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and Radicati" from SU(6) and by Lee's from
the current algebra.

In order to compare with the results off ob-
tained from the Cabbibo theory and from the
weak hyperon-decay experiments, it is neces-
sary to divide both sides of (6), respectively,
by the square of the sum of masses of the bary-
ons subscripted to the coupling constants, as
the comparison can be made through the gen-
eralized Goldberger- Treiman relation and the
current algebra. " Including this mass factor,
the modified +-D mixing parameter obtained
from (6) is given by

f' =0.33+0.06.

This value agrees very well with 0.37, obtained
by Willis et al. ,

"and 0.33+0.02, by Brene et al."
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.STRONG DECAYS OF HIGHER SPIN BARYON RESONANCES IN O(4, 2) THEORY*
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(Received 11 September 1967)

The predictions of the relativistic O(4, 2) theory have been calculated for the decays
of all the higher spin baryon resonances, giving results in good agreement with the ex-
perimental data. The SU(3) has been included in the rest frame implying a definite sym-
metry breaking for the vertex functions.

Recently, the relativistic framework of the
dynamical group O(4, 2) has been successful-
ly applied to the mass spectra and form fac-
tors of hadronsi and to the strong decays of
meson resonances. ' The strong decays of bary-
on resonances had been earlier calculated in
the framework of the group O(3, l) and it was
found' that the simple representation of O(3, I)

(characterized by the vanishing of one of the
Casimir operators, v=0) could not explain the
observed partial decay widths and that one had
to go to a different representation character-
ized by v= 3.5 to describe the observed rates.
This introduces a new unwanted parameter
v into the theory and, moreover, the form fac-
tors in this new representation have now an
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oscillating form for large f,. This fact plus
the complexity of the observed spectrum of
baryons and the behavior of the form factor
were the reasons for going to the larger dynam-
ical group O(4, 2),' which now seems to account
very well for most of the properties of hadrons.

The purpose of this note is to present the
results of calculations on the strong decays
of baryons in the framework of O(4, 2), and
we will show that the simplest physical repre-
sentation of this group, supplemented with the
SU(3) internal symmetry in the rest frame,
accounts for all the partial widths of the bary-
on decays up to J=19/2. The only parameter
is a single over-all normalization constant
in the amplitude.

We confine ourselves to the decays

B .*-B1+P,

where 8 * j = —+ z, 11/2+, 15/2+, ~ ~ ~, are
I= 2 baryon resonances and P the pseudosca-
lar mesons. In the rest frame the baryons
are assigned to a doubled representation of
O(4, 2) with j- =2, 2, , (n-2), ~ ~ . We1

also include, in the rest frame, the direct pro-
duct of O(4, 2) with the internal symmetry group
SU(3), so that a definite (minimal) symmetry-
breaking effect is incorporated in any arbitrary
frame via the relativistic boosts.

As in the previous work, the states are la-
beled by I n; a) -=In,j+,j;(N) I, I, 1'), where
n is the principal quantum number in O(4, 2)
(i.e., eigenvalue of L,6), N is the dimension

i$ MIn;a;P)=e In;a), tanh$ =p/E. (2)

The O(4, 2) formalism admits a mixing effect
in the sense that the "physical" states for which
the interactions have the simple transforma-
tion property of the group generators are giv-
en by

I n;a;p) = (X) 'exp(i$ M) exp(i8 T) I n; a), (3)

where T is the rotational scalar operator L4,
in the O(4, 2) algebra, 8n are the parameters
that are determined from current conservation
and mass spectrum, ' and Dt is a normalization
factor. The significance of the requirement
(3) has been discussed previously. ' As before,
the O(4, 2) generators L

&
=-Lf,~ (a, b =1, 2

, 6) have the following physical meaning:

L» (i,j = 1, 2, 3) the angular momentum opera-
tors; L;4 the analog of the Lenz vector; M=L;5
the generators of the pure Lorentz transforma-
tions (boosts); T= L„; 8 =L«, a Lorentz sca-
lar; and LM =n, the principal quantum number.

With these definitions the vertex scalar tran-
sition probability amplitude between two states
is given by

(better, the Casimir operators) of the SU(3)
representation, and other labels have their
usual meaning. The relativistic wave functions
of a particle of momentum pzz

= (nz cosh), $m sinh$)
are obtained from the above states by the repre-
sentations of the pure Lorentz transformations:

A = (nj+I;a IS I~z'j'- I';a';p)

„(nj~mIL 'In "j"+nz")f „(8,8 „(), (4)

where

f „,(8, 8 „$)={n"j"nz"
I exp(i8 L ) exp(-$L ) exp(i8 L ) In'j'm'),nn' n' n" n 45 35 n 45 (5)

L '=exp( —i8 L )L exp(i8 L )=L cosh8 +L sinh8 .
46 n 45 46 n 45 46 n 56 n

(6)

The evaluation of fn»ni is very similar to a case done previously. We first bring the operator in

(5) into a O(2, 1) SO(2, 1) form generated by N, ', N, ' (i =1, 2, 3), [N„N, ]=0, where

I45= (Nz +N2 ), I46= (Ni +N2z),
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Thus

f „,= (n "j"m
I exp(i8, „L ) exp[ —i)(cosh 8,L sinh8, L )]!n'j'm'),

n "n' n'n" 45 n' 35 n' 34

where

8 =0 —0nn n n- (7)

or, in terms of the Euler angles (o., P, y), we have

inL3-4 -ip(N +K ) -yL. . . ,), =pn j m le e e Injmp,

where

cosh& 8cosh&$ = cos-,'(o. + y) cosh&P,

sinh —,8cosh-, $ = —cos-,'(o.—y) sinh2P,

sinh2(8 „+8,) sinh2$ = sin-,'(o. +y) cosh2p,n" n'

(9a)

(9b)

(9c)

cosh —,(8 „+8,) sinh-, $ = —sin —,(o.-y) sinh2p. (9d)

From the knowledge of $ and the 8~'s, the angles e, P, and y can be easily evaluated. We take the mix-
ing angle as derived in a previous paper from current conservation and from a reasonable mass spec-
trums: sinh8„—= 3in. This expression is approximate but good enough for the present case. Next
we express the states In, j m) in terms of the In„n„m) basis. For this purpose we first combine
l=j-& with S=& and obtain

Inj m) = (-1) {2j+1), , [a +i(—1) b ] In, j=,, m-m'),
j-m-1 . —.

'
—.
' j=.' j

m m-m' —m P

where
1 1 1

Inin~m) = [ni! (ni+!m!)!n2!(n~+ Iml)! ] t'ai
'

a2 'bi i b2
2

I 0), m) 0,
'fn2+ m t'ni gnat+ m fn2

&&ai 2a2 i bi ib2 2 IO), m (0.
With these formulas the amplitude {4) can be evaluated. We display in detail the evaluation of one
amplitude, namely —,

'+ - &+ Q; the other cases can be carried out exactly in an analogous fashion.
The 12, —,'+, —,') and I 1, 2+, 2) states are given by

12, 2+, 2) = (2~3 [(a|~—ib i~)(ai 42~+ a24 i~) I 0)+ (a2 t ib2t )ai~b, t
I -0))

(12)

Thus

I]., —,'+, —,') = (v 2) '(a,~+ib, ~)10). (13)

A=' "'((a,+b,)(a,b, +a,b,)+(a,+ib, )a,b, ie "e ' ' ' 'e "!(v2) (a, +ib, ))2 3
1 ~ i 2

=(2/6) [v2e (a b Ie la )(0!e ' 10)+2e '
(a le 2 la )(a b, le ' !0)

2e' —(b le ' Ib )(a b ie ' IO) —&2e ' (a,b, Ie ' Ib )(Ole ' IO)]
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or
1 1 1 1

22 22

22 22

where the V's are the universal functions oc-
curring in all the calculations using represen-
tations of noncompact groups. ' ' If we insert
the values of V, we obtain, finally,

IO

3 2z(3n+y) -2i(3n+y) 2 sinh-, p

—,'i(a-y) -2i(o. -y) 2 sinh-,'p
) o h'-,'P '

UJ
Cl

CL

~ IO

i.e., 12, sinh2P
A = -~ sina sin[&(n-y)] cosh'& (14)

I-

K

Z'.

The calculated amplitude (14) is relativistic-
ally invariant; we square it and multiply with
the invariant phase space to obtain the decay
width. The decay of strange baryon resonanc-
es will be calculated by assuming the SU(3)
Clebsch-Gordan coefficients in the rest frame.
The universal formula obtained is in terms
of the relativistic velocity parameter $. If
we insert the experimental masses, we obtain
automatically a symmetry breaking that is the
minimal symmetry breaking in the formalism
of dynamical groups. Thus the final formula

Decay

I' (theory)
{MeV)

I' (expt)
{MeV)

+3i2
Z.3]g Nm

~312

M3]2 M

4p 2~N7T

~u2
Zz
AF

¹

+&u2-ZK
6i~) 2

~Nx
6(912 Nm'

120
35.82
1.2
5.25

76.7
1.74

40.9
10.1
32.9
45.0
5.23

13.9
3.9

120 +2
33.67 + 2.73
3.33 + 1.11
7.3 + 1.7

100.0
seen

25.6
seen

40.0
27.5

~10
3

Table I. Comparison between calculation and experi-
ment.

I

3/2
I

7/2
I

II/2

J
I5/2

I

I9/2

for the partial decay rates is

r=(2J+1) '(p /M. )M (C.G.)'IA I'
2

(15)

where M;, Mf are the masses of the initial and
baryon masses, J; spin of the initial baryon,

pf the momentum of the final. baryon, and (C.G. )
the usual SU(3) Clebsch-Gordan coefficients.

Table I shows the comparison of the calcu-
lated and observed partial decay widths. In
Fig. 1 we compare the O(4, 2) amplitude as a
function of the spin with that of O(3, 1) and see
that the single physical representation of O(4, 2)
accounts automatically for the mixing effect
(vt0) in O(3, 1).
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FIG. 1. Comparison of the invariant amplitudes in
O(3, 1) theory (v =0, most degenerate representation,
and v =3, 5) with that in O(4, 2) theory {most degenerate
representation).
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CURRENT ALGEBRA AND VERTEX FUNCTIONS*

R. Arnowitt, M. H. Friedman, and P. Nath
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A method is given for calculating vertex functions involving three currents obeying
chiral SU(2) I9 SU(2) commutation relations, without using soft-pion approximations. The
procedure assumes one-particle dominance of intermediate states. The Weinberg sum
rule emerges as a consequence of the vanishing of q-number Schwinger terms. The
charge radius of the pion is obtained and is in agreement with existing data.

Recently Schnitzer and Weinberg' have developed techniques for calculating T-products of three
currents obeying chiral SU(2) te SU(2) commutation relations. These results are remarkable as they
allow the calculation of such processes as p-&+& and A, —p+n without resort to soft- or massless-
pion approximations. Their method involves the use of the Ward identities for the vertex functions,
combined with the assumption of single-particle dominance by ~, A„and p mesons. We here pre-
sent an alternative analysis also based on single-particle dominance, but more directly connected
to the current algebras. ' The two procedures give identical answers for the T-product of three cur-
rents but represent different techniques for extending these results to more complicated problems,
such as four currents and higher groups.

We start by considering the T-product (T[Aa (z)Ab (y) Vc~(0)]), where a, b, and c represent the
SU(2) indices. This function may be expanded into its six time orderings of which a characteristic
one is

(A (t)V (0)Ab (y)) = Q (OIA In)(nlV jm)(miA i0).

Imposing single-particle dominance (i.e., saturating the right-hand side with w and A, states for this
case) one encounters the matrix element (0 lAa I w, qb) which is proportional to F~q~ [by partial con-
servation of axial-vector current (PCAC)'], and (0 iAa iAI, qb) which is proportional to gAe~(q).
Here e is the polarization vector of the A» and gA is the coupling strength of the axial current to
the A, meson, defined by Weinberg. '~s (For other time orderings, there appears the factor (0 i Vcy
x ip, qb) which involves the coupling strengthg& of the vector current to the p meson. ) For the one-
meson-one-meson matrix elements, we use the single-particle-dominance hypothesis in the stronger
form that the vector current couples to the mesons only through the p, and the axial current only
through the w and A, particles. Thus, for example, the vertex (~ I Vc& I ~) has a p pole in the momen-
tum transfer, and so one writes phenomenologically

(2w) (2+ 2w )'(mqb i V isa) =is b, (k)l (q, p) =is b, (k)[a +a k + ~ ~ ~ ](q+p) .3 yZ . yA.

q p c abc p g ' abc p 1 2
(2)

Here dpi ~(k) (where k -=q-P) is the p propagator and I'& is the m-m-p vertex function. If one is not
considering processes with too high a momentum transfer, presumably only a few terms in the se-
ries expansion of I ~ need be kept. Similarly, expressions for other one-meson matrix elements
can be written down, the axial currents possessing corresponding A, and m poles.
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