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Notice that the Regge form of A7,— is real, a result
which, by duality, is necessary if the 7,=2 channel is to
have no resonances. On the other hand, when we square
the amplitudes to get the isospin cross sections, we will
obviously get equal 7,=1 and /,=2 cross sections.
Comparing with our estimated cross sections, Fig. 4(a),
we see that we must expect difficulties.

Neglecting this forewarning and continuing, we find,
for the differential cross sections needed in (6.2),
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To obtain the CPs, Eq. (2.3a"), we cross to the ¢
channel before doing the 7 integration and find
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Since a(0)~3, the values of the integrands at 7=0 (at
the forward peak) are in the ratio 7:1:1 for /=0, 1, and
2, respectively. Taking the different widths of the
forward peaks into account, we see that C° C', and C?
are in the ratio r:1:1 with »>7. This implies that the
low-energy contributions to the kernel—the parts with
no singularity for A\>0—also stand in the ratio »:1:1.
These ratios can be compared with those calculated
directly from the low-energy resonances, where we
found the R; to stand in the ratio 0.79:0.31:0.01.

We see that the naive use of duality leads to the
disastrous prediction that output /=1 and I=2 poles
occur at the same value of . It also will probably lead
to an excessively large separation between the output
I=0 and /=1 poles.
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A set of self-consistency conditions for the interactions of a hypothetical set of even- and odd-parity
mesons and baryons is studied. These conditions, previously derived, are written in a form that makes some
of their implications transparent. Two types of SU (#)-invariant solutions are found; in only one of these
do baryon exchanges participate in the bootstrapping of the baryons. The conditions imply that the meson-
baryon-baryon interactions are proportional to matrix elements of the group generators in the space of a
single quark, yet the identification of baryons with simple quarks does not lead to a solution. Thus, the
baryons may be regarded as composites containing quarks. An approximate solution based on the SU(6)
group may correspond to experiment better than any exact solution.

I. INTRODUCTION

WO years ago, the author used fixed-angle dis-
persion relations and a simple dynamical assump-
tion to derive bootstrap consistency conditions on the
ratios of the trilinear coupling constants of a hypo-
thetical set of mesons and baryons of both parities.!:?
Recently, a slight modification of this set of consistency
conditions was obtained from an idealized Veneziano
model.? In this latter derivation, the “particles” are
* Supported in part by the U. S. Atomic Energy Commission.
1R. H. Capps, Phys. Rev. 168, 1731 (1968). This paper is

referred to as R1.
2R. H. Capps, Phys. Rev. 171, 1591 (1968). This paper is

referred to as R2.
8 R. H. Capps, Phys. Rev. D 1, 2395 (1970). This paper is

referred to as R3.

the lightest particles on Regge trajectories. In Ref. 3
(R3), an SU(3)-symmetric solution to these conditions
was found, involving singlets, octets, and a decuplet.

In the present paper, the bootstrap conditions of R3
are written in a more elegant form. This enables us to
generalize the solution of R3 to the symmetry group
SU(n). The new form makes it clear (as shown in
Sec. III) that any solution must have many of the
features of the quark model. It may be that dynamical
consistency conditions are the reason that the quark
model works.

The most physical solution corresponds to the group
SU(6), and is discussed in Sec. IV. The baryon tra-
jectories correspond to the SU(6) multiplets and
parities 56*, 70, 70—, and 20~. An approximate solu-
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tion, which involves only the baryon multiplets 56+
and 70, appears to correspond to experiment better
than the exact solution.

II. CONSISTENCY CONDITIONS
A. Conditions from R1, R2, and R3

We consider a meson-baryon or meson-meson scatter-
ing amplitude, represented in the s, £, and # channels by

s: a+b— c+d,
t: atc— b+d, 1)
u: c¢c+b—atd.

The symbols ¢ and ¢ denote meson states of even
parity, while b and 4 denote either two baryon states
of even parity or two meson states of even parity. The
bar denotes an antiparticle. For convenience, we take
the meson states ¢ and ¢ to be self-conjugate, i.e.,
a=a, c=c.

We consider first the case in which 4 and ¢ denote
baryons. There are three bootstrap equations, one for
each pair of channels. The s-# condition is simplest,
since virtual particles or Reggeons in both of these
channels correspond to baryons. The s-u conditions
derived in R1 and R3 are the same, and may be written

Z (-Dcdrl)arb-Dmercrb)

'—'Z (chsFasb—Fad,gngb) =0, (2)

where 7 refers to internal baryon states of even parity
(or trajectories whose lowest states are of even parity),
s refers to odd-parity baryon states or trajectories, and
the D and F are constants of interaction of the external
meson-baryon states with the even- and odd-parity
internal baryon states or trajectories.* These constants
satisfy the requirements

Dijw=Diri*, Fip=Fau;*. 3)

In R1, Egs. (2) and (3) were obtained from a super-
convergence assumption applied to {=0 dispersion rela-
tions; in this derivation, the particle labels refer both
to internal quantum numbers and to spin components.
In R3, the same equations were obtained from an ideal-
ized Veneziano model, in which all external particles
were taken as spinless. At present, we are interested
only in the properties of the equations, rather than in
the nature of the quantum numbers specified by the
labels. In Sec. IT C, we will show that Eq. (2) can be
derived from weaker assumptions than those used in
either R1 ot R3.

If the parity of the baryon d is odd, while that of &
is even, a different consistency condition results, i.e.,?

4The D and F given here are identical to those of R3. In R1
and R2 the parity-flip interaction matrices are anti-Hermitian.
One can obtain the s-» channel condition of R1 from our Eq. (2)
by making the substitutions Dayc — Yabe® and (iFabe) — Yane®. The
D and F of R2 are identical to the v¢ and v° of R1.
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Z (chrDarb"f_Faervrb)

r

_Z (DcdsFa3b+Dadchsb) =0. (4)

We may complete the set of consistency requirements
by writing equations analogous to Egs. (2) and (4) that
correspond to the s-¢ and u-¢ pairs of channels, applying
the equations to every meson-meson and meson-baryon
scattering amplitude, and assuming that the set of
internal mesons and baryons is identical to the set of
external mesons and baryons. (If only external particles
of even parity are considered, this set is identical to
the set of conditions given in R3.) We consider such
a complete set of equations in Sec. IT B.

This procedure has not been justified completely in
previous references. If one uses the fixed-angle method
of R1 and R2, Eq. (4) requires that the baryons of
both parities be degenerate, and the extension to the
s-t and #-¢ channel pairs requires that the meson mass
equal the baryon mass. One of the advantages of the
Veneziano-model derivation of R3 is that the degen-
eracy requirements are replaced by more realistic re-
quirements, i.e., that the even- and odd-parity baryon
trajectories are exchange degenerate and linear, and
that the even- and odd-parity meson trajectories are
exchange degenerate and parallel to the baryon trajec-
tories. On the other hand, the Veneziano method has
not been used to write the condition of Eq. (4),
involving external particles of opposite parities. In
the rest of the paper, we ignore these difficulties, and
consider the set of algebraic conditions described above.

B. Commutator Form of Baryon Conditions

The consistency equations were applied to meson-
meson scattering in R2. It was shown that the mesons
of each parity must correspond to the singlet and
regular representations of a Lie group, that the inter-
action ratios are all fixed, and that the groups SU (n),
but not many other (possibly not any other) groups
are satisfactory.

We assume the results of R2, and take the group to
be SU (). We list below the meson-meson-meson inter-
action constants of R2. The quantum numbers of the
meson state @, of either parity, may be expressed in
terms of quarks Q and antiquarks Q, i.e.,

a=3 4:Q:0;, (5)

where X .;|4:;|2=1. The matrix 4,; representing the
meson singlet is a multiplet of the unit matrix. We
denote the meson-meson-meson interactions corre-
sponding to the cases for which the products of the
three intrinsic parities are even and odd by the lower
case letters d and f, respectively. If all meson states
are taken to be self-conjugate, the interaction constants
are proportional to traces of products of the matrices of
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Eq. (5), i.e.,
dabr=C Tr[(AB+BA)R], (6)
Sarr=C Tr[(AB—BA)R], (N

where © is a real constant.’® The f;;x are imaginary and
proportional to the structure constants of the group.

Since all baryon-baryon states are exotic (free of
resonances), the duality principle for the meson-ex-
change contributions to baryon-baryon amplitudes im-
plies that the odd-parity and even-parity mesons of
each internal quantum number couple identically to all
baryon pairs. We assume that the baryon couplings
satisfy this requirement, despite the fact that treatment
of the baryon-antibaryon system with the duality
principle leads to the prediction of some unwanted
exotic baryon-antibaryon resonances.®

Because of this proportionality of the baryon cou-
plings, we may limit attention to meson-baryon scatter-
ing amplitudes for which the external mesons are both
of even parity. Furthermore, we can continue using
the notation of Egs. (2) and (4) ; the D are the couplings
of any meson with two baryons of like parity, and the
F are couplings with baryons of unlike parity.

It is convenient to consider D;;z and Fji to be ele-
ments of matrices D; and F; in a vector space that is
the direct sum of the even-parity and odd-parity baryon
states. These matrices are Hermitian, as shown in
Eq. (3). We may rewrite Egs. (2) and (4) in terms of
commutators, i.e.,

[De—F;y Do+F,]=0. (8)

Since the D connect only states of the same parity, and
the F connect only states of opposite parity, the db
matrix element of Eq. (8) is equivalent to both Eq. (2)
and Eq. (4).

The consistency equations are Eq. (8) and the anal-
ogous equations that correspond to the s-f and u-f
pairs of channels. It is convenient to write the difference
and sum of the s-f and #-f equations; these are computed
easily, since exchanging the mesons @ and ¢ is equivalent
to exchanging the s and # channels. This procedure
separates the conditions involving odd- and even-parity
virtual mesons in the ¢ channel, since the f and d
meson-meson-meson interaction constants of Eqgs. (7)
and (6) are totally antisymmetric and totally sym-
metric, respectively. This procedure is used in R3 to
derive the a & ¢ antisymmetric condition for the case
of external baryons of the same parity. We list below
the antisymmetric and symmetric conditions, in terms
of the D and F matrices:

[Dc-[—Fc, Da‘*‘Fa]“_‘K Z facnz(-Dm+Fm) 3 (9)

{Dc+Fc; Da+Fa}+=K, Z ducm(Dm+FM) . (10)

¢ See R2, Sec. ITIT A. The Fap of R2 is ¢ times our fape.
6See J. L. Rosner, Phys. Rev. Letters 21, 950 (1968); 21,
1468(E) (1968).
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The « and «’ are real proportionality constants, { }.
denotes an anticommutator, and d and f are the
SU (n)-invariant meson-meson-meson interaction con-
stants given in Egs. (6) and (7). The summations in
the two equations are over the #* meson states of odd
and even parity, respectively.

The baryon self-consistency conditions are the three
equations (8)-(10). We must keep in mind the require-
ment that the D matrices connect only baryon states
of the same parity, while the ' connect only states
of opposite parity. We refer to this as the parity
requirement.

C. Self-Consistency Condition from
General Duality Assumption

In this section we show that the basic condition of
Eq. (2) does not depend on assumptions so detailed
as those made in R1 and R3, but follows from a simple
application of duality to backward scattering. A reader
interested only in the solutions to the conditions of
Sec. IT B may skip to Sec. III.

We consider the s-channel meson-baryon amplitude
of Eq. (1), in the intermediate energy range, and in the
backward (small #) direction. In this region of s and #,
the # channel is expected to dominate Regge exchange,
so the duality assumption may be written”

{ImT;)={ImTs), (11)

where ¢ denotes all the quantum numbers, 7'y; is the
amplitude written in terms of #-channel Regge ex-
changes, T's; is the same amplitude written in terms of
s-channel resonances, and { ) denotes some sort of local
averaging in energy or angle or both. If the even- and
odd-parity baryons occur in two exchange-degenerate
sets, the left-hand side of Eq. (11) is proportional to
Xoui™ =X, where X ;™ is the sum of the residues
of the trajectories of signature 4=1.% (The signature is
the parity of the physical states.) The contribution of
a resonance to the right-hand side of Eq. (11) is pro-
portional to the residue at the resonance energy of the
s-channel trajectory through the resonance. We assume
that the residues of the different trajectories are pro-
portional, so that the proportionality constant relating
the Regge-exchange and resonance regions is the same
for all trajectories. If the right-hand side of Eq. (11) is
dominated by resonances, this equation leads to the
relation

X =X O =a2X ;P —£2X ;) (12)

where o? and 2 are positive constants that include the

proportionality constant mentioned above. The nega-
tive sign occurs before the (8% because an odd-parity

7 A lucid discussion of the duality assumption is given by
H. Harari, Phys. Rev. Letters 22, 562 (1969). This paper contains
references to other discussions of duality.

8See C. B. Chiu and J. Finkelstein, Phys. Letters 27B, 510
(1968), Eq. (1). A minus sign is omitted from the exponent
(—1imA4?) in this equation.
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resonance contributes negatively in the backward
direction.

We consider an amplitude ¢ that is exotic (no reso-
nances) in the s channel, but for which X,;® 0. For
this amplitude, Eq. (12) implies that X ;P — X, =0.
If we then consider the “crossed” amplitude (obtained
from 7 by reversing the roles of the s and # channels),
Eq. (12) implies B2=a? We next apply Eq. (12) to a
process for which X ;") —X ;9520 and to its crossed
amplitude. This leads to the result a*>=1, implying

Yui=ysi, (13)

where Vai=Xa0i ™ — X, If Vy; vanishes for all 7, the
above argument fails, but Eq. (13) is clearly valid. If
some V%0, Eq. (13) states that V,; is the i com-
ponent of an eigenvector of the s-u crossing matrix,
with the eigenvalue 1.°

The X, for the amplitude of Eq. (1) may be written
in terms of coupling constants, i.e.,

Xsi(+)=z Dcd'rDabr*) Xsi(_)=z FCdsF“bS*'
r s

The D and F are normalized by these equations. The
Xi™® may be obtained from the above expressions by
interchanging the labels ¢ and ¢. If these expressions
are substituted into Eq. (13), and the Hermiticity
properties of Eq. (3) are used, the consistency condition
of Eq. (2) results. This completes the demonstration.

III. SOLUTIONS TO CONDITIONS

In this section we show that all solutions to Egs.
(8)-(10) have some simple quarklike properties. We
find two classes of solutions, one of which includes the
generalization to SU(#) of the SU(3)-invariant solu-
tion of R3.

The second equation, Eq. (9), states that the D;+F;
are a representation of the group generators, since the
f are proportional to the structure constants. Together,
Egs. (8) and (9) imply that the even-parity baryon
states correspond to a representation of the group, and
the odd-parity states also correspond to a representation.

We next turn to Eq. (10), which is not listed in
previous references. We consider first the terms for
which the meson indices @, ¢, and m correspond to the
regular representation. These terms state that the
D+F; anticommute like the group generators in the
fundamental (one-quark) representation; the anticom-
mutation relations are different for all other representa-
tions.’ Thus, the baryon interactions correspond to
one-quark operators.

9 If all the X,;) and X ;7 are zero, Eq. (13) is a well-known
bootstrap requirement of static meson-baryon models. Such a
requirement was used first by G. F. Chew, Phys. Rev. Letters
9, 233 (1962).

10 See S. Gasiorowicz, Elementary Particle Physics (Wiley,
New York, 1966), Chap. 17, Eq. (17.18). This result is given here
for SU(3) only, but applies to SU () if the dy;;, are defined as in
our Eq. (6).
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Before finding a solution to all the equations, we show
that the above conclusion remains valid if singlet meson
states are included. If the initial and final baryon states
(b and d) are taken as basis vectors of the quark repre-
sentation, the clements of the #? matrices (Di-1-17) arce
given by

<dl (Da+Fa) ‘ b> =Nas,

where 4 43 is the coefficient in Eq. (5) and X is a propor-
tionality constant. It is seen from KEgs. (6) and (14)
that the db element of the right-hand side of Eq. (10) is
proportional to the quantity

> Tr[(ACH+CA)M M 4.

(14)

(15)

The #? Hermitian matrices M satisfy the closure condi-
tion Y ar M ;M 1* =08:8;. Therefore, the expression of
Eq. (15) is equal to (4C+CA)gs. This is proportional
to the db element of the left-hand side of Eq. (10),
completing the demonstration.

In the simplest conceivable solution, the baryons
would correspond to a single fundamental representa-
tion, and so would all have the same parity. However,
Egs. (8) and (9) are inconsistent if all the F vanish, so
baryons of both parities must exist. Thus, the baryons
cannot be simple quarks, but must involve quarks, in
order that the interaction constants be proportional to
one-quark operators.

We have found two types of modified quark solutions,
one without a static limit and one with a static limit.
(We define this limit exactly later in this section.) In
the simplest case of the first type, the baryons of each
parity correspond to the quark representation. The
D and F matrices may be written

x4 0 0 z4
ol 1) 7 %)

0 y4 z4 0
where the first row and column correspond to the even-
parity states, and the second to the odd-parity states.
The A are the matrices of Eq. (5), and «, ¥, and z are
real constants. These matrices satisfy all the conditions

only if x=1y and 2?=x2

One may construct more complicated solutions of this
type by letting the baryons of each parity correspond
to a quark plus something else, and by keeping Eq. (16)
for the D and F matrices, where A operates only in the
space of the one quark. In this class of solutions, all
the baryons occur in exchange-degenerate pairs of
opposite parity. Each of the two terms in the commu-
tator of Eq. (8) vanishes separately. If we consider
amplitudes for which the parities of the two external
baryons are the same, the vector X, —X, of Eq.
(13) vanishes identically. We call this not having a
static limit, as there is no analog to the static bootstrap
condition of Ref. 9. The baryons are bootstrapped en-
tirely by meson exchange forces. We discard this type

of solution because it does not correspond to reality.

(16)
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We may obtain another type of solution by letting
the quantum numbers of the baryon states be those of
a direct product of the SU (#) representations «, 3, v,
etc., where a is the fundamental (quark) representation.
The conditions of Egs. (9) and (10) will be satisfied if
the matrices (D+4F) are operators in the a-quark
space, i.e.,

D, +F,=xAe, 17
where

<a/617’, . IA'XIOAB’Y' . '>=Aa’aaﬂ’ﬂ57'7' SN

Aaq is the matrix element of Eq. (5), and « is a real
constant of proportionality. The s-# channel condition,
Eq. (8), will be satisfied if D,—F, is the appropriate
operator xCf in 8 space. In this case,

Do=3k(A*+48),
Fo=}k(A%—A45).

These expressions will satisfy all three of the con-
sistency equations [Eqgs. (8)-(10)], provided they may
be made consistent with the parity requirement of
Sec. II B. It must be possible to assign each irreducible
representation a definite parity in such a way that the D
connect only states of the same parity and the F
connect only states of opposite parity. It is seen from
Eqgs. (18) and (19) that this may be accomplished if 3,
as well as «, is a quark representation, if 4f in the
B-quark space is equal to 4¢ in a-quark space, and if
states of opposite symmetry under the exchange a =8
correspond to baryons of opposite parity.

The simplest solution of this type is a two-quark
solution, with the parities of the symmetric and anti-
symmetric states opposite. This solution does not corre-
spond to reality. In the next simplest solution, the
baryons are composites of three quarks, labeled «, 8,
and y. The total number of baryon states is #%, and
parity corresponds to symmetry under the interchange
aeB. If the symmetry group is SU(3), this is the
solution of R3; there are a decuplet and octet of one
parity and a singlet and octet of the other. The corre-
sponding SU(6) solution is discussed in Sec. IV. We
note that in this type of solution, the matrix elements
of D between like-parity states and of F between un-
like-parity states may be computed from Eq. (17)
alone. Thus, all the interactions allowed by the parity
requirement are proportional to operators in a-quark
space.

This type of solution has a static limit, in the sense
that there is a nonvanishing vector V,; that satisfies
Eq. (13). The two terms of the commutator of Eq. (8)
do not vanish separately for all amplitudes.

Recently, Mandelstam has written a series of papers
on the Veneziano representation for hadron-hadron
scattering, in which the hadrons are regarded as having
the quantum numbers of composites of quarks and
antiquarks.! Spin is treated relativistically in this

11 S, Mandelstam, Phys. Rev. D 1, 1745 (1970).

(18)
(19)
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series. The Mandelstam amplitudes must satisfy self-
consistency conditions that are analogous to ours,
although they cannot be written in the simple form of
Egs. (8)-(10). In a paper on the baryon trajectories,
Mandelstam discusses a particular solution.! This solu-
tion is of the type we have characterized as not having
a static limit, as each baryon trajectory is parity
doubled.

IV. POSSIBLE PHYSICAL REALIZATION

It is well known that s-u channel crossing for meson-
baryon amplitudes mixes states of opposite normality.
[Normality == states are states for which the parity
is #(5—3%).] Consequently, the consistency conditions
of Sec. IT B are realistic physically only if the baryon
spin components are included in the particle labels.
Thus, the physical group is SU(6), not SU(3). It has
been pointed out in R1 that the three-hadron interac-
tions must be treated by the SU (6)w form of this group.

Although the spin components are taken into account
in one of the derivations of Eq. (8) (that of R1 and R2),
accounting for spins in a Veneziano-type model or any
Reggeized model is not trivial. In such a model, the
consistency conditions of Sec. II B are not exact, but
apply only to the extent that the spin components trans-
form like internal quantum numbers under crossing.
We do not study this problem here, but rather study
the baryon spectrum to see if the gross features of the
three-quark, SU(6) solution of Sec. ITI may correspond
to experiment. In this solution, the baryon multiplets
are 561, 70%, 70—, 20—, where the superscript is the
parity. Each of these multiplets should correspond to a
Regge trajectory. The quantum numbers of the lowest
states on the even-parity trajectories should be those
of the 56 and 70 multiplets. These lowest even-parity
states should be approximately degenerate, i.e., the
trajectories through the j# =3+ states should lie a unit
above the trajectories through the jZ=3%7% states. The
spins of the lowest physical states on the odd-parity
trajectories should be one unit higher than the SU(6)
spins, and even- and odd-parity trajectories of the
same SU(6) spins should be nearly degenerate. For
example, the spin and SU(3) quantum numbers of the
20-fold multiplet of SU(6) are (3,1) and (3,8). The
corresponding 20~ trajectories should be degenerate
with the (3,10) and (3,8) trajectories, respectively, of
the 56*, but the lowest states on the 20~ trajectories
should correspond to spin and SU(3) multiplicities
(3,1) and (3,8).2

Experimentally, there is strong evidence for 56+ and
70~ trajectories of this type, and practically no evidence
for either a 70% or 20~ trajectory. No exact solution of
our equations involves only the 56+ and 70—. However,
we may look for an approximate solution. We consider
TV&E;s_s-ume that the bryon trajectories thaat should corre-
spond to our solution are those on which the lightest even-parity

baryons lie, and the odd-parity (odd-signature) trajectories that
are approximately exchange-degenerate with them.
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the six® three-quark baryon states of the exact solution,
and consider the two independent 70-fold multiplets
that are distinguished by their symmetry under ex-
change of the 8 and v quarks, rather than the « and g
quarks. The 8y and o8 symmetries are related by the
equations

T05,= — (3) #70,0+ (3) #7045,

703,7= = ()"0 (1) 700

Thus, the antisymmetric 8y state is composed mainly
of the symmetric a8 state. We now modify the rule of
Sec. I1I that gives the parity in terms of a8 symmetry.
We let the 704,- (as well as the 56) correspond to even
parity, while the 704,+ (as well as the 20) corresponds
to odd parity. We continue to determine the D and F
interactions from Eq. (17). Consequently, the two con-
sistency conditions involving the ¢ channel, Egs. (9)
and (10), will remain satisfied. Furthermore, since the
56 and 20 are completely symmetric and completely
antisymmetric, respectively, and since operators in
a-quark space cannot change the 8y symmetry, the 56+
and new 70~ states will decouple from the new 70+ and
20~ states, and satisfy Egs. (9) and (10) by themselves.

Unfortunately, the D and F operators determined by
this procedure do not satisfy Eq. (8), the s-u consistency
condition. Thus, this two-multiplet solution is only
approximate. We consider this approximate solution
for two reasons. First, as our knowledge of strong-
interaction dynamics increases, we may learn that some
self-consistency conditions are more accurate than
others, so that an appropriate approximate solution
may be physical. Second, some of the predictions con-
cerning coupling-constant ratios of the two solutions
are measurable experimentally.

In both the exact and approximate solutions, the
56+-70—-M interaction ratios (where M is a meson) are
given by SU (6)w symmetry, and thus measurements of
these interaction constants test the symmetry predic-
tion of the model, but do not distinguish between the
exact and approximate solutions. The SU(6)w sym-
metry implies, for example, that the SU (3) F/D ratios
of the decays of the j7=%"and §~ octets into pseudo-
scalar mesons and baryons are —1/3 and 5/3, respec-
tively. The experimental numbers are about —0.14
and 1.2, respectively.!

On the other hand, the ratios of 70~-70—-M interac-
tion constants depend on an arbitrary parameter,
analogous to the F/D parameter of SU(3) interactions.
This parameter is different for the exact and approxi-
mate (56%,707) solutions. This SU (6) parameter is not
very familiar, so we have listed in Table I some SU(3)
F/D values that are predicted by the exact and approxi-
mate solutions. The interactions are those of the

13 The experimental /D values are taken from the compila-
tion of R. D. Tripp, in Proceedings of the I'ourleenth International
Conference on High-Energy Physics, Vienna, 1968, edited by
J. Prentki and J. Steinberger (CERN, Geneva, 1968), pp.
173-191. The a parameter of this reference is related to I'/D by
the formula a=D/(F+D).
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TasrLe L. Predicted 707-70"-meson I'/ D ratios corresponding to the
exact (4-multiplet) and approximate (56, 70™) solutions.

Baryon octets
3-3- 53—

5—=_5—
2 2

2 2 2

Exact solution —1 1 0

Approximate solution —3% 3 -3
pseudoscalar meson octet with the j=% and j=3

octets of the 70~ trajectory. [The j is one larger than
the SU(6) spin, as explained earlier in this section.]
If one assumes that F/D values are the same for Regge
recurrences, the numbers in the table are measurable,
in principle. For example, the predicted (—%) in column
1 implies that the Agjo- [recurrence of the Az~ (1830)]
will not decay into a K-N*;/5- (1680). Admittedly, this
kind of measurement is difficult.

V. CONCLUSIONS

One of the mysteries of hadron physics is that the
quark model is so successful, despite the fact that no
actual quarks have been observed to exist. This paper
is the fourth of a series of papers that suggests a solu-
tion to this apparent paradox, namely, that hadron
interactions must satisfy a set of self-consistency condi-
tions that requires quarklike properties.

The set of'self-consistency conditions that"we propose
is given in Sec. II B. We summarize here the most
striking implications of this set, listing first results of
carlier papers of the series. It was shown in R2 that
mesons of both parities must correspond to the identity
and regular representations of a Lie group. No satis-
factory group other than SU (n) was found. This group
must apply to particle spins in the SU (#)w form. The
baryons of both parities must also correspond to repre-
sentations of the group, as shown in R3.

One of the principal new results of this paper is Ec.
(10), obtained from a simple linear combination of the
baryon consistency conditions. This equation shows
that the meson-baryon-baryon interaction constants
are proportional to the matrix elements of group gen-
erators in the one-quark representation. However, the
other conditions, Egs. (8) and (9), imply that the
baryons cannot correspond simply to one fundamental
representation. In the simplest solutions that we have
found of those that have static limits (i.e., baryon ex-
change forces help bootstrap the baryons), the baryons
behave like either two-quark or three-quark composites.
The requirement of half-odd-integral spin eliminates
the two-quark possibility. These results may help
explain the success of the duality-diagram assumption,
which requires that interactions behave as one-quark
operators.”

It is shown in Sec. IV that an approximate solution,
with the baryon trajectories corresponding to the SU(6)
multiplets and parities 56+ and 70~, may be more
physical than an exact solution.



