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An SU(n)-symmetric bootstrap model is considered in which the baryons are meson-baryon bound states. 
A postulate used previously in similar models of mesons is applied: that a solution to the dynamical equa
tions should exist in which particles of the same type are degenerate. It is shown that this postulate is 
difficult to satisfy unless the baryons correspond to a single irreducible representation of the SU(n) group. 
The w-N-N* system is discussed in detail. The condition that the baryons correspond to a single irreducible 
representation does not favor a particular value of n for the underlying SU(n) symmetry, but does rule out 
the fundamental representation for the baryons, and favors the group SU(mn) over SU(m)®SU(n). Several 
relations between SU(£) and SU(6) symmetry schemes are pointed out. 

I. INTRODUCTION 

ONE of the principal goals of bootstrap theory is to 
predict the quantum numbers of the existing set 

of strongly interacting particles. Progress toward this 
goal may result from approximate bootstrap models, 
if reasonable self-consistency conditions are formulated 
that are satisfied by a system of particles that corre
sponds to reality, and are not satisfied by a large class 
of hypothetical systems of particles. If every particle 
is allowed to have a different mass, it is difficult to 
achieve this type of progress at the present time. The 
difficulty results from the inaccuracy of existing dis
persion-theoretic techniques, and from the fact that 
the self-consistency equations must depend on the 
detailed energy dependence assumed for some of the 
amplitudes, if all the masses are different. 

In the last few years a certain amount of progress 
concerning consistent and inconsistent sets of particles 
has been achieved, particularly in models involving 
only mesons.1 These results depend on the assumption 
that particles produced from the same type of process 
in amplitudes involving the same phase-space factors 
are equivalent in two ways. First, all cutoff and sub
traction constants introduced into the partial-wave 
dispersion relations that represent the dynamics must 
be taken to have the same value for equivalent par
ticles. Second, a solution in which all equivalent par
ticles are degenerate is assumed to exist. If this equiva
lence assumption is made, self-consistency conditions 
may be formulated that do not depend on the detailed 
nature of the dispersion relations. We are not con
cerned here with the mechanism that leads to the 
observed mass-splitting of multiplets of particles. 

In this paper we formulate self-consistency conditions 
that are based on the above equivalence assumption, 
and apply the conditions to a bootstrap model of the 
baryons assumed to correspond to meson-baryon bound 
states. The main purpose is to find some properties of 

* Supported in part by the National Science Foundation. 
1 See, for example, R. H. Capps, Phys. Rev. Letters 10, 312 

(1963); R. E. Cutkosky, Phys. Rev. 131, 1888 (1963); Chan 
Hong-Mo, P. C. De Celles, and J. E. Paton, Phys. Rev. Letters 
11, 521 (1963). 

the meson and baryon multiplets that may be deter
mined from self-consistency. The nature of the model 
and the conditions are discussed in Sec. II. In Sec. I l l 
the T-N-N* system is examined and found not to 
satisfy the conditions. Some other systems of particles 
based on simple representations of SU(n) are discussed 
in Sec. IV. The S U (6) -symmetric system discussed 
previously by one of the authors is a solution.2-3 

II. THE SELF-CONSISTENCY CONDITIONS 

We consider a set of baryons Bi that correspond to 
bound-state poles in the various reaction amplitudes 
involving meson-baryon states of the type /XJ+^A- The 
forces that produce the poles are assumed to result 
from the exchange of the baryons. The baryons are all 
equivalent, and the mesons are equivalent, in the sense 
of Sec. I. The orbital angular momenta of the different 
fiB states must be the same, but different total angular 
momenta (baryon spins) are allowed, if the static ap
proximation is made. The scattering amplitudes may 
be represented by a matrix T; the amplitudes are 
defined so that they do not possess poles or zeros at the 
fiB threshold. 

We are concerned only with the questions of the 
self-consistency of various schemes of particles, and the 
ratios of interaction constants. These questions depend 
only on the salient features of the dynamics. Each of 
the elements of the scattering matrix possesses a right-
hand cut and left-hand cut. The discontinuity across 
the right-hand cut is given by the many-channel 
two-particle unitarity condition, and that across the 
left-hand cut is given by the B exchange mechanism. 
Because of the equivalence assumption, the left-hand 
discontinuity matrix AT may be written in the form 

AT=$(E)F, (1) 

where fi(E) is a scalar function of the total energy and 
F is a constant matrix. The elements of F are quadratic 
functions of the interaction constants. It is not neces-

2 R. H. Capps, Phys. Rev. Letters 14, 31 (1965). 
8 J. G. Belinfante and R. E. Cutkosky, Phys. Rev. Letters 14, 

33 (1965). 
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sary to know the form of 0(E); one needs only the 
condition that the potential is of definite sign in the 
energy region of the bound-state poles. The specific 
condition is that there is an unambiguous choice of 
sign of the function 0(E) such that a positive diagonal 
element of F corresponds to an attractive force. 

The matrix F may be diagonalized by a real, orthog
onal transformation. If F is diagonal, the inelastic 
amplitudes have zero left-hand discontinuities and 
must vanish, so that T is also diagonal. A resonance 
must correspond to a positive eigenvalue of F. We 
assume that the resonance energy is a monotonic de
creasing function of the strength of the force. Hence, 
the equivalence of the different particles in B{ implies 
that the appropriate eigenvalues of F are equal; further
more the eigenvalues corresponding to all nonresonat-
ing channels must be smaller than those corresponding 
to the resonances. 

We define the interaction constant yai, where a 
refers to a baryon Ba, and i refers to a yB state, by the 
equation 

where Ru'a is the residue of the pole corresponding to 
Ba in the scattering amplitude (jjLB)i—> (p,B)t>, and K 
is a conveniently chosen positive constant. If the label 
i refers to a simple product state, i.e., QiB)i=fij+Bk, 
then yai is a conventional three-particle interaction 
constant. The symbol X« is used to denote the element 
of F associated with the channel a in the representation 
in which F is diagonal. If a bound state occurs in the 
channel a, then Fa must be positive. The definition of 
ya% leads to the relation, 

7«;=C(A«)1/2CU 

where C is a constant, and Oa% is the element of the 
orthogonal transformation matrix that relates the 
physical state i with the bound state eigenstate a. The 
self-consistency conditions discussed above then lead 
to the equations 

Jai/jai' = Oai/Oai' , (2) 

A«=Aa, (3) 

2lrfi Jed —2-ii yct'i > (4) 

X.<X a > (5) 

where a and a refer to particles in the B multiplet, 
and X„ is an eigenvalue of F associated with a channel 
in which no bound state occurs. These conditions are 
applied to various specific models in Sec. I l l and Sec. 
IV. 

III. THE tt-AT-JV* MODEL 

In this section we apply the techniques of Sec. I to 
the static, reciprocal bootstrap model of the N and N* 
particles, in the approximation in which the N and N* 

are degenerate.4 Our treatment differs from the treat
ment of Ref. 4, in that we include TN* scattering states, 
as well as wN states. The N and N* are equivalent. 
The underlying symmetry is SU(2)®SU(2). 

In order to compute the F matrix of Eq. (1), we 
must consider both N and N* exchange forces. The 
strengths of these contributions are determined by the 
crossing submatrices corresponding to the 11 and 33 
states (where the indices denote twice the isospin and 
twice the spin), and by the coupling constants JNTN, 
7N*TN, and JN*TN*- The crossing matrices for the 
different processes, determined from standard group-
theoretical techniques, are 

1 / l 16\ 
C(TN-*TN) = -X[ 

9 \4 1/ 

1 /8 20\ 
C(TN->TN*)=—X J, (6) 

18 \5 8/ 

1 / 25 400\ 
C(irN*-*wN*) = X 1, 

900 \100 484/ 

where the first row and column refer to the 11 state 
and the second row and column to the 33 state. It is 
convenient to reduce the force matrix into two sub-
matrices, referring to the N(ll) and A'*(33) states. 
These matrices, determined from Eq. (6) are 

1 /a2+16b2 Sab+10bc\ 

9 \Sab+10bc b2 + 4c2 / 

1 /4a2+ b2 5ab+4bc \ (7) 
FN*=-X[ ) , 

9 \Sab+4cbc 4tb2 + (m/25)cV 
d=yNrN, b = yN*rN, J=7N*%N*, 

where the first and second rows and columns now refer 
to TTN and wN* states, respectively. The condition 
yNrN*z=2yN*xN, which results from the greater sta
tistical weight of the 33 state, has been used in the 
derivation of Eq. (7). 

We now apply the self-consistency conditions of Sec. 
I. Henceforth, elements of the F matrices are denoted 
by three subscripts, the first referring to the spin and 
isospin, the second to the initial scattering configura
tion, and the third to the final configuration. The 
index 1 refers to the 11 state and to the TN configura
tion. The condition of Eq. (5) requires that the eigen
values Xi and X2 corresponding to the A" and Â * poles 
must be the largest eigenvalues of F\ and F2, i.e., 

K=-i(Fan+Fa22)+Zi(Fall-Fa22)
2+Fal2

2J^. (8) 

The coefficients Oa% of the column of the diagonalizing 
matrix corresponding to \a may be determined by 

4 Geoffrey F. Chew, Phys. Rev. Letters 9, 233 (1962). 
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FIG. 1. The three self-consistency equations for the T-N-N* 
model. The N pole, N* pole, and "equal width" equations are 
Eqs. (9), (10), and (11), respectively. 

standard methods. The self-consistency equation, Eq. 
(2), then leads to the two conditions, 

Y2VxiVr/(2YjV*rjy) 

= / W ( X 1 - . F m ) = [ X l + ( X 1 M - l ) 1 / 2 ] - 1 , (9) 

yN*TN/yN*irN* 

=/W(X2-F2 1 1)=[x2+ (x/+iyi*Jrl, (io) 
X{= J (Fi22—Fm)/Fn2. 

The phases of the various states may be chosen so that 
YJV>JV and JN*TTN are positive. I t may be shown from 
Eqs. (8), (9), and (10) that JN*TN* must then also be 
positive. 

The third self-consistency condition follows from Eq. 
(4); i.e., 

7NrN2+^YN *TTN2 = 7N *VN2+jN*ir (11) 

This equation, and Eqs. (9) and (10), may be regarded 
as three equations for the two ratios yNrN^/lN^xN2 and 
7N*irN*2/yN*wN2' The solution to each of the equations 
is plotted in Fig. 1; it is seen that the equations are 
not compatible. 

The failure of the w-N-N* model is easily understood, 
since there are more self-consistency relations than 
variables. I t is difficult to satisfy all the relations in 
such a model unless some underlying symmetry is 
present. If a triplet of vector mesons (interacting in 
states of total angular momentum 0) and a pseudo-
scalar singlet, are added to the model, a solution does 
exist, in which the ratios of interaction constants are 
given by 5(7(4) symmetry. This solution is analogous 
to the 5 U (6) -invariant solution discussed in Refs. 2 
and 3. If the V triplet is denoted by p, the ratios of the 
pNN, PN*N*, wNN, TNN*7 and wN*N* interaction 
constants are the same in the 5(7(4) and 5(7(6) 
models. This follows from the fact that 5 £7 (4) is a 
subgroup of 5(7(6), together with the fact that these 
particles of the 5(7(4) model may be identified un

ambiguously from their quantum numbers with specific 
particles of the 5(7(6) model. On the other hand, the 
squares of the various XQ/T interaction ratios of the 
5(7(4) model (where X0 is the P singlet) are equal to 
the sum of the squares of the corresponding X$/ir and 
T)/T ratios of the 5(7(6) model. The 5(7(4) solution for 
the 7r interaction ratios is denoted by a cross in Fig. 1. 
This solution is discussed further in Sec. IV.5 

I t is interesting to compare the present model with 
that introduced by Chew, in which only 7riV scattering 
states are included.4 The self-consistency conditions 
often used in the TTN model involve a specific assump
tion concerning the energy dependence of the ampli
tudes; these conditions are quite different from those 
used here. The conditions used in Ref. 4 are equivalent 
to the requirement that the crossing submatrix refer
ring to the 11 and 33 channels possesses an eigenvalue 
of one.6 This condition is satisfied in the wN model. On 
the other hand, if TN* states are included and TN 
states neglected, this type of model is inconsistent, as 
the maximum eigenvalue of the crossing submatrix is 
^0.62. In this case, the coefficients of Eq. (6) may be 
used to show that the two self-consistency equations 
of the type used in Ref. 4 lead to very different values 
for the ratio yN7rN*2/yN*xN*2, i-e., 16/35 and 104/25. 

The fact that the crossing submatrix for the TN 
channels has an eigenvalue of one results from the 
circumstance that there are only two irN states involved 
in the spin and isospin crossing matrices, together with 
the fact that these matrices are identical. The two-by-
two spin (or isospin) crossing matrix C" satisfies the 
condition C'2= 1. Since C is not a multiple of the unit 
matrix, it must have one eigenvalue of (1) and one of 
(—1), and thus must be traceless. This matrix may be 
written, 

C" 
(a fi \ 

vy — a / 

The condition that C / 2= 1 implies the relation, a2+/3y 
= 1. If the a2 term is transposed and the equation is 
squared, the result may be written, 

•1 Z32 

determinant ( 
a 2 - J = 0. 

This is just the condition that the wN crossing sub-
matrix referring to the 11 and 33 channels possess an 

5 K. Y. Lin and R. E. Cutkosky, Phys. Rev. (to be published), 
have investigated the n-N-N* bootstrap model without assuming 
N-N* degeneracy. Certain reasonable approximations to the 
dispersion integrals are made. A solution is found, in which the 
N*-N mass difference is positive. If this solution does not corre
spond to a solution of a more exact (future) dispersion theory, a 
violation of the hypothesis of Sec. I is not implied. The 5(7(4) 
solution may be regarded as the degeneracy solution of the 
ir-N-N* model, because the mesons are not bootstrapped, so that 
the extra mesons of the 5 U (4) model play only the role of modi
fying the various forces. 

6 See I. S. Gerstein and K. T. Mahanthappa, Nuovo Cimento 
22, 239 (1964). 
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eigenvalue of one, since the elements of this matrix 
are the squares of the corresponding elements of C". 

We conclude that the consistency of the Chew model 
of the wN amplitudes, and the inconsistency of a 
similar model of the riV* amplitudes, are not related 
directly to the positive, physical N*-N mass difference 
(the reason that the TN channel is preferred in the 
conventional treatment). There may be an indirect 
connection, however, for the positive N*-N mass differ
ence may result from the different structures of the 
irN and 7riV* crossing matrices.7 

IV. VARIOUS MESON-BARYON SCHEMES 

As pointed out in Sec. Ill, there are more self-
consistency equations than there are coupling constant 
ratios in our model, so that self-consistency is difficult 
to achieve unless each set of equivalent particles corre
sponds to a single irreducible representation of a Lie 
group. In this section, we postulate such a requirement 
and examine some schemes in which the mesons and 
baryons each correspond to a single irreducible repre
sentation of SU(n) or of SU{m)®SU{n). It is assumed 
that the interactions are invariant to the group trans
formations, and that baryon exchange forces produce 
the baryon poles in the coupled nB states. The group 
symmetry implies that Eqs. (2), (3), and (4) are 
satisfied automatically, so that only the one self-
consistency equation, Eq. (5), need be examined. This 
equation is equivalent to the condition that the largest 
element of that column of the y.B crossing matrix 
associated with B exchange must occur in the repre
sentation of the B. 

We consider only small representations of the groups. 
Since the BBfx interaction exists, the mesons must be 
associated with a self-conjugate representation of 
plurality zero. The Young diagrams for such repre
sentations contain mn boxes, where m is an integer. 
The simplest representation of this type (representation 
with the smallest dimension) corresponds to n boxes 
in a single column. This is the identity representation. 
If there is only one meson state, different baryons are 
not coupled, so there is no group structure at all to the 
interactions. Hence, we identify the mesons with the 
next simplest representation of the proper class, which 
involves a Young diagram with (n— 1) boxes in the 
first column, and one in the second. This is the regular 
representation, with (n2— 1) states. 

The baryons must be identified with a representation 
B such that the direct product B(&B* contains the 
regular representation at least once. (The symbols B 
and /j, are used to denote the baryon and meson repre
sentations, as well as the particles themselves.) This 
requirement allows any representation for B except the 

7 This occurs in the calculation of Lin and Cutkosky, Ref. 5. 
A simple reason that the state of smaller statistical weight tends 
to be lightest in "reciprocal" bootstrap models is pointed out by 
R. H. Capps, Nuovo Cimento 34, 932 (1964). 

identity representation. This follows from the fact that 
the matrix elements of the n2— 1 generators of SU(n) 
in the space of B all vanish if and only if B is the 
identity representation. 

We consider first the simplest schemes based on 
Sc7(2)-different nucleon multiplets and a meson triplet. 
The quantum number may be regarded as the z com
ponent of the spin in the static model. The meson may 
be a pseudoscalar meson, with the unit orbital angular 
momentum playing the role of the meson spin. The 
simplest possibilities for B are the doublet, triplet, 
and quadruplet representations. The elements of the 
crossing matrices associated with baryon exchange for 
these cases are 

B doublet, C2= — | , Ci=% 

B triplet, G = - l , C ? =§ , C5=J (12) 

B quadruplet, Ci= —f, Ci= 11/15, C6= f, 

where the subscript denotes the multiplicity of the 
meson-baryon state. A positive C» corresponds to an 
attractive force. It is seen that the self-consistency 
condition of Eq. (5) is violated if the nucleon spin is 
\ or 1, and is satisfied if the nucleon spin is f. Thus, 
the simplest solution associated with SU(2) occurs 
when the baryons correspond to the completely sym
metric representation formed from trilinear combina
tions of the states of the fundamental representation. 
We call this the cubic representation. 

We next consider some hypothetical schemes in 
which the particles are associated with irreducible 
representations of SU(n), where n>2. We are not 
concerned with the physical meaning of the quantum 
numbers. There are many possible representations that 
may be identified, with the baryons in such schemes. 
Only two are considered here, the fundamental and 
cubic representations. The elements of the crossing 
matrices corresponding to baryon exchange may be 
computed from the formula of Belinfante and Cutkosky,3 

i.e., 

Ci=B£Xji.B+h(Xi-XB-Xld'], (13) 

where Xi is the value of the quadratic Casimir operator 
for the representation i, and R is a normalization con
stant. We now determine R from the sum rule £»• WjCi 
= WBJ where Wi is the multiplicity of the representa
tion i.8 If one chooses n2— 1, properly normalized, 
Hermitian operators Ja as generators of the group, 
the quadratic Casimir operator is Yla J J, and the 
bracket term §(X —XB—X M ) of Eq. (13) is the eigen
value in the state i of the operator ^ a / a " / a

B . This 
bracket term does not contribute to ^2iWtd, since 
this sum is the trace of the operator C over the ixB 
product space. From these results, it is clear that 

8 R. H. Capps, Phys. Rev. 134, B460 (1964). 
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JR=X JB~ 1 . A general expression for Xi is given by 
Whippman.9 

We denote an irreducible representation of SU{n) 
(for n>2), by the conventional symbol (Xi,A2,- • *A,v-i), 
where Xi is the difference in the lengths of the i and 
i+1 rows of the appropriate Young tableau. A calcula
tion shows that if the baryons correspond to the funda
mental representation (1,0, • --0), the elements of the 
crossing matrix associated with baryon exchange are, 

C(i,o,...o) = — l/(w2— 1), 

C(2,o,...i) = — C(ofi.—i) = »/(tt2— 1). (14) 

Our notation is such that if n=3, the integer b in the 
representation symbol {afi) must be taken as the sum 
of the second and last integers of the general symbol 
used here. If n ^ 4 , the dots represent n— 4 zeros. Since 
C(i,o,...<» is negative, this general scheme is inconsistent. 

If the baryons correspond to the cubic representation 
(3,0,- • -0), the elements of the crossing matrix corre
sponding to baryon exchange are, 

C( i i 0 | . . . o )= B (2»+6-9 /»)^ , C{t,i,...i) = -N, 

C(i,i,..o) = - ( » + 3 ) f f , C(4,o,...i) = 3AT, (15) 

tf=»/[3(n+3)(»--l)]. 

These schemes are consistent, since the largest positive 
element is C(3,0,- • -0). If n=6, this is the scheme of 
Ref s. 2 and 3 ; if n=4, this is the p, w, X0, N, iV* model 
discussed in Sec. I I I . I t is seen that the bootstrap 
hypothesis does not lead to a favored value of n, but 
does lead to a preference of the cubic to the fundamental 
representation for the baryons. 

We next consider the direct-product group SU(2) 
®SU(3). The SU(2) and 5(7(3) may be associated 
with the spin and internal symmetry, respectively. The 
mesons are identified with the regular representation 
i.e., the spin-1 octet. In this type of scheme a crossing 
matrix element is the product of the appropriate ele
ments of SU(2) and 5(7(3) crossing matrices. The 
principal new feature is that an attractive force may 
result from the product of negative elements of the 
5(7(2) and SU(3) matrices. Because of this feature, 
self-consistency is difficult to achieve. All cases have 
been examined in which the baryon spin is J, 1, or f 
and the 527(3) representation is (1,0)*, (2,0)6, (1,1)8, 
(3,0)10, or (2,1)15. If the representation y. is contained 
more than once in B®B*, the y,BB interactions are 
taken to be F type (proportional to the appropriate 
matrix elements of the generators of the group). There 
is only one exception to the following rule: If the 
baryon-exchange force in the representation B is at
tractive, there is another representation I such that 
the crossing matrix inequality CI/CB>0.8 is satisfied. 
The exception is the case in which the 5(7(3) and 5(7(2) 

9 M. L. Whippman (to be published). The authors would like 
to thank J. G. Belinfante and R. E. Cutkosky for this information. 

multiplicities of B are 10 and 4. In this case, the most 
attractive forces are in the states of multiplicities 
(10,4) and (8,2). The ratio C(8,2)/C(io,4) is approxi
mately equal to 0.6. Thus, this scheme is consistent, 
but not very satisfactory. I t would be difficult to con
struct a dynamical model in which the spin-| decuplet 
bootstrapped itself and the spin-J octet did not resonate. 

On the other hand, in the "physical" 517(6) 
scheme, with the baryons identified with representa
tion (3,0,0,0,0)56, the attractive force in the represen
tation B is 5J times as large as the only other attractive 
force, as seen from Eq. (15). Thus, 5(7(6) is favored 
over 5(7(2)05(7(3) . However, the bootstrap hypothe
sis does not favor 5(7(6) over all other 5(7 (n) as the 
basic symmetry group. Furthermore, there are many 
possible identifications of B within the 5(7(6) scheme 
that lead to consistency. I t can be shown, however, 
that if B is limited to representations that may be 
formed from the direct product of one, two, or three 
of the fundamental representation (1,0,0,0,0,)6, and 
CB>0, and Cj is the largest crossing matrix element 
other than CB, then the greatest value of CB and the 
smallest value of CI/CB occur if B is the 56-fold repre
sentation (3,0,0,0,0,)56. This latter distinction is not 
very great in all cases. For example, if B is the 20-fold 
multiplet (0,0,1,0,0,)20, then it can be shown that CB 
= 3/7 and Ci/CB= 2/9 

We now turn our attention to a brief discussion of 
mass splitting. The physically observed mass splitting 
of the meson and baryon multiplets is characterized 
by the fact that the Clebsch-Gordan coefficients corre
sponding to the mutual interactions among the lightest 
of the various 527(3) multiplets are very large.10 I t was 
pointed out in Ref. 10 that in certain hypothetical 
schemes of particles based on representations of Lie 
groups, no type of mass splitting could lead to such 
large mutual interactions of the light particles. I t was 
postulated that this fact may be one of the basic 
reasons that the physical set of particles exists. 

The above considerations may be stated in a more 
explicit manner, in terms of representations of 5(7(6) 
and its subgroup 5(7(4). All representations of 5(7(6) 
that may be formed from three or fewer fundamental 
representations [one of which may be of the conjugate 
type (0,0,0,0, l ) 6 ] are symbolized by (a,£,c,0,d), where 
either c or d is zero. For each such representation there 
is an 5 £7 (4) representation with a similar structure, 
the representation (a,b,c+d). The 5(7(4) meson-baryon 
assignments, n= (1,0,1)15 and Z?=(3,0,0)20 correspond 
to the physical scheme based on 5(7(6). The SU(2) 
05(7(2) structure of the representations, (1,0,1)15 and 
(3,0,0)20 are (3,3)+(3,1)+(1,3) and (4,4)+(2,2), re
spectively. These multiplets correspond exactly to the 
lightest isotopic spin multiplets in each of the meson 
and baryon 517(3) multiplets, i.e., to the w, p, X0, N*, 

10 R. H. Capps, Phys. Rev. 137, B125 (1965). 
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and N.u This type of mass-splitting is impossible if the 
baryon representation is any of the other three-quark 
representations of SU(6), i.e., (1,1,0,0,0)70, (0,0,1,0,0)20, 
(2,0,0,0,1)120 or (0 ,1 ,0A*) 8 4 , for i n these cases the 
number of SU(2)®SU(3) multiplets in the SU(6) 
representation is greater than the number of SU(2) 
®SU(2) multiplets in the corresponding representation 
ofS£/(4). 

In conclusion, the requirement that the baryon 

11 Since the mesons are emitted in P waves in the static limit, 
it is convenient to identify the spin-1 singlet with the pseudo-
scalar XQ particle, rather than with a vector meson. This point 
is discussed in detail in Refs. 2 and 3. 

1. INTRODUCTION 

IT is well known that because of the lack of orbital 
angular momentum to give centrifugal barrier con

tainment, S-wave pseudoscalar meson-baryon inter
actions do not in general form favorable situations for 
resonances or peak enhancements. Some years back 
Dalitz and Tuan1 showed that for a coupled two-channel 
problem, owing to strong attractive forces in the closed 
channel in the S state, a quasi-bound state can be 
formed which will manifest itself as an 5-wave resonance 
in the open channel. Likewise, several papers have dis
cussed threshold effects or cusps2 in strong interactions 
involving particle reactions. It has been noted3,4 that 
both classes of phenomena are attributable to poles of 
the 6" matrix in appropriate unphysical sheets of the 
two-channel problem. To establish an unambiguous 

* Work supported in part by the National Science Foundation 
and the U. S. Air Force Office of Scientific Research. 
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1 R. H. Dalitz and S. F. Tuan, Phys. Rev. Letters 2, 425 (1959). 

See also R. H. Dalitz and S. F. Tuan, Ann. Phys. (N. Y.) 8, 100 
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3 R. H. Dalitz and S. F. Tuan, Ann. Phys. (N. Y.) 3, 307 
(1960). 

4 W. R. Frazer and A. W. Hendry, Phys. Rev. 134, B1307 
(1964). 

multiplet correspond to a single irreducible representa
tion favors strongly the group SU(6) to the direct 
product group SU(2)®SU(3) as the basic symmetry 
group. The 56-fold representation is favored over other 
simple representations for the baryons, but not very 
strongly in some cases. However, the bootstrap hypothe
sis does provide a possible reason for the nonexistence 
of the fundamental multiplet of SU(6). 
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terminology we call the former the quasi-bound-state 
problem with a corresponding bound-st&te pole, the 
latter, a virtual-state problem with a virtual-state pole. 
Threshold effects involving only particles stable in 
strong interactions do produce large cusp effects, when 
there exists a virtual-state pole in the S matrix close to 
an 5-wave threshold on the unphysical sheet reached 
by passing through the branch cut associated with the 
threshold. Note that in both classes of phenomena, the 
existence of an 5i /2 resonance or cusp effect for an open 
meson-baryon channel is due to the dynamical in
fluence from an additional second channel present. A 
simple illustration of the physics involved is to take the 
analogous situation of the ZS (bound-state deuteron) 
and lS (virtual state of deuteron) of the n-p system; 
here only one channel, corresponding to the second of 
the above channels, is present. 

Recently, Berley et al.h have raised the question 
whether the rapid rise and subsequent sharp drop in 
7i° production (over a small range of energy) from 
K-+p->rfi+A0 is a possible dynamical manifestation 
of a quasi-bound-state of the 77-A system. Bulos et al.* 

6 D. Berley et al., Proceedings of the International Conference on 
High Energy Physics, Dubna, 1964 (Atomizdat, Moscow, 1965). 

6 F. Bulos et al., Phys. Rev. Letters 13, 486 (1964). 
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The recent experimental evidence for a rapid rise in r\ production near threshold in the reactions 
T~-j-p —>-n°+n and K~+p—*ri0+A is analyzed on the basis of a constant-isT-matrix formalism. Repre
sentative scattering lengths for the ^-baryon systems are introduced to illustrate pertinent features of the 
presently known experimental data. A dynamical basis for the physical situation is discussed in terms of 
possible new baryon states due to virtual or bound states of the 17-baryon systems. Comparison of the results 
with expectations from a conjectured t\ octet of baryon (i-) states for SU(3) symmetry is briefly referred to. 


