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Role of resonances in nonleptonic hyperon decays

Buḡra Borasoy* and Barry R. Holstein†

Department of Physics and Astronomy, University of Massachusetts, Amherst, Massachusetts 01003
~Received 16 October 1998; published 8 April 1999!

We examine the importance of resonances for the nonleptonic hyperon decays in the framework of chiral
perturbation theory. Lower lying resonances are included in the effective theory. Integrating out the heavy
degrees of freedom in the resonance saturation scheme generates higher order counterterms in the effective
Lagrangian, providing an estimate of the pertinent coupling constants. A fit to the eight independent decay
amplitudes that are not related by isospin symmetry is performed and reasonable agreement forboth sandp
waves is achieved.@S0556-2821~99!08609-9#

PACS number~s!: 12.39.Fe, 14.20.Jn
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I. INTRODUCTION

The matrix elements of nonleptonic hyperon decays
be described in terms of just two amplitudes—the par
violating s wave and the parity-conservingp wave. Chiral
perturbation theory provides a framework whereby these
plitudes can be expanded in terms of small four-mome
and the current massesmq of the light quarks,q5u,d,s. At
lowest order in this expansion the amplitudes are expres
in terms of two unknown coupling constants, the so-cal
low energy constants~LECs!. However, there is no consen
sus for the determination of these two weak parameters
one employs values which provide a good fit for thes waves,
one obtains a poor description of thep waves. On the othe
hand, a goodp-wave representation yields a poors-wave fit
@1#. In order to overcome this problem, one must go beyo
leading order. In the paper of Bijnenset al. @2#, a first at-
tempt was made in calculating the leading chiral correcti
to such decays. The authors worked in the limitmu5md
50 and kept only the nonanalytic logarithms from the Go
stone boson loops—no local counterterms were conside
However, the resultings-wave predictions no longer agree
with the data, and the corrections for thep waves were even
larger.

Jenkins reinvestigated this topic within the framework
heavy baryon chiral perturbation theory, explicitly includin
the spin-3/2 decuplet in the effective theory@3#. As in @2#, no
counterterms were included—only leading nonanaly
pieces from the meson loops were retained andmu5md50
was assumed. Working in theSU(6) limit ~by neglecting the
octet-decuplet mass splitting!, she found significant cance
lations between the octet and decuplet components in
loops. For thes waves good agreement between theory a
experiment was restored, although in the case of thep waves,
the chiral corrections did not provide a good description
the data. Thus, the inability to fits and p waves simulta-
neously remains even after including the lowest non-anal
contributions.

In our recent paper@4# a calculation was performed whic
includedall terms at one-loop order. This work suffers fro
the fact, however, that at this order too many new unkno
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LECs enter the calculation so that the theory lacks predic
power. In order to proceed these parameters were estim
by means of spin-3/2 decuplet resonance exchange. Th
sults for thep waves were still in disagreement with the da
and, therefore, additional counterterms that were not s
rated by the decuplet had to be taken into account. An ex
fit to the data was possible, but the question remains whe
the LECs are estimated correctly.

Another intriguing possibility was examined by L
Yaouancet al., who assert that a reasonable fit for boths and
p waves can be provided by appending pole contributio
from SU(6)(70,12) states to thes waves@5#. Their calcula-
tions were performed in a simple constituent quark mo
and appear to be able to provide a resolution of thes- and
p-wave dilemma.

The purpose of the present work is to consider the valid
of this approach within the framework of chiral perturbatio
theory. This would provide also an estimate of the count
terms involved in such a calculation, which have been
glected completely in@2# and @3#. Furthermore, we include
the octet of spin-parity 1/21 Roper-like states, which gener
alizes the considerations of@5#. We do not intend to provide
a definitive solution of the problem of hyperon decay b
rather to study the relevance of resonance saturation est
tion of counterterms. We will show that one is able to su
cessfully identify counterterms in chiral perturbation theo
with the contributions found in the quark model. The calc
lations are performed at the tree level. Of course, for a m
quantitative statement one has to include loop effects. H
ever, this is beyond the scope of the present work.

In the following section then, we introduce the effectiv
weak and strong Lagrangians including resonant states
integrating out the heavy degrees of freedom from the the
the effects of the resonances are included in the counterte
and expressions for the decay amplitudes in terms of th
constants are given. A least-squares fit to experiment is
formed in Sec. III, while in Sec. IV we conclude with a brie
summary.

II. RESONANCES IN HYPERON DECAYS

There exist seven experimentally accessible nonlepto
hyperon decays:S1→np1, S1→pp0, S2→np2, L
→pp2, L→np0, J2→Lp2 andJ0→Lp0, and the ma-
trix elements of these decays can each be expressed in t
©1999 The American Physical Society25-1
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BUḠRA BORASOY AND BARRY R. HOLSTEIN PHYSICAL REVIEW D59 094025
of a parity-violating s-wave amplitudeAi j
(S) and a parity-

conservingp-wave amplitudeAi j
(P) :

A~Bi→Bjp!5ūBj
$Ai j

~S!1Ai j
~P!g5%uBi

. ~1!

The underlying strangeness-changing Hamiltonian tra
forms underSU(3)3SU(3) as (8L ,1R) % (27L,1R) and, ex-
perimentally, the octet piece dominates over the 27-plet b
factor of twenty or so. Consequently, we will neglect t
27-plet in what follows. Isospin symmetry of the strong i
teractions implies then the relations

A~L→pp2!1A2A~L→np0!50

A~J2→Lp2!1A2A~J0→Lp0!50

A2A~S1→pp0!1A~S2→np2!2A~S1→np1!50,
~2!

which hold for both s and p waves. We chooseS1

→np1, S2→np2, L→pp2 andJ2→Lp2 as the four
independent decay amplitudes which are not related by i
pin.

The purpose of this work is to study the role of res
nances in hyperon decays. To this end, it is sufficient in
preliminary study to work at the tree level. We consider fi
the Lagrangian without resonances, which will be includ
in the following section. Our starting point is the relativist
effective chiral strong interaction Lagrangian for the pseu
scalar bosons coupled to the lowest-lying 1/21 baryon octet

L fB
~1!5 i tr~B̄gm@Dm,B# !2M° tr~B̄B!

1
1

2
D tr~B̄gmg5$u

m,B%!1
1

2
F tr~B̄gmg5@um,B# !,

~3!

where the superscript denotes the chiral order andM° is the
octet baryon mass in the chiral limit. We setD53/4 andF
51/2, which are theSU(6) values. The pseudoscalar Gol
stone fields (f5p,K,h) are collected in the 333 unimodu-
lar, unitary matrixU(x),

U~f!5u2~f!5exp$2if/F° %, um5 iu†¹mUu†, ~4!

with F° being the pseudoscalar decay constant in the ch
limit, and

f5
1

A2S 1

A2
p01

1

A6
h p1 K1

p2
2

1

A2
p01

1

A6
h K0

K2
K̄0 2

2

A6
h

D
~5!
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represents the contraction of the pseudoscalar fields with

Gell-Mann matrices. We replaceF° by the pion decay con-
stantFp.92.4 MeV which is consistent to the order we a
working. B is the standardSU(3) matrix representation o
the low-lying spin-1/2 baryons (N,L,S,J) and we work in
the isospin limitmu5md5m̂.

The purely mesonic component of the Lagrangian can
decomposed into a strong and a weak interacting part

Lf5L f
S1L f

W , ~6!

whereL f
S5L f

S (2) is the usual~strong and electromagnetic!
mesonic Lagrangian at lowest order—cf., e.g.,@6#. From the
weak mesonic Lagrangian only the term

L f
W5

Fp
2

4
hp tr~h1umum! ~7!

contributes to the order we are working. Here, we have
fined

h15u†hu1u†h†u, ~8!

with hb
a5d2

adb
3 being the weak transition matrix. Note tha

h1 transforms as a matter field and the weak couplinghp is
well-determined from weak nonleptonic kaon decays—hp

53.231027.
Turning to the weak component of the meson-baryon

grangian, the form of the lowest order Lagrangian is

L fB
W ~0!5d tr~B̄$h1 ,B%!1 f tr~B̄@h1 ,B# !, ~9!

andd, f are theonly weak counterterms considered in mo
previous calculations@1–3#. As discussed in the Introduc
tion, use of this Lagrangian does not provide a simul
neously satisfactory fit tos and p waves, even after the in
clusion of meson loops. In order to improve the agreem
with experiment, one must account for additional weak co
terterms, but, performing the calculation with the comple
Lagrangian including counterterms from higher orders, o
has no predictive power@4#. Indeed there exist only eigh
experimental numbers: thes- andp-wave amplitudes for the
four independent hyperon decays, while on the other s
the theoretical predictions contain considerably more th
eight low energy constants. We are not able to fix all t
low-energy constants appearing inL fB

W from data, even if
we resort to largeNc arguments. We will therefore use th
principle of resonance saturation in order to estimate the
portance of these constants, as outlined in the following s
tions.

A. Inclusion of resonances

In order to include resonances one begins by writ
down the most general Lagrangian at lowest order wh
exhibits the same symmetries as the underlying theory,
Lorentz invariance and chiral symmetry. For the strong p
we require invariance underC and P transformations sepa
rately, while the weak piece is invariant underCPStransfor-
mations, where the transformationS interchanges down and
5-2
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ROLE OF RESONANCES IN NONLEPTONIC HYPERON DECAYS PHYSICAL REVIEW D59 094025
strange quarks in the Lagrangian. We will work in theCP
limit so that all LECs are real.~Of course,C and P invari-
ance are not required separately for the weak interacting
grangian.!

We begin with the inclusion of the lowest, 1/22, negative
parity level in (70,12). In @5# it was shown that such state
dominate the contributions from (70,12) and considerably
improve agreement with experiment for the hyperon deca
Among the well established states one hasN(1535) and
L(1405). As for the remaining 1/22 octet components ther
are a number of not so well-established states in the s
mass range—cf.@5# and references therein. We denote t
1/22 octet byR. UnderCP transformations the fields behav
as

B→g0CB̄T, B̄→BTCg0 , um→2um
T ,

h1→h1
T , Dm→2Dm

T ,

R→2g0CR̄T, R̄→2RTCg0 , ~10!

whereC is the usual charge conjugation matrix. The kine
term is straightforward

LR
kin5 i tr~R̄gm@Dm,R# !2MR tr~R̄R! ~11!

with MR being the mass of the resonance octet in the ch
limit. The resonancesR couple strongly to the 1/21 baryon
octetB via the Lagrangian

LRB
~1!5 isd@ tr~R̄gm$um,B%!2tr~B̄gm$um,R%!#

1 isf†tr~R̄gm@um,B# !2tr~B̄gm@um,R# !‡ ~12!

and the two coupling constantssd andsf can be determined
from the strong decays of the resonances~cf. the Appendix!,
yielding the central values

sd50.17, sf520.12. ~13!

A few remarks about the LagrangianLRB
(1) are in order. In

principle, terms of the formB̄umDmR are allowed by sym-
metry considerations. But, by use of the equation of mot
for the resonance fields

igm@Dm,R#2MR R50 ~14!

one is able to reduce it to the terms already included inLRB
(1) .

The interaction termiR̄g5B also satisfies the symmetry con
straints, but can be transformed away by a unitary trans
mation. The proof of this is as follows. Consider a Lagran
ian of the form

L5 iB̄gmDmB2MBB̄B1 iR̄gmDmR2MRR̄R1 iaR̄g5B

1 iaB̄g5R ~15!

where we have supressed flavor indices anda is the off
diagonal coupling. By introducing a doublet notation we c
rewrite the Lagrangian
09402
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L5 iQ̄gmDmQ1Q̄~A1 ig5C!Q ~16!

with

Q5S B

RD , A5S 2MB 0

0 2MR
D , C5S 0 a

a 0 D .

~17!

Note, thatA andC are Hermitian. Decomposing the doubl
field Q as follows:

QR5
1

2
~11g5!Q, QL5

1

2
~12g5!Q ~18!

the Lagrangian reads

L5 iQ̄RgmDmQR1 iQ̄LgmDmQL1Q̄LMQR1Q̄RM†QL
~19!

with M5A1 iC. Then by applying a bi-unitary transforma
tion

QR→RQR , QL→LQL ~20!

with unitary matricesR andL one can diagonalize the matri
M

L†MR5Md ~21!

whereMd is diagonal with positive elements. The first tw
terms in Eq.~19! remain unchanged by this transformatio
Expressing the Lagrangian in terms ofQ we obtain

L5 iQ̄gmDmQ1Q̄MdQ ~22!

which is the desired result. Including the interaction ter
from LRB

(1) does not alter the proof. The interaction term

the form iR̄g5B can therefore be neglected, which leads
significant simplifications of the weak Lagrangian betwe
the resonances and the low-lying baryon octet.

We can then turn to the lowest order weak Lagrang
which reads

LRB
W ~1!5 iwd@ tr~R̄$h1 ,B%!2tr~B̄$h1 ,R%!#

1 iw f†tr~R̄@h1 ,B# !2tr~B̄@h1 ,R# !‡ ~23!

with two unknown weak couplingswd andwf , which will be
determined from a fit to the hyperon decays.~Again, a term
of the formR̄g5h1B is allowed by symmetry consideration
but a proof analogous to the one above shows that such te
can be transformed away.! Furthermore, terms with the struc
ture iR̄gmh1umB and R̄gmg5(Dmh1)B are possible. But,
after contraction with the vertices fromLRB

(1) in the resonance
saturation scheme, they deliver contact terms of chiral or
two and involve at least two outgoing mesons, which
clearly beyond our tree level considerations.

We will not include any additional resonances from t
(70,12) multiplet, which were the only states considered
@5#. But in many other applications the spin-3/21 decuplet
5-3
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BUḠRA BORASOY AND BARRY R. HOLSTEIN PHYSICAL REVIEW D59 094025
and the spin-1/21 Roper octet play an important role, cf. e.
@7#. The decuplet is only 231 MeV higher in average than
ground state octet and the Roper octet masses are co
rable to the 1/22 statesR. One should therefore presumab
account for these resonances.

We first consider the decuplet. Due to angular moment
conservation the spin-3/2 decuplet states can couple to
spin-1/2 baryon octet only accompanied by Goldsto
bosons—i.e. decuplet states contribute only through l
diagrams to nonleptonic hyperon decays. An explicit cal
lation shows that such diagrams saturate contact terms o
same chiral order,O(p2), as the loop corrections with th
baryon octet@4#. Since we restrict ourselves toO(p0) and
O(p1) we can disregard such decuplet contributions. In
dition, the calculation of relativistic loop diagrams in th
resonance saturation scheme leads to some complicat
The integrals are in general divergent and have to be re
malized, which introduces new unknown parameters. T
absence of a strict chiral counting scheme in the relativi
formulation leads to contributions from higher loop diagra
which are usually neglected in such calculations, cf.@7#.

The lowest multiplet of excited states contributing to t
chiral order O(p1) is the octet of even-parity Roper-lik
spin-1/2 fields. While it was argued in@8# that these play no
role, a more recent study seems to indicate that one ca
neglect contributions from these states to, e.g., the decu
magnetic moments@9#. It is thus important to investigate th
possible contribution of these baryon resonances to
LECs. The octet consists of theN* (1440), S* (1660),
L* (1600) andJ* (1620?). We denote the spin-1/21 reso-
nance octet byB* . The transformation properties ofB* un-
der CP are the same as for the ground state baryonsB, and
the effective Lagrangian of theB* octet coupled to the
ground state baryons takes the form

LB* B5LB*
kin

1LB* B
S

1LB* B
W ~24!

with the kinetic term

LB*
kin

5 i tr~B̄* gm@Dm,B* # !2MB* tr~B̄* B* !, ~25!

a strong interaction part@7#

LB* B
S

5
1

4
D* @ tr~B̄* gmg5$u

m,B%!1tr~B̄gmg5$u
m,B* %!#

1
1

4
F* †tr~B̄* gmg5@um,B# !1tr~B̄gmg5@um,B* # !‡

~26!
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and a weak piece

LB* B
W

5d* @ tr~B̄* $h1 ,B%!1tr~B̄$h1 ,B* %!#

1 f * †tr~B̄* @h1 ,B# !1tr~B̄@h1 ,B* # !‡. ~27!

The couplingsD* and F* have already been determine
from the strong decays of these resonances@7#, with central
values

D* 50.60, F* 50.11, ~28!

while the weak parametersd* and f * can be determined
from a fit to the nonleptonic hyperon decays—cf. Sec. III

Having written down the relevant Lagrangian for the res
nances coupled to the ground state baryons we can pro
to integrate out the heavy degrees of freedom from the
fective theory.

B. Resonance saturation

In this section we calculate the tree level diagrams invo
ing resonances which contribute to nonleptonic hyperon
cay. Allowing the resonance masses to become large w
fixed ratios of coupling constant to mass, higher order ter
in the effective meson-baryon Lagrangian are generated
coefficients of which can be expressed in terms of a f
resonance parameters.

Using the vertices from the Lagrangians developed in
preceeding section we calculate the diagrams in Fig. 1. Th
performing the limit MR ,MB*→` and using the Cayley-
Hamilton identity for the two traceless 333 matricesum and
h1 ,

FIG. 1. Diagrams including resonances that contribute tos andp
waves. Solid and dashed lines denote ground state baryons
Goldstone bosons, respectively. The double line represents a
nance. Solid squares and circles are vertices of the weak and s
interactions, respectively.
3

2
tr~B̄Gmˆh1 ,$um,B%‰!1

3

2
tr~B̄Gmˆu

m,$h1 ,B%‰!1
1

2
tr~B̄Gm†h1 ,@um,B#‡!1

1

2
tr~B̄Gm†u

m,@h1 ,B#‡!

52 tr~B̄GmB!tr~h1um!12 tr~B̄h1!Gm tr~umB!12 tr~B̄um!Gm tr~h1B!, ~29!

with Gm5gmg5 ,gm , one generates the effective Lagrangian
5-4
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L fB
W ~1!5g1ˆtr~B̄gm@h1 ,$um,B%#!1tr~B̄gm$um,@h1 ,B#%!‰1g2ˆtr~B̄gm$h1 ,@um,B#%!1tr~B̄gm@um,$h1 ,B%#!‰

1g3$tr~B̄gm†h1 ,@um,B#‡!1tr~B̄gm†u
m,@h1 ,B#‡!%1g4tr~B̄gmB!tr~umh1!1g6ˆtr~B̄gmg5@h1 ,$um,B%#!

1tr~B̄gmg5$u
m,@h1 ,B#%!‰1g7ˆtr~B̄gmg5$h1 ,@um,B#%!1tr~B̄gmg5@um,$h1 ,B%#!‰1g8$tr~B̄gmg5†h1 ,@um,B#‡!

1tr~B̄gmg5†u
m,@h1 ,B#‡!%1g9tr~B̄gmg5B!tr~umh1!. ~30!
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The couplings read, in terms of the resonance paramete

g15
sd wf

MR
, g25

sf wd

MR
, g35

sf wf

MR
2

sd wd

3MR
,

g45
4sd wd

3MR
, g65

D* f *

4MB*
, g75

F* d*

4MB*
,

g85
F* f *

4MB*
2

D* d*

12MB*
, g95

D* d*

3MB*
. ~31!

The LagrangianL fB
W (1) forms, together with the weak

LagrangiansL fB
W (0) at lowest order andL f

W from Eq.~7!, the
strangeness changing Lagrangian which we employ for
calculation of the decay amplitudes.@Note that the most gen
eral LagrangianL fB

W (1) contains two additional terms

g5 tr~B̄h1!gmtr~umB!1g10 tr~B̄h1!gmg5tr~umB!1~H.c.!
~32!

that are not generated by the resonances considered he#

C. Heavy baryon limit

We evaluate the decay amplitudes in the extreme n
relativistic limit wherein the baryons are characterized b
four velocity vm @10#. A consistent chiral counting schem
emerges, i.e. a one-to-one correspondence between the
stone boson loops and the expansion in small momenta
quark masses. In the heavy baryon formulation thep wave
must be modified, sinceg5 connects the light with the heav
degrees of freedom which are integrated out in this sche
One therefore introduces the modified heavy baryonp-wave
amplitudeA i j

(P) by

Ai j
~P!52

1

2
~Ej1M j !A i j

~P! , ~33!

whereEj and M j are the energy and mass of the outgoi
baryon, respectively. In the rest frame of the heavy bary
vm5(1,0,0,0), the decay amplitude reduces to the n
relativistic form

A~Bi→Bj p!5x̄Bj HA i j
~S!1

1

2
k•s A i j

~P!J xBi

5x̄Bj
$A i j

~S!1S•kA i j
~P!%xBi

, ~34!
09402
,

e

.

n-
a

ld-
nd

e.

n,
-

where k is the outgoing momentum of the pion and 2Sm
5 ig5smnvn is the Pauli-Lubanski spin vector, which in th

rest frame is given bySm
v505(0,1

2 s). The structure of the
Lagrangian remains almost unchanged withgm and gmg5
replaced byvm and 2Sm , respectively. The only additiona
terms that contribute are relativistic corrections to the Di
term and are of the form@4#

L fB
~2!5L fB

~2,rc !52
1

2M°
tr~B̄†Dm ,@Dm,B#‡!

1
1

2M°
tr~B̄†v•D,@v•D,B#‡!. ~35!

We utilize the same notation for the baryon fields as in
relativistic case. These terms produce a finite shift to the b
masses of the baryons. Since we work with the phys
masses of the baryons the effects ofL fB

(2) are already in-
cluded in our expressions for the decay amplitudes and
can neglect Eq.~35!.

The general structure of thes-wave decay amplitudes is

A i j
~s!5

1

A2 Fp

$a i j
~s!1v•kb i j

~s!% ~36!

with

aS1n
~s!

50, bS1n
~s!

524g114g224g3

aS2n
~s!

5d2 f , bS2n
~s!

522g122g212g3

aLp
~s! 52

1

A6
~d13 f !, bLp

~s! 52
1

A6
~10g112g216g3!

aJ2L
~s!

52
1

A6
~d23 f !, bJ2L

~s!
5

1

A6
~10g112g226g3!.

~37!

In the rest frame of the decaying baryon the energy of
meson may be written as

v•k5
1

2 Mi
~Mi

22M j
21mp

2 !. ~38!

We obtain very similar expressions for the resonance con
butions to those found in the constituent quark model@5#.
There the contributions to thes waves were found to be
5-5
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BUḠRA BORASOY AND BARRY R. HOLSTEIN PHYSICAL REVIEW D59 094025
proportional to the mass difference of the decaying and
light baryon which differs fromv•k only by terms quadratic
in the meson masses. To the order we are working then
have agreement with the quark model calculation. The c
tact diagram that contributes to thes waves is shown in Fig.
2a.

For thep waves one finds the form

A i j
~p!5

1

A2 Fp
H a i j

~p!1b i j
~p!1

1

2
hp

mp
2

mp
2 2mK

2
f i j

~p!J ~39!

wherea i j
(p) denotes the baryon pole terms,b i j

(p) the contact
terms inL fB

W(1) andf i j
(p) the contribution from the weak de

cay of the meson. The diagrams which contribute to thp
waves are depicted in Fig. 2, and yield

aS1n
~p!

52
1

MS2MN
2 D ~d2 f !2

1

ML2MN

2

3
D ~d13 f !

bS1n
~p!

528g618g728g8 , fS1n
~p!

50

aS2n
~p!

52
1

MS2MN
2 F ~d2 f !2

1

ML2MN

2

3
D ~d13 f !

bS2n
~p!

524g624g714g8 , fS2n
~p!

5D2F

aLp
~p!5

1

ML2MN

2

A6
~d13 f !~D1F !

1
1

MS2MN

4

A6
D ~d2 f !

bLp
~p!52

1

A6
~20g614g7112g8!

fLp
~p!52

1

A6
~D13F !

FIG. 2. Diagrams that contribute tos andp waves.~a! contrib-
utes both tos andp waves, whereas~b!,~c!,~d! contribute only to the
p waves. Solid and dashed lines denote ground state baryons
Goldstone bosons, respectively. Solid squares and circles are
ces of the weak and strong interactions, respectively.
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aJ2L
~p!

52
1

MJ2ML

2

A6
~d23 f !~D2F !

2
1

MJ2MS

4

A6
D ~d1 f !

bJ2L
~p!

5
1

A6
~20g614g7212g8!

fJ2L
~p!

52
1

A6
~D23F !. ~40!

III. RESULTS AND DISCUSSION

In this section we discuss the numerical values of
LECs and the fit to experiment. There exist eight indep
dent experimental numbers, i.e.s- andp-wave amplitudes for
the four decaysS1→n p1, S2→n p2, L→p p2 and
J2→L p2, which are not related by isospin. The centr
values for our parameters areFp592.4 MeV, D50.75, F
50.50. The procedure of estimating the counterterms
higher order in the resonance saturation scheme involv
the 1/22, 1/21 octetsR,B* introduces eight additional pa
rameters, four of which are determined from the strong re
nance decays. Together with the couplingsd and f from the
weak Lagrangian at lowest order we have then six para
eters with which to perform a least-squares fit to the nonl
tonic hyperon decays. The experimental values of the dec
are shown in Table I, and the fitted chiral expansions of
decay amplitudes read, in units of 1027,

A S1n
~s!

50.0020.04520.04,

A S1n
~p!

5219.6224.85244.4,

A S2n
~s!

57.1921.8655.33,

A S2n
~p!

525.3316.9451.61,

ALp
~s! 53.3221.1552.17,

ALp
~p!5212.4211.05223.4,

AJ2L
~s!

526.0611.92524.14,

nd
rti-

TABLE I. Experimental values of the decay amplitudes inclu
ing the errors. The numbers have to be multiplied by a factor
1027.

A S1n
(s) A S2n

(s) A Lp
(s) A J2L

(s)

0.1360.02 4.2760.02 3.2560.02 24.5160.02

A S1n
(p) A S2n

(p) A Lp
(p) A J2L

(p)

244.460.16 1.5260.16 223.460.56 214.860.55
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TABLE II. Numerical values of the LECs obtained from a least-squares fit. The couplingsd and f are
given in units of 1027 GeV, thegi in units of 1027.

d f g1 g2 g3 g4 g6 g7 g8 g9

0.44 20.50 0.26 0.14 20.12 20.26 0.09 20.11 0.21 20.79
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AJ2L
~p!

5210.4424.305214.7, ~41!

where the first number is the lowest order piece, involv
the weak countertermsd, f , and the second number contai
the contributions from contact terms at next order. The c
tributions from the weak meson decays for thep waves ap-
pear also at that order and are, therefore, included in
second number. The results, particularly for thep waves, are
in satisfactory agreement with experiment. A fit withonly
the spin-1/22 resonances, as performed in the quark mode
@5#, doesnot lead to good agreement between theory a
experiment in the framework of heavy baryon chiral pert
bation theory, although the 1/22 contribution to the parity-
violating decay amplitudes is roughly of the same size a
@5#. The reason for this is that it is not possible to obtain
satisfactory fit forp waves by using only the lowest orde
couplingsd and f. In the usual quark model approach th
p-wave amplitudes include explicitSU(3) symmetry break-
ing corrections of higher chiral order. A much improved
to the p waves is possible and the contributions from t
spin-1/22 resonances, which contribute only to thes waves,
are sufficient to achieve a satisfactory fit for boths and p
waves. This indicates that such higher order corrections
essential. By including the spin-1/21 resonances in the reso
nance saturation scheme, which contribute to thep waves at
next-to-leading order, one is able to account for some
these higher order effects. The contributions from the 11

resonances to the parity-conserving decay amplitudes a
comparable size as the the ground state contributions,
apparently, these resonances are crucial in heavy baryon
ral perturbation theory to obtain a satisfactory fit also for
p waves. For completeness, the corresponding values o
couplingsgi from the LagrangianL fB

W(1) are given in Table
II.

It should be noted that a very different fit with six param
eters was performed in@4#. There loop corrections were in
cluded and the exchange of intermediate decuplet states
used in order to estimate the LECs. It turned out that
satisfactory fit was possible and additional counterterms
to be included. Inclusion of the 1/22 and 1/21 resonance
states seems then to play an important role for understan
of the nonleptonic hyperon decays. In fact in the case op
waves their contribution is comparable to or even exce
that from lowest order pieces. In order to make a more
finitive statement about their importance one must, of cou
go to higher orders and include loops. However, this is
yond the scope of the present work.

IV. SUMMARY

We have in this paper studied the importance of bary
resonances for the nonleptonic hyperon decays at the
09402
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n
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re
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nd
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e
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o
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-

e,
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level in chiral perturbation theory. To this end, we includ
the spin-1/22 octet from the (70,12) states and the octet o
Roper-like 1/21 fields in the effective theory. The most gen
eral Lagrangian incorporating these resonances couple
the ground state baryons introduces eight new parame
four of which can be determined from the strong decays
the resonances. Integrating out the resonances gene
counterterms in the Lagrangian at next-to-leading order.
the other hand, the inclusion of the spin-3/21 decuplet, as
performed in@4#, generates terms at the same chiral order
the loop corrections,O(p2), which is beyond the accuracy o
this calculation and therefore can be neglected. In@5# it was
argued that the inclusion of the spin-1/22 octet is sufficient
to obtain a satisfactory fit for boths andp waves. We were
able to show that in the framework of chiral perturbati
theory the structure of the contributions from these re
nances agrees with the results in the quark model to the o
we are working. In the quark model the expressions for thp
waves include additional explicitSU(3) symmetry breaking
corrections of second chiral order, in which case, a mu
improved fit to thep waves is possible and the contribution
from the spin-1/22 resonances, which contribute only to th
s waves, are sufficient to achieve a satisfactory fit for bots
andp waves. On the other hand, in chiral perturbation the
the improvement of experimental agreement is brought ab
by the inclusion of the Roper octet, which is in the sam
mass range as the 1/22 octet. The reason for this is that th
contributions from the lowest order couplingsd andf for the
p-wave decay amplitudes tend to cancel thus enhancing
contributions from terms of higher chiral order. By includin
the spin-1/21 resonances in the resonance saturation sche
which contribute to thep waves at next-to-leading order, on
is able to overcome this problem. By fitting the six para
eters of the weak Lagrangian, two from lowest order a
four at next-to-leading order, to the eight independent de
amplitudes that are not related by isospin, we obtain satis
tory agreement with experiment. We suggest then that
inclusion of spin-1/2 resonances in nonleptonic hyperon
cays provides a reasonable estimate of the importanc
higher order counterterms. In order to make a more defi
statement, one should go to higher orders and include me
loops.

Of course, our fit is not unique. Another satisfactory fit f
the decay amplitudes was achieved in@4# by including Gold-
stone boson loops and spin-3/2 decuplet contributions.
effects of higher resonances like the ones considered in
present work were neglected. By considering only the n
leptonic hyperon decays it is not possible to decide wh
approach describes nature more appropriately. One mus
amine other weak processes involving hyperons, e.g. the
diative hyperon decays. This work is under way@11#.
5-7
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APPENDIX: DETERMINATION OF THE 1
2

2-RESONANCE
COUPLINGS sd AND sf

The decays listed in the particle data book, which de
mine the coupling constantssd andsf , areN(1535)→Np,
N(1535)→Nh andL(1405)→Sp. The width follows via

G5
1

8pMR
2

ukfuuT u2 ~A1!

with

ukfu5
1

2MR
@„MR

22~MB1mf!2
…„MR

22~MB2mf!2
…#1/2

~A2!

being the three-momentum of the mesonf5p,h in the rest
frame of the resonance. The termsMR and MB are the
masses of the resonance and the ground state baryon, re
tively. For the transition matrix one obtains
ep

cl

09402
n-

r-

ec-

uT u25
2

Fp
2 ~MR2MB!2@~MR1MB!22mf

2 #ARf ~A3!

with the coefficients

AN~1535!p5
3

2
~sd1sf !

2,

AN~1535!h5
1

6
~sd23sf !

2, AN~1535!p52sd
2 . ~A4!

Using the experimental values for the decay widths we arr
at the central values

sd50.17, sf520.12 ~A5!

where we have chosen the sign ofsd to be positive in accor-
dance with the ground state octetD coupling. We do not
present the uncertainties in these parameters here, sinc
the purpose of our considerations a rough estimate of th
constants is sufficient.
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