in addition to any "black sphere" diffractive scattering)



. - 3 ' | | Y
which is related to the presence of low-energy resonances in the direct

channel.s) The peripheral nature of tHése imaginary parté has been.noted,4)
As Fig. 1 shoWs, the formétion of "first resonances" is 1ndeed a periphefa]
process as well (for meson-meson and'meson-baryon systems), as it occurs
for large and roughly constant va]ueé of impact parameter.
The rule we are discussing—-“compu]sory.resonance,formation"——has.some
particular consequences which are hard to state more economically in other

"Ways. In pérticu1ar, it predicts the formation of exotic baryon-antibaryon

6)

resonances

not far above threshold. Taking the optical picture seriously.,

BB

one wOuld éxpect P = 200 MeV/c.7) Systems such as (ZN)IzZ:or

(Y;N)I=3/2 would then be expected to resonate somewhere in the ranges
2175 MeV _<__M[('A'N)I=2 ] < 2215 MeV (3)

' *
2225 MeV f_M[(Y]N < 2265 MeV . (4)

)1=3/2]

Such states could conceivably be quite narrow, lying so close to threshold,
requiring good resolution to observe. If formed in S or P waves, their
spins would be less than 3.

The estimates (3) and (4) are considerably more stringent than ones

8)

given prévious]y. Failure to confirm them~wou1d‘ﬁnva1idate the present

simple optical picture of compulsory resonance formation.
The ideal reactions in which to check Eqs.. (3) and (4) would be

backward meson production:]’g)

0 p(fud.) + ()T | )

o+ p > A(fwd.) + (M)"™ . o | (6)



We Wou]d expect the selection of actual baryon-antibaryon pairs in (M)~
in these two reactions to enhance the effects of the exotic resonances,
as it has been suggested that decays of exotic mesons into any system of
ordinary mesons may be forbidden.]’S)
- It is,of coursé, very important to compare reactions (5) and (6)
with companion reactions in which M does not have exotic 13 and Y, in

order to demonstrate that such reactions are indeed capable of producing

any baryon-antibaryon resonances.

If we insist that “first resonances" be formed in states of

P assignments quoted

«=0or 1, we are led to suspect some ot the J

in Ref. 3, as indicated by the question marks in Fig. 1. Most of -
* ’ .

the high-partial-wave "first resonances" occur for high p , however.

. *
We would then predict these systems to have lower-{ , Tower-p states too.

There are some meson-meson and meson-baryon channels in which
compu]sory'resonanée formation predicts resonances that have not beeh
seen, Notably, if p* 4 350 MeV/c, one expects various 1ow—méss states
lTisted in Table I. Many of these will be particularly accessible in
forthcoming multi-particle spectrometers at CERN and Brookhaven. The
predictions are intended as a complement to the quark model. The fact that

they are based on specific decay modes may maké them more easily tested

than similar quark-model predictions.‘ : o
The predictions of Table I are all for étates which have not yet
been éeen. There are other channels in which resonances are predicted
which can be identified with observed states. inAthis case, compulsory
‘resonance formatfon predicts the existence of vqrious new decay modes.
Some of these are related to observed deéaysﬁby'SU(3), and will not be

discussed further. Others are new modes and are Jisted in Table II.



The tact that resonance formation is bbssib]e at all for S waves
runs somewhat counter to a naive optical picture, as the centrifugal
bérrier'that usually “hd]ds a resonance together“ appears to be. lacking.
Instead, we envision the appropr1ate barrier terms to be conséquences
of some as yet unspecified fe]ative orbital angular momentum of
constituents. For example, if the qq annihflating pair is to have

PC 3

the quantum numbers ot the vacuum, J ~ = O++, it must be fn a

10)

Po
state. This could then lead to an effective centrifugal barrier
even for S wave resonance formation.
If MN — v must proceed via a 3P0 qq annihilation, the c]aim]])
tor a large 21 contribution to this reaction at rest could be
understood: the centrifugal barrier just mentioned would supbress
S wave annihi]ation relative to one's naive expectations.
It is amusing that the 3P0 picture is actually in reasonabie

12) e

accord with data on partial widths and angular distributions.
empiric§1 reguiarity evident from Fig. 1, however, is meant to be
independent of whether the annihilating qa'bairs in the Figure can
be taken serijously excgpt és a guide to SU(3) properties.
The present work represents an extension of the idea of duality

13)

-graphs, which by themselves do not tell when two particles must

' begin to resonate. - Predictions of this sort do follow from arguments

14) relving on details of degenerate Regge pole

advanced by Schmid
exchange. What we are suggesting here, however, is that gross features
of elementary particle resonance formationimay be viewed more directly
~in terms of quark graphs and simple optics. |

My thanks to colleagues at.Minnesota and to L. Stodolsky for

useful discussions, and to R. Capps for an invitation to Purdue that

provided the stimulus to set forth the present ideas.
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Table I. Some low-mass meson-meson and meson-baryon states predicted by

compulsory resonance formation.
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1500-1700
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(a)
Possible JP(C) Remarks
li:;o--,]--,Z-' Possible SU(3)
companion of B(1235)
17h0" 072" Hard to fit dinto
usual-quark model
spectrum
1i;;0",1::,§:jﬁ Possible SU(3)
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L = 2 quark model

' state

-+ L+
27" *,2**,3++ Possible Su(3) -

++. +
T0=2)*+;(0-3)" ~companion of A,(1640)
-+(b .
g_ 1 +(b) Hard to fit into
- usual quark model
spectrum

- .+ .+ .

% ~% ,%--% Possibly related to

.07 as N(1470)
(1/2°) related to
N(938)

(a) Based on S or P
systematics -are

wave formation. Guesses based on SU(3) or quark model

underlined.

(b)Y If n' is a Unitary singlet, SU(3) would forbid 17~



Table II. Some predictéd new modes of observed resonances.

Resonance’

Y

Fiqure 1.

. 1/2

- 3/2

/2

*
Center-of-mass momenta p for which two particles form their

first resonance above threshold if allowed to do so by the

FIGURE CAPTION

Mode
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graph depicted in the inset. (a) Meson-meson systems.

(b) Meson-baryon systems.

In both cases, the lowest partial

wave in which the given resonance can be formed is shown in

the small box at the upper right corner of each rectangle.

Each isospin is counted as a separate channel.

marks-exp1ained in text.
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