
PHYSICAL RE VI EW D VOLUME 10, NUMB ER 9 1 NOVEMBER 1974

Octet dominance in hyperon decays
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Expanding the hyperon decay transition amplitudes in terms of the eigenamplitudes of the direct
channel and assuming that only the eigenamplitudes corresponding to physical particle states can
contribute to the transitions, we are led to the hypothesis of octet dominance. This assumption also
yields a few extra relations for s- and p-wave amplitudes which compare favorably with experiments.

I. INTRODUCTION

The current & current form of the effective Ham-
iltonian for weak hyperon decays, i.e.,

with Jz and J z as Cabibbo currents belonging to
the same unitary octet, can contain terms trans-
forming as the I, 8, , and 27 representations of
SU3 The antisymmetric coupling terms in the di-
rect product 88 are excluded by the Bose-Einstein
statistics. It has been suggested by many authors'
that the effective Hamiltonian for these processes
contains only a term belonging to the octet repre-
sentation. This is the hypothesis of octet domi-
nance —the SU(3) equivalent of the EI =

~ rule. It
yields the Lee-Sugawara relation for the s-wave
amplitudes in addition to the 6I = —,

' relations. Ex-
perimental evidence overwhelmingly favors these
relations.

Out of the three terms mentioned above, the
singlet can be dropped because it does not contri-
bute to any of the observed hyperon decays. How-
ever, it is neither simple nor trivial to rule out
the possibility of a 27 contribution to H"„. At-
tempts have been made to consider H~~ transform-
ing as a pure 27,' and as an admixture of 8, and
27.' The former approach (H" as pure 27) has
yielded results in conflict with experiment. The
results obtained from the latter consideration
(H~~ as an admixture of 8, and 27) have not been
tested experimentally.

We think that at the present level of experimental
precision there is no escape from the hypothesis
of octet dominance. In this paper we analyze the
dynamical considerations that can lead to this hy-
pothesis. Expanding the hyperon decay transition
amplitudes in terms of the eigenamplitudes of the
direct channel we show that a single assumption—
that only the eigenamplitudes corresponding to the

physically observed particle states (2, 8, and 20)
can cont ibute to the A"ansitions —makes all the
27 contributions vanish. The only other assump-

tion made in obtaining this result is that of CP in-
variance, which is not seriously doubted for the
hyperon decays,

An encouraging feature of the analysis is that
this assumption leads to the following relations
among amplitudes:

v 3A(Z0) =A(A )+2A(- ),
-(-')"A(Z -) = 3A(/l') + 3A(=--),

B(A ) =(-,')' '[-,'B(Z,')- v 2B(Z,')],
2B(Z', ) =(—,')'/'[7B(A')+5B(:- )] .

(2)

(3)

(4)

As shown in the text of this paper, their agree-
ment with experiment is quite good. Incidentally,
we also get the relation

-hsA = ~~. =(2)'/'bsZ (for p wave), (6)

similar to the one derived by Riazuddin and Fay-
yazuddin' using current algebra, etc. We need a
much smaller number of assumptions for this.

In Sec. II we give an outline of the method
adopted, and the relevant assumptions are spelled
out. Section III gives in detail the analysis and
results for parity-violating (s-wave) amplitudes.
Section IV deals similarly with parity-conserving
(p-wave) amplitudes. In the Appendix complete
expansions for the transition amplitudes are listed.

Ii. GENERALITIES

+ v 5 TI|.s/2. -i4) .(27) (7)

The hyperon decay process B-B'm we write as

S+B-m-B'+m.

The spurion S has the same tensor structure as
the Hamiltonian [Eq. (7)] and is such that strong

We start with the general current &&current weak
Hamiltonian for hyperon decays, containing both

8, and 27 parts. The tensor structure of the Ham-
iltonian can be written as

(8) + (27)
I(u T( 1 I/2 1/2) + (1 1/2, -1/2)
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quantum numbers in Eq. (8) are conserved.
The transition amplitudes X(B-B'w) are ex-

panded in terms of the reduced amplitudes of the
direct channel by using the SU(3) Clebsch-Gordan
coefficients corresponding to the projection of
initial and final states on the eigenstates (m). '
These reduced amplitudes are defined as

a.=(B'w(m}(m(8, (8,),
b„=(Bw (m}(m(2V, (8,}.

In all we have eight a' s, i.e., a„, aIQ aIQ~, a,11
a, , as, , as, , a, and SiX O'S, i..e., b27 p 527 y bIoy

b,og, b, , b, . Only the direct channel is taken into
account because this alone is sufficient at low en-
ergy.

Eight hyperon decays are considered (listed in
the Appendix). Seven of these are the traditional
(observed) nonleptonic decays,

0 Q + +A, Ao Z+, Zo Z, =- -"o.

The eighth is the nonphysical transition Z
-nwo(Zoo). It becomes significant to consider this
transition once the AI =2 restriction is relaxed
and it is possible to have four independent Z de-
cays.

The consequences of CP invariance are derived
by writing the crossed-channel

B'+S-B+t
transition amplitudes X(B'-Bw) and then applying
the conditions

bsv, = -
ios ( Vbm+ bio*) ~

b„,--,(b„-b„.),
bs =~os(3Vb,o+40b,os),

b~ =~xso( 403bso+ 800bxo*)

a„=k[18(a„-a„)-36(a, —a,)-31b„
—16blg],

(13)

a, =~~[-54(a„-a„s)+ 540(a,„-a@,) + V3Vb„

+ 464blg], (14)

as s
= Mso[2VO(am+ alod) 42VblQ+ 20blos] i

as yosof 2VO(am+aios) 295 bm 100biow]

We are left with only six independent reduced ma-
trix elements bIQ bIO+ aIO& alo+& a& & a& The10 & 811& 22
s-wave transition amplitudes (A' s) in terms of
these parameters are listed below:

Ao 2640 g, +~ g, ++~ ~ + 1080
270 10 270 10 270 alo 2VO alo+ 2VO a&2

m ~ O 3535~ + 65&og, +3RQ ~ + Ioso
0 2VO 10 270 10+ 2VO a 10 2VO alo+ 27Q

l 3 1I/2 + 1925
K 2/ ~+ 90 b 10 90 bio+ 90 a8 90 822

g 3 y I/2 - Jjg 2&00
sag ~ 9o bIQ 90 bIQ* 90 aIQ

9Q aIQ+ 90 a8II 90 822
2QQ 2QQ

fVj~+ 2&60 g, ~ y, Jg~ ~ ~0 9Q bIQ 9Q bio+ 9Qalo

—90 aIo*+ 9o as22 y

/ 3 QI /2 Q 2895 5100~0 I&Q bio 180 10 180 10

A(B-B'w}= A(B'-B-w)

for parity-violating (s-wave) amplitudes, and

B(B B'w) =B(B' Bw)

(10)
1800 1440

180 10 180 8 180 82

jig ~0 61&5 g. 3140 z, + gJQ"0=
270 IO 270 10 270 10

1080
270 alo+ 270 a8

sv ~ M+ =

as7 „g=0 (ii). (12)

It should be noticed that the condition (i) of (12)
alone gives the octet dominance.

III. PARITY-VIOLATING (s-WAVE) AMPLITUDES

The CP invariance condition (10}gives the fol-
lowing relations among the reduced matrix ele.-
ments:

for parity-conserving (p-wave) amplitudes. This
reduces the number of independent reduced ampli-
tudes to six for the parity-violating case and seven
for the parity-conserving case.

The crucial assumption of retaining only those
eigenamplitudes in the direct channel which corre-
spond to the observed particle states (m) imposes
the condition

~ g, +2660 g. $7Q +~8 ~ 1080
270 10 270 10+ 2VO 10 2VO 10 2VO 82

At this stage we already expect one relation among
the seven physical amplitudes, and this is the
celebrated relation derived by Suzuki, 6 Bailin, V

and Rosen et al. ,7

+AA +A~

where hA, 6 -, and AZ stand for the deviations
from the corresponding EI = —,

' rule as defined in
Ref. 4.

Now applying condition (i) of Eq. (12)we see that all
the b'sbecomezero [Eq. (13}].This is octet domi-
nance for the parity-violating (pv) case. The as-
sumption of observed particle intermediate states
imposes condition [12(ii)]also and this reduces
the number of parameters to only two. Conse-
quently we get two more relations among the pv
amplitudes in addition to the AI= —,

' relations and
the Lee-Sugawara triangle. These additional
relations are
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W~(Z,') =~(A')+ 2~("=-)

(-2.7158) (-2.4950),

-(-,')'~'X(Z -) = 3&(A')+3&(=-)

(-2.2768) (-1.4250) .
The experimental values are shown in parenthe-
ses. ' On imposing A(z', ) =0, we get a one-param-
eter solution. This condition yields the strong
vertex D/j" ratio as

D/F =1.34,
a result not inconsistent with the experimental
value. '

IV. PARITY-CONSERVING (p-WAVE) AMPLITUDES

The CP invariance condition (ll} gives

b„,= ~(b„+b„*),
(20)

&s =0

1IIO = 1IIO* = (&812+421) ~

(21)

Q1 = -2(2508 +368 ) .
Substituting Eqs. (20}and (21}in the transition
amplitudes we get the CP-invariant parity-con-
serving amplitudes in terms of the seven indepen-
d tp te b„, 6„, 5,, d

Qg

-B(A ) = 2', (28a,, +84a8, +168u,„
-240b, o+12b,og+126b8 ),

WB(A ) = +(28a,„+84a 8„+168a8,
+ 420b„- 168b, ~ —084b,,),

-(2)1~2B(z+)=
21 (14a8 -126a~ +126@8

—210a,„—96b,o —12b10+ —42b, ),
-(2)'~'B(z ) = —,I,(-70a,„+126a„,+126a,„

210a s +156&so+2405»q+2106s ),

vY B(Z,') = —,',(-84a,„+252a„,-288b„—288blog

-378b,,}, (22)

(—)'~ B(Z ) = —,', (28a,„-126a, +210a, +90b„
+216b,ow+126b8 ),

-B(- )= ~-', (28a8, -84a,, -168as +12b,o

—240b, o~ —126b, },
l2 B(" ) = —', ( 28@, , —84a, , —168a „-168b„

+420b, og+84b, ) .

No relation among the seven physical amplitudes
is expected here. However, the condition

gives the relation

This is similar to a relation derived by Fay-
yazuddin and Riazuddine using current algebra
alld assuming f= a5.

From Eq. (20) it is apparent that the b's will
vanish if we apply the condition [12(i)) and octet
dominance results. Our assumption regarding
the eigenstates jm) also imposes [12(ii)] and this
reduces the number of parameters to two. Be-
sides the M=-,' rules two more relations result:

B(A') = (-'} '['B(Z+) —&2B(Z, )]

(10.6440} (11.1093}, (25)

2B{Z,') = [7B(A')+5B(=-)]

(38.1560) (44.3606) .

The numbers in parentheses are, as before, ex-
perimental values. ' In addition we also get
B(Z ) =0. Relation (26) is then similar to the Lee-
Sugawara relation and is at least equally well
satisf ied experimentally.

V. CONCLUSION

The assumption that only physical particle
states can contribute to the transition amplitudes
in the direct channel has led to octet dominance.
This is a dynamical assumption which may well
be true. %e think that this assumption is plausible
because of the following:

(1) The relations (17) to (19) and (25) to (26) are
quite consistent with the available experimental
data.

(2) The relation (26) for the parity-conserving
amplitudes is similar to the Lee-Sugawara rela-
tion which does not follow naturally from the sym-
metry arguments. Since this relation is well
satisfied experimentally, it may now replace the
Lee-Sugawara triangle for the P wave.
(3} In a quark model, "where the baryons are

built out of three quarks, the only possible baryon
states belong to the representations 1, 8, and 10
of SV(3).

It may be noted that in some recent papers" the
M= ~ rule has been shown to be a consequence of
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some dynamical assumptions within the quark
model.

by the Council of Scientific and Industrial Re-
search, New Delhi.
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The complete transition amplitudes in terms of
all the 14 reduced matrix elements are listed be-
low:

, 15 27 ~30 10 10 (2) 811 2~30 812 3~30 821 ]2 822

1. j
+ 15 ( 14) 271 3 (10) 272 ~65 10 6~5 108 5 81 37& 5 82 &

15' " ~60"'*' 20 ' 2~60" ~ 2~60'" ' 12'".

20 & 7 l 271 4 &5 l 272 3&/10 10 67&10 10 5~3 81 3~]0 82

+ l 151 3 ~ » 3~5 10 3~5 10 10 811 fQQ 812 ~20 821 8 822

+ ~(l.)l/Bf + 1.(1.)1/Bf ? (~)1/Bf + 1.(~)l/Bf 8 ~ 2. (?&.)l/Bf +? (2i.)1/Bfl

-X(~:)='(3) "27- ~'10+2(21) 'f'27 -s(5)"'f'27 +2(15)"'f.o

39 lp " 3710 " 109 3 '» %40 8» m40 '» 6V 2 822

ll (W)l/Bfl + M (2 )1/Bf 2 (W)1/Bfl L(J )1/Bfl 8 ? (1.)1/Bfl ?& (A)1/By

01 30'L 3 1 27 3~5 10 6~5 108 20 811 2~20 812 3~20 s21 12 822

~ (~)1/Bf 1.(1.)l/Bf + 1.(~)1/By + 8 (+)1/Bf ~ + (2.)1/Bf + 1.(~)1/Bt

1. a. 1/2X(:-,)=-
5

a„+ ~60 a„+~alo*- 10 a, —
~60 a, + „(,) fl„-,(„) fl„-,(5) fl„

+ 1.(2.}l/Bf 8 2.(1.)1/Bf

-X(:" )= —»a»+ ~30a,o+ ~30a,o*-,(, ) 'a, —
~30 a, —»{14) '527 +, (»)' '|'27 —,"(,) 't'10

—&(&)"'f„*+~ f, .
1

In order to remove the irrational numbers oc-
curring in the above relations and to make them
look decent, the a's and b's have been redefined
as below:

a ~a
4730 812 812 '

1
4~30

l.(1.)1/2fl

30 8~ 8~

eo a27 a27 ~

1
2+3Q 10 10

j.
2~30 108 108 &

J.(2 )1/2a
2O 2 8zz szz r

~(+ )1/Bf

1.( M )1/ 2 fl

A ( 1.)1/2y

j( 1.)
I/2 g

—a -a
24 822

—a -a1 1 '

The redefined parameters have been used in Secs.
III and IV.
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