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the ortho-para transitions described in Ref. 1) involve
spin-momentum coupling factors which threaten to
violate unitarity unless there occur systematic can-
cellations of the type associated with the universal
coupling constant of a gauge theory. (Spin-complexity
corrections, whether or not they involve electroweak
vector bosons, can be evaluated by Feynman-like rules,
as described in Appendix B of Ref. 2.)

G. F. Chew and C. Bosenzweig, Phys. Bep. 41C, No.
5 (1978).

H. P. Stapp, Lawrence Berkeley Laboratory Report
No. LBL-10774, 1980 (to be published).

As shown in Ref. 1, if each core triangle on the
quantum surface is to have one of its three edges
touched by a Landau arc (thereby labeling quarks with
'topological color") then hadron quantum disks con-

tain a maximum of two core triangles.
H. Harari, Phys. Rev. Lett. 22, 562 (1969); J. Ros-

ner, Phys. Rev. Lett. 22, 689 (1969).
P. Gauron, B. Nicolescu, and S. Ouvry, Orsay He-

port No. 1PNO/TH 80-58, 1980 (to be published).
There are believed to be no Begge branch points,

only Regge poles, as discussed in Ref. 6.' The quark-permutation degree of freedom has in
Ref. 1 been called topological color."

G. F. Chew, J. Finkelstein, and M. Levinson, fol-
lowing Letter [ Phys. Rev. Lett. 47, 767 (1981)].

A plausible primary topological mechanism would
be trivial vertices (see Ref. 1, Appendix A) attached
to the internal lines of Landau tree graphs. This
mechanism could shift masses without affecting coup-
ling constants and would precede closed-loop correc-
tions to zero entropy. At zero entropy it would be con-
sistent to assign all elementary hadrons a single mass,
~0, while in closed-loop corrections mass differences
would be included.

A natural supposition is that continuous time is not
a primitive" notion, but an approximate representation
of entropy" growth in discrete topologies of high com-
plexity.
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Within the topological theory of particles there

occurs a degenerate collection of "elementary
hadrons, "' all sharing a single mass ~„which
are supposed to stand in one-to-one correspon-
dence with certain physical mesons (spin 0 and
1), baryons (spin —,

' and 2), and baryonium (spin
0, 1, and 2).' A zeroth approximation to physical
three-hadron coupling constants is achieved by
superposing corresponding "zero-entropy" ampli-
tudes —which all are interrelated by topological
supersymmetry. '4 Precisely, if the dimension-
less zero-entropy coupling constant is g„ then
every zero-entropy three-hadron M function is

equal to g, rnu. Any physical hadronic coupling
constant is approximated by counting how many
different zero-entropy topologies associate to the
physical three-vertex and, with appropriate
Clebsch-Gordan coefficients, multiplying by g,.
This prescription turns out to encompass all the
predictions of Mandelstam's model' —which was
already an extension of SU(6)~ symmetry —hand
adds a supersymmetry prediction for the ratios
of baryon, meson, and baryonium couplings.

Although the value of g, is in principle calcula-
ble from the nonlinear zero-entropy bootstrap
equations, this computation has not yet been ac-
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complished. On the other hand a conjecture has
been made that physical S-matrix unitarity will
require g, =e. We report in this paper that not
only do our predicted ratios of elementary-had-
ron dimensionless coupling constants agree with
measured ratios but, to 6%, the magnitudes of
physical strong-interaction couplings agree with
the g, = e conjecture.

We begin by computing an elementary three-
meson coupling constant. A physical meson's
identity is fixed by the spin and flavor attached
to quark and antiquark. quantum triangles which
topologically "build" the meson. ' Given these
spins and flavors, as well as the meson four-
momenta'p» p» and pc with p~+ p~+pc=0 and
p&'=p&'=pc'=m, ', the first task is to enumerate
the compatible zero-entropy topologie~ associat-
ing the M-function value gp~o to any single topol-
ogy, such as that depicted by the shorthand rep-
resentation of Fig. 1. The solid arcs here carry
quark spin and their direction distinguishes quark
from antiquark. The direction rules for spin
arcs are the same as those given originally for
"quark lines" by Harari and Hosner, ' and it is
possible to attach to each spin arc a flavor-gen-
eration index. ' The dashed lines in Fig. 1 are
charge arcs as described by Chew et al. '; each
quark has two possible values of electric charge
according to whether its charge-arc direction
agrees or disagrees with its spin-arc direction.
Specifying a set of quark spins and flavors fixes

a
B

spin (HR) are
———chorge art:

FIG. 1. The three-meson vertex.

the directions of both spin and charge arcs and
also fixes the generation index, but within the to-
pology of Fig. 1 are certain "hidden parameters"
not determined by physical-meson properties.

One such hidden parameter is the patchwise
orientation of the "classical" surface that houses
the spin and charge arcs. This orientatior de- '

noted by the central arrow in Fig. 1—relates to
parity' and may either agree (ortho) or disagree
(para) with the Harari-Rosner (HR) orientation.
(The topology of Fig. 1 is para. ) Physical ampli-
tudes are always sums over pairs of topological
amplitudes belonging to opposite patchwise ori-
entations.

Another hidden parameter in Fig. 1 is the rela-
tive order within each quark of its charge and
spin arcs. Either arc may be "on the outside. "
We assume (see Appendix B of Ref. 9 and Appen-
dix D of Ref. 1) that these two possibilities corre-
spond to using either 1+y, or 1-y, quark (four-
component) M functions. Thus, for example, the
particular para amplitude associated with Fig. 1
has the value

gzmo[U (B)(l+ys)U (A)][Uy(A) (1+ y5)Uy(C)][U (C)(1—y5)U (B)],

where U is a conventional u or v spinor depend-
ing on whether the attached particle is outgoing
or ingoing. The U and U contain the boosts that
convert Ni functions to S-matrix elements; the
normalization is such that U(p)U(p) = 1. We are
here expressing through four-component Dirac
spinors the same two forms proposed by Mandel-
stam, ' who described the two alternatives [cor-
responding to (0 and —,') and (-', and 0) representa-
tions of the Lorentz group] through a two-valued
"hidden" index added to each quark helicity.
Stapp has discussed these alternatives with two-
component M functions. " A natural notation em-
ploys M functions with dotted and undotted spinor
indices so that zero-entropy quark-spin propa-
gators take the form of Kronecher delta functions.
Spin at zero entropy then behaves exactly like
flavor, with each index taking four possible
values even though physical spin is two valued.
For computational convenience we nevertheless

prefer Formula (1) associating (for a specified
classical-patch orientation) 1+y, with one order
of charge and spin arcs and 1 —y, with the other.

Stapp" has shown from S-matrix unitarity that
physical amplitudes are sums of topological
amplitudes where each zero entropy compo-nent
occurs auith coefficient +1. This fact is the key
to the results of the present Letter. Summing
over the two charge-spin orders for each quark
line leads to (1+y,) + (1 —y, ) = 2, so that together
with classical-patch-orientation doubling, the
physical three-meson amplitude is approximated
by

2 g [U" (B)U"(A)] [U»)U~(C)][U'(C)U'(B)].

This formula is compatible with that of Mandel-
stam' when he employed quark wave functions
symmetrized in the "hidden" index. Unitarity
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gives the reason for such symmetrization and
also provides a definite overall normalization. "

The normalized spin and flavor superposition
corresponding to a particular physical meson is
straightforward. Attaching such a "wave func-
tion" to each meson location in Fig. 1 and sum-
ming over the two different cyclic orders (another
hidden parameter) for the three mesons leads to
a physical coupling constant. For example, we
find for the p'7t g' amplitude I' the value

(F'),, „=12''2g,S ~ (p, —p„),
where S~+ is the p' polarization four-vector. The~

corresponding resonance width is

2)y 3
~(12)2 go

~

c
4m j rn, ' '

All our three-meson coupling ratios are in agree-
ment with Mandelstam' and with SU(6)~ sym-
metry. "

The first stage in computing a meson-baryon-
antibaryon coupling constant is similar to the
foregoing. Corresponding to Fig. 2, after sum-
ming over classical-patch orientation and charge-
spin order for each of the four-quark lines, we
have

2'g.m.L~'Q. )U (&)]tl7'Q)~'(&)] E~'(&)~'(&)] r~' 8)fl'(t-")]. (4)

Physical baryons, however, are not distinguished
by the olde~ of their three-quark lines —a hidden
parameter which in Ref. 1 has been characterized
as "topological color." For each physical baryon
there are six possible quark permutations, each
distinct at zero entropy. A convenient procedure
is to attach to each baryon location (4 and B) in
Fig. 2 an ordinary three-quark spin-flavor baryon
wave function, each quark carrying a (1, 2, and
3) color label as described in Ref. 1, but to as-
sign the wave function a norm (g/tt) equal to 6."
One thereby finds for the accurately measured
np~' amplitude the value"

(F )„=60go(u~y, y P u„). (5)

The well-known constant g, »'/4& (= 15) has a cor-
responding value of

g w»' (60)' go
4m 2 4m

(5')

A

FIG. 2. The baryon-antibaryon-meson vertex.

Again, all our baryon-antibaryon-meson couplings
agree with Mandelstam. ' We now additionally pre-
dict through supersymmetry (not via vector domi-
nance) the ratios to three-meson couplings. These
latter ratios agree with experiment. In particu-
lar, the measured g,»'/4v =14.8 predicts,

through comparison of Formulas (3') and (5'),
2 3

grNN ~cm

75 4r m P
(6)

a p width of 124 MeV."
A next question is how well the conjecture go

=e is borne out. Formula (5') with go =e gives a
result only 12% smaller than the above experi-
mental value of g,» /4&. The conjectured uni-
versality of electroweak and strong couplings is
thus given encouraging support. It remains to
confirm that coupling-constant corrections from
higher-order terms of the topological expansion
are no more than a few percent even though mass
shifts are large.

Topological hidden parameters systematically
make &&M coupling constants larger than MMM
coupling constants by a factor of 4 (16 in the
square of coupling constants). ' One factor of 2
arises from the extra quark line and one factor of
2 from the always-allowed permutation of the bvo
quark lines that do not touch the meson. The at-
tachment of baryon wave functions obscures but
does not remove the systematic factor of 4. Some
readers may be puzzled by remembering that
vector dominance of electromagnetic structure
functions requires that Dirac-ty pe coupling of vec-
tor mesons to baryons should have the same mag-
nitude as the p&& coupling in Formula (3) above.
This fact is compatible with our theory; the addi-
tional enhancement is in Pauli -ty pe coupling be-
tween baryons and vector mesons.

In the coupling of a baryonium to BI3 there is an
additiona/ factor of 4 coming from one more
quark line and one more pair of permutable quark
lines. ' The experimental failure to find narrow
baryonium thereby becomes understandable. Even
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if a baryonium lies below the BI3 threshold so
that decay must lead to mesons via an Okubo-
Zweig-lizuka-rule-violating higher component of
the topological expansion, the Okubo- Zweig-lizu-
ka suppression mechanism has to fight a factor
of 16 in rate as weQ as the large phase space
available to the final mesons. Although the Okubo-
Zweig-Iizuka mechanism for baryonium decay has
not yet been understood in detail, the extremely
large baryonium coupling constants make it diffi-
cult for baryonium to have widths sufficiently
narrow as to be detectable by a straightforward
experiment.
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