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X~=M TrBB,
where

A—+
W2 g6

——+
v2 g6

2
A

Q6

(2)
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II. COUPLING CONSTAN T SUM RULES

ran ian invariant underThe ony el ~ ffective-mass Lagrangian
'

SU(3) is
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Including possible symmetry-breaking effects, we may
write

Z~=777o TrBB+777i TrBXgB+777s TrBBXg

+ms TrB'AsBXs, (3)

independent. We can verify the identity'

TrB'As PB+TrBXsBP+TrBP'As B+TrBBAsI
+TrBPBXg+TrBBPAs

=TrBB TrPXq+TrBP TrBXq+TrBXq TrBP. (9)
where

'1/v3 0 0
Xs —— 0 1/v3 0

0 0 —2/v3
(4)

By requiring that the interaction Hamiltonian is charge-
conjugation invariant, we obtain the restrictions g3

——g~,
g4=go and go= go. Using (9) to eliminate the g4 term, we

Anally obtain

Four parameters appear because there are just four
isotopic multiplets of baryons. Comparing with the
experimental masses, we And

H;„g gos Tr (B——PB+BBP)+goI Tr (BPB ISBP)—
+gi' TrBP s, PjB+gs' TrBX~BP
+gs' TrBPBXq+g7' TrBB TrPXs

+gs'(TrBP TrBXs+TrBXs TrBP) . (10)mo—1150 MeV,

mg ——77 MeV, There are twelve pseudoscalar coupling constants to be
determined between the four baryons E, Z, A, ™and the
three mesons 7r, K, x (the remaining couplings follow
from charge independence). We take these twelve
constants to be

m~—144 MeV,

m3—3 MeV.

gny)r ) g vr ) gz A)r ) gz z7r

gg yX ) g=-'=-'X ) g~'&'X ) g&&X )

gg)Z K+ ) g f)A.K+ ) gZ" X ) gAg K ~

These 12 coupling constants are described by seven
parameters in (10). Thus, five identities among the
coupling constants may be deduced. They are

2 2
gA" K gZ h.00 + g"+ ~ '00 + g77ZE+.

H;„o g' Tr (By,P——B+By,BP)
+g7' Tr(BysPB By.BP), —(6) 1 K3

gz'= z'+ ——gz+z .-=0, —(11a)-
v3 3

where

7ro/V2+ y/Q6
I'=

K'

E'
E+

—(2/+6)x
(7) 2 1

g77AX+ gX+Ar + g007000 g77Z rr+
v3

o/~2+x/g6
IC

The smallness of m3 suggests that symmetry-breaking
effects are predominantly linear in X8. Indeed, neglect
of the term quadratic in Xs (777s ——0) gives the Gell-Mann
mass formula. That the eightfold way may be a reason-
able approximate symmetry scheme is indicated by
mi, s/77so —,', . We now proceed to apply completely
analogous reasoning to the form of meson-baryon
coupling.

In the eightfold way the interaction Hamiltonian for
pseudoscalar Yukawa coupling has the form

The g" term is of the D type under E reQection, ' while
g~ term is of the Ii type.

Including symmetry breaking eIIfects, we assume that
H; o (renormalized) takes the form (y matrices are
suppressed)

H0 o= go" Tr(BPB+BBP)+gor Tr(BPB BBP)—
+gi TrB&gPB+go TrBXgBP+gs TrBPhsB
+g4 TrBBXsP+go TrBPBXs+gs TrBBPXs
+g7 TrBB TrPXs+ go TrBP TrBXs

+go TrBXs TrBP. (8)

This is the most general pseudoscalar Yukawa inter-
action that transforms like the eighth and ninth com-
ponents of unitary spin, akin to Eq. (4) for the effective
mass Lagrangian.

Equation (8) involves eleven parameters. We expect
only eight parameters in addition to go" and go~ since the
one-dimensional representation appears eight times in
8C38I38C38. Thus, the terms in (8) are not linearly

2 v3
+—g20„-. -rr+ ——gz+z0~-= 0, (11b)

v3 3

ggO~D —gag —
g - —

g +~ ll g V

3/6 3+6 3&3

8
gz =. -x +2gz"~ -=0, (11c)

3v3

1
gZ000 —g„0 0 + g

+ 0 ——
gZO rr+

Q6 V3

+—gz+zo -=0, (11d)
v3

1 4
gz'z' —g- + gs ~ ——g-z07r+ ——2'z0 =0 (11e)

g6 v3 3

0 P. N. Burgoyne (unpublished).
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Likewise, we obtain an analogous result for the vector-
baryon couplings with the substitution x —+ p, E—+ E~,
x —+ co in (11) since the same H;„i, (10) holds for vector
meson baryon couplings if we let p5 —+ p„and I' ~ V,
where

po/v2+co/g6 p+
—"/~2+-/4«" (»)

X'* E ~ —2c/+6
We next obtain coupling constant identities for the

coupling of a vector meson to two pseudoscalar mesons.
Making use of charge conjugation invariance, we get

Hi =tgo~(TrP, „V„P P, „P—V„)
+g, (TrP, ~XsV~P TrP, „—PV„hs)
+go (TrP, „XgP V„TrP, „V„P—X~)

+gs(TrP, V XqP TrP „P—X&V ) . (13)
Integrating by parts and comparing with (13), we find

gi ——gs. There are three parameters and five coupling
constants which we take to be g17o~+„, ggo+ p g p-,

g, ~-~+', g -go~ ', so that we obtain the two identities

g'-'-'. ——(4/~&) g- »'»" (1-/~&) g»—»',
+(3/VS)g»- .=0, (12a)

g»»'~ g&»»"+—1 /+6 g»0»', —

—1/+6g. -»0»-= 0. (12b)

Finally, we obtain identities for the coupling of two
vector mesons to a pseudoscalar meson. By making use
of charge conjugation invariance and the identity
having the form of Eq. (9), we get

The identities are

gp+ram. +g» rs» + gp»0»+
Q6

2
+ g»o»-. -=0, (14a)

Q6

4
2gi "I 'x+g» 'Ic"I+ gp»'*»+

6

1
g»o »+* -=0, (14b)

2 1
2guxox+ gn» Ic + g» *»

3+6 3+6

+g»-"»-,+2g» „» =0,-(14c)

where, for example, g„+„-is defined to be the coeScient
of (Bp +/Bxs) (8~~/Bxs)ir-s s7s (the order of factors
cjp/cjx, Boo/Bx, m being immaterial in the definition) in
the expansion of (13).

Equations (11), (12), and (14) are the coupling
constant sum rules analogous to the Gell-Mann and
Okubo mass formula.

BU BV~ 8U ()V,
H;„i sp, s go" Tr P—— +g, Tr TrPXs

8xp t9$g xg Bx)

BV BV, BV BV„
+g. Tr P Tr Xs+gs Tr Xs P

Bxp ax) Bxp 8' (13)
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