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Algebra of Currents and the Vector-Meson-Baryon Coupling
Constants in Broken 8U(3)*
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Employing the method of current algebra and a hypothesis of partially conserved tensor current, we study
the renormalization effects on the vector-meson-baryon coupling constants, due to the first-order SU(3)
breaking. We find that the sum rules within the couplings of one vector meson with baryons are the same
as those found in the SU(3) limit, and that the renormalization effects are present only when we compare the
coupling of one vector meson with the coup]ings of different vector mesons. With the use of co-@ mixing
with the mixing angle 0 = tan '(g 2), the p and co couplings have the same amount of renormalization effects.

ECENTLY, employing the algebra of currents'
and the partially conserved axial-vector current

(PCAC) hypothesist Bose and Hara' have obtained a
set of sum rules for the pseudoscalar-meson —baryon
coupling constants in broken SU(3). It has also been
proposed that the antisymmetric tensor currents,
through a partial-conservation hypothesis, may have a
physical content. 4' In this paper, we want to apply the
method of current algebra and a partially conserved
tensor current (PCTC) hypothesis to the study of
renormalization effects for the vector-meson —baryon
coupling constants, due to the first-order breaking of
SU(3) symmetry.

Let us consider the vector-meson —baryon vertex
B' —+ B+V. To the first-order symmetry breaking of
SU(3), the vector-meson —baryon vertex function can be
written as'

variable m, . If the antisymmetric tensor currents, whose
space integrals are among the generators of U(12)
algebra, 4 can be described in terms of quark fields'

~., (*)=i(*)..—&(*), (j=0, ~ ~, 8)"2

we obtain the following equal-time commutation
relations

d'x 7'p, '(x), S'(0) = id;,pj, '(0)—, (j = 1, , 8)

,„'( ), S'(o) = —'(g-,') '„'(o),

(6)

with the quark scalar current S'(0) and the vector
8(B'BV)=Bp(B'BV)+&(BVIS'(0)IB')

& (1) currents j„&'(x) being'

where y is a constant, S'(0) is the eighth component of
quark scalar current, and gp(B'BV) is the vertex func- S'(*)= k(x)—0(x),
tion in the SU(3) limit. 2

We shall use a PCTC hypothesis and the current-
algebra method to evaluate the 6rst-order symmetry- j '(*)=i%(x) . f(x). —
breaking term in Eq. (1). The PCTC hypothesis is 2
postulated by the relation4 "

a„V'„„J(x)=Cy„~'(x), (2)

where 9 „„'(x)is an antisymmetric tensor current, p„j(x)
is the Heisenberg 6eld for the corresponding vector
meson, and the PCTC constant C is

Employing the reduction formula and PCTC hy-
pothesis, the symmetry-breaking term in Eq. (1)
becomes

(2ep')'"(B'V~
I
S'(0)

I
B~')

C=m„'f, (3)

with f being a constant independent of the mass m f
d4x e

—'p"*(— +m ')8(xp)
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X(B,ILa„r„„(x),S (0)jlB„')e„, P)

where i, j, and k are SU(3) indices and m; is the mass of
the jth vector meson. Integrating by parts and con-
tinuing to q&' —+ 0, we obtain

lim(2qp&)' ( lVB, IS'(0) IB,')

d'x 1'p, '( )) Sx'(0)
I
Bl,')e„(8)
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with a=1, 2, 3. Using the commutation relations (5), If the interaction is of the M1 type, we have
we find, for Eq. (8),

lim (2qo&')'ls(B V; I
S'(0)

I
BI,'&

ql —+0

7=—d s(B'I j.'(o) IB '&"f"
lim (2qoo)r i(sB,V IoSs(0) IBr )
g0~0

7
~= —-(l)'"(B'I j'(o) I

B~'&".

In Eq. (9), i, k are SU(3) indices, j=1, , 8, and Vo

stands for the unitary-singlet vector meson.
Including the 6rst-order symmetry breaking of

SU(3), the vector-meson —baryon vertex functions are
then given by

g(B,V,Bs') =go(B,V,Bs')

g3=0. (13)

~~g(N Np) =V 6[g(Vt ~p)7= 2g(Vt ~p)

= 2g (=.*=.p) = 243g (F t*Zro)

71
=2~3g( *

ro) =Go———Gt,
f V3

v2g (N*ZE*)=+6[g(Vt*"E*)]
= —/6[g (Vt*NE*)$= 2g (.*ZE*)

7 i= —2g(=-*AK*)=g(n=-Z*) =Goy- G„
f 2v3

Applying the Wigner-Eckart theorem' to go(B~VrBs )
and (B;Ij,r'(0)

I
Bs'), we get a two-parameter expression

for each vertex function':

7——~ s(B'I j.'(0)
I
Be'&

f (2Vo')'"

g (B,VoBI,') =go(B,VoBI,')
(10)

72
2g(Fr*~4)=2g(=. *=.4)= —V's Go+-Gt I,

fV3

7
2

&a—-(v' l)(B'I j- (0)
I

B„'
f (2Q ')'"

with j=1, , 8. The matrix element (B;Ij,'(0)
I
Bs'&

in Fq. (]0) is to be evaluated in the SU(3) limit. In
dealing with the vector-meson states rdt (the unitary
singlet) and &os (the I= 7'=0 member of the octet), we

assume that the physical-meson states co and C are
given by the relations'

(V s)res+ (V s)~t ~

4 = —(g-', )~s+ (V'l)~t.

Equation (10) can now be applied to obtain sum rules
for various vector-meson —baryon couplings.

where Go and G~ are the reduced matrix elements for
go(B;V;BI,') and (B;Ij,'(0)

I
Bz')e„respectively. We

obtain also a sum rule connecting the couplings of p, E*
and C with the baryons:

g(N*NP) —2%3g(Vt*NE*)+%3g( * y) =0. (15)

From Eq. (14), we see that the sum rules among the
couplings of one vector meson with baryons are exactly
the same as the sum rules found in the SU(3) limit, and
that the renormalization effects appear only when the p
coupling with baryons is compared to the E*coupling or
the C coupling with baryons. We also notice that the p
and co couplings have the same amount of renormaliza-
tion effects, due to the use of Eq. (11).

I. BARYON-DECUPLET-BARYON-OCTET
VECTOR-MESON COUPLING

B„', in Eq. (10), stands for the member of the -',+

baryon decuplet, and 8; stands for the member of the —,
'+

baryon octet in the present case. The matrix element for
the baryon-decuplet —baryon-octet vector-meson cou-

pling (apart from the usual kinematic factors) can be
written a,s'

II. BARYON-SINGLET-BARYON-OCTET
VECTOR-MESON COUPLING

In this case, Bs' is the s baryon singlet Fo*(1&05),
and 8; stands for the member of the ~+ baryon octet.
The matrix element for the present vertex can be
written as

m(p')[zg, . y„y,+g,. y, (p —p)„jl(p) „. (16)

g2
zSs(p ) gras„z psych

m'+m
ga+, p.p.' vs~(p)' (12)

(m'+m)'
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two-parameter expression for each vertex. For the
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C. S. I AI

rules of the form

gYo*zp ~3g Yo+Ard )

the or and C mesons become

2giNN p glNNrp) gl" "o) )

gYo*NX* gYo*"K

gYppzp 2gY2*Nzp +2(gYp*A&)

III. BARYON-OCTET-BARYON-OCTET
VECTOR-MESON COUPLING

Sq' and 8;are the —,
'+ baryons in the present case. The

matrix element for the BBV vertex' is

glNNp+2gl Zg (glNN4 gl 4) =0
p2'

2 (glN¹o+gl Zm) = (glNNQ+gl ZP) = glZZ&o

v2
glAAor ~2glZZP ~~glAA4 ~

C. g2~~y of Both F- and D-Tyye Couylings

(2o)

f 222 —422

24(P ) glBBYI 2"rp+ Pp
g2

0 vpqv

+2g2BBV 24(P)4pq
222'+222

where g= p' —p. Because the coupling constant glBBp&„»

is related to the charged form factor, and the coupling
constant g2+pp( ) is related to the anomalous magnetic
moment, we shall consider, in the following discussions,
the coupling constant gl~~y to be of a purely octet F-
type coupling, and the coupling constant g2~gy to have
both P- and D-type couplings. We shall also take the
coupling of a unitary-singlet meson with the octet
baryons into consideration.

giggle of F-Type Couyling

If the coupling constant g»&z is a 5-type coupling,
Eq. (10) gives a two-parameter formula for each
coupling constant. The sum rules thus obtained are

glNN p glggp 2glZZp glN¹o giNN(0 )
1

1 1
glNZK* M1NAK* glZ K~ = glA K* )

V3
(t9)

g1NN@ giPZ4I2 )
1

glNNp+2glNZK p glNN4=
—0,—

V2

and other coupling constants are zero. Like the previous
cases, the sum rules among the couplings of one vector
meson with baryons are the same as those obtained in
the SU(3) limit, and renormalization effects are present
only when we compare the coupling of one vector meson
with the couplings of different vector mesons. Also,
renormalization effects are absent between the p and or

couplings.

B. gl~gy of F-Tyye and Singlet Couylings

The coupling constant giggly now has three parame-
ters. Since the unitary-singlet coupling contributes only
to the or and C couplings, the coupling constants glp+p
and gl~gK* remain the same as those in the case of
Sec. III A. On the other hand, the sum rules involving

D. g&p~p of F-type, D-type, and Singlet Couplings

In this case, each coupling constant has hve parame-
ters. Because the singlet coupling does not contribute to
the couplings involving p and E*mesons, the sum rules
(19) remain unaffected. For coupling constants in-

volving 14 or C mesons, we have, instead of Eq. (20), the
following sum rules.

g2NN&+g2 42g2AA& y"

g2NNs&+g28Z~ 2g2AAca y

g2NN & g2P g& = 2g2ZZ p )

g2ZZ(y g2AAN 2 3g2ZA p p

g2ZZ~+g2AA(o ~~(g2ZZ4+g2AAP) y

2
g2ZAp (g2NZK g2" ZK ) 2V 2 (g2ZZ& g2AA&)'V3'

2 1
g2ZZp+ (g2NAK g2" AK ) (g2NN4 g2" "4)

V3 V2

(23)

Since the coupling constant g, ~~y has both F- and
D-type couplings, we obtain a four-parameter formula
for each coupling constant. The sum rules thus obtained
are

g2ZZp+g2NNp+g2PZp

—&&g2ZAp+g2NNp gl" p

~3g2NAK —g2NZK 2g2™ZK—0 )

2g2NZK'+~&g2KAK*+g2 =Zz' ="0,
and

g2NN(y g2 Ea) 2g2ZZ p )

g2hhco g2ZZrl) ~3g2ZA p )

g2NN(u+ g2Z'p(u+g2ZZ(a =0
p

g2AA412 g2ZZQ )
(22)

g2NN&+g2" p4+g2ZZ&= 0
p

2
g2zAp (g2Nzz g2 zK ) v 2g2zz4=0q/3

V3
2 1

g2ZZp+ (g2NAK g2 Az ) "(g2NNP g2" Z4t)
v3 v2

Here, the renormalization effects are present only in the
last two sum rules of Eq. (20), while other sum rules
are the same as those found in the SU(3) limit.
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In Eq. (21), the renormalization eRects appear only in
the last two sum rules.

The sum rules obtained in the present note are much
stronger than the sum rules obtained from the pure
group-theory methods. In employing the current-
algebra method, our sum rules are subject to the off-
mass-shell corrections. They become exact only when
our use of the limit q~0 is justified. However, we
notice that the vector-meson-baryon coupling constants
considered in this note can only be determined in-
directly from the information of vertex factors in certain
pole-dominant reaction processes. If the coupling con-
stant g~~~y is to be defined as the corresponding vertex
factor gtpB p(q'= 0') at relatively small momentum

transfer in the pole-dominant reaction process, and if
the form factor gtt st v(q') is a slowly varying function of
momentum transfer q', then our sum rules will be quite
satisfactory, and the use of the limit q ~ 0 is justifiable.
Of course, the final justification of our sum rules depends
on the postulate of the partially conserved tensor
currents.
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Branching ratios for photoproduction of vector mesons and strange particles are discussed. The one-pion-
exchange mechanism cannot explain the observed ratio between p and co photoproduction cross sections.
Various versions of pseudoelastic mechanisms are studied and it is shown that although they correctly
predict the large p.~ production ratio, they cannot account for the extremely small preliminary cross section
for y production. It is shown that no combination of one-pion exchange and the diffraction mechanism with
exact or broken SU(3) can explain the low y production rate. The multiperipheral model may explain the
low y production, but predicts the wrong p.co production ratio. Various possible sources of this discrepancy
are studied and experimental tests are discussed which can distinguish between the di6'erent proposed
theories. A large number of new predictions based on exact or broken SU(3) symmetry are derived and
compared with experiment.

in high-energy electron accelerators. Theoretically,
they provide a convenient testing ground for ideas such
as SU(3) symmetry and its breaking, vector-meson
pole dominance of the electromagnetic current and the
mechanisms which are responsible for pseudoelastic
scattering processes.

Our purpose in this paper is to study the general
problem of the relative intensities of various competing
photoproduction reactions and to derive predictions for
the relevant production rates using, as input, various
possible dynamical assumptions, broken and unbroken
SU(3) symmetry, and coupling constants which are
either known or can be independently determined from
vector-meson decay rates. In a few cases, we will

brieQy mention the predictions of some more specula-
tive theories such as SU(6) tr and the quark model.

We first discuss processes of the type

I. INTRODUCTION

ECENT counter and bubble-chamber experiments
at the Cambridge Electron Accelerator and

~

~

DKSY have yielded a large amount of information on
the photoproduction of meson and baryon resonances
at intermediate photon energies of 1—6 GeV. This has
provided for the first time a possibility of testing some
theoretical ideas which had been proposed in the last
few years in order to explain the production mecha-
nisms of these resonances and the branching ratios
among the various competing channels.

Some particular aspects which have recently at-
tracted wide attention are the phenomenology of, the
photoproduction of neutral vector mesons at forward

angles and the production rates of strange particles.
These reactions are of great experimental and theo-
retical importance. Experimentally, they may serve as
the main sources of future secondar x and E beams v+p~ v'+p, ()

* Work supported by the U. S. Atomic Energy Commission. p
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t O& leave of sbse&ce from rim gieisms&& fest'it&re Rebovotb where V &s a neutral vector meson (p, co or q). Our
Israel. particular interest in the res, ction (1) stems from two


