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An estimate is made for the contribution of the decuplet poles to the weak decays of hyperons using the
Rarita-Schwinger formalism for spin--, fields. SU(3) symmetry is used in conjunction with the Gourdin-
Salin model for the D-B-~ and D-B-y couplings. It is shown that the decuplet contribution is large for the
parity-violating amplitudes. For weak-electromagnetic decays, this predicts asymmetry parameters which
are at variance with earlier calculations. The decay rate for Z+ ~ py agrees well with the experimental
result.

I. INTRODUCTION

ECENTLY, interest has been shown in estimating
the effect of decuplet poles on nonleptonic decays.

Okubo' and Chan' have used the current algebra
approach and Loebbaka' has used the pole model.

The purpose of this note is to extend the work of
Graham and Pakvasa4 by including the baryon resonant
states in the calculation, and to update the theoretical
predictions for weak-electromagnetic (WE) decays in
the light of more recent experimental data' on the
nonleptonic (NL) decay modes. The pole model for
weak decays of hyperons allows us to treat both NL
and WE decays in a unified manner when it is assumed
that the effective two-body weak Hamiltonian is the
same for both sets of decays. With this approach it is
found that the decuplet pole terms significantly alter
the predictions for the asymmetry parameters in WE
decays. This comes about because a phenomenological
fit to the NL data indicates that these pole terms
contribute significantly to the parity-violating (pv)
amplitudes. That the latter is true for NL decays has
been shown by Loebbaka' who used the Pauli-Fierz
formalism for spin-~~ fields in evaluating the decuplet
pole terms. In the following we use the Rarita-Schwinger
formalism. While the basic results appear to be the
same, as in Ref. 3, for the pv amplitudes in NL decays,
our method yields simpler expressions for the decuplet
poles and these are more amenable to an application of
SU(3) symmetry and, if possible, a theoretical interpre-
tation. The extrapolation procedure oG the mass shell
of the decuplet particle is shown explicitly.

So far the symmetry properties of the weak Hamil-
tonian have been studied only in the context of baryon
octet and meson poles. ' ' The present analysis which
includes the decuplet poles is at a phenomenological
level as far as the decuplet poles are concerned. Sym-
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metry properties of the weak baryon octet-decuplet
vertex will be dealt with elsewhere.

We assume that the weak Hamiltonian transforms
under SU(3) as a member of the octet representation
and that it is invariant under time reversal. We limit
further the possible form of the Hamiltonian for the
octet poles by demanding that it be invariant under
the TL(2) &&P transformation. ' The effective two-body
weak Hamiltonian is then TL(1)XP invariant. This
is consistent with the DT= ~ rule and yields the
Lee-Sugawara triangular relation for the XL decay
amplitudes

The assumption of symmetry under TL(1)&&P elimi-
nates the meson poles for the pv amplitude.

We now include the contribution of the decuplet
poles. Following the procedure adopted by Graham and
Pakvasa, 4 the parameters for the effective weak. vertex
are evaluated from the experimental NL decay data
and are used in predicting the decay rates and asym-
metry parameters for the WE decays of the hyperons.

II. NONLEPTONIC DECAYS

The NL decays, B—+ B'+rr, are described by the
Hamiltonian

HNL +B'(+ Bys)+B@~y

where 3 is the pv amplitude and 8 the parity-con-
serving (pc) one.

In the pole model it is assumed that the amplitudes
A and 8 are saturated by the baryon octet and decuplet
poles and meson poles (Fig. 1). The strong vertex in

baryon and meson poles is assumed to be SU(3)-
symmetric and is given by

Hs =~2g(n(Br"ysBp"+Be"VsBr")P~"

+(1—n) (8„"ysB„"—B„"yB„')sPg&)

Here g is the usual z-E coupling constant with
g= 13.4. The SU(3) mixing parameter n has the value
n 0.66. Our assignment of the SU(3) operators for
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(a)

1 ).Da pa(E, +m, )
=120MeV, (4)I'(1V*~~ p~+) =

12%- m 2 mg+

In Eq. (1), the SU(3) coupling of the decuplet to the
bar~. oin aind iniesoin octets is ((1/Qn)B&'P 'a"'")e;,g

where e is the number of terms in the first factor. We
have included a factor V2 in the second term in Eq. (1)
so that the coupling constant P~. assumes the usual
value obtained from the experimental decay width"
of E*++.The value is given by

B
so that X~= 2.14.

The effective two-body weak Hamiltonian for the
pc and pv baryon- and meson-octet poles is given by

EIg" PD(B' 'B——,"+B',"B ')+F(B' 'B," B',"B ')—
+cE„aEa"]+H.c.", (5)

Iw"=D'(B"VaBa"+B'a"vaB')
+I"(B"VaBa"—B'a"vaB.') .

B

FIG. 1. Pole diagrams contributing to NI decays.

baryons and mesons is the same as that of Carruthers. '
The decuplet field (4';;&)„has the SU(3) indices i, j,
and k. 0'„ is the spin--', held of the decuplet defined, in
the Rarita-Schwinger' formalism, by

In the tadpole mechanism, 3 the weak vertex is
pictured to be an emission of a E&' followed by the E&'
undergoing a transformation E~' —+ vacuum. In the
case of the pv amplitude this mechanism gives a D/F
ratio for the weak vertex which is the same as that for
the strong vertex. Thus, the parameters D' and F' may
be expressed in terms of strong interaction parameters
scaled down appropriately by the strength of the
Eia~vacuum transition. Thus, D'= fx,mxgn and
F'= fx,mxg(1 n) where n—0 66 Su.ch .a simp1i6cation
does not occur for the pc weak vertex in that the corre-
sponding SU(3) mixing parameter is not related to the
one from strong interactions.

We assume that the effective two-body decuplet-
octet Hamiltonian is in the form:

(ip k+m*)+„=0,

The propagator for the spin--,' field is given by'

A„„= (—ik y+m*)
k'+m'

(2)
%2zn

(II ) ia —G [ B„Bi'a""(—4 aa) +H.c.]

K2Xg)
(II„")„=O' P a„B ""—~,(e,„—)„+H. .j.

Z 2k„k„
X ~..—-'.v,&.+,(v.k, —k,v.)+

31'* 3m*2

(k'+nba)
L(ak '—~")&„&„+a(&„k„—&„k„)j .

3m*2

The second term vanishes on the mass shell, and it is
assumed that the above form for A„„describes ade-
quately the behavior off the mass shell. The Pauli-
Fierz propagator used in Ref. 3 does not include any
oG-shell correction term.

~ P. Carruthers, Introduction to Unitary Symmetry (Wiley-
Interscience, Inc. , New York, 1966).

W. Rarita and J. Schwinger, Phys. Rev. 60, 61 (1941).
9 H. Umezawa, Quantum Field Theory (North-Holland Publish-

ing Co., Amsterdam, 1956).

The coupling constants G and G' then correspond to
the ones obtained if the tadpole mechanism is invoked
since we have included the strong coupling constant
XD in the above expressions.

To obtain the contribution of the decuplet poles to
the physical amplitudes it is necessary to assume that
the propagator given earlier approximates the behavior
off the mass shell well enough. We also assume that
there is no momentum transfer across the weak vertex.
Ample use is made of the subsidiary condition in (2)
for the spin-~ field and the Dirac equation for the baryon
octet fields. The resultant expressions for the pv and
the pc pole terms Lexcluding the SU(3) coeKcients]

' A. H. Rosenfeld et al. , Rev. Mod. Phys. 40, 77 (1968).
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are:
2Xn2 mfj—Erj (M'+ms)

A rjj(s channel) =— G—
2'm~ (m*)'

2Xns mIjE—j2. (M'+ms )-
Are(u channel) = G

m ' (m")'

2Xn2 —m jjEjj.(m*—m jj)-
BM(s channel) =—-G'

(m*)'m%-2

24/ mljE Jj (—m* mI2.)—
Brs(25 channel) =——G'

m ' (m")'

B B
~W

~w
I

The s and I channels correspond to the diagrams in
Figs. 1(a) and (b), respectively The .final expressions
and the parameters giving the best fit to experiment are
given in Appendix A.

In the tadpole model, with the strong-interaction
parameters assumed to be known, the pv amplitudes
have only two parameters; they correspond to the
strengths of the spurion vertex in the baryon-octet
and decuplet poles. The best fit for the four independent
amplitudes with the above parameters yields A (Z++) =0.
The values obtained are l f~,mrrl =4.81&(10 ' MeV
and G= 2.84&(10 ' MeV. The value for fir,mx obtained
with the Fierz-Pauli formalism by Loebbakas is fx,mjr

4X10 ' MeV. This indicates that the basic result
that the decuplet pole makes a significant contribution
to the pv amplitude is essentially independent of the
formalism used in describing the spin-~ field.

The pc amplitudes have four parameters which cor-
respond to the D and F couplings for the weak vertex
in the baryon pole and the strength of the weak vertex
for the decuplet and meson-octet poles. It is found that
the contribution of the decuplet pole is small, but not
negligibly small, in comparison with the total ampli-
tude. Here the four independent amplitudes A ',
Z++, and Z: are used to solve for the four parameters.
Ke obtain D= —1.78&&10—'MeV, j =4.17)&10—' MeV,
G'= 1.50)&10 ' MeV, and c=0.36 MeV. ' The values for
the corresponding parameters (except G') obtained in
Ref. 4 are larger. This difference has been traced to the
more recent experimental data we are using as input.
It will be shown in Sec. III that the pc amplitudes give
the dominant contribution to the WE decay rates. The
above changes in the values for the parameters also
aGects the theoretical predictions for decay rates.

III. WEAK-ELECTROMAGNETIC DECAYS

These decays are characterized by the phenomeno-
logical Hamiltonian'"

Hwp —222 jj (C+D r5)jrpp% jjFsp

The decay rate and the asymmetry paranieters are
j

"R.E. Behrends, Phys. Rev. 111, 1691 (1958),

F&G. 2. Pole diagrams contributing to KE magnetic decays.

given by
(mB2 mB~ 2 8

r=—
l cl+

g~& m

Here p~ are the anomalous magnetic moments of the
baryons. The baryon decuplet-octet coupling is given by

eC2
HnIj, —— (By„ygI „F„„+H.c.) . (10)

Only the magnetic coupling has been used in the
a,bove. Analysis of pion-photoproduction data in the
Gourdin-Salin" model indicates that this is the domi-
nant one. The value of the coupling constant" is
C2= 0.345.

The decuplet-pole terms a,re evaluated by going off
the mass shell of the decuplet particle, since we again
assume that there is no momentum transfer across the
weak vertex. We choose the rest frame of the initial
baryon as the frame of reference and use the Dirac
equation and momentum conservation to simplify the
expressions. The final result is not manifestly gauge-
invariant, because of the above procedure adopted in
estimating the decuplet poles. However, the method has

'~ M. Gourdin and P. Salin, Nuovo Cimento 27, 193 (1963)."S. Fubini, G. Furlan, C. Rosetti, Nuovo Cimento 43, 161
(1966).This value of the coupling constant C2 divers slightly fr@~
the one in Ref. 1g @nd is based on matey dat@,

~=2 «(G*D)j(l Gl'+IDl').

The pc amplitude C and the pv amplitude D are
assumed to be saturated by the baryon-octet and
decuplet poles in the pole model. Our assumption is that
the weak vertex in the pole diagrams (Fig. 2) is the
same as that for the NL decays. For the baryon poles,
the electromagnetic vertex is described by

as ——ieB'y„BA„+'ieB'(I2s/Mrj)o„, BF-„,. (9)
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simplicity to recommend it. The total amplitude, with
the initial baryon at rest is

3II(B~B'y)= —su~ (C+Dys)(y„k„)(y. e)u~
= —u

l C(m +m )+D(m —m .)y,7y„„u

We are also able to express the decuplet pole terms
in the form

&to(B +B'y—) =us $C(y s)+Dy;(y s)7us,

where C and D are kinematical expressions involving
masses of particles and coupling constants. Then the
decuplet contribution to the amplitudes C and D can
be identi6ed. The baryon pole terms pose no such
difFiculty. The results are in Appendix B.

Numerical evaluation has been carried out by using
the weak-vertex parameters estimated from the NL
decay data. It is found that the pc amplitude essentially
determines the decay rate. Inclusion of the decuplet
pole in the theory does not modify the decay rates since
the pc amplitude is not affected much by it. However,
it does dominate the pv amplitude and this changes the
signs of the asymmetry parameters in some of the
decays.

Experimenta, l information is available for the
decay rate" of Z+ —+ py. The experimental value
for the branching ratio F(2+~ Py)/F(Z+ —+Ps') is
0.37&0.08%%uo. When use is made of the SU(3)-predicted
values for the anomalous magnetic moments of the
baryons, the above branching ratio, with p, „=p,z+, is
0.13%%u~. This does not compare favorably with experi-
ment. The value obtained in Ref. 4, with older experi-
mental numbers as input, is larger by a factor 2.

The results improve when "mass-corrected" anomal-
ous magnetic moments are used. Use of the mass-
corrected moments finds support in the recent experi-
mental measurement" of the Z+ magnetic moment
(total) which was found to be pq+= (2.1&1.0)u~. Using
up+=1.79(m„/mx+)~1. 4, we obtain F(Z+ —+ py) =2.87
&&10r sec ' yielding a branching ratio 0.44%%uq. This is in
excellent agreement with experiment. The decay rates
for other WK decays are given in Appendix B. The
rate for —+Z y is predicted to be small (also see
Ref. 4). The rates for A -+ re and o —& Ay are almost
as large as that for Zo~ Py. However, the rate for
' ~ Z'y is much smaller.

IV. CONCLUSION

We have used the Rarita-Schwinger formalism to
include the decuplet poles in a pole model for NL and
WE decays. We have shown that the decuplet poles
do indeed make a significant contribution to the pv
amplitudes. From a dispersion-theoretic point of view
the decuplet poles are suKciently close to the physical
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APPENDIX A

I. Phase Conventions

Zo/@2+xV/g6
B„~=—

M
M

g+
—Zo/&2+so/Q6

wo

7ro/K2+t1o/g6

E—
o/v2+t1o/g6

K'

E+
E'

2t1o/g6

SU(3) coupling of the decuplet to the baryon and
meson octet is given by 4'&"(ts '"so~ B I'& '), where u
is the number of terms inside the parenthesis. For
example 1V'~ couples to (1/v2) (Z+E+—ptr+).

The electromagnetic coupling of the decuplet to the
baryon octet is given by 0"&~a '"Ops 8 Tj, where
T; =—Tj'. We assume that the electromagnetic operator
is a Ttt member of the SU(3) octet. The coupling
constant for cV*+~ yp is known from photoproduction
data. We use the following normalization:

region to affect the physical amplitudes, so that it is not
surprising to find their contribution to be large. We
have not included the I'o' poles because these will
contribute to the Z decays only and entail the introduc-
tion of one more parameter. ' '

For the pv NL decays our conclusions are identical
to those obtained by Loebbaka, ' who, however, used
the Pau¹Fierz formalism for the spin-2 baryons.

For the WE decays we have used mass-corrected
anomalous magnetic moments for the baryons. Experi-
mental evidence tends to support this approach. The
results for WE decays are all predictions.

A measurement of the asymmetry parameter for the
2+~ pp decay could settle the question of whether
the decuplet poles do affect the pv amplitude. It coukl
also decide whether our procedure for estimating the
decuplet-pole terms is indeed the correct one since the
sign of the asymmetry parameter changes when these
terms are included in the theory.

'4 M. Bazin et al. , Phys. Rev. Letters 14, j.54 (1965).
» T, S. Mast et a/ , Phys. Rev. Letters .20, 1312 (1968).
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II. Amplitudes for NL Decays

1. Parity viol-ating amplitudes

Octet poles:

g (D'+3F') (O' —F')2ri-iAs(A ') =——
V3 AilV ZilV

g (D'+F') 2rx (D' —3F') (1—2rr)
As(:)=——

vF =-iz "+A
(O' —F') (2 —) (O'+3F')

A s(~++) =6&
3 (A+/V)

O' —F'
As(~o+) =g (3—2~)

Z+S
(O' —F') (1—n) (D'+3F')n

As(Z:) =gV2
Z+Ã 3 (A+iV)

If the tadpole mechanism is assumed to be valid we

may set D'=gf&, mzn and F'=gf&,m&(1 n). The-
particle symbols represent the particle masses. We use
g= 13.4, o,~0.66.

Decuplet poles:

XDsq (AE, I',"+1'
A»(A ') =I 2G

m j&2g6 (V,') i
}iiP) .Ex) Fi*+ *+A

&.(=.:)= 2G, I I, , +- „,m.'1 2+6) (&i*)' (-"")'

( }~iis)gE„-/V*+2 Yi*+N
Aio(Z, +) =I 2G

m ') 6 (lV*)' 2(I'i )'-
X&'q ZE„ iV*+2 Fi*ilV

Aio(&o+) = —
I

2G
I

„—+
m s) 3+2 (lV*)s 2 (I"i')s

( 4)' %*+2 I"i'icV-
Aio(&:) =I 2G ZE„

m ' 2($*)' 12(V,')'

Here E& are the energies of the daughter baryons.
The coupling constant }iri/m is obtained from lV' ~ iVn.
decay width.

Z. Parity Conserving Amplil-udes

Octet pole terms:

g D+3F D Fq gc (2rx —3)—
Ss(A ')=— i — I2n i

V3 A —lV lV) v3 (mlc' ——m ')

g (D+F)2a (D—3F)(1—2n)-
&s(=:)=—

M

gc(4rs —3)

&3(mrcs —m ')

TABLE I. Experimental data (Ref. 5}.

Decay A /10'(ll/m }'~'

1.551&0.024
2.022~0.029
0.008&0.034—1.558~0.142
1.861&0.017

8/105 (A/m )'/'

11.045%0495—6.627&0.57
19.081~0.347
11.71&1.88—0.152~0.386

—n(D —F) (D+3F)n
&s(&++) =~&g

Z —X 3(A —Ã)
—(D —F) (1—2a) — (2n —1)gc

Bs(ro+) =g—
Z —Ã m~' —rn '
(D F) (1——cr) (D+3F)a

&s(Z:)=~2g-
Z —1V 3 (A —lV)

V2gc (2n —1)

Decuplet pole terms:

- — =(-.",'.) .('„".)
&io(=.:)=I 2G' —

I
—,-+-,

m ' 2+6k (I'*)' ( *)'

} sqZE„-lV" —Z
Bio(Z~+) = 2G'

m s) 6 l (Ã*)' 2(l',*)'

z 2 zE„-E*—z
&io(&o+) = —2G',—,+

m ' 3+2 (1V*)s 2(Vi*)'

/V* Z'I/i*-
a»(z:) =I 2G IzE. —+

ns sj 2(1V")' 12(Vi')'

III. Determination of Parameters

The experimental data used are given in Table I.
The parameters determined are given below.

The pc amplitude parameters are D= —1.78&(10—4

MeV, F=4.18X10 4 MeV, G'=1.51X10 5 MeV, and
c=0.363 MeV'.

The best fit for pv amplitudes is obtained for frc,mac
= —4.81)&10 ' MeV, 6=2.84X10 MeV. We obtain

I
in units of 10 '(Is/m~)'I'] A(A ')=1 582 A(:)

= 1./68, A (Z~+) =0.0002, A (Z:)= 1.92.

APPENDIX B

I. Weak-Electromagnetic Decays

1. Parity Conserving Amplitude-s

Baryon-octet poles:

(eti„epq D+3F
Cs (A ~ n&) =

I

&2lV 2A (g6)(A —X)
epvx (D F)/K2-

(Z —lV)
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fetjq+ ep„) /D F)—
C (Z+ Pv) =I

E 2Z 2X) EZ 1tl)—

(egg- ep--) D+F)
C (=" Z v)=l

&2Z 2=-) =- —Z)

epvp (D 3F)/—Q6
Cp(="' ~Z'v) =

Z+A —A

earp ep-. o) D+F
2Z 2=- ) =- —Z

eying D+F
Cp('~ APy) =

Z+A. —Z

/egg ep-. o) (D—3F)//g6

E2A 2" ) —A

Here p~ are the anomalous magnetic moments of the
baryons. Also pzz is the transition magnetic moment in
the decay Z —+ Ay.

Decuplet-pole terms:

A —1V I t*—1V)
Ctp(A ~ ep) = —P'—

8 (Ft*)' )

TAsr, E II. Weak-electromagnetic decay rates
and asymmetry parameters.

Decay rate Asymmetry
Deca& C/e(h/m )'~ D/e('tl/ra )'~ I' (pec ') parameter u

A ~np
g+~ p+

MQ~yQ
wQ ~ PQp

—3.05 X10'
3.93X102
6.42—35.5
3 13X10'

—3.03—8.94—0.06—0.90
8.48

6.53 X10'
2-8& X10'
1 14X10'
3 41X104
1 03X10'

0.02—0.045—0.02—0.05
0.054

egg+ ep„D' —F'
Dp(Z+~ Pv) = +

2Z 21V Z+1V

epv- ep-. — D'+F'
Dp(~~ —~Z —y) = — +

2Z 2g Z+g
—eggs (D' 3F')/Q—6

D (=-'- Z'y) =
Z+A

ergo ep-. o) D'+F'
+

2Z 2 ) "+Z
—

epona D'+F'
Dp(="' ~Av) =

Z+A +Z

egg etj, -. ) (D' 3F')/+6-
+

Z —Ã S*—2 Yg*—E
Ctp(Z'~Pe) =P'

2+6 (1V')' (I' t*)' Decuplet pole terms:

+A

Ctp( ~ Z —y) =0,
Mo go Y 0 M

Ctp(-'~ Z'v) =P' — -+
4+3 2(I' t' )' (.*)'

—A- Y,*—-q -"—A-

2(I' t*)') ( *)'

2kg) eC2

The decuplet pole does not contribute to
because of U-spin conservation.

Z. Parity vi olating ampl&ud-es

Octet pole terms:

et - et"i (D'+3F')/v'6
Dp(A —+ ny) = — +2' 2A ) A+)V

A+1V Fr*+%
Dtp(A ~ ny) = —P-

8 (I' t' )'

Z+1V 1tl*+Z Vt*+1t/
Dtp(~+ ~ P&) = —P--— —+

2~ 6 (1V*)' (I', ')'

D&p(. ~Z-y) =0,
M+Z P' 4+kg M8+Z

D o(=-' Z'~) =~ —
„ +

4v'3 — 2(I' t")' (=*)'—

.+A Vt*+ ."+Z
D.(=-'-A"~) =7 ' „+-2(I' t")' (=*)'—

where

II. Predictions for Amplitudes, Decay Rates
and Asymmetry Parameters

The predictions for WE decay amplitudes, decay rates
ep, vg (D' —I. '

and asymmetry parameters are summarized in Table II.
Z+A &2(Z+1V) The branching ratio I'(Z+ ~ Py)/F (Z+ ~ P~P) = 0,44+&


