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ABSTRACT
Topological particle theory is applied to the computation of
4elementary—hadron coupling. constants. All are determined through
.topological sﬁpersymmetry by a single dimensionless "zero-entropy"
constant 8g The predicted coupling-constant ratios encompaés and
justify those of Mandelstam. The universality conjecture, 8y = e
is supported (to 6%) by the accurately-measured value of the pion-

nucleon coupling constant. An explanation emerges for the experi-

mental failure to find baryonium.
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‘Within the topological theory of particles there occurs a degenerate

collection of "elementary hadrons",l all sharing a single mass m_, which

0
are supposed to stand in one-to-one correspondence with certain physical

mesons (spin 0, 1), baryons (spin 1/2, 3/2) and baryonium (spin 0, 1, 2)?

A zeroth approximation to physical 3-hadron coupling constants is achieved
by superposing corresponding "zero-entropy" amﬁlitudes——which all are

>

interrelated by topological supersymmétry. Precisely, if the
dimensionless zero-entropy coupling constant is 8g then every zero-
entropy 3-hadron M-functiﬁg is equal to 8% Any physical hadronic
coupling constant is approximated by counting how many different zero-
entropy topologies associate to the physical 3-vertex and, with appropi-
ate Ciebsch-éordan coefficients, multiplying by 8o This prescription
turns out to encompass all the predictions of Mandelstam's models——
which was already an extension of SU(6)w'symmetry——and adds a super-

symmetry prediction for the ratios of baryon, meson and baryonium couplings.

Although the value of gg is in principle calculable from the non-

" linear zero-entropy bootstrap equations, this computation has not yet

been accomplished. On the other hand a conjecture has been made that
physical S-matrix unitarity will require go = e.d We report in this
paper that not only do .our predicted ratios of elementary-hadron
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 element;ry 3-meson coupling constant. A
physical meson's identify ié fixéd by the spin and flavor attached to

quark and antiquark quantum triangles which topologically "build" the
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1 . . 6
meson. Given these spins and flavors, as well as the meson 4-momenta

Pys pB, Pe with’pA + Py + Po = 0 and pi = pﬁ = pz = mg, the first task
is to enumerate the compatible zero-entropy topologies--associating the
M-function value 8ol to any single topology, such as that depicted by the
shorthand representation of Fig. 1. The solid arcs here carry quark
spin and their direction distingﬁishes quark from antiquark. The direction
rules for spin arcs are the same as those given originally for 'quark
lines" by Harari and Rosner,7 and it is possible to attach to each spin
arc a flavor-generation index.8 The dashed lines in Fig. 1 are charge
arcs as described in Ref. (9); each quark has two poésible 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 the directions of both spin and charge arcs and also
fixes the generation index, but within the topology 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
orientation——denotedvby the central arrow in Fig; l--relates to parityl
and may either agree (ortho) or disagree (para) with the Harari-Rosner
(HR) orientation. (The topology of Fig. 1 is para.) Physical amplitudes
are alﬁays sums over pairs-of topological amplitudes belonging to
opposite patchwise orientations.

Another hidden parameter in Fig. 1 is the relative order within
each quark.of its charge and spin arcs. Either arc may be "on the out-

side". We assume (see Appendix B of Ref. (3) and Appendix D of Ref. (1)

that these two possibilities correspond to using either 1 + Yg OT 1 - Y5

T~
~

b

quark (4-component) M functioms. Thus, for example, the particular

para amplitude associated with Fig. 1 has the value

g [T (1 + v u* W 1T W A + vu @IITP @ @ - voufm),
(1)

where U is a conventional u or v spinor--depending on whether the
attached particle is outgoing or ingoing. The U and U contain the
boosts that convert M functions to S-matrix elements; the normalization
is such that ﬁ(;) U(p) = 1. We are here expressing through 4-component
Dirac spinors the same two forms proposed by Mandelstam,5 who described
the two alternatives (corresponding to (0, 1/2) and (1/2, 0) repre-
sentations of the Lorentz group)'through a 2-valued "hidden" index added
to each quark helicity. Stapp has discussed these alternatives with

2-component M functions.lo

A natural notation employs M functions with
dotted and undotted spinor indices so that zero-entropy quark-spin
propagators take the form of Kronecker delta functions. Spin at zero
entropy then behaves exactly like flavor, with each index taking 4
possible values even tho;gh physical spin is 2-valued. For computational
convenience we nevertheless prefer Formula (1)-~associating (for-a
specified classical-patch orientation) 1 + Yg with one order of charge
and spin arcs and 1 - s with the other.

Stapplo has shown from S-matrix unitarity that physical amplitudes

are sums of topological amplitudes where each zero-entropy component

occurs with coefficient + 1. This fact is the key to the results of the

present Letter. Summing over the two chérge—spin orders for each

quark line leads to (1 + YS) + (1 - ys) = 2, so together with
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classical-patch orientation doubling, the physical 3-meson amplitude

is approximated by
2 gy (1B VYA 1 (T U0 1 (P o’ 1. @

&his formula is' compatible with that of Mandelstam® when he émpioyed ‘

quark wave fﬁngtions symmetrized in the"hidden" index. Unitarity

gives the reason for such symmetrization and also provides a definite

overall normaliz'at:ion.l1 ‘
The normalizgd-sbin and flavor superposition corresponding

to a particular physical meson is straightfbrward. Attéching such

a "wave function" to each meson location in Fig. 1, ané summing ove;_m

the two different cyclic ordefs (another hidden parameter) for the

3 mesons leads to a physical coupling constant. For example we find

for the p+w_ﬂ0 amplitude Fo the value

0
Fo_o=12 '/2—_gosp+'(p

0 W_" = pr) ’ (3)

T~

: . + . .

where S 4 1s the p polarization 4-vector. The corresponding resonance
p

width is

4 (8
ro,o= e an? (l) —<n , (3"

A
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All our 3-meson coupling ratios are in agreement with Mandelst:am.'5
The first stage in computing a meson-baryon-antibaryon coupling

constant is similar to the foregoing. Corresponding to Fig. 2, after

summing over classical-patch orientation and charge-spin order for

each of the 4 quark lines, we have

g [T ® TP W@ 1T @@ 1w @1, ®)

Phyéical baryons, however, are not distinguished by the order of their
3.quark lines--a hidden parameter which in Ref. (1) has been character-
ized as "topological color". For each physical ba¥yon there are 6

possible quark permutations, each Aistinct af zero entropy. A convenient
procedure is to attach to each baryon location (A and B) in Fig. 2 an

ordinary 3-quark spin-flavor baryon wave function, each quark carrying

-a (1, 2, 3) color label as described in Ref. (1), but to assign the

3

wave function a norm < y|y > equal to 6.1 One therebyvfinds for the

- +
accurately-measured npn amplitude the value

ann" = 60 go(uP Ys5Y ~pﬁun). _ co (5)
2 :
gnNN - :
The well-known constan e (~15) has a corresponding value of
g2 2 gz
7NN - (60) _9 . C))

b ) 2 4y °
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Again, all our baryon-antibaryon-meson couplings agree with
Mandelstam.5 We now additionally predict through supersymmetry
(not via vector dominance) the ratios to 3-meson couplings. These
latter ratios agree with experiment. In particular, the measured

g
ZEN = 14.8 predicts, through comparison of Formulas (3') and (5'),

2 k3
-8 EoNN “em (6)
rp+ 27 75 4m m2 ?
P

a p width of 124 MeV.l5

A next question is how well the conjecture 8g= © is borne out.
‘Formula (5") with gg = © gives a result only 12% smaller than the above
experimental value of giNN/4“. The conjectured universality of electro-
weak and strong couplings is thus. given encouraging support. It
remains to confirm that coupling—consﬁant 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 BEM coupling
constaﬁts larger than MMM coupling consfants by a factor 4(16 in the
square éf coupling constants).2 One factor of 2 arises from the
extra quark line and one factor of 2 from the always-allowed permutation
of the two quark lines that do not touch the méson. The attachment 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-

type coupling of vector mesons to baryons should have the same magnitude

-8-

as the pnr coupling in Formula (3) above. This fact is compatible
with our theory; the ;dditiOnal énhancement is in Pauli-type
cogpling between baryons and vector mesons.

In the coupling of a baryonium to BB there is an additional
factor of 4 coming from one more quark.line and one more pair of per-
mutable quark 1ines.16 The experimental failure to find baryonium
thereby becomes understandable. Even if a baryonium lies below the
BB threshold so that decay must lead to mesons via an OZI-rule-
violating higher component of the topelogical expansion, the OZI
suppression mechanism has to fight a factor of 16 in rate as well
as the large phase space available to the final mesons. Although the
OZI mechanism for baryonium decay has not yet been understood in
detail, the extremely large baryonium coupling constants make it
difficult fqr baryonium to have widths sufficiently narrow as to

be detectable by . a straightforward experiment.
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Sec. IX of Ref. (1).
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FIGURE CAPTIONS

The 3-meson vertex.

The baryon-antibaryon-meson vertex.
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