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We have investigated the sum rules for the decuplet —> octet+octet coupling constants, taking into 
account the SU(3)-S3mimetry-breaking interactions to first order. There are seven sum rules for the possible 
twelve coupling constants. One of these sum rules involves only the coupling constants for the decays 
N* -^ Nir, Fi* —> ATT, F I * —> Sx, and H* —> HTT, all of which are experimentally known. We also give the 
corresponding sum rules for 10* —^ 8-}-8 decay. 

I. INTRODUCTION 

^T~^HE SU (3) octet model symmetry scheme '̂̂  for 
-*- strong interactions has had considerable success 

in classifying the various observed meson and baryon 
states into SU(3) multiplets. It successfully predicted 
the existence of new particles, the most impressive being 
the 0~ baryon^ required to complete the baryon decup­
let. Apart from such qualitative results, there are a 
number of results obtained by taking into account the 
supposedly "small breaking" of SU(3) symmetry by a 
perturbation calculation. The Gell-Mann^ and Okubo^ 
mass formula or sum rule is a result of this type and 
illustrates the striking success of a first-order perturba­
tion calculation. The consequences, of lowest order 
breaking of SU(3), have been investigated for 

(i) electromagnetic form factors,^ 
(ii) electromagnetic mass splittings in SU(3) multi­

plets,^ 
(iii) sum rules for octet-octet-octet coupling con­

stants.^ 

Of these, (i) and (iii) cannot be checked at present 
though calculation (ii) agrees rather well with experi­
ment. Thus, it is desirable to search for results similar 
to above which are amenable to experimental verifica­
tion and so furnish more quantitative evidence for or 
against SU(3) symmetry. 

In this note"̂  we work out the consequences of a 
broken SU(3) symmetry for the decays of the 7^=f'^ 
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B 

baryon decuplet D into the / ^ = | + baryon octet B and 
the J^^Qr meson octet P? We find seven sum rules 
between the twelve [[Z)-BP]—coupling constants. One 
of these, fortunately, involves only the coupling con­
stants for the observed decays N^—^Nir, Fi*—>A7r, 
Fi*—>27r, and S*—>S7r and can thus be checked 
experimentally. We now proceed to give a derivation of 
our main results (Sec. III). However, before doing this 
we illustrate our use of the ^^spurion method" with a 
simpler example in Sec. II, and then use it for SU(3). 
The use of the "spurion method" simplifies the work 
enormously. Finally, we discuss the sum rules in Sec. IV. 

XL ISOSPIN VIOLATION BY ELECTROMAGNETISM 

We will consider the decay of the resonance i\r*(1238 
MeV) with isospin / = f and / = f + into nucleon N and 
pion TT. For exact isospin symmetry there is one coupling 
constant /o for the decays iV*—>iV+7r, in terms of 
which the six coupling constants jP(7V3*,̂ 7r+), etc., are 
given as follows: 

^^F(i\^3^M) --'V3"F(iV"i*,̂ ^) 

where we have used Nziz^ to denote a component of the 
iV* multiplet. 

We assume that isospin violating interactions trans­
form like J3, i.e., like the third component of an iso-
vector. Consider the reaction p+N^^—^N+ir where p 
denotes a spurion with 7 = 1 . There are two isospin 
invariants one can form, viz., 

and 

/i(pX7V*)i=i/2(i\^X7r)z^i/2 

/3(pXiV*)j^3/2(iVX7r) 1^3/2, 

where / i and /s are coupling constants. We now put the 
/3 = 0 component of p equal to unity and the other 
components equal to zero, in these invariants, to obtain 
[7V*iV7r] —Yukawa couplings which transform like Is. 
Thus, the six coupling constants F{Nz^,pTr-^), etc., for 
broken isospin symmetry are given in terms of three 
parameters /o, / i , and /«>. Consequently, for this first-
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order breakingj we obtain the three sum rules 

y/SFiNi' -> mr+)+F(N^^^,n7r~) - 6^/'F(hL.i',mr°), 

I t is clear this can be applied to any process (/ = f) --> 
(J=-^)+( /==l) . Other cases can be worked out in a 
similar manner and the sum rules so obtained may be 
checked experimentally for nuclei. 

In the next section we generalize the spurion method 
for SU(3) and apply it to the \^DBP^ coupling. 

III. SUM RULES FOR THE [DBP] 
COUPLING CONSTANTS 

1. Exact SU(3) 

For exact SU(3) the Yukawa interaction 

D-^B+F, (1) 

is characterized by only one coupling constant Go. The 
twelve coupling constants G(A7'*,A^7r), etc., are, in terms 
of Go, given by^ 

G(N^,NT)= ~G(m,I^K)=^ ~Go/^, 

G(Fi*,2)7r) = G(Fi*,SZ) - -G(Yi',NK) - Go/V6, 

G(Fi*,A7r)=: ~G(Fi*,Sr;)= - G o / 2 , (2) 

G(S*,S7r)==G(S*,E.;)^G(S*,i;Z) 
= --G(E*,AK)=^Go/2, 

G(fi,S/?)-Go. 

2. Broken SU(3) 

Following earlier work '̂"*"^ we assume that the sym­
metry-breaking interaction transforms like the 7 = 0 , 
F = 0 component of an octet, i.e., like^ Xg. To obtain 
Yukawa couplings {^DBF^ which transform like Xs, we 
make use of a spurion octet S and consider the reaction 

ing, we are only interested in the case /i=^0, F i = 0 . 
Thus, we write 

#(^.^)(0,0;/,F)=^^E.C/^.^)x<^'^' Y) (5) 

S+D-^B+P. (3) 

Let D(I,Y) stand for the isospin equal to I and hyper-
charge equal to F component of the decuplet. We 
use similar notation for the octets. Then, the state 
^^^•^^(/i,Fi;/2,F2) with isospin / and hypercharge F 
formed out of B(Ii,Yi) and P(/2,F2), is given by 

^ < ^ . ^ ) ( / i , F i ; / 2 , F 2 ) 

= EA^' '^H/i,I^i;/2,F2)x^' ' '^ '^>, (4) 

where x^^'^'^^ is the state vector with isospin / and 
hypercharge F in the representation of SU(3) char­
acterized by fjL, The sum over the representations in (4) 
is for /x= 1, 8i, 82, 10, 10*, 27. Similarly, for the product 
of the spurion component 5 ( / i ,F i ) and Z)(/2,F2) we can 
define the state $^^'^)(/i ,Fi;/2,F2). However, as only 
the 7 = 0 , F = 0 component of the spurion is nonvanish-

8 J. J. de Swart, Rev. Mod. Phys. 35,916 (1963). The necessary 
Clebsch-Gordan coefficients for SU(3) are listed here. 

where the sum over the representations v is for i/= 8, 10, 
27, 35. I t is clear from (4) and (5) that there will be 
four Yukawa couplings which transform as Xs with the 
coupling constants G(^,^), with (fx,v) — (27,27), (10,10), 
(81,8), and (82,8). Thus, the total effective coupling 
constants GC7)(7,F),5(7i,Fi)P(72,F2)],whereI=Ii+l2 
and F = F1+F2, with first order breaking are given by 

G[7)(7,F),5(7i,Fi)P(72,F2)] = ^W^'^)(7i,Fi;72,F2)Go 
+E(M.)C/^'^)^/^'^K/i,I ' i ; /2,F2)G(,. .) . (6) 

The sum in (6) has four terms for (/x,i/)= (27,27), 
(10,10), (81,8) and (82,8). There are twelve G's ex­
pressed by (6) in terms of the five parameters Go, 
G27,27, Gio.io, Gsi.s, and Gsg.s- Consequently, we can 
eliminate the five parameters to obtain seven sum rules. 
Using (6) and the values of the coefiicients^ C's and 
J's, we obtain 

X(A^*,A^7r)= -V2G(A^*,^'7r) = a + ( 5 / 4 ) ^ - 5 , (7.1) 

X(Ar*,Zir)=-v5G(Ar*,Sir)-a- (5/4:)p-s, (7.2) 

X(Yi^,NK)^ -6^f^G(Yi'',NK) = a+p~3q+r, (7.3) 

X(Fi*,A7r)- - 2 G ( F i * , A 7 r ) - ^ + ^ + 2 ^ , (7.4) 

Z(Fi*,2:7r) - 6i/2G(Fi*,S7r) = a- 2r, (7.5) 

Z(Fi* ,S)7)=:2G(Fi* ,?^)-a-~^-2^ , (7.6) 

Z(Fi*,Ei:) - 6i/2G(Fi*,SZ) ^a-p+3q+r, (7.7) 

Z(2*,A^)== - 2 G ( S * , A ^ ) = - a + i ^ - ^ + r + ^ , (7.8) 

Z(H*,S^) - 2G(S*,i:^) - a-ipSq-r+s, (7.9) 

Z(S*,S^) == 2G(E*,S77) =^a--lp+q+r+s, (7.10) 

X(S*,S7r) = 2 G ( S * , S 7 r ) - a + i ^ + 3 ^ ~ f + 5 , (7.11) 

X(Q,SK) = G{n,SK) = a+2s, (7.12) 

where we have put 

a=Go, P^iG(27,27), ? = i<^(8i.8), r=(iyf^G(s,,s), 

and 
^==|V2Gao.io). (8) 

Eliminating the parameters, a, p, etc., we obtain the 
sum rules 

4[X(A^*,A^7r)+X(S*,H7r)] 
= i C 3 X ( F i * , A 7 r ) + X ( F i * , S 7 r ) ] , (9.1) 

|-[X(Ar*,Sir)+X(S*,SZ)] 
-i[3X(Fi*,S)7)+X(Fx*,Z7r)], (9.2) 

iCX(Fx*,XZ)+X(0 ,SK)] 
--= i [3X(S*,AX)+X(H*,2:^)] , (9.3) 
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iCx(Fi*,sii:)+x(fl,s^)] 
= J[3Z(S*,Su)+X(S*,S7r)], (9.4) 

X(F i* S^)+X(i2,E^) = Z ( S * , E x ) + Z ( S * , S ^ ) , (9.5) 

= X(Yi^,NK)+X(Yj*,XT), (9.6) 

X(N*,i:K)+Xi3*,Sv) 
= X(Fi*,Sis:)+X(Fi*,S7r). (9.7) 

The sum rules (9.1)-(9.4) have the same structure as 
the Gell-Mann-Okubo mass formula for the unitary 
octets. 

3. Sum Rules for 10* -> 8 + 8 

In case there exists a resonance multiplet correspond­
ing to the 10* representation of SU(3) which decays 
into two octets then one obtains the sum rules, for this 

indicated below. 
Let the particles of the 10* multiplet be denoted by 

2 ' , Fi ' , N' and 12' with ( /= f , Y=-X), (1=1, F = 0 ) , 
( / = J , Y=l), and (7=0 , F = + 2 ) , respectively. Then 
for exact SU(3), we have^ 

G(H',S7r)= - G ( S ' , 2 ; ^ ) = - T ^ o M , 

G(F/,S7r)= -G(Y^\NK) = G(Y^\3K)=-Fo/^6, 

G(Y^\A1^)=-~G(Y^\l:7J)=~Fo/2, 

G(N\NT) = -~G(N\Nv) - G(N\XK) 

= +G(N\AK)^-Fo/2, 
G(n\NK)=-Fo, 

Corresponding to the Z ' s for Z>-™> B+P, we define, 
Z(S',Sx), • • •, Z(n',NK) to be the ratios of the cor­
responding coupling constants for broken SU(3) case to 
those for the exact SU(3) Hmit for the couplings 
10*—> 8 + 8 . Then, the sum rules in terms of the Z's can 
be obtained from the Eqs. (9), by the following replace­
ments (i.e., essentially R conjugation): 

.¥* - ^ S', Fi* - ^ F / , S* -> N\ 12 -> 0 ' 

and 
K -^ K, K "^ K, 7] -^ rj, TT -—> T. 

IV. DISCUSSION OF THE SUM RULES 

The sum rule (9.1) clearly involves coupling constants 
which can be determined from experiment as mentioned 
earlier. Since the four decays are p wave, the width is 
given by 

T=\G\YW^D, (10) 

where niD is the mass of the resonance which decays into 
the baryon of mass MB and p the final c m . momentum. 
Using (10) and the data given recently by Roos^ we 
give the values of the G's in Table I. The sum rule (9.1) 

9 M. Roos, Nucl. Phys. 52, 1 (1964). 

TABLE I. The coupling constants G(N*,N7r), etc. calculated 
from the experimental widths (Ref. 9). The relative signs of the 
coupling constants are taken in accordance with the exact SU(3) 
limit. We have taken the branching ratio for Fi* —>• ZTT to be 1%. 

mjD(MeV) Decay 
Exptl. width 

(MeV) G(BeV)-

1238 
1385 
1385 
1530 

Fi* 
Fi* 

> ATT 

94.0 ±16.0 
38.61± 6.93 
0.39± 0.07 
7.0 dz 2.0 

3.127±0.266 
2.269±0.204 

-0.520±0.046 
-l.575rtO.225 

in terms of the G's is 

v2G(iV*i\^7r)-2G(S*,S7r) 
-3G(Fi*,A7r)-~ (f)i/2G(Fi*,S7r). (11) 

Using the values in Table I, the left-hand side of 
( l l ) = 7.583dz0.826 (BeV)-i and the right-hand side 
of ( l l ) = 7.444d=0.668 (BeV)-^ Thus, the sum rule is 
rather well satisfied experimentally. 

There is little or no information available for the 
o_ther coupling constants. However, an analysis of 
KN-dsita. could give an estimate of G{Yi^,KN). Then, 
one could estimate 

G(12,EZ)= -'6'"G(Yi',NK) 
+2G(S*,H7^)+^^G(iY*,i\^7^), (12.1) 

2G(S*,SZ)- ~6i/2G(Fi*,iVZ) 
+6'/'G(Yi^,XT)+^/2G(N'',N7r), (12.2) 

26^(S*,A^) = e^'G(Yi^,NK) 
-v2G(i\r*,iV7r)+2G(Fi*,A7r), (12.3) 

in terms of G(Yi^,NK) and known quantities.^^^^ 
Finally, we may express the rest of the coupling con­

stants in terms of three known ones^ viz., G(iV*,iV'7r), 
G(Fi*,A7r), GXS*,S7r), and G(Yi^,NK), G(Yi^,SK) as 
follows: 

^l2G{m,^K) = 6^'^G(Yi',3K) - 2y/2G(N^,N7r) 
-f2G(S*,S7r)+6G(Fi*,A7r), (13.1) 

2G(Fi*,2:7?) = [2(6)i/V3][G(Fi*,SX)-G(Fi*,A^X)] 
+ (|)[2G(S*,E7r)--A^G(iV*,Ar7r)] 

+6G(Fi*,A7r), (13.2) 
2G(S*,S)7) = C2(6)i/V3] 

X[G(Fi*,Sir)-G(Fx*, iVZ)] 
-fiC2G(S*,S7r)+2\^G(iV*,iVx)]. (13.3) 

In conclusion, it may be emphasized that all the above 
sum rules are obtained by taking into account the sym­
metry breaking only up to the first order. Also, they 
obviously apply to any decuplet-octet-octet coupling 
constants. 
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